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KATHERINE FLETCHER

Sincerely,

Cha-' .
STATE OF WA?HINGTON
PUGET SOUND WATER QUALITY AUTHORITY
217 Pine Street, Sute 1100 e Seattle, Washington 98101 o (206) 464-7320
May 1988 .

To the Governor, the Leglslature, and other readers.

Thls is the second State of the Sound Report. Two years ago, we .
reported to you that it was time to move ahead with effective
measures to address the signs of degradation in Puget Sound. . We .

summarized what was known about the Sound,' its resources, and the
trends that threaten it. We underscored that our rapidly growing
population will accelerate the problems of the Sound unless we are
able to anticipate and prevent problems before they reach crlsis
proportlons. - . :

The past two years have dramatically changed the ways in which the
state, along with local governments, the federal government, and the -
public are confrontlng'and acting to solve the problems of Puget
Sound. We now have a comprehensive management plan which is brlnging
together the considerable efforts and expertlse of all of 'us in the
Puget Sound region. From watershed action plans that will combat
nonpoint pollution to a stepped-up regulatory program for control of
toxicants in discharges; from wetland acquisition to student-run oil
recycllng-—an 1mpressive array of coordinated and innovative programs
is now underway.

But the Sound itself will be slow to show the results of all this
activity. We must recognize that we are in for a long-term effort if
we are serious about cleaning up and protecting the Sound. And we -
must not get discouraged if one result of paying more attention to
the sound is to learn that its problems are more serious than we
thought. Even as we attack the causes of pollution, we must also.
expect more shellfish closures, more reports of declining f£ish
populations, and other sobering news.

Much remains to be done. We must fund the actions already 1dentified
in the Puget Sound Water Quallty Management Plan. And we must put in
place the long-term programs, commitments, and institutions that can
address over time the problems we are dealing with. This report shows
that wé have reason for optimism. It also shows that despite this
much progress, we must not be complacent. This second State of the
Sound Report helps to provide both the perspective and knowledge we
‘need to take the next steps to protect and preserve Puget Sound. ’

y/a

atherine Fletcher
Chair
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- INTRODUCTION

I

Chapter 1: |
What is the State
of the Sound?

The State of the Sound Report is prepared every two years by the Puget Sound Water
Quality Authority (Authority) to provide a comprehensive, easily understandable
summary of the current conditions of water quality and related resources in Puget
Sound. This report discusses the status, overall health, and economic value of the -
Sound’s resources. Wherever possible, current and foreseeable trends in water and
sediment quality, habitat changes, and the health of biological resources are dis-
cussed. Unfortunately, in many cases long-term Soundwide monitoring and com-
prehensive research results do not exist. It is therefore difficult to draw conclusions
about significant changes or trends that have occurred over time in key Puget Sound
environmental indicators (such as water and sediment contaminant levels and the
health of resident fish). :

We are just beginning to develop the information that is needed to establish environ-

mental trends. The proposed Soundwide ambient monitoring program, and the
coordinated effort to establish and fund research priorities in Puget Sound, are criti-
cal to identifying both short- and long-term changes (both good and bad) that may
occur in the Sound’s water quality and btologxcal resources in the future

This chapter serves as the executive summary of the State of the Sound Report and
provides an overview of some of the most significant programs, studies, and ac-
tivities that have taken place in the last few years. This information is discussed in
more detail in the body of the report.

As stated in the Puget Sound Water Quality Act of 1985 (Chapter 90.70.055 RCW),
another purpose of this report is to review significant public and private activities af-
fecting the Sound, and assess whether these activities are consistent with the Puget
Sound Water Quality Management Plan. The report should also recommend 1) ac-
tions that may be needed to improve current water quality programs, plans, and
policies; and 2) any changes that may be necessary to protect and improve water
quality in Puget Sound. Although this report describes many of the recent public
and private activities that affect water quality and resources in the Sound, an assess-
ment of theif consistency with the Puget Sound plan has not been attempted liere.
However, such a review is underway. -Agencies are now in the process of submitting -
status reports on their Puget Sound programs to the Authority. These reports will

1
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be used by the Authority to assess plan compliance and to support recommended
changes in the 1989 Puget Sound plan (the draft plan is scheduled for release in
June 1988). Recommendations for other actions that may be necessary to further
protect and i improve Puget Sound water quahty will also be addressed in the 1989
plan.

In the 1986 State of the Sound Report we reported that two of the greatest challenges
facing residents of Puget Sound were 1) the reduction of sources and potential
cléanup of toxic chemicals that are severely contaminating parts of the Sound; and
2) the control of bacterial and viral contamination that has restricted use of the
Sound’s shellfish resources. Looking ahead, we also recognized that our expanding
population in the Puget Sound area would put additional strain on the health of the
Sound. While this characterization is still accurate today, the last two years have
seen the beginning of extensive new efforts to address these and other problems. .
Many new and exciting programs have been initiated at all levels of government and

- in the private sector. In addition, progress has been made toward identifying and

eliminating key sources of water pollution and causes of habitat degradanon in the

Sound.

Puget Sound is a valuable body of water that has begun to suffer from the effects of
human activities. As a semi-closed system, it is extremely vulnerable, tending to
retain contaminants instead of flushing them to the ocean. Signs of pollution are
visible and, while some problems have gotten better (e.g., biochemical oxygen

- demanding wastes have decreased), other problems appear to be getting worse (e.g.,

liver tumors and reproductive failures in English sole). Although improved source
controls appear to be resulting in decreased contaminant loading to the urban bays,
these bays throughout the Sound continue to show evidence of contamination from -
point source discharges and stormwater. Additional shellfish beds were closed in
1987 because of bacterial pollution, and development continues to threaten wet- = .
lands and other habitat. Between 600,000 and 800,000 more people.are expected to
live in the Puget Sound area by the year 2000 (about a 20 to 25 percent increase),
which will further threaten the Sound’s water quality. A summary of certain biologi-
cal problem indicators, including current status and possible outlooks for the fu-
ture, is shown in Table 1-1. Planning activities and results of recent studies are -
summarized for several of the key issues facing Puget Sound in the rest of this chap-

One of the major challenges in mobilizing and carrying out a comprehensive effort
to protect Puget Sound is the fact that so many jurisdictions and levels of govern-
ment must be involved. More than 450 public bodies have responsibility for some
aspect of the Sound’s water quality. In creating the Authority in 1985, the state
legislature asked that the Authority bring together and coordinate the multiplicity
of agencies and jurisdictions, as well as design the Puget Sound Water Quality
Management Plan to be carried out by existing state and local entities. The par-
ticipatory process of preparing the 1987 Puget Sound plan was created to help ac-
complish both of those goals. The plan itself sets up a partnership among agéncies
and between state and local governments to accomplish its 13 programs. It relies
heavily on achieving effective implementation of existing governmental programs
and focuses on the need to provide adequate funding for those programs. It also es-

 tablishes new programs to address serious problems, such as nonpoint source pollu-

tion control, which is perhaps the most complex jurisdictional challenge yet faced in
the Sound. The watershed approach in the Puget Sound plan is reflective of the
heavy emphasis on local responsibility and multi-jurisdictional cooperation.
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TABLE 1-1: BIOLOGICAL PROBLEM INDICATORS IN PUGET SOUND: POSSIBLE

CAUSES, CURRENT STATUS, AND OUTLOOKS FOR THE FUTURE

Problem Indicator

Histopathological abnormalities
in bottomfish (e.g., liver
lesions) and other organisms

Degradation of benthic
communities

Chemically contaminated tissue

Bacterial contamination of
shelifish

Plankton blooms

Possible Causes

Toxic chemicals in water,
sediment, or food; dietary
deficiencies; pathogens; natural
environmental stress '

Toxic chemicals in water,
sediment, or food; organic
enrichment; habitat alteration;
natural variation in recruitment
or mortality

Toxic chemicals in water, .
sediment, and food

Bacterial contamination of

water by sewage or runoff
from urban and agricultural
areas

Natural causes include stability
of the water column during
spring and summer which
allows phytoplankton to remain
near the surface, where high
light levels promote growth,
Substantial nutrient inputs may
enhance blooms at the heads of
sluggishly-circulating inlets.

Current Status

Are most frequent in
contaminated urban areas such
as Eagle Harbor and the
Duwamish Waterway.
Frequencies of liver tumors in
English sole reach 26 percent
in Eagle Harbor, but are near
zero percent in rural areas
such as Carr Inlet. (1,2,3,19,28)

Not systematically studied, and
benthic communities are subject
to considerable natural
variation. Abundances of ..
benthic animals within normal
ranges are found in most areas
of the Sound. Increases in the
abundance of pollution-tolerant
worms may be found near some
sewer and CSO outfalls, while
depressed abundances of
benthic animals are found in
some small arcas that are -
highly contaminated with toxic
chemicals (¢.g., near outfalls of
the ASARCO smelter). (3,20,21)

Concentrations of PCBs have
declined in tissue, but low
levels of PCB, PAH, and metals
cotitamination are widespread.
Concentrations of regulated

- contaminants in edible tissue

very rarely exceed FDA action
limits for seafood, but there .
are few detailed assessments of
human health rigsks from
consumption of scafood from
Puget Sound. (2,3,7,8,9,22,28)

In 1986/87, five of 15 requests
for commercial shellfish bed
classification were denied
because of bacterial
contamination. Classification

. status changed at several other

beds. (see Table 4-10)

Not systematically studied, but

probably are at background
levels in areas with adequate
rates of water exchange.
Anthropogenic nutrient inputs
may be increasing bloom
intensity by 30-50 percent in

Budd Inlet, but other sites have.

not been studied in detail.
(10,12,13)

Outloog‘

Condition may imprave or
worsen in response to changes
in exposure. to pollutants (or
other environmental stresses). .
Toxicant concentrations in
sediments appear to be
decreasing with improved
point source controls and
pretreatment. (1,2)

Conditions may imprave or
worsen in response to changes
in exposure: to toxic
pollutants, organic enrichment,
habitat modification, or
changes in natural factors
affecting recruitment or
mortality (e.g., El Nino).
Conditions have improved
since the 1950s when some
urban bays were found to be
abiotic. (2,3.4,5.6,28) -

Tissue levels may change in
response to changes in
exposure to pollutants. The
development of more
sophisticated assessments of
human health risks associated
with eating Puget Sound
seafood will provide a better
understanding of the
significance of any existing
levels, Declines in tissue -
contamination could lead to
removal of posted seafood

_ consumption warhings from

some urban locations in the
Sound. Increases could lead .

' to posting of inore warnings,

and even the closure of a
commercial or recreational
fishery.-

Better control of point and
nonpoint sources could -
decrease closures of shellfish
harvest areas. Loss of control
over sources could make the
problem worse. (10,11)

Reduction of nutrient inputs
may decrease bloom intensity
in affected areas (e.g., Budd
Inlet). (10,12,13) ‘



Problem Indiéator .

Paralytic shellfish poisoning
(PSP)

Fish kills

Declining fish stock

Sporadic reproductive failures

in harbor seals (e.g., premature

births, pup mortality)

REFERENCES CITED:

1. Malins et al., 1987

2. NOAA, 1987

3. Tetra Tech,.Inc., 1985a
4. Tetra Tech, Inc., 1985b
5. . TetraTech, Inc., 1985¢
6. Battelle, 1986
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8. Landolt et al., 1987

9.  Gahleretal, 1982

10. URS, Inc., 1986

11. Matcheset al., 1984

12. Tetra Tech, Inc., 1988a
13. Anderson et al., 1984
14, Robinson and Brown, 1983
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Possible Cause

PSP causes are not well

understood, but changcs in

nutrient ratios or nitrogen

availability may stxmulate
"red tides”.

Chemical spills, toxic chemicals

in the water, low. dissolved
oxygen caused by decay of
organic matter

Overfishing, chemical
contamination, loss of breeding
‘habitat, natural variation in
recruitment and mortality, loss
and degradation of estuarine

.feeding and rearing habitat

Not well understood, but
disease and toxic chemicals
such as PCBs in the food may
be contributing to the problem

A

Nichols, 1985
EPA, 1988

RNRNRBRNBBRRERG

Long, 1988b

IS

FWPCA, 1967

Dexter et al., 1985
-Calambokidis et al., 1984
Calambokidis et al., 1985
Tetra Tech, Inc., 1986b
Galvinetal, 1984

Current Status

. Beach closures caused by the

presence of the PSP taxin in
shellfish occur during the
warmer months in most of
Puget Sound. No closures have
occurred south of Tacoma
Narrows or in the southern
half of Hood Canal. (23)

Fish kills occur infrequently in
the marine waters of the

Sound. There.were 14 .
pollution-caused freshwater fish
kills reported to Ecology in
1986, while eight freshwater
incidences were reported in

1985. (27)

Herring stocks are stable in

the Central Sound, but are
declining near Bellingham.
Pacific cod are recovering from
the deleterious effects of the

El Nino of 1983. Hake and

English sole are declining,
possibly due to both -
anthropogenic and natural
causes. are generally

- stable, probably because of

catch limns and large-scale

artificial propagation. (24,25) .-

cause of these increases is
unknown, but they could
reflect continued legal
protection of marine mammals
rather than improvements in
reproductlve success. (26)

Lilja, 1988, pers. comm.
Bargmann, 1988a, pers. comm.
Sekulich, 1988, pers. comm.
Calambokidis, 1988, pers. comm.
Ecology, 1987¢

utlool

Difficult to predict, but the

"increases in beach closures

experienced from 1978-1985
have leveled off. If nutrient
or other anthropogenic inputs
are affecting the development
of red tides, this problem
could increase or decrease,
depending on changes in
nutrient sources. Unknown
additional factors may
influence the frequency of red
tides. (14,23)

Reductions in the frequency
and severity of spills could -
reduce the problem. -
Reductions in the chemicals
released in permitted. '
discharges and nonpoint
runoff, and decreases in
nutrient inputs to sensitive
areas also could improve the
situation. However, natural
occurrences of low dissolved

" axygen will still occur

infrequently in some areas.
(15,16)

Reduced pressures from
overfishing and pollutant
exposure could alleviate this
problem, though natural
fluctuations in fish stocks

would still occur. (15,16)

Continued declines in PCB
releases may improve the
situation, but additional
unknown factors such as
disease may be influencing
tharbor seal populations in the
Sound. Pup mortality appears
to be within natural limits of
population variability. (17,18)
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Coordination between state and federal government is also critical to the successful
protection of Puget Sound. The Puget Sound Estuary Program, which was formed
in early 1986, is a joint federal-state program managed by the U.S. Environmental
Protection Agency (EPA) Region 10, the Washington Department of Ecology (Ecol-
ogy), and the Authority. Under the estuary program, EPA is responsible for techni-
cal studies, development of protocols, and analysis of biological and chemical ,
relationships. The Authority is responsible for planning and Puget Sound plan over-
sight, public outreach and education, and development of research and monitoring
programs. Ecology is the primary state agency with regulatory responsibility for the
. Sound’s water quality. Ecology is implementing numerous programs of the plan, in-
cluding those related to point source discharges, wetland protection, stormwater
control, contaminated sediments, and reduction of nonpoint source pollution.

With the passage of the federal Water Quality Act of 1987, the estuary program in-
itiated by EPA for Puget Sound and several other estuaries around the country was
formally embodied in law. Puget Sound has now officially been designated as an "es-
tuary of national significance” under that program. This designation will allow EPA
Region 10 to continue its involvement in the overall effort and will continue coor-
dination and integration of the federal and state efforts under the plan. The designa-
tion also ensures several more years of federal funding to identify and evaluate
pollution-related problems in the Sound as well as to support planning and program
development activities at the state and local levels. Perhaps the most difficult test of
federal-state cooperation will be the extent to which federal activities and facilities
will meet the requirements imposed at the state and local Ievels Also important

will be the integration of federal and state research and monitoring efforts.

An example of a recent federal/state cooperative effort is the Puget Sound Dredged
Disposal Analysis (PSDDA) program which was jointly developed by the U.S. Army
Corps of Engineers (Corps), EPA, Ecology, and the Washington Department of
Natural Resources (DNR). This program is recommending new evaluation proce-
dures and sites for the uniconfined open water disposal of dredged material. Evalua-
tion procedures are now being developed through PSDDA for analyzmg the
biological effects of contaminated dredged material.

There are new sources of funding for water qualxty efforts in Puget Sound. In 1986 .
the state legislature established the Centennial Clean Water Fund and financed it
with an 8 cents per pack tax on tobacco products. The fund will provide $40 million
per year in the first four years and $45 million per year in subsequent years for water
quality efforts throughout the state. Projects and activities funded by this account
include upgrading to secondary treatment sewage treatment plants that discharge to
marine waters; activities to study and protect groundwater and freshwater resources
(including lakes and rivers); and projects to address nonpoint source pollution ef-
fects. In addition to the cigarette tax, the state legislature earmarked $11 million in
state general funds and capital funds for the 1987-89 biennium to carry out the
Puget Sound plan. These funds are above and beyond prevmusly existing water
quality programs. The 1987 legislature during special session also approved higher
permlt fees for point source dischargers. Statewide, these perntit fees will provide a
maximum of $3.6 million per year to improve the statewide point source program,
especially the control of toxicants in dlscharg&s and enhanced enforcement of per-

. mit limits.

Since the Puget Sound plan was adopted in December. 1986, the Authority, Ecology,
“and other state and local agencies have been working to implement many of the
plan’s programs. In particular, the nonpoint source pollution program has made
headway with Ecology funding of 12 "early action" watershed protection projects
and 12 county watershed ranking processes. In addition, the Authority has issued .
regulations (Chapter 400-12 WAC) for local nonpoint planning. The Authority has
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been working with committees to establish programs in monitoring, research, and
education and public involvement. These efforts are nearing completion. Other
, joint agency task forces are working on boaters’ education, wetlands research,
shelifish protection, environmental education, dredged material disposal, urban bay
action plans, and other tasks related to Puget Sound and the plan.

Strong public support continues for Puget Sound cleanup efforts, and the Puget
Sound plan is providing new direction and focus for water quality activities. The
plan is based on the concept that it is far easier and less expensive to prevent
degradation than to correct it. In addition, the Puget Sound Estuary Program has
improved federal-state coordination and the effective use of resources. It is hoped
that efforts to remedy the Sound’s problems have been started in time to prevent
serious deterioration. Effective planning and management based on strong citizen
awareness and support, along with remedial actions in certain areas, are the only
hope for protecting the Sound as the population continues to grow. One of our
greatest challenges is to promote initiative and responsibility on the part of all
players in the effort to protect Puget Sound. At the same time, coordination and
communication must be maintained to ensure that efforts are not duplicated, that
information is shared, and that priorities are set and addressed.

TOXIC Toxic contaminants represent the most acute and greatest long-term threat to the
CONTAMINATION habitats and biological resources of the Sound. Toxicants reach the marine waters
of Puget Sound from many sources, but the principal known sources are municipal
and industrial point source discharges, stormwater runoff, pesticides from nonpoint .
sources, and unpermitted discharges of wastewater. In addition, the dredging and
- disposal of contaminated sediments can disturb and redistribute these materials.
The accumulation of toxicants in sediments and the resulting damage to natural
populations is one of the most significant problems in Puget Sound.

'belc contammants bind to partlclos and are largely retained as sediments in the -
Puget Sound basin rather than being flushed out to open ocean waters. A variety of
toxic compounds are found in a wide range of concentrations in the surface sedi-
ments of the basin. For example, concentrations of toxicants in surface sediment in
the Sound’s urban bays are elevated 100 times or more over the levels in the

-cleanest rural bays. Some degree of sediment contamination is detected almost
everywhere in the Souind because there are both natural as well as anthropogenic
(originating from humans) sources of certain contaminants such as iron and arsenic.
However, the most adverse biological effects generally appear to be found i in urban -
bays throughout the Sound

I-Iigh concentrations of toxic contaminants in bottom sediments have been as-
sociated with high prevalences of fish diseases and other adverse biological effects
. in the Sound’s urban bays. Groundfish in contaminated areas of Puget Sound have

been found to have numerous types of abnormalities such as fin erosion and liver
lesions, including liver tumors. Liver tumors in English sole have been found at
levels as high as 18 percent in certain urban bays, and pre-tumors have been found'
at levels as high as 36 percent. In the Sound’s non-urban areas these figures are
about one and four percent, respectively Recent research has also documented in-
cidences of reproductive failure in English sole from highly contaminated areas
such as Eagle Harbor and the Duwamish waterway. The prevalence of liver tumors
and reproductive failure in groundfish is correlated with exposure to high levels of

- toxic substances in bottom sediments, but no direct cause-and-effect relationships

" have been established. '
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Toxic contamination of sediment and biota may become more severe as population

and commercial and industrial activities increase, particularly in areas that are now
relatively undeveloped. While observed concentrations of many toxicants are in-
creasing in the Sound, others (such as sediment levels of lead and mercury) appear
to be decreasing. Because of the persistence of many toxic substances contamina-
tion is not easily reversed. Effects of toxicants are the most significant in urbanized
areas around the Sound, particularly urban embayments with high levels of
stormwater runoff, point sources, and riverine sources of contaminated water and
suspended sediments. However, toxic contamination should be reduced in the fu-
ture as the National Pollutant Discharge Elimination System (NPDES) permit sys-
tem is improved. As cleaner sediments are deposited on the bottom, older '
sediments with higher concentrations of contaminants will slowly be buried and-
removed from the biologically active surface layer where many bottom-dwelling

animals live.

Efforts by Ecology and local governments targeted at controlling toxic chemicals in-
clude better control of toxicants from point sources and pretreatment programs to -
limit the initial loading of these contaminants. In addition, targeted efforts con-

~ ducted by EPA, Ecology, and others in urban bays include methodical programs of

finding and responding to high levels of sediment contamination wherever they
occur in the Sound. The sources, distribution, and biological effects of toxic con-
tamination in Puget Sound are discussed in detail in Chapter 4 of this report.

' Sewage treatment plants and industrial facilities that dlscliarge into rivers and the

Sound are considered point source dischargers. They are regulated by state and
federal discharge permits. Point source discharges (and stormwater and combined
sewer overflows that are discussed below) occur throughout the Sound, but tend to
be concentrated in urbanized areas such as Bellingham Bay, Budd Inlet, Commence--

" ment Bay, Eagle Harbor, Elliott Bay, Everett Harbor, and Sinclair Inlet. Due toa

number of physical and chemical processes, the harmful effects of contaminated
sediments from these concentrated point source discharges tend to be localized in
these urbanized bays and inlets around the Sound (although the overall loading to
the Sound is also of concern). Consequently, improvements in the control of point
source discharges (particularly toxic contaminant reduction) will slowly i lmprove the
quality of water and surface sediments in these areas.

Since the 1960s substantial progress has been made toward limiting conventional
pollutants including bacteria, sediments, and oxygen-demanding substances. For ex-
ample, pulp mills have reduced oxygen-demanding discharges from two million
pounds per day in 1969 to about 30,000 pounds per day in 1986. In addition, most
sewage treatment plants in the Puget Sound area either have converted, or are work-

~ ing toward converting, from primary to secondary treatment. Many of these plants

are scheduled to complete their treatment process conversion by the early 1990s,
though the largest plant in the Sound (the West Point plant in Seattle) is not
scheduled to achieve secondary treatment until the late 1990s. Conversion to secon-
dary treatment will significantly reduce the discharge of many conventional and
toxic pollutants to Puget Sound. ‘The Municipality of Metropolitan Seattle (Metro)

* has estimated that upgrading to secondary treatment at its four primary treatment

plants will reduce the total non-volatile toxicant (metals and extractable organics)

'~ loading to the Sound by 100 tons (91 metric tons) per year.

.The dlscharge permit system for 'pomt source dlschargers has not in the past effec-

tively controlled the discharge of toxic pollutants into Puget Sound. Major weak-
nesses of the regulatory program identified prior to the adoption of the Puget
Sound plan have been that discharge permits.typically include effluent limits on only
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a few contaminants (usually conventional pollutants) with few limits placed on
toxicants; there are few requirements for monitoring the environment that the pol-
lutants are discharged to; and there is no systematic program for detecting unper-
mitted discharges, particularly outside of the urban bays. Largely as a result of the
Puget Sound plan, Ecology is substantiaily strengthening its regulation of point

- source dischargers to deal with some of these problems. This effort is being aided

by substantial funding increases from discharge permxt fees and from state general
funds.

Major Puget Sound plan elements that deal with point source discharges address

- the improved control of toxicants in permits, the adoption of sediment quality

criteria, increased frequency of inspections (including unannounced inspections), in-
spection of unpermitted discharges, the requirement for more complete discharge
monitoring and use of certified laboratories, and implementation of pretreatment
requirements. Ecology is using the funding increases discussed above to suppgrt a
significant portion of these improvements. This should begin to result in decreased
contaminant loadings to urbanized bays and other areas. Unfortunately, it is Stlll
too early to see dlrect environmental benefits from these new programs.

~ One program that has been effective at identifying and €liminating point source

toxic containination in several urban bays around the Sound has been the Urban
Bay Toxics Control Program. This program was developed in 1985 by EPA, Ecology,
and other agencies and organizations, and much has already been accomplished by

. the action teams established by the program. For example, since 1985 Elliott Bay ac-

tion teams have inspected 124 sites and facilities, assessed 28 penalties amounting:
to $44,200, and issued 36 notices of permit violations and 22 administrative orders
for cleanup actions. A more complete description of this program and recent enfor-
cement actions can be found in Appendix B of this report. Point source pollution in
general is discussed in more detail on pages 90 to 100 of this report.

Stormwater, or surface water runoff, contains a complex mixture of suspended
solids, nutrients, bacteria, viruses, and toxic materials such as lead, cadmium, mer-
cury, organic pesticides, ammonia, and petroleum products. Stormwater samples in
the Seattle area typlcally exceed EPA water quality criteria for cadmium, copper,
lead, nickel, and zinc. Some storm drains in Seattle were found to be the major
sources of lead and polychlorinated biphenyls (PCBs) found in the sediments of El-
liott Bay. In more rural areas of the Sound stormwater runoff tends to contain
fewer toxic chemicals and more fecal coliform bacteria. For example, stormwater
discharging into Henderson Inlet in southern Puget Sound periodically violates
state fecal coliform standards for water, and has been found to be one factor in the
closure of commercial shellfish beds at the head of the inlet.

The Puget Sound plan requires that stormwater control programs be implemented
in all cities and other urbanized areas of the Sound by the year 2000. Programs will
emphasize source controls and best management practices (BMPs) rather than end-
of-pipe treatment. Puget-Sound cities and counties that are currently instituting
stormwater management utilities or other means of dealing with stormwater
problems include Anacortes, Auburn, Bellevue, Everson-Nooksack, Gig Harbor,
Kent, Lacey, Mountlake Terrace, Olympia, Port Townsend, Poulsbo, Redmond, Ren-
ton, Steilacoom, Tacoma, Tumwater, and Winslow as well as portions of King,
Snohomish, and Thurston Counties. -

In addition to the urban stormwater programs aimed at existing urbanized areas, the

Puget Sound plan requires all jurisdictions to control the quantity and quality of
stormwater from new development. Jurisdictions must also ensure that existing .
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stormwater control systems are adequately maintained and operated. Stormwater
considerations will also be integrated with the plan’s nonpoint program where
stormwater is one of the pollution sources to be addressed in priority watersheds.
To help implement stormwater.elements of the plan, technical assistance, including
manuals, guidelines, and model ordinances, will be provided by Ecology.
Stormwater issues are dxscussed, in more detail on pages 112 to 115 of this report.

Ten cmes around the Sound have combined sewers where sanitary sewage industrial
wastewater, and stormwater are collected in a single sewer system. Discharges from
these systems typically contain high concentrations of fecal coliform bacteria,
nutrients, and suspended sediment (with associated high levels of metals and or-
ganic toxicants). During large storms some of this combined effluent is discharged
directly to the Sound without treatment. For example, in an average year Metro dis-
charges about two billion gallons of raw sewage, untreated stormwater, and in:
dustrial effluents from about 20 combined sewer overflows (CSOs) in the Seattle
area,

Legislation enacted in 1985 requires Ecology to work with cities, sewer districts, and -
other jurisdictions to achieve the "greatest reasonable reduction” (an average of one
untreated discharge per year) of CSOs at the earliest possible date. Three sewer
jurisdictions with known CSOs (Everett, Metro, and the city of Seattle) have already
submitted draft reduction plans and compliance schedules. The remaining jurisdic-

- tions have been required to monitor their CSOs through at least one rainy season

and to develop reduction plans by the summer of 1988. Improvements in the quality
of discharges from storm drains and CSOs will primarily affect water and sediment
located in and adjacent to urbanized areas of the Sound. CSOs are dlscussed in
more detaxl on pages 97 to 99 of this report.

Nonpoint source pollution is typically defined as pollution that is dlscharged from -
diffuse, scattered sources rather than through pipes. Nonpoint pollution includes
pathogens sediments, and toxicants that are picked up by rainwater and carried into
streams, rivers, and eventually the Sound, or that are discharged directly into the
water from boats and other water-based sources. Because sources of nonpoint pollu-
tion are so numerous, varied, and difficult to detect, their cumulative effects on
water quality and habitats of the Sound can be significant. The effects of nonpoint
source pollution are experiencéd throughout Puget Sound. One of the more
notable effects is the number of commercial shelifish growing areas that have been
closed because of high levels of fecal coliform bacteria. This bacterial contamina-
tion appears to originate from failed on-site sewage disposal (septic) systems,
domestic and wild animal wastes, and contaminated stormwater. In many areas bac-
terial contamination has increased with increasing rural development of residences
and-small (but numerous) noncommercial farms that use septic systems and main-
tain animals on their property. Nonpoint source contamination is likely to increase
as population continues to increase in the Sound’s more rural areas. Shellfish bed
closures are discussed in more detail on pages 162 to 167 of this report.

Forest practices are another potential contributor to nonpoint source pollution.

~ Sediment loading from timber harvesting and road construction can damage stream

fish habitat, and poor forest practices can introduce pesticides and organic debris to
streams. The Timber/Fish/Wildlife (T/F/W) agreement is a precedent-setting effort -
that was negotiated in 1986-87 by state resource agencies, timber industry repre-
sentatives, Indian tribes, and environmental groups. The agreement provides for a
more holistic approach to forest practices and includes, among other things,
provisions for interdisciplinary teams to develop on-site harvest plans; protection of

‘wetlands and riparian stream corridors; training and more emphasis on research and
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‘monitoring; and the provision for upland management areas for the use and protec-
- tion of wildlife in harvested areas. If successfully implemented, this agreement will
help protect valuable aquatic resources potentially affected by forest practices, and
- ~should result in lmproved water quality in streams and rivers influenced by forestry
activities.

Agricultural practices can introduce a variety of nonpoint poltutants including sedi-
ment, fecal bacteria, nutrients, salts, organic chemicals, and pesticides. Programs
have been developed by Ecology (e.g., the Dairy Waste Management Program), the
U.S. Department of Agriculture Soil Conservation Service (SCS), and courity con-

- servation districts to manage and control agricultural nonpoirt pollution. These
programs generally rely on voluntary implementation of BMPs although enforce-
ment of water quality standards may also be used. Voluntary implementation of
BMPs is increasing throughout the Sound by both commercial and noncommercial
farms, and improved water quality has been found in certain areas where the
majority of land owners are implementing some form of BMP. However, the overall
effectiveness of these programs has been limited in the past by inadequate fundmg
and too little attention to noncommercial farms. These small farms represent a sig-
nificant, largely nnoomrolled source of agncultural nonpoint pollution in the Sound.

Failing on-site sewage disposal (septic) systems can discharge pathogens and
household chemicals to groundwater, streams, and eventually to Puget Sound. Ap-
‘proximately one-third of the residents in the Puget Sound area are served by on-site

~ . systems and in sore areas up to 12 percent of all on-site sewage disposal systems
may be failing. In the 1987 and 1988 legislative sessions the Authority proposed a
bill that would have required sellers of property to have the septic system mspected
and to provide essential information on the system to the buyer when property is
sold. This bill would have played a role in the effort to identify failing systems, edu-
cate residents about maintenance and use of sewage disposal systems, and reduce
this source of nonpoint pollution to the Sound. Unfortunately, the bill was not -

; : passed but efforts to accomplish these goals continue.

Sewage discharge from boats isa potential problem during the boating season
wherever large numbers of boats congregate. Boat fueling and maintenance ac- -
tivities can also be sources of pollution. A Boaters Task Force was created in 1987
to design an accelerated education program for boaters and to prepare legislation
requiring sufficient pumpout facilities at existing and new moorage facilities.

The nonpoint source pollution program of the Puget Sound plan addresses these
various nonpoint sources by using a three-pronged approach. First, a cooperative
local watershed program has been established that will identify and rank watersheds
in order of importance. Watershed action plans will be developed in each priority
watershed to cover significant nonpoint pollution concerns in the watershed such as
on-site septic systems, agricultural practices, and stormwater. Second, to supple-
ment the watershed action plans, counties will prepare and/or coordinate coun-
tywide education programs to help citizens prevent nonpoint pollution. Local
governments will also evaluate ways in which water quality considerations are incor-
porated into land use decisions, with particular attention to on-site sewage treat-
ment. Third, the nonpoint program involves several state programs such as the
-Boaters Task Force and initiatives relating to on-site sewage treatment, and endor-

_ ses the T/F/W agreement. The sources and effects of nonpoint pollution are dis-
cussed in more detail on pages 100 through 117 of this report.

LOSS OF WETLANDS One major environmental consequence of Puget Sound’s growth has been the
destruction of wetlands for agriculture, ports, industries, and ;&sidential and com-
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mercial development. Of the approximately 22,500 acres (9,000 hectares) of coastal
wetlands present in 1800, nearly 14,000 acres (5,600 hectares) have been diked,
filled, and converted to other uses. Virtually all of the saltwater and estuarine wet- .

- 1ands have been lost in the Lummi, Duwamish, and Puyallup deltas. In‘stream cor-
ridors where pastures continue to be created there has been a 50 to 60 percent loss
of wetlands, and in farming areas such as the Skagit Valley wetland losses-are es-
timated to be as high as 90 to 95 percent. Commercial development in areas such as
the Green/Duwamish river basin has eliminated over 95 percent of the original wet-
lands.

To protect some of the remaining estuarine and freshwater wetlands in the Sound,
the Puget Sound plan’s wetland program includes the development of state stand-
ards for wetland regulation augmented by a land acquisition program. The stand-
ards will be developed by Ecology and then implemented by local governments. in
their regulatory programs. The acquisition program conducted by the state will
identify wetlands to be preserved in perpetuity. The 1987 state legislature ap-
propriated $500,000 to fund the purchase of wetlands under the Puget Sound plan’s
wetlands program. In addition, The Nature Conservancy had raised over $1 million

_ in private money for wetland acquisition as of January 1988, which will match the $4

million appropriated to DNR’s Natural Heritage Program in the 1987-89 biennium.
Loss of wetlands is described in more detail on pages 77 to 81 of this report.

Extensive public involvement during the preparation of the 1987 Puget Sound plan
(including public attitude surveys) revealed strong public sentiment and concern
about the water quality of Puget Sound. Yet, as many people pointed out, a great
need remains for education and more involvement of the public. Many people are
not aware of how to translate their general concern about water quality into actions
that will actually help Many people are only vaguely aware of the specific causes of
pollution. :

Most difficult of all, many people support the protection of water quality in general--
until they realize that their own activities or pocketbooks will be affected. While
nearly everyone supports prevention rather than more costly cleanup after problems.
occur, many people affected by prevention proposals demand indisputable proof

that there is a problem before they are willing to carry out pollution control ac-
tivities. In addition, many people involved in activities which adversely affect the
Sound are likely to suggest that other pollution sources are far more important than
those they are responsible for. The Puget Sound plan is based on the need fora -
well-educated public. It is comprehensive and emphasizes the need for equity rather
than singling out only certain parts of the problem. Recognizing that the protection
and cleanup of Puget Sound is a long-term management challenge, education and
public involvement become the essential ingredients for success.

It would be 1deallst1c to think that there wﬂl be an end to fingerpointing and that all
sectors of the community will gladly do whatever is needed to protect water quality.
But progress is being made, and there is reason for optimism. Industrial and
municipal point source dischargers have accepted the imposition of new permit fees

" to pay for a stepped-up regulatory program. Local governments have requested and
accepted the lead role in designing and carrying out nonpoint pollution control
programs. Many farmers have voluntarily put BMPs to work on their farms, to
protect against water pollution and soil erosion.

Many diverse organizatibns are doing their pért to involve and educate the public,

often through effective use of peer-to-peer communication. With funding from the
PIE-Fund, organizations ranging from Associated General Contractors to Puyallup
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High School are carrying out model public involvement and education projects. In -
addition, over 100 people from diverse constituencies and organizations are helping
to design a long-term education strategy for the Sound. Throughout the Puget
Sound area there are numerous locally-based projects to rehabilitate streams,
reintroduce fish into streams, clean up beaches, monitor water quality, recycle

waste, collect hazardous substances, and educate the pubhc :

5

It is important to attempt to assess our current knowledge of the status of Puget
Sound’s water quality and biological resources from both a historical perspective as
well as in comparison to other similar estuarine systems. The historical perspective
is important because it allows us to compare the present problems with those of the
past and to look at the effectiveness of past measures that were aimed at cleaning up

- pollution in the Sound. Unfortunately, it is difficult to gain a historical perspective

on a particular environmental problem (such as wetland losses or tissue levels of
contaminants) because long-term data are often not available. In addition, com-
parison with other estuarine systems is very difficult because of the inevitable dif-
ferences in the physical, biological, demographic, and economic features of the
systems. Despite these difficulties, cautious interpretation of comparative informa-
tion allows us to see how severe the problems in Puget Sound are relative to those
of other estuaries. Also, by seeing how other regions have handled their problems,

- we may be able to make better decisions about how to handle our own problems or

avoid problems before they arise.

In terms of a historical perspective on the problems in Puget Sound, it is mgmﬁcant
to note that descriptive and qualitative observations of the bottom habitats in some
areas of the urban bays (e.g,, the Tacoma waterways and Everett Harbor) made in
the 1950s indicated that many parts of these bays were completely devoid of life, or
"abiotic". Bottom samples collected in the 1980s are rarely abiotic, although the bot-
tom communities in cértain urban embayments continue to.show signs of stress

(e.g., reduced numbers of species). However, the bottom-dwelling communities of
the central basin of the Sound appear to be quite healthy and rich in species. A
second indication of water quality improvement from a historical perspective is that
we are beginning to see that maximum concentrations of certain chemicals (suchas
lead, mercury, silver, PCBs, PAHs, and DDT) are found in sediment layers that are
below the surface sediment layer in central Puget Sound. This appears to indicate
that more recently deposited sediments have lower concentrations of certain con- '
taminants than did sediments that were deposited 20 or more years ago.

Despite theAimportance of the subject for scientists and managers, nothing more

- than a superficial scientific comparison of the natural and contaminated states of

bays and estuaries nationally and internationally has ever been performed. Qualita-

“tive comparisons show that most estuarine systems are affected by the same major
- sources of contamination and resource depletion that result in water quality and

habitat degradation, though to varying degrees. Puget Sound is unique because
comparable biological communities are present in both the degraded areas and the
relatively unaffected areas. Thus, the Sound provides a natural laboratory for the
study of contaminants and their effects on natural populauons

A more quantitative comparison of the prevalence of toxic chemical contamination
in the coastal environment of the United States is being conducted by the National
Oceanic and Atmospheric Administration (NOAA). Sampling of sediments and tis-
sues of bivalve molluscs and bottom-dwelling fish is performed at over 200 sites, 11

_ of which are located in the Sound. Because site characteristics (e.g., degree of tidal

flushing and proximity to outfalls) and the species sampled vary, direct comparisons
between areas are not possible. However, some interesting information is being
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developed by this program. Selected sites in Boston Harbor and Raritan Bay on the
east coast and in San Diego Harbor in southern California generally had higher sedi-
ment contaminant concentrations than the few specific sites that are sampled in the
Sound (Commencement Bay, Elliott Bay/Four Mile Rock, and Nisqually Reach).
However, the Four Mile Rock site had the highest PAH concentrations of any site in

" the country.

Comparative studies of tissue concentrations of contammants in fish from sites
around the United States indicate that PCB concentrations in fish from the Hudson
River, New York Harbor, San Diego Harbor, and much of Lake Michigan exceed

" those in fish collected from Commencement and Elliott Bays. However, PCB con-

centrations in fish tissue in Boston Harbor, western Long Island Sound, and San
Francisco Bay are lower than those in Commencement and Elliott Bays. PCB levels -
in harbor seals from southern Puget Sound were among the highest in the world in
the 1970s, although recent data suggest “that these levels are declining.

One of the most important things to remember when considering the overall condi-
tion of Puget Sound and its resources is that the problems we sce today did not

. occur overnight; they are the product of over 100 years of urban, industrial, and '
‘agricultural activity in the area. However, this does not mean that it will take

another 100 years to clean up the Sound. Significant progress has been made in the
last decade to recognize and begin to correct some of the problems. In addition,
programs are now in place that are designed to help prevent the further degradation
of water quality and biological resources in Puget Sound and, in the long run, im-
prove the overall health of the ecosystem. However, there is still more that needs to.
be done. :

There are a number of issues that were not adequately addressed in the 1987 Puget
Sound Water Quality Management Plan. These issues need further analysis to deter-
mine to what extent they affect water quality and resources in the Sound and
whether they are adequately addressed by existing laws and programs. Some of -
these issues are: transportation of hazardous substances; alternative means for treat-
ing human wastes; use and control of pesticides and other toxicants; human health
risks associated with infectious wastes, toxicants, and the consumption of fish and
shellfish; the regulation of federal facilities; atmospheric deposition of pollutants;
the effects of plastics in the marine environment; the effects of nutrient enrichment
in the Sound; and the effects of groundwater contamination on the Sound. These is-
sues will be briefly discussed in the draft 1989 Puget Sound plan and, based on
public comment, may be expanded and more thoroughly addressed in the final plan,

In addition to these issues, there are three general areas that need to be focused on
and implemented if we are going to be able to protect the health and diversity of
Puget Sound and its resources: research, monitoring, and education and public in-
volvement. In the Puget Sound plan the Authority began efforts to create com-
prehensive programs in these three areas. Committees were established to set -

research priorities and deal with other research issues, to develop a Soundwide am-
bient monitoring program, and to develop a long-term strategy for education and
publlc involvement. :

The final report from the Committee on Research in Puget Sound was completed in
March 1988, and received considerable discussion at the First Annual Meeting on
Puget Sound Research that was held in Seattle-on March 18 and 19, 1988. The com-
mittee concluded that there is no comprehensive and coordinated program for re-
search on Puget Sound. It also recommended that a new institutional structure--the
Puget Sound Research Foundation--be established to set Soundwide research’
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priorities, generate research funding, translate and disseminate research results, and
" facilitate access to data so that management decisions in the future can be based on
more factual, usable information. The committee suggested that the foundation
would help generate the information that is necessary to understand the Sound’s
rich and complex ecosystem and to manage this system more effectively. The
committee’s recommendations will be considered by the Authority in preparing the
1989 Puget Sound Water Quality Management Plan that is scheduled to be released
as a draft in June 1988.

The funding of a comprehensive, Soundwide monitoring program is also required to
develop meaningful, long-term trends data for Puget Sound. This information is es-
sential to detect improvements in the Sound that result from various management
strategies and actions. It is also necessary to detect continued degradation that may
be occurring that would require additional management and regulation. The final
Teport on the proposed Puget Sound Ambient Monitoring Program was completed
in April 1988 and includes a proposed sampling design, a data management ap-
proach, an institutional structure to manage the program, and a cost estimate for
the proposed program. The Authority and Ecology have already identified funding
for an initial phase of the program. This monitoring plan will be consxdered by the
Authority in preparing the 1989 Puget Sound plan.

Education is also important for the Sound’s future. To support the effort to in- .
Crease awareness about water quality and Puget Sound, the Authority is distributing -
$1 million from the state Centennial Clean Water Fund for model projects in educa-
tion and public involvement through the Public Involvement/Education Fund (PIE-
Fund). The Authority also established a 12-member advisory panel, the Education
and Public Involvement Advisory Group to develop a long-range strategy for educa-
tion and public involvement related to Puget Sound. Six work teams composed of
public and agency members considered a spectrum of issues relevant to education
and public involvement. Eight background reports were produced which examine
the role of formal education (kindergarten through twelfth grade and post-secon-
dary), nonformal education, media, public involvement, action programs (e.g.,
Adopt-a-Stream), state agencies and interpretive centers, and user groups (e.g., busi-

" ness and industry) and their potential relation to the strategy. Specific elements of

the education and public involvement strategy include increasing resources to local
activities and programs; setting overall cleanup goals that the public and private sec-
tor can work toward; coordinating information resources; and making institutional
improvements such as teacher training and coordinated state agency education and
public involvement efforts. The draft strategy was completed in May 1988 and will
be considered by the Authority in preparing the 1989 plan.
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Chapter 2:
The Puget Sound Basin

This chapter describes the natural characteristics of the Puget Sound water quality

. planning area. This area encompasses the marine waters of Puget Sound south of

Admiralty Inlet (including Hood Canal and Saratoga Passage), the marine waters
north to the Canadian border (including portions of the Strait of Georgia), and that
portion of the Strait of Juan de Fuca that is south of the international boundary
with Canada. The planning area also includes the entire land area that drains into '
these water bodies. Although this chapter addresses the physical and biological fea-
tures of the entire Puget Sound area, in many cases data are only available for Puget

.Sound south of Admiralty Inlet. The water quality planning area covers about’

16,000 square miles (41,440 square kilometers), of which 80 percent is land and 20
percent is water (see Figure 2-1; Burns, 1985). There are about 2,354 miles (3,790

- kilometers) of marine shoreline in the 12 counties that make up the Puget Sound

planning area (Washington Department of Natural Resources, 1977).

Puget Sound and the Strait of Georgia in Brmsh Columbia are inland arms of the
Pacific Ocean. Their main connection to the Pacific is through the broad Strait of
Juan de Fuca. Puget Sound south of Admiralty Inlet is especially complex and con-
sists of a set of interconnecting basins with diverse and highly producuve habitats
and marine life.

The Strait of Juan de Fuca (see Figure 2-2 for place nameé) and the Strait of Geor-

gia are large estuarine water bodies that are separated by a shallow ridge that breaks

the water’s surface as the San Juan Islands and forms sills in the passages between
them. The shallow sill at Admiraity Inlet separates the rest of Puget Sound from
these straits. The portion of the basin south of Admiralty Inlet contains approxim-
ately 38 cubic miles (158 cubic kilometers) of water (McLellan, 1954). The surface
water temperature averages 55°F in summer and 45°F in winter and has an average
salinity of 27 parts per thousand. Deep water in the Sound is around 43°F year
around with a salinity of 30 parts per thousand (Burns, 1985).

15
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FRESHWATER
RESOURCES

Precipitation

Puget Sound south of Admiralty Inlet is divided into four sub-basins by sills that
average 150 feet (46 meters) in depth. The Main Sub-basin lies between the sills at °

"~ Admiralty Inlet and the Tacoma Narrows and includes about 45 percent of the area

and 60 percent of the volume of the four Puget Sound sub-basins (Burns, 1985).

The deepest point in the Sound (920 feet or 281 meters) is located in this sub-basin
just north of Seattle. The Whidbey Sub-basin lies between Whidbey Island and the
castern mainland and includes Saratoga Passage and Port Susan. Hood Canalisa -
long, narrow sub-basin with a major bay at Dabob Bay and a sharp eastward bend
near its head at Lynch Cove. The Southern Sub-basin is the most complex of the
basins because of its many inlets and islands and its convoluted shoreline. The
southern inlets are the shallowest parts of the Sound and include Iarge areas of tidal

" flats.

Land formations along the shores of the Sound consist primarily of bluffs and
beaches left by the retreat of glaciers and subsequently modified by erosion and
deposition by rivers. Some pre-glaclal rock formations are exposed at sea level in
the northern Puget Sound region starting at Fidalgo Island and extending through

~ the San Juans (Figure 2-3). Virtually all of the rolling lowland areas of the islands

and mainland of the Puget Sound area are formed of and underlain by glacial
deposits of clay, sand, and gravel (Pacific Northwest River Basins Commission,
1970).

'Soils in the planning area are geqeraliy poor due to their relative youih and their
origin from glacial erosion. Mountain soils originate from the weathering of

- bedrock and contain little humus. Soils in the lowlands have developed a higher or-

ganic content from several thousand years of forest growth. Older and relatively
richer soils are found in the southetn lowland that was less affected by glaciation
(Pacific Northwest River Basins Commission, 1970). Drainage can be hampered in
some areas by subsurface clay deposits, producing marshy or boggy soils. Overall,
the natural lowland soils of Puget Sound are not well suited to agriculture but often

- support forests. The highest quality soils are found in the flood plains of rivers,

especially in diked wetlands of high organic content such as those of the Skagit
delta. An areawide study of soil usabnhty found that 72 percent of the langd in the
Puget Sound area had a high erosion potential, while 43 percent of the land had
some degree of wetness that limited its usability (Pacific Northwest River Basins
Commission, 1970).

Because Puget Sound is an estuary, its natural properties are affected by the inflow -
of fresh water. Fresh water enters the Sound from precipitation as rain or snow and

" as groundwater. However, by far the largest source of fresh water inflow to the
“Sound is surface water from rivers and streams.

Precipitation at measuring stations in the basin averages 16 to 96 inches (41 to 244
centimeters) per year, depending on location (Figure 2-4). The wettest places are
the upper valley reaches of the western slopes of the Olympics and Cascades which
strip the moisture from the ascending winds (estimates of up to 200 inches or 508
centimeters per year have been reported from the upper Nooksack Valley; National
Weather Service). The driest area in the Sound is centered south of the San Juan Is-
lands downwind of the Olympics. Approximately three-quarters of the year’s |
precipitation falls between October and March (Figure 2-4) when the predominant
winds are from the south. During this time soils around the Sound can beconie
saturated with water, and their capacity to process wastes from septic tanks and

“ manure applications may diminish. As a result, human and animal wastes may run

off directly into ditches and streams and be introduced into the Sound. Heavy

18
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The Puget Sound Basin

Groundwater

Lakes .

g, T

Rivers

precipitation may also result in a combination of surface runoff and sewage being
discharged untreated into the Sound from combined sewer overflows (CSOs).
These problems are discussed in more detail in Chapter 4 of this report.

Groundwater is water in porous underground deposits, forming reservoirs known as
aquifers (Figure 2-5). Most of the groundwater found in the Puget Sound area ex-
ists in sandy sediments deposited by streams and glaciers. Groundwater is used ex-
tensively in the Sound for drinking and for agricultural and industrial uses. Seven of
the counties in the planning area (Clallam, Island, Jefferson, Kitsap, Mason,
Snohomish, and Thurston) rely on groundwater for more than 75 percent of their
drinking water supplies (Washington Department of Ecology, 1987a). Although
water yield from an aquifer is a function of the rate and quantity of movement |
within the aquifer, the sustainable yield of water from an aquifer is controlled by the
rate at which water soaks through overlying soils and rocks to recharge it. At °
present the extraction of groundwater for human uses has not exceeded the rate of
recharge in most areas in the Sound, although excess groundwater extraction ap-
pears to have caused some saltwater intrusion in the San Juan Islands and elsewhere
(Mullen, 1987, pers. comm.). However, it is essential that groundwater quantity and
quality be protected. Contaminants from septic tank effluent, pesticides, landfill
leachate, and other buried wastes, as well as saltwater, can potenually enter aqulfers
and make them unsafe for human or agricultural use.

There are over 2,800 lakes and ponds covering a total of 175 square miles (453

square kilometers) in the Puget Sound area, ranging from small, cold alpine lakes to
larger lakes in lowland valleys (Williams et al., 1975). There are also 24 major dam-
created reservoirs in the basin with a total surface area of 70 square miles (181 '
square kilometers). Lakes in rapidly developing areas are particularly susceptible to
degradation from nutrient enrichment and bacterial contarnination caused by non--
point source pollution. :

Rivers and streams in the Puget Sound area that are fed by rainfall, melting snow,
and glaciers flow to marine waters from upland areas called drainage basins or water-
sheds. Washington Department of Ecology (Ecology) water resource managers have
divided the Puget Sound water quality planning area into nine "Consolidated Water-
shed Basins" (Figure 2-6) based on major river systems: Nooksack, Skagit,
Snohomish/Stillaguamish, Cedar/Green, Puyallup, Deschutes/Nisqually, West

Sound, North Olympic, and San Juan. These watersheds vary in size from 112,500

to 1.95 million acres (45,000 to 780,000 hectares, Pacific Northwest River Basins

. Commission, 1970)

Over 10,000 rivers and streams stretchingf over 16,000 miles (25,760 kilometers)
have been catalogued in the Puget Sound basin (Figure 2-7; Williams et al., 1975).

‘There are more than 75 river systems draining into Puget Sound with estimated

average annual discharges ranging from 20 to 18,000 cubic feet per second (0.6 to
510 cubic meters per second; Figure 2-8; U.S. Geological Survey, 1984). Eight

' major rivers account for more than 80 percent of the total amount of fresh water

entering Puget Sound. The total average annual addition of fresh water to the
marine waters of the Puget Sound basin is about 45,000 cubic feet per second (1,250
cubic meters per second). This adds up to approximately 27 million acre-feet or 9.5
cubic miles (39.6 cubic kilometers) per year (U.S. Geological Survey, 1984). Poten-
tial water quality impacts to rivers include fish and wildlife habitat degradation, and
the introduction of nutrients, bacteria, and toxic chemicals, including insecticides .
and herbicides, that wash off the land from nonpoint sources or are deposited by
point sources into streams and rivers. '
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Flow patterns

Exchange with the ocean

State of the Sound 1988 Report

The freshwater flows reaching each of the four major sub-basins of Puget Sound dif-
fer because of the size and nature of the watersheds that drain into each basin. Sixty
percent of the total fresh water entering the Sound flows into the Whidbey Sub-
basin from the drainages of tHree of the largest rivers in the area (the Skagit, Stil-
laguamlsh and Snohomish; Burns, 1985). These rivers collectively drain about 50
percent of the Sound. The Main Sub-basin receives 20 percent of the fresh water
entering the Sound from the Puyallup, Green/Duwamish, Sammamish, and Cedar
Rivers. No major rivers flow into the Hood Canal Sub-basin, but Hood Canal

receives 10 percent of the fresh water entering the Sound through minor rivers

(Skokomish, Dosewallips, Duckabush, Hamma Hamma, and an unnamed offshoot
of the Skokomish River). The Southern Sub-basin receives less than 10 percent of
the drainage into the Sound even though it has a large drainage area (Burns, 1985).
It is fed mostly by small rivers and streams (the only major rivers are the Nisqually

" and the Deschutes).

Estuaries have a dlstmct pattern of water movement created by the action of the

_ tides and the presence of fresh water. Since estuaries are extensions of the ocean,

they are affected by the tides which pump large volumes of water back and forth, in
and out of the Puget.Sound basin. Fresh water entering the Sound from streams
and rivers is lighter or less dense than saltwater and tends to float and flow over the
top of seawater. As it does this, some of the saltwater is mixed up with the fresh
water, creaung a brackish (less salty) layer at the surface (about 30 to 190 feet or 10
to 60 meters deep in various parts of the Puget Sound region). This surface layer
flows seaward under the force of gravity, eventually reaching the Pacific Ocean. To
replace the seawater in the deep layer which was mixed into the surface layer, more
seawater is drawn into the estuary from the ocean. This characteristic net estuarine
circulation (seaward at the surface and landward below) exists throughout Puget '
Sound and the Stralts of Georgia and Juan de Fum.

The two-layered estuarine circulation pattern descnbed above is complicated in
Puget Sound by the presence of various islands and channels. For example the
blocking effect of Vashon Island disrupts the two-layered flow pattern in East Pas-
sage, where currents at all depths.are generally to the south, and in Colvos Passage,
where currents are generally to the north (Figure 2-9). The relatively shallow sills
that divide the sub-basins of the Sound also disrupt the two-layered flow pattern.
Implications of these complicated flows are that as much as one-half to two-thirds
of the outflowing surface water from the Puget Sound Main Sub-basin may be
diverted before going through Admiraity Inlet (Ebbesmeyer and Barnes, 1980).
Researchers have estimated that as much as one-third to one-half of the outflowing
water makes a submarine return trip through the depths of the Main Sub-basin in-
stead of exiting to the Strait. More recent modeling efforts appear to indicate that
about one-quarter of the outflowing water returns to the Main Sub-basin (Cokelet,

-1987). The same type of complicated flow pattern can be inferred in the other sub-

basins set off by sills (Ebbesmeyer and Barnes, 1980).

An important physical characteristic of an estuary is its ability to exchange water
with the open ocean. Exchange helps cleanse the deep basins of the Sound and
prevent them from becoming naturally stagnant from organic decay. Exchange also
plays a critical role in governing the fate and effects of contaminants that enter
Puget Sound. It has the potential to carry dissolved waste products out to sea.
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Sediment in‘the Sound

HABITATS OF THE
PUGET SOUND AREA

However, in Puget Sound south of Admiralty Inlet, ih¢ diversion and remixing of
surface water mentioned above limits the amount of exchange with the. open ocean.

Puget Sound is not a pipe or open drain that will carry dissolved or suspended con-
taminants directly out to sea. The process is short-circuited by the recirculation of
surface water and the settling out of sediments. For example, fresh water on the sur-
face of the Main Sub-basin takes about a week to get from the mouth of the
Duwamish River to the Admiralty Inlet sill. Then much of it spends an additional
10 days going back to its starting point. It must make the trip twice, on the average,
before reaching the Strait of Juan de Fuca. Computer simulations of water move-
ments have shown that after three months, only half of the number of theoretical
water parcels released in East Passage escape to the open ocean (Figure 2-10; Eb-
besmeyer, in Quinlan et al., 1985). Implications of this estuarine recirculation and
resulting slow exchange with the ocean are that any contaminants carried in the sur-
face water remain in the area for some time, and can be spread throughout the
Sound before exiting to the Strait or settling out. In addition, any contaminants or
items that wash up onto or adhere to shorelines (e.g., plastxc garbage and oil) are
likely to never leave the Sound.

- Estuarine circulation also controls the fate of the tons of sediment delivered to the

Sound by river water and other sources. Particles initially suspended in the surface

: water settle into the deeper layer. Once they enter the deep layer, they are carried

back inland. Since most fine particles can settle through the brackish su;face water
layer faster than they are carried out to sea, estuaries characteristically retain par-

- ticles. Perhaps one to five percent of sediment particles initially present in the sur-

face waters of the Main Sub-basin are carried out through Admiralty Inlet; the rest
are trapped in the Sound (Quinlan et al.,, 1985). Since many contaminants bind to
particles, the ability of the waters of the Puget Sound basin to carry those con-
taminants out of the basin to the ocean is very limited.

There have been a number of measurements of rates of sediment deposition and ac-
cumulation in Puget Sound, but natural variations over time and from place to
place make generalizations about sediment accumulation difficult. Measurements
of sediment deposition in the Main Sub-basin, made by dating a radioactive isotope
of lead in core samples of bottom sediments, show that approximately 0.18 to 1.20
grams of sediment accumulate in a year on one square centimeter of the Sound’s

" bottom (one-twentieth to two-fifths of an inch; Crecelius et al,, 1984). Most of this
'sediment comes from rivers and shoreline erosion.

Sediments perform many xmportant functions in the marine system. They form the
habitat for bottom-dwelling (benthic) organisms and affect the fate of contaminants .
in the Sound. Organic detritus in nearshore and deep sediments supports a major-
branch of the food web of the Sound. However, sediment from land runoff can in-
troduce chemicals, nutrients, and bacteria into groundwater, streams, and rivers

(and eventually into the Sound) beeause these contaminants often are carried by
sediment parucles :

The marine, freshwater, and terrestrial habitats of the Sound form a single, in-
tegrated ecosystem that supports a myriad of fish and wildlife species. Many of
these species rely on a variety of habitats during different phases of their life cycles,
further emphasizing the-interrelated nature of Puget Sound habitats.
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Marine Habitats

Open water

Benthic habitats

About 2;354 miles (3,79(_) kilometers) of inland marine shores wrap around the
Sound creating a wide diversity of habitats (Washington Department of Natural

. Resources, 1977). The factors that differentiate saltwater habitats include temperé-

ture, salinity, wave exposure, current speed, depth, availability of nutrients, and the
texture, stability, and chemistry of the underlying rock or sediment. Typical habitats
in the Sound include exposed rocky shores, sheltered bays, sand spits, and broad
tidal flats. The boundaries between these habitats are blurred by the continual
movement of water and life across them. Over 200 species of fish and 14 species of
marine mammals live in Puget Sound (Washington Department of Fisheries, 1984). -
In addition, the Washington Department of Wildlife (WDW; formerly Department
of Game) estimates that about 31 species of waterfowl and 57 species of shorebirds
and other marine birds reside on a temporary or permanent basis around the Sound
(Carleton, 1988, pers. comm). Many of these species rely on marine habitats, es-
tuarine and freshwater wetlands, and non-wetland terrestrial habitats. For example,
WDW estimates that up to 70 terrestrial wildlife species, and all of the anadromous
fish species, rely on both the marine waters of the Sound and on freshwater habitats
in the area.

- The open waters of the Puget Sound basin provide critical feeding habitat for a

myriad of pelagic or open water organisms that swim or float freely in the Sound.

_ Primary inhabitants of the open waters as depicted in the Puget Sound Environmen-

tal Atlas include free-floating phytoplankton (plants) and zooplankton (animals),
and the pelagic fish such as the baitfish (herring, smelt, and sandlance; Figures 2-11
and 2-12), the salmonids (salmon and trout; Figure 2-13), and groundfish or bottoin-
fish (hake, pollock, and cod; Figure 2-14). Larger species of the pelagic realm in-
clude marine mammals (harbor seals, sea lions, and orca whales; Figure 2-15), and
bxrds such as loons, grebes, and auklets (Evans-Hamﬂton, Inc., 1987)

The Main Sub-basin of the Sound has one of the highest phytoplankton production
rates of all deep-water estuaries in the world (Strickland, 1983). This production is

_a major contributor to the highly productive food web in the Sound. Much of the
" phytoplankton production occurs from April to August when conditions are op-

timal for growth. Phytoplankton blooms in turn influence the abundance of
zooplankton which feed on these blooms. In fact, many of the smaller invertebrates
of the Sound release their eggs during phytoplankton blooms when a food source
for the hatching larvae is assured (Strickland, 1983). During these times surface
waters may be filled with the planktonic larvae of crabs, clams, shrimp, snails, sea ur-
chins, starfish, worms, and other creatures, and with the eggs and larvae of some bot-
tom fish (notably sole). These zooplankton in turn provide an abundant food
supply for juvenile and adult fish, birds, and marine mammals.

* Benthic or bottom habitats support a diverse assemblage of 6rganisms that vary

depending upon the texture or particle size of the bottom material (e.g., mud, sand,
gravel, or rock), as well as the degree to which they are exposed to the rising and fall-
ing tides. The softest and finest-grained bottom habitats in Puget Sound can be ex-
tremely productive. Although intertidal mudflats may not be beautiful shorelines,
they are vital habitats for many highly prized species of shellfish (Figure 2-16), fish,
and birds. The bxologwal producnon of the entire Sound depends heavily on these
habitats.

Charactenstlc soft-bottom species include worms, tunicates (sea squirts), starfish,
sea cucumbers, clams, crabs (Figure 2-17), and some popular sport fish mcludmg
flounder, halibut, and sole. Many of these animals feed either by filtering out micro-
scopic plankton and bacteria from the surrounding water (filter feeders), or by in-
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LOCATIONS OF COMMERCIALLY HARVESTED
INTERTIDAL CLAM AND OYSTER BEDS
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Eelgrass beds -

Estuarine wetland habitat .

gesting organic material (detritus) that has accumulated in and on the bottom
material (deposit feeders). In turn, many of these filter and deposxt feeders are

" eaten by groundfish such as halibut. Because of these feeding modes and their close

contact with.bottom sediments, bottom-dwelling animals tend to concentrate harm-
ful substarices that are present in the water, such as fecal coliform bacteria, or that
have accumulated on the bottom, such as toxicants adhering to sediment particles.

Habitats characterized by coarse sediment, from pure sand to mixtures of sand,
gravel, and cobbles, make up most of the beaches of the Puget Sound basin. These

sediments are also found subtidally in areas of faster water movement such as the

western shore of Whidbey Island. The dominant animals in coarse sediment
habitats are clams that dig in the sand or hide between rocks (intertidal and subtidal
cockles; manila, httleneck and butter clams; and subtidal geoducks; Flgure 2-18).
Their principal food is phytoplankton and detritus from the overlying water. Also
found in this habitat are burrowing harpacticoid copepods (resembling little
shrimp) which are an important food source for juvenile salmonids (Feller 1977).

Rocky intertidal and subtidal habitats support plants and animals uniquely adapted

for gripping the rock or for taking refuge from the strong wave action and currents
that are usually present. Seaweeds such as the leafy green sea lettuce, brown rock-
weeds, red nori, and giant brown kelp attach to the bottom by a holdfast that
secures them against the strong waves and currents. Intertidal and subtidal seaweed
beds provide valuable habitat for the wide range of invertebrates and fish that live
along rocky shores (Figure 2-19). Rocky shore invertebrates include sea anemones, .
shails, limpets, barnacles, mussels, starfish, crabs, and shrimp (Kozloff, 1983). Fish
species present include sculpins, gunniels, rockfish, sea perch, greenlings, and ling

~ cod (a valuable sport and commercial fish).

Shallow subtidal soft-bottom communities are often characterized by the presence
of eelgrass, a dominant plant species that provides critical, highly productive marine
habitat in Puget Sound (Figure 2-20). In deeper water, eelgrass provides food, sub-
strate, and shelter for a great diversity of organisms. It is estimated that Puget
Sound eelgrass beds support 191 invertebrate species, 76 fish species, and 86 bird
species (Phillips, 1984). Most animals do not consume eelgrass directly, but eat’
either its decayed detritus or the microalgae, seaweeds, organic coatings, bacteria,
and microfauna that colonize its surfaces. The herbivores and omnivores that feed
directly off eclgrass surfaces include flatworms, snails, and small crustaceans.
These, in turn, support a menagerie of carnivores such as nudibranch sea slugs, jel-
lyfish, certain crabs, and starfish. Eelgrass beds perform an important role in
supporting the larval and juvenile stages of many types of commercial and sport
fish. Just after they enter saltwater, juvenile salmon feed extensively on small

_worms and crustaceans living in these habitats. Surfsmelt spawn on beaches com-

posed of pea-sized gravel, and herring deposit their eggs predominantly on eelgrass

- blades (Figure 2-11; Washington Department of Fisheries, 1984).

\

Estuarine wetlands include vegetated salt marshes, intertidal eelgrass beds, and
unvegetated mudflats that are strongly influenced by ocean waters. Estuarine wet-
lands extend upstream and landward to the point where ocean-derived salinity is

less than 0.5 parts per thousand (Cowardin et al., 1979). Vegetated salt marshes are -
characterized by salt-tolerant grasses. They provide critical habitats for crabs,
shrimp, marine fish, shorebirds and waterfowl, and upland animals (Thom, 1987).
Unvegetated wetlands are an important habitat for fish, shellfish, shorebirds, water-
fowl, and coastal marine or aquatic mammals.  In particular, muddy shallows sup-
port resident and migratory populations of shorebirds and waterfowl (e.g., herons,
geese, ducks, loons, grebes, plovers, sandpipers, gulls, and terns) that congregate in
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LOCATIONS OF GEODUCK
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LOCATIONS OF MAJOR KELP BEDS
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the vicinity of these highly productive areas to feed on aquatic vegetatlon, small
worms, crustaceans, and fish (Figure 2-21).

Estuarine wetlands comprise.63 percent of the total wetland area studxed in the coas- "
" tal areas of Puget Sound (Boule’ et al., 1983). Much of these are unvegetated
beaches or mudflats (Figure 2-22). Of the approximately 13,000 acres (5,200 hec-
tares) of inventoried salt marshes, 61 percent are located in the Skagit and -
-Snohomish estuaries. Wetland and eclgrass habitats including the Nisqually and
Skagit Flats, Padilla Bay, and Dungeness Spit are bird feeding areas of importance
to the entire Pacific coast (Evans-Hamilton, Inc., 1987). Unfortunately, these
productive habitats are sensitive to water quality degradation and physical disrup-
tion. In particular, development of shorelines in urban embayments has resulted in
a substantial loss of eelgrass beds. The WDW estimates that the state has lost 33
percent of its historic eelgrass beds (Washington Department of Game, 1987).

Freshwater and Terrestrial ~ Representative freshwater and terrestrial habitat types that occur in the Puget
Habitats $ur ' Sound basin are illustrated in Figure 2-23. Freshwater habitats include lakes, rivers,
, and freshwater wetlands (swamps, marshes, bogs, wet meadows, etc.), while ter-

o ’ - restrial habitats include alpine highlands, evergreen and deciduous forests and clear-
cut areas, riparian (stream) corridors, and agricultural lands. Major human
activities such as timber harvesting, agriculture, and urban land development that

" occur in terrestrial habitats can produce changes in hydrology and water quality

!

' Estuarine Vegetated 8%

‘ . )
Estuarine Unvegetated 55% Lacustrine 1%

Palustrine Unvegetated 4%

Palustrine Emergent 9%

Palustrine Scrub/Shrub 8%

Palustrine Forested 5%

Data represent only coastal areas in the 12 Puget Sound
* counties that were studied using 1970s aerial photography.

Reference: Boulé et al., 1983
’ " Figure 2-22

RELATIVE ACREAGE OF DIFFERENT WETLAND TYPES
IN THE SHORELINE AREAS OF PUGET SOUND COUNTIES
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Freshwater wetland habitats

which affect aquatic habitats. Aquatic habitats can also be affected directly by ac-
tivities such as dredging and/or filling wetlands, damming and channelizing rivers,
diking, dredged material disposal, spills of petroleum and other products, and ship-
ping and boating. Since the wetlands, lakes, streams, and rivers of the Puget Sound
area ultimately drain to the Sound, any effects from water quality on these aquatic
habitats have the potential to result in similar, or cumulatwe and more s1gn1ﬁcant
effects on Puget Sound itself.

Freshwater wetlands are habitats transitional between terrestrial and aquatic sys-
tems where the influence of surface or groundwater has resulted in predominately
water-saturated soils and/or the development of plant and animal communities uni-
quely adapted to aquatic and/or intermittently wet conditions (Cowardin et al.,
1979; PSWQA, 1986a). Lacustrine wetlands are the shallow waters and associated
shoreline vegetation of lakes. They make up 10 percent of the wetland area studied
around Puget Sound (Figure 2-22) and are generally over 20 acres (8 hectares) in
size (Boule’ et al., 1983). Palustrine wetlands are persistent wet areas located ad-

jacent to streams or created by springs, seeps, or surface runoff. They are the most

diverse and scattered group of wetlands in the Puget Sound area and represent 27
percent of all studied wetlands (Boule’ et al., 1983). They are also the least ade-
quately inventoried of all wetland groups (PSWQA, 1986a; Sheldon, 1987, pers.
comm.), primarily due to their relatively small size (most are less than 10 acres or 4

hectares). .

The natural values of frtshwater wetlands are well documented and include both -
biological and physical functions and processes as depicted in Figure 2-24 (U.S. Con-
gress, 1984; PSWQA, 1986a). Biological attributes of wetlands include high rates of
plant producnon and extremely valuable fish and wildlife habitat. WDW lists over
175 wildlife species that use wetlands for primary feeding habitat and over 140
species.that use them for primary breeding habitat (PSWQA, 1986a). Fish and
wildlife use of the various wetland types is shown in Table 2-1. Lacustrine and

“palustrine wetlands in the Puget Sound area provide critical habitat for various . .

species of freshwater and anadromous fish, reptiles and amphibians, waterfowl, .
marsh birds (e.g., coots and rails), wading birds (e.g., herons and egrets), shorebirds,

.and aquanc mammals (e.g., otters and beavers).

The physwal and economic valum of wetlands include groundwater recharge and dis-
charge, flood control, shoreline anchoring and erosion control, and water quality im-
provement (Figure 2-24; PSWQA, 1986a). Discharge of groundwater may be '
important to augment low flows in streams that originate in wetlands. Wetlands

that are most important for flood control are those associated with river flood plams
in the Puget Sound basin. Wetlands can reduce flood peaks and the frequency of
ﬂoodmg in downstream areas by temporarily storing stormwater, thereby moderat-
ing the intensity of flood flows (U.S. Congress, 1984; Wald and Schaefer, 1986).

This function may eliminate the need for costly engineered flood control measures
such as dredging, diking, and creation of localized detention facilities.

Wetlands are valuable for erosion control because they slow runoff flows, absorb -
and dissipate wave energy, stabilize the shore, and increase the deposition of
suspended sediment. Water quality benefits attributable to wetlands include trap-
ping of suspended sediments, removal of toxic substances often attached to fine sedi-
ments, removal of nutrients, and the removal of pathogens (PSWQA, 1986a;
Horner, 1986). Research by King, Pierce, Snohomish, and Thurston Counties is cur-
rently examining the potential use of wetlands for stormwater management and non-
point source pollution control, as well as the impacts on wetlands from being used
for water quality control (Stockdale, 1986; Stockdale and Horner, 1987).
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TABLE 2-1: FISH AND WILDLIFE USES OF DIFFERENT WETLAND TYPES

Sp - Spring & - Areas are used but are not high priority sites

S - Summer ® - Areas receive heavy use, are important during one phase of life cycle

F - Fall m - Areas are critical to the survival of one or more species in the group

W - Winter ‘ ' ‘

v Unvegetated | ’ Open Water Nonwoody Woody

Fish and Wildlife Estuarine |Saitmarshes| Lacustrine | Palustrine | Palustrine | Palustrine

SpSFW |SpSFW S'pSFW SpSFW [SpSFW| SpSFW

Shelifish : .

Nonmobile (oysters, clams) EEREAN (¢

Mobile (crabs, shrimp) sEEE|mEme

Fish .

Salmonids (salmon, trout) ‘ ‘ 1
Migratory EE B S| 0000000006 600 K el
Resident _ (A ENIR XX RXIEXE N i

Marine fish (flatfish, spiny) (B BN B KX, -

Freshwater (bass, bluegill) B EEBE|OOOG O e o

Reptiles and Amphibians RXMIEEXINE KX XX EIN XX,

Birds | " ‘_

Water birds (loans, grebes) ] * A o000 QOOOOOOﬁ _

| Waterfow (ducks, geese, swans) I E E R BINNEIENNNIE N ENMEBEENIF |

Marsh birds (herons, egrets) © 000|000 ¢00 ¢S ERNRENEERE ERG e

Wading birds (cranes, rails) - , B yXrnrninmex

Shorebirds (plovers, sandpipers) HNOENE| 060 oe¢o0o|(ocoooenme e

Gaulls and termns ) [ I N B N N IR X X 2R K X A B BE I I W 2

Marine birds (auklets, murres) . PS PP . :

Passerine (jays, warblers, wrens) . & e o0 00| o0 o 0|00 00

Upland game (pheasants, grouse) o0 )

Mammals

Marine (seals, sea lions) . L 3K 2R B 4

Predators (raccoon, coyote) R IR rExExErxrrr i cxxde

Freshwater aquatic (otter, beaver) : Ao/ EEEEEEES

Deer family (deer, elk) ® ¢ & O ® ¢ & & '\ A AEXIAEEXR.,

Bear 0000000'.'00000_000000‘00‘000
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Terrestrial riparian habitats

'SUMMARY AND
CONCLUSIONS

Wetlands, and the fish, wildlife, and plants that are dependent on wetlands, provide
significant economic and recreational benefits. These include: 1) contribution to a
nationwide commercial marine harvest valued at over $10 billion annually; 2) sup-
port for a major portion of the nation’s annual multi-million dollar fur and hide har-

| vest; 3) fishing, hunting, birdwatching, nature observation, and other

wetland-related recreation and educational activities that generate billions of dol-
lars annually; and 4) open space values such as the provision of greenbelts and v1ew-
sheds (Sec. 2, Emergency Wetlands R&sources Act of 1986).. :

Of the numerous species that utilize wetlands, many are also-dependent on non-wet- .
land habitats during portions of their life cycles (e.g., eagles, herons, some ducks

and shorebirds, beavers, otters, and raccoons). Buffer zones adjacent to wetlands

are important as escape habitats, and help protect or minimize impacts to the ad-
joining wetland areas. The riparian corridors adjacent to many freshwater streams
are excellent examples of a non-wetland terrestrial habitat that is critical to the
health and survival of numerous species. For example, streamside vegetation shades
the water and keeps it at the cool temperature that is necessary to support ‘
numerous species of commercial and recreational fish. In addition, these corridors
provide many of the same physical values and water quality benefits as wetlands
(such as erosion control).

The physical and biological environments described in this chapter illustrate the
richness and complexity of the habitats available to the plants and animals that in-
habit the Puget Sound basin. Prior to alteration by intensive human development
in the last century, Puget Sound was unquestionably one of the environmental
wonders of the world. In many ways it still is. However, pressures related to

" resource development and human population growth have taken their toll on the

natural habitats and species of the Sound. Critical physical resources such as sur-
face and groundwater are being seriously affected both in terms of quality as well as
available quantity. Certain open water marine habitats with reduced circulation are
being degraded by nutrients from point and nonpoint sources, and bottom habitats
in certain areas such as urban bays and the sheltered embayments in southern Puget
Sound are being affected by toxic chemicals and bacterial contamination. In addi-
tion, critically important habitats such as marine kelp and eelgrass beds, and es-
tuarine and freshwater wetlands, are being degraded or destroyed by development
pressures. The extent and characterization of human development and its unphca-
tions are the subject of the following chapter
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DEVELOPMENT IN THE

PUGET SOUND AREA

Chaptér 3:
Human Development

“of the Puget Sound Area

- Knowledge of human habitation, economic development, and human uses of the '

Puget Sound area is fundamental to understanding the present and likely future ‘
water quality of the Sound. Human activities tend to alter or damage the natural en-
vironment. Whether these actions are intentional or not, the larger the population

. the more potential there is for detrimental environmental changes. Population in

the Puget Sound planning area is currently estimated atnearly three million people.
In the future, as the regional population and economy change, as lifestyles change,
and as we learn about and respond to the environmental consequences of human ac-
tivities, the amount and type of damage created by human activities may be reduced.
On the other hand, population growth will greatly increase the challenges of en-
vironmental protection.

Certain industries are considered most important in determining patterns of
economic, population, and land use development. Regions typically have an
economic base, or a set of industries that are basic to the regional economy. The
basic sector of the Puget Sound economy began as natural resource industries (tim- -
ber, mining, fishing, agriculture, and associated processing and manufacturing ac-

‘tivities) and transportation, especially shipping. This pattern evolved over the

decades to include heavy manufacturing. Today service industries are becoming in-
creasingly important, while resource and manufacturing industries are decreasing in
1mportance

This chapter reviews population and economic growth in the Puget Sound area and
the status of key water-dependent activities. Historical trends in water and land
development and associated activities by humans around the Sound are not
elaborated upon here, but a discussion of these can be found in the first State of the

' Sound Report (PSWQA, 1986b).

The history of the development of Puget Sound and lands surrounding it by humans
is briefly summarized in the following Puget Sound Timeline (Table 3-1). Useful
periods for dividing the course of history include the habitation by Native .
Americans following the Ice Age, settlement in the area by non-Indians from 1845
to 1880, the "Big Boom" period from 1880 to 1940, transition to the modern
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TABLE 3-1: PUGET SOUND TIMELINE

BEFORE 1845: THE NATIVE AMER!CAN PERIOD

By 8000 BC
1700
1792
1833

Native Americans reside in the basin.

Native American civilization well established in the basin.
Captain Vancouver explores and names Puget Sound.

Fort Nisqually established as first trading post on Puget Sound.

1845-1880: NON-INDIAN SETTLEMENT

1845
1851
1853 -

1854-55

First permanent non-Indlan scttlement at Tumwater.
California Gold Rush construction boom reaches Puget Sound
Washington Territory established.

First steam sawmill built in Seattle by Henry Yesler.

Puget Sound Indian treaties.

1880-1940: THE BIG BOOM

1883
1889
1891
1897
1899
1910s
1910
1911
1913
1914
1916
1917
1920s
1930s
1937

Transcontinental railroad connects Tacoma with East Coast.
Washington statehood.

Puget Sound Naval Shipyard estabhshed at Bremerton.
Klondike Gold Rush begins.

T Mt Rainier National Park established.

Large losses of wetlands for agriculture and industrial development.
Tacoma approves municipal dock t'acilities.'

Port of Seattle established. ,

Commercial harvest of salmorr on Puget Sound peaks.

World War. I begins. -

First Boeing airplanes built. ' :
Lake Washington Ship Canal opens. - o .
Adverse effects of pulp industry on Puget Sound. N

- Communities around Lake Washington begin sewage treatment.

U.S. and Canada treaty for joint management of Fraser River sockeye salmon.

1940-1970: TRANSITION TO THE MODERN ECONOMY

1940
1941
1945
1948
1950s -

1938
1966
1968

Original Tacoma Narrows Bridge collapses.

US enters World War I1.

State establishes Water Pollution Control Commission.

First Federal Water Pollution Control Act passed.

Bridges built: Hood Canal, Agate Pass, and Tacoma Narrows.

First oil refinery on Puget Sound.

Metro formed to construct and operate regional sewage treatment system.
Metro’s West Point treatment plant begins operation.

Formation of the Washington Environmental Council.

1970-1987: RECENT TIMES

1971

1972
1974
1978
1981
1982
1985

1986 .
1987

Passage of the Shoreline Management Act.
Passage of the State Environmental Policy Act.
Passage of the federal Clean Water Act
Boldt Decision in federal court affirming Indian treaty fishing rights.
Hood Canal Bridge destroyed in windstorm.
Trident submarine facilitics completed at Bangor.
Northern Tier Pipeline project dies. -
Puget Sound Salmon Management Plan adopted.
The U.S./Canada salmon treaty of 1937 renegotiated.
Puget Sound Water Quality Management Plan adopted.
Passage of the federal Water Quality Act of 1987,
Everett Navy Home Port approved and subsequently appcalcd
Timber/Fish/Wildlife agreement negotiated.
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 economy that occurred from 1940 to 1970, and the period from 1970 to the preésent.

This chapter will primarily deal with the last two penods and will consider the fu-
ture of the region to the year 2000.

. The relative importance of resource-oriented industries to the regibnal economy

declined after World War II. In general, the economic base of the Puget Sound
region became much more diversified as shown in Figure 3-1. Oil refineries were
built on Puget Sound starting in the 1950s. A Kaiser aluminum plant was estab-
lished in Tacoma, and in 1966 the Intalco Aluminum Company began production at
Cherry Point north of Bellingham. Ship-building (which had mushroomed during
the war) continued to be a major industry in Puget Sound. This era also saw the
growth of the tourist industry, especially during and after the 1962 Seattle World’s
Fair. Employment sectors which decreased in importance between 1950 and 1966 in-

’ cluded the forest products industries, agnculture, and wholesale and retall trade

(Figure 3-1).

In addition to major changes in the relative importance of various sectors, the over-

all size of the regional economy expanded rapidly as shown in Table 3-2. Total
employment grew by nearly 80 percent between 1950 and 1966, with particularly
strong growth in manufacturing of aecrospace and other transportation equipment
and in government services. ,

TABLE 3-2: EMPLOYMENT BY MAJOR SECTORS, PUGET SOUND

REGION (NUMBER OF JOBS)
‘ : ) (Est.)

Primary products - 31,495 - 24,660 14,330 18,400
Construction . 24,952 37,599 64,340 97,500
Food products 18,737 17,044 - 15,000 22,000
Forest products 43,785 38,494 24,060 40,500
Other manufacturing = 62,124 152,984 176,600 244,800
Transportation, - ' ‘ g

comm., utilities © 32,398 40,947 72,710 92,000
Wholesale and o o :

retail trade o 98,923 144,012 308990 441,800

 Services 57,140 100502 362,300 552,200

Government '

(all) - 49415 196,439 234180 331,300

TOTAL 418,969 752,681 1,272,510 1,840,500

(Reference: Washington Department of Employment Security, 1987)

Post-war land development was radically different from earlier settlement patterns.

- With the construction of freeways and an extensive road and bridge system -

throughout the region, the distance that people could commute to work increased
greatly. As people commuted to urban jobs from suburban or rural areas where
they lived on larger lots, the average population density in King County decreased
from 8.2 persons per acre before 1960 to only 4.4 persons per acre for development
after 1960 (PSWQA, 1986b). In addition, urban annexation and zoning changes en-
couraged the expansion of non-agricultural commercial and industrial uses into the
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Employment by Major Sectors, 1950 Empltoyment by Major Sectors, 1966
- ‘ : Primary Products 3.3%

Construction 4.9%
Food Products 2.3%

Forest Products 5.1%

Government (all) Primary Products 7.5%
11.7%

Construction 6.0%

_Food Products 4.5%

Government (all)
26.2%

Transponatidn,
Comm., Utilities
Transportation, 5.4%
Comm., Utilities
7.7%

Employment by Major Sectors, 1986 Employment by Major Sectors, 2000 (est.)

Primary Products 1.1% ' ~ Primary Products 1.0%
Construction 5.1% ‘ Construction 5.3%
Food Products 1.2% 1 Food Products 1.2%
- Forest Products 1.9% : Forest Products 2.2%

Transportation,
Transportation, tion,
Comm., Utilities S%';Z“‘" Utiities
5.7% .

Retail Trade
24.0%

Reference: Washington Department of Enhloyfnent Security, 1987
- Figure 3-1

BASIC EMPLOYMENT BY MAJOR CATEGORY,
1950, 1966, 1986, and 2000 (estimated)
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more rural areas during this time period. These pressures from urban devclopment
led to significant declines in the acreage of productive agricultural land in.the Puget

Sound region (Figure 3-2), particularly in the Green, Sammamish, Puyallup, and
Snohomish river valleys. »

In the mid-1960s the Pacific Northwest River Basins Commission (PNRBC)
directed a comprehensive study of water and related land resources in the Puget
Sound area (PNRBC, 1970). This report, titled the Puget Sound and Adjacent
Waters Study, still provides the best available basinwide data on land use. Figure 3-3
(taken from that study) shows broad classes of land use in the Puget Sound region in
the mid-1960s. At that time, most of the land was in forest use and urban settlement
occupied only a very small fraction (about five percent) of the land area. Cropland
accounted for about one-third of the acreage used for agriculture in 1966. The study
estimated that about 25 percent of the land within the built-up areas was used for

_housing, about 10 percent for commercial and industrial purposes, and about 30 per-

~ cent for streets, highways, parks, schools, and other public uses. The balance was
vacant land or airports, intercity roadways, and railroads (PNRBC, 1970).

A}

1970 t0 1987: The - Contrary to early predictions of an era of industrial growth, the 1970s began badly
Post-industrial Age and the for the regional economy. The Boeing work force dropped dramatically between
Service Economy 1969 and 1971 due to adverse business conditions. Simultaneously, the forest -

- products industry entered a slump due to high domestic interest rates which slowed
the construction industry. .In contrast to the post-World War Il years when the
growth of manufacturing led the expansion of the Puget Sound regional economic
base, the period since 1970 has seen more diversified growth in the economic base
with a decline in the manufacturing and government sectors (Figure 3-1). Service in-
dustries and wholesale and retail trade are now the dominant employment sectors. m
the Puget Sound region.

The relanve unportance of resouroe-bascd industries is much greater in the more
rural counties of the Puget Sound area than in the more urbanized central Puget
Sound counnes (Snohomish;’ ng, Kitsap, and Plerce) as shown in Table 3-3. For '

TABLE 3-3: EMPLOYMENT BY MAJOR SECI‘ORS RURAL COUNTIES
VERSUS CENTRAL PUGET SOUND, 1986 (Number of' Jobs)

_ Rural Central

Primary products .- B30 4.6 6 960 -
Construction & mining 7,840 49 56,500 5 1
Food products ‘ 2,500 16 12,500 11
Forest & paper products ) 7,360 46 16,700 15
Other manufacturing 10,880 6.7 165,720 149
Transportation, commumcat;ons, ' :

utilities - 6,030 38 66,680 6.0
Wholesale & retail trade 36,930 23.0 272,060 245
Services 35,440 220 326,860 294
Government (all) - 46370 288 187.810 169
TOTAL : 160,720 100.0 1,111,790 100.0

(Reference: Washington Department of Employment Security, 1987)
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Figure 3-
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example, the primary products (agriculture) sector made up 4.6 percent of the total
employment in rural counties but only 0.6 percent of the employment in the urban
counties of the Sound in.1986 (Washington Department of Employment Security,
1987). Conversely, manufactuting and services employment represented a greater
percentage of total employment (14.9 and 29.4 percent, respectively) in the central
Puget Sound counties than they did in the other more rural counties of the area (6.7
and 22.0 percent, respectively; Table 3-3). ‘

The population of the Puget Sound region is currently estimated at nearly three mil-
lion, with King County accounting for46.4 percent of the 1987 estimated popula-
tion (Figure 3-4). Pierce County has retained 18 to 19 percent of the region’s
population since 1910, while Snohomish County has increased its share of the
region’s population from 7.9 to 13.2 percent in the last three decades. Most of |
Washington’s population growth since 1980 has occurred in the state’s largest coun-
ties, five of which border on Puget Sound. King, Kitsap, Pierce, Snohomish,
Thurston, and Whatcom counties increased by about 276,000 people between 1980

Kitsap 5.6% San Juan 0.3%

Skagit 2.3% [

Thurston 4.9% Jefferson 0.6%
Whatcom 3.9% island 1.7% '
Clallam 1.8%

Reference: Washington Office 'of Financial Management, 1987 .

_ : «‘ _ Figure“3%4 . | _
PERCENT OF 1987 PUGET SOUND POPULATION,
- BY COUNTY S |
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and 1987, which accounts for 79 percent of the entire state’s population growth in
that time period (Washington Office of Financial Management, 1987).

The rate of population growth, rather than sheer numbers of people, is often a good
indicator of potential environmental and institutional stresses and problems in an
area. This is because land use planning activities, the provision of basic seryices,
and local enforcement of laws and regulations may not be able to keep up with the
demands of an increasing population in rapldly growing areas. Puget Sound coun-
ties represented nine of the ten fastest growing counties in the state for the period
between 1980 and 1987 (Washington Office of Financial Management, 1987). Much
of this growth took place in "amenity" and unincorporated areas where population is

. not necessarily associated with basic employment. Island County had the highest
rate of growth in the state (18 percent), while San Juan, Thurston, Snohomish, and
Mason Counties also-had very high rates of growth (Figure 3-5)." Although Island
.and San Juan Counties are experiencing rapid growth (largely due to vacation and
retirement uses), their 1987 population estimates are quite small relative to the rest
of the Puget Sound area (52,100 and 9,200 persons, or 1.7 and 0.3 percent of the
region’s population, respectwely; Figure 3-4).

No comprehensive study of 1and use in the Puget Sound region has been made since

' the Puget Sound and Adjacent Waters Study of the 1960s. However, using data on
housing, employment, and population characteristics in the central Puget Sound
region, estimates of land use can be made for the early 1980s (Table 3-4), Compar-
ing these estimates to those for 1967, it appears that intensively used urban land
plus rural non-farm settlement has increased by 232,200 acres (a 42 percent increase
from 547,200 to 779,400 acres). Conversely, the combined acreage of forest, pas-
tureland, and cropland appears to have decreased by about 385 700 acres (a five per-
cent change) between 1967 and 1984. .

TABLE 3-4: ESTIMATED ACRES OF LAND USE IN THE PUGET SOUND
WATER QUALITY PLANNING AREA BY CATEGORY IN 1967
1984, AND THE YEAR 2000 (Thousands of Acres)"

1967 1984 = 2000
Intense urban o 3084 5094 8240 -
Pastureland 7 - 4676 . 2488 2488
Cropland - 4 2304 245.8 245.8
Streets and highways 120.0 2735 2735
Rural, non-farm* 12388 2700 466.9
Forest 7.191.6 70003 64978
'TOTAL | 85568 85568 85568

*Rural, non-farm uses inci_ude river wash tidelands, mines, and rural
. non-farm residences.

(Reference: PSWQA, 1986b)
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The Future: Looking to
the Year 2000 and Beyond

MODERN WATER
DEPENDENT
ACTIVITIES

Economic forecasts from the federal Bureau of Economic Analysis for the most ur-

banized counties, modified to represent the economy of the Puget Sound area as a
whole, can be used to estimate total employment and the composition of employ-
ment in the year 2000 (Figure 3-1 and Table 3-2). As was the case in 1986, services
are anticipated to be the largest source of jobs, followed by wholesale and retail
trade and government. Other anticipated trends are a strong aerospace business for
the Boeing Company, expansion of international trade through Puget Sound ports,
continued development of hlgh-technology industry, and new economic activity
resulting from research activity at the region’s colleges and umversmes

Population estimates for 1987 and forecasts for 1990 and 2000 made by the

* Washington Office of Financial Management (OFM) are presented by county in

Figure 3-6. The population of the Puget Sound region is expected to grow from the
current estimated 2,985,800 to 3.1 million by 1990, and to approximately 3.6 million
by the year 2000 (OFM, 1986). This population forecast for the year 2000 is slightly
less than the estimate that was reported in the first State of the Sound Report (3.7 to
3.9 million people; PSWQA, 1986b). Employment is expected to expand from the
current 1.27 million to 1.84 million in the year 2000 (Table 3-2). These estimates
suggest that the Puget Sound area will account for about 66 to 68 percent of the
state’s total populatlon through the year 2000; the Sound contains about 23 percent
of the total area in the state.

The Puget Sound Council of Governments (PSCOG) has provided estimates of
population and economic growth into the year 2020 for the four counties in its juris-
diction (King, Kitsap, Pierce, and Snohomish). Population estimates indicate that

about 1.5 million more people may move to the central Puget Sound region between

" 1987 and 2020, with Snohomish County projected to have the most rapid growth

rate (PSCOG, 1988). Total employment in the four counties is projected to almost
double (from 1.3 million in 1987 to 2.3 million in 2020) with most new employment
opportumues being in retail trade and services.

Land use forecasts for the year 2000 suggest that almost 1.3 million acres or 15 per-
cent of the land in the Puget Sound area will be in intense urban or rural non-farm
use by the year 2000 (Table 3-4). Most of this intensively used land is projected to
be in the central Puget Sound region. These forecasts are based on the assumption
that the acreages of highways, railroads, and waterways are fixed and that acreage of
agricultural land will remain roughly constant (fecent declines in pastureland may
be offset by public policies designed to preserve agricultural lands; PSWQA, 1986b).

These forecasts have tremendous significance for planning and regional water
qualxty Between 1987 and the year 2000, a projected population i increase of 20 per-
cent in the Puget Sound region will be accompanied by a 62 percent increase in
lands developed for intense urban activities and a 73 percent increase in lands

. developed for rural non-farm use. No increase is projected in agricultural land use,

but about a seven percent decrease in forest land use is projected (Table 3-4).
Employment and economic activity are projected to shift increasingly to services,
government, trade, and construction. Thus, residential, commercial, office, and
retail land uses will grow. Heavy industrial activities such as pulp and paper and
smelting are not projected to increase significantly, and may decrease dependmg on
national and international economic conditions.

The value of the waters and habitats of the Puget Sound basin can be represented by -
the uses made of them. These uses are called "water-dependent activities.” Key
water-dependent activities include ports and shipping, maritime recreation such as
boat launching and fishing, wet moorage (although dry moorage has recently
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Marine Shipping

proliferated), fishing and aquaculture, shipbuilding, and aesthetic appreciation of
the Sound. The economic importance of several key water-dependent activities is
discussed in this section.

Marine transportation on Puget Sound has played a key role in the commerce of the
region since the area was first populated by Native Americans. However, the i impor-
tance of the various types of marine shipping as well as the importance of various
commodity groups has changed over time. Table 3-5 shows how the relative in-
fluence of foreign, coastal (between U.S. coastal ports), internal (between Puget
Sound harbors), and local (between locales in any one harbor’s jurisdiction) Shlp-
ping has changed over time.

.Total tonnage shipped increased from 29.73 'hlillion to 53.58 million tons (26.97 mil-

lion to 48.61 million metric tons) between. 1953 and 1985 (U.S. Army Corps of En-
gineers, 1985). Much of this growth resulted from the dramatic increase in foreign
trade in the past 17 years (from 12.12 million to 25.69 million tons or 10.99 million
to 23.31 million metric tons), with a resulting decrease in the dominance of mternal
shipping between Puget Sound harbors. Although the export of logs and wood
chips still contributed the largest fraction of foreign tonnage (6.52 million tons or
5.91 million metric tons) in 1985, the growth of container cargo traffic from the -

* major urban ports has been substantial.

Table 3-6 shows categories of major commodity groups shipped from or to each of
the Puget Sound harbors in 1985. Logs and rafted logs made up a large proportion
of the total commodities shipped at Everett, Olympla, Port Angeles, and Tacoma
Harbors, while lumber products were primarily shipped at Port Gamble and Port
Townsend Harbors (U.S. Army Corps of Engineers, 1985). Crude oil and various
petroleum products (including fuels, oils and greases, and solvents) made up large
proportions of the commodities shipped at Anacortes, Bellingham, Seattle, and
Tacoma Harbors. All other commodities not listed separately in Table 3-6 are listed
as "other products” in the table. This large and diverse category of commodities (in-
cluding food products, chemicals, apparel, cement, and manufactured products,
among others) represented a significant portion of the shlppmg actmty at Bellin-
gham, Seattle, and Tacoma Harbors.

TABLE 3-5: TONNAGE OF MARITIME SHIPPING IN PUGET SOUND FOR 1953,
) 1968, 1983, AND 1985 (Short Tons* in Millions)

Total Foreign Coastal Internal -
Year Igmggs Imports M Recp.  Ship. Recp.  Ship. Local

1953 2973 . 175 142 6.47 132 . 950 548 379
1968 46.64 5.50 662 - 529 366 1428 632 497
1983 5122 1073 1530 596 490 706 420  3.07
1985 5357 10.33 1536 9.73 4.50 636 474 255

*Short ton 2,000 pounds
(Refemnce Us. Almy Corps of Engineers, 1985)
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Estimates of the tonnage and value of foreign import and export commodities
shipped at Puget Sound ports and harbors are compiled by the Port of Seattle using
a different data base than that used by the U.S. Army Corps of Engineers (Corps).
Total tonnage of foreign shipments to or from Puget Sound ports totaled 29.78 mil-
lion tons (27.02 million metric tons) in 1986 (Port of Seattle, 1987). The estimated
value of these shipments totaled $38.37 billion, with import trade accounting for 83
percent of this value. A recent forecast suggests that foreign cargo movements
could double to nearly 60 million tons (54 million metric tons) by the year 2000
(Hannus, 1987, pers conim.). :

Although fio Soundwide analyses have been completed for the impact of port ac- |
tivity on the economy, the Port of Seattle éstimates that harbor operations lead
directly to 24,000 jobs and, through multiplier effects, to a total of 37,000 jobs in
King County and 54,000 ]obs statewide (Doolittle, 1987, pers. comm.): The region-
wide impact of port activity is probably about three times that measured by the Port
of Seattle, or about 150,000 jobs statewide. .

Capture Fishery - The harvest of fish and shellfish has been one of the most important human uses of
: the Puget Sound basin for as long as there have been people in the area. Each
TABLE 3-6: TONNAGE BY COMMODITY GROUP, PUGET SOUND PORTS, 1985 (Short Tons*)

;  Sand .~ » Lumber Other Other

Port Grains!  Gravel® Products*  CrudeO® Dist. Fuel® Petroleum’ Products  Total
Anacortes ' ' ‘

Harbor 0 29,982 265934 2,440 6,682,090 1,608,630 1,237,952 381,281 10,208,309
Bellingham : to :

By& :

Harbor . 0 44,606 36,997 126,184 209,794 143,445 © 765852 1,326,878
Everett Harbor 963 3,395,409 179,731 2,060 8,445 47,705 - 493,955 4,128268
Hammersley .

Inlet 0 0 352,894 146,769 0 0 . 0 1,795 501,458
Olympia

Harbor 4,887 800 567,227 139 0 758 13,938 17,834 . 605,583
Port Angeles . :

Harbor 30 42,561 2,153,304 278,305 0 75,283 259,875 117,449 2,926,807
Port Gamble ‘ ' ‘

Harbor 0 6,200 273,129 325,405 0 0 0. 58,578 663,312
Port Townsend ‘

Harbor .0 6,698 0 284,789 0 5,386 18,284 183,212 498,869
Seattle ) :

Harbor 812282 2,643,579 271,007 - 479,348 39,603 1,799458 1235811 8948925 16,230,013
Swinomish : '

Channel - 0 1,000 683,981 0 0 0 -0 11,025 696,006
Tacoma : . N

Harbor - 332576 602249 3025075 978532 1731144 743,00 873987 435178719 - 15794532
TOTAL 4,139,775 3378638 11,024,957 2,801,642 8,664,691 4,384,995 3,687,552 15497785 53,580,035
1. Grains: 0103** (Corn), 0106 (Sorghum grains), 0107 (Wheat), & 0111 (Soybeans)

2. Sand & Gravel: 1442 (Sand, gravel, crushed rock)

3. Logs: 2411 (Logs), 2412 (Rafted logs

4.  Lumber Products: 2414 (Timber, posts, poles, piling), 2416 (Wood chips, staves, moldingS). 2421 (Lumber)

5. . Crude Oil: 1311 (Crude petroleum)

6.  Dist. Fuel: 2911 (Gasoline), 2912 (Jet fuel), & 2914 (Distillate fuel oil)

7.  Other Petroleum: 2915 (Resxdual fuel oil), 2916 (Lubricating oils & gream). 2917 (Naptha, petroleum solvents), 2918 (Asphalt, tar & pitches

.

- *Short ton = 2,000 pounds
*+*Commodity group numbers as defined by the U.S. Army Corps of Engmeers

(Reference: U.S. Army Corps of Engineers, 1985)
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Salmon

species has a certain natural abundance, but even without the effects of human ac-
tivities, populations will fluctuate greatly from year to year as a result of climate,
ecological competition and predation, and natural events (such as the eruption of
Mount St. Helens in 1980 and the El Nino event in 1982-83). The tools developed
to capture these marine resources are efficient enough that it is possible to overhar-
vest virtually every species present. In addition, destruction of habitats for spawning
and larval rearing in rivers and lakes, and the loss or alteration of nearshore es-
tuarine wetlands, intertidal areas, and shallow subtidal areas has had a profound ef-
fect on salmon, surf smelt, and herring production in some areas. Loss of
freshwater habitat for salmon due to such things as logging, construction of dams,
and urbanization has also-adversely affected natural production. In addition, fishery
losses have historically resulted from the degradation of saltwater by dredging and
filling, toxic contamination, and the depletion of dissolved oxygen. It is difficult to
separate the effects of natural fluctuation, overfishing, and pollution for species that
are extensively harvested. The following sections discuss the harvest trends of the
major resources and summarize their economic importance.

Knowledge of trends in the availability of major commercial and recreational fish
species in Puget Sound is limited by several constraints. Historical data are avail-
able only for fish catch and not for absolute abundance. Trends in catch reflect not
simply changes in abundance but also in the harvesting effort expended. The extent
to which a particular resource is harvested depends on weather, changes in technol-
ogy, fluctuations in market conditions, and management decisions. Natural
phenomena such as changes in migration patterns can also affect catch and give the
false appearance of a change in fish abundance. The Washington Department of
Fisheries (WDF) collects data on both commercial and recreational (sport) fishing
in Puget Sound, but their sport catch data are less comprehensive than the commer-
cial catch data. Over the last year, WDF has started updating the sport catch data
and is seeing different geographic trends than appeared from the earlier data,
However, the updated information is still less comprehenswe than their commerclal
data.

"'The Puget Sound fishing industry is an important part of the local economy as well

as a significant contributor to the state’s fishing industry. Fishing prowdes benefits
to both Indian and non-Indian communities, and will continue to increase in impor-
tance with proper management of habitat and fishery resources in Puget Sound.
Changes in public taste over the last few years have increased the price of fish rela-
tive to other protein sources. The total value of all commercial and recreational fish
and shellfish in Puget Sound was estimated at $168 million in 1986 (Table 3-7). Sal-
mon harvests represent the bulk of the value of the Puget Sound catch. Herringand
other baitfish, groundfish (cod, hake, pollock, rockfish, surf perch, dogfish, sole, and
flounder), and shellfish (clams, oysters, scallops, mussels, abalones, crabs, shrimp,
octopus, squid, sea cucumbers, and sea urchins) account for the rest. Much of the
commercial shellfish catch is generated by aquaculture facilities which are discussed
in the following section. Recreational or sport catches of fish and shellfish are dis-
cussed following the aquaculture section. As the population and personal incomes
continue to increase in the Puget Sound area, so will the demand for both commer-
cial and recreational fishing. :

Reliable data on the capture fishery of salmon in Puget Sound date only from the _
early part of the 20th century. With the rapid increase in the non-Indian population
and the development of large scale commercial fish canning techniques, the harvest
of salmon increased dramatically in the late 1800s and early 1900s. Between 1913
and 1920 the primarily non-Indian fleet harvested four to eight times the current
average annual catch. This may represent the overfishing that drove Puget Sound
salmon stocks into decline (Ward et al., 1974; Ward and Hoines, 1982). Figure 3-7
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TABLE 3-7: ESTIMATED VALUE OF PUGET SOUND FISHERIES, 1986

Landings by
Indian &

.~ Non-Indian

Commercial

(tons).

Salmon 20,226
Other anadromous! 1,421
Baitfish 672
Groundfish - 13,132
Shellfish? - 8426
TOTAL . 43,877

Commercial
Catch Value

4445
© . 649
- 053
213

1443
- 68.03

Retail Value
($1,000.000)

131.84
19.47
158
6.39

4329
202.57

Five Year Avg.
‘Commercial
Catch Value

—($1.000.000)

L Includes aquaculture salmon and steelhead trout production as well as landmgs of wild

salmon eggs and sturgeon.

2. Includes both capture fisheries and aquaculture production.

(References Hoines, 1988, pers. comm.; Ward, 1988, pels. comm,; PSWQA, 1988c; WDF, 1988;
* Hoines and Ward, 1987; Palsson, 1987; U.S. Bureau of Labor Statistics, 1986; Ward and Hoines,

1982; Brown and Mathews, 1969)

Sport Catch
Value

(51.000.000)
74.56

-----

shows the commercial salmon catch from 1971 to 1986. Natural salmon producuon
is far below what it was before extensive development of the Puget Sound area.
Overfishing played a role in this decline, but destruction of spawning and rearing

- Figure 3-7: COMMERCIAL LANDINGS

OF SALMON IN PUGET SOUND

5 Thousands of Tons

Reference: WDF, 1988

Yoar
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habitat by logging, dam and lock construction, and development of salt and fresh-

~ water shorelines is believed to have had the most serious impacts. However, catches

of sailmon specxes from the Sound are now relatively stable

. Stabilization of salmon populanons has been accomplished in part by stringent
management measures that are implemented using a process now referred to as
"sharing the burden of conservation.” These measures include careful limitation of
catch for each species and frequent partial closures of fisheries. Salmon populations
are managed to ensure that adequate numbers of adult fish "escape” or return to .
spawn (reproduce) in freshwater. Harvest numbers are typically set by escapement
goals for each stream system. However, there is some concern that the current "shar-
ing the burden" management process may allow a fishery to remain open even if es-
capement goals are not being met. Managers occasionally allow fisheries to be

- harvested to "floor levels” which allow for some escapement but which tend to slow
the rebuilding of the fishery. In addition, the management of salmon resources is

. complicated by the imprecise estimates of the total recreational harvest of salmon.

The present harvest is dependent on a large and sophisticated hatchery system.

Without artificial propagation present catch levels could not be sustained.

Chinook and especially coho salmon fisheries in the Sound have been heavily sup-

plemented by hatchery production, in which the tribes are playing an active role.

Commercial and sport catches of these species have been increasing for roughly the

" last two decades.’ However, some are concerned that continued hatchery production
is occurring at the expense of the remaining wild stocks. Hatchery fish are released
into open water at a size and in such numbers that they displace or even eat the
natural fish. In addition, there is concern that the special breeding used to refine
hatchery stocks may reduce the genetic diversity of the salmon species, leaving them
susceptible to epidemic disease or other catastrophe. Perhaps the greatest problem
generated by mixed stocks of hatchery and wild salmon relates to harvest levels. Be-

- cause hatchery fish have such high survival rates in incubation, they can be harvested -
at much higher levels than wild fish. Therefore, if unlimited harvest is permitted on
mixed stocks the wild stocks may be overharvested. To prevent this from occurring,
resource managers set mixed stock harvest limits based on the "weakest" or wild
Stock. In addition, many major river systems are managed to protect the wild fish
(Mills, 1988, pers comm.). :

Legal and socioeconomic factors have affected management and allocauon ofthe
Puget Sound salmon fishery in recent years. The Boldt decision in federal court in
- 1974 recognized the reserved right for salmon in existing Indian treaties, and allo-
cated half of all harvestable western Washington salmon and steelhead resources
that pass through usual and accustomed fishing areas to Puget Sound and coastal
treaty tribes. Because of the allocation of the salmon harvest between Indian and
. non-Indian fleets, the management structure for salmon has chianged rapidly. In
1985 the Puget Sound Salmon Management Plan was adopted. This is a comprehen-
sive management plan for Puget Sound salmon that integrates Indian and non-In-
dian management activities. Also in 1985, the United States and Canada entered
into a historic, long-negotiated agreement that covers harvest and management of
international salmon resources that coinmingle in the offshore waters of Canada,
Alaska, Oregon, and Washington. This agreement established the Pacific Salmon
Commission that currently negotiates escapement goals for the U.S. and Canadian
waters. Puget Sound tribal governments are actively involved in the commission.
These developments have already resulted in more effective management of the sal-
mon resource. A Columbia River salmon management plan has also been
developed by the U.S. Departments of Commerce and Interior, the Oregon Depart-
ment of Fish and Wildlife, the Washington Departments of Fisheries and Wildlife,
and several intand tnbes in Oregon and Washmgton This plan will affect the Puget
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Baitfish

Groundfish

Sound fishery but the plan was developed without the mvolvement of Puget Sound
and Washmgton coastal treaty tribes.

Salmdn represent the most 1mportant commercial capture fishery in Puget Sound.
The value of the 1986 commercial capture salmon catch at the boat was $44.45 mil-
lion (oompared to $26.7 million in 1984; Table 3-7; WDF, 1988). The commercial
catch is valued by the price per pound paid at the boat before the fish is processed.
Salmon retail value shown in Table 3-7 reflects the value of the fish to the con-
sumer, and includes wages and other expenditures involved in processing the fish.

Herring is an important fish species in terms of abundance and catch in Puget
Sound. The commercial herring catch has four components: a sac-roe fishery (in
which eggs or roe are collected from whole fish), a small kelp-roe fishery (in which
eggs attached to kelp are collected together), a general purpose fishery, and a bait
fishery. Herring catches in Puget Sound were quite low until 1957 when the general
purpose fishery was begun. The fishery was conducted during fall and winter in the

. eastern Strait of Juan de Fuca and San Juan Islands area (especially in Bellingham -

Bay), catching both fish originating from the Strait of Georgia and a newly dis-
covered stock from central and southern Puget Sound and Hood Canal. The catch -
was used for production of fish meal and oil, as food for zoo animals, and as bait for
king crab in Alaska. After careful monitoring and several attempts at management .

- measures to stem a serious decline, the general purpose fishery was closed in 1983.

A decrease in the average size of the fish caught indicated that overfishing was oc-
curring.

Catches of the sac-roe fishery during spring in the southeastern Strait of Georgia
(which average 2,000 to 4,000 tons per year or 1,815 to 3, 630 metric tons per year)
and the year-round bait fishery in the central and southern Sound (600 tons per year -

“or 545 ‘metric tons per year) were stable until 1980. In 1980 the sac-roe fishery was

closed by the Canadian government due to low populations of surviving young. In-
1986 the sac-roe fishery was still closed but the commercial bait fishery in Puget
Sound provided $483,000 in revenue at the boat. The sac-roe fishery was opened in
the Sound in 1987 but production data are not yet available (Ward, 1988, pers.
comm.). Total commercial landings of herring from 1971 to 1986 are shown in
Figure 3-8. While the total number of herring that spawn in central Puget Sound
and Hood Canal appears to be relatively stable, the population that spawns in the
northern Sound in May and J une has beenina. penod of decline (Day, 1987,
Bargmann, 1988b)

Smelt also provxde a small commercial catch of 133,000 pounds (60,300 kilograms)
in Puget Sound (WDF, 1988). Total commercial catch value for Puget Sound bait-

fish was $530,000 in 1986 (Table 3-7).

Groundfish are fish that live on or near the bottom. This group includes the hake,
pollock, and cod; the rockfish; greenling and lingcod; surf perch; the flatfish

 (flounder, sole, and halibut); and the spiny dogfish. Cod, English sole, and starry
'flounder historically have dominated thé groundfish catch from Puget Sound.

English sole dominates the commercial catch from the central Sound and Hood
Canal, and cod and pollock dominate the catch in the outer waters of the Strait of
Juan de Fuca. Total groundfish catch has increased steadily in the last 20 years to
over 14,000 tons (12,700 metric tons) annually (WDF, 1988). Over the last decade
hake, pollock, and dogfish have increased as a fraction of the total weight of catch,
but this may reflect changing fishing habits as much as changing abundance. Land-
ings and catch rates of pile perch have declined in Puget Sound over the last few
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Figure 3-8: COMMERCIAL LANDINGS
"OF HERRING IN PUGET SOUND
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_years, and Pacific cod appear to be declining in abundance in central Puget Sound
(Bargmann, 1988b). o o

The commercial catch of groundfish has followed a fluctuating upward trend since
the 1920s (catch since 1971 is shown in Figure 3-9). English sole is the dominant
species in this group. Much of the recent increase in catch of English sole is at-
tributed to increased fishing effort. However, catch per unit of effort (an indirect
measure of population status) is declining in most areas of the Sound (Bargmann,
1988b). This decline is greatest in central Sound, a possible indication that overfish-

Figure 3-9: COMMERCIAL LANDINGS
OF GROUNDFISH IN PUGET SOUND
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Reference: WDF, 1988
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Shellfish and other species

Aquaculture

ing or some other detrimental factor such as contamination may be occurring in this
area (Quinnel, 1984). The total commercial groundfish harvest was valued-at $2.13
million in 1986 (Table 3-7). This represents a decline from a value of $3.6 million in
1984 (PSWQA, 1986b). -

Shellfish captured in commercial fisheries in Puget Sound include geoducks, scal-
lops, octopus, squid, crabs, and shrimp. Sea cucumbers and sea urchins are also cap-
tured commercially in the Sound. Total commercial landings of all shellfish in

Puget Sound were estimated to be 8,426 tons (7,644 metric tons) of processed meat
weight in 1986 (Table 3-7; WDE, 1988); about half of this total was represented by
aquaculture production (see following section and Table 3-8).

* Harvest of extensive subtidal beds of geoducks is regulated by WDE Production is

limited to a maximum harvest of 2,500 tohs (2,265 metric tons) a year on subtidal

_ tracts put up for bid by the Washington Department of Natural Resources (DNR)

but only 1,400 tons (1,270 metric tons) were harvested in 1986 (WDF, 1988). Scal-
lops, blue mussels, octopus, and squid are also harvested. Puget Sound crab (Figure
3-10) and shrimp are important commercially as a capture. fishery. Most shrimp
come from southern Hood Canal where there is a stable population. The harvest of
nontraditional marine resources such as squid, sea cucumbers, sea urchins, and
marine algae is increasing in Puget Sound (Figure 3-11). "This represents a change

- in American eating habits as well as increasing exportation to foreign markets (sea

urchins are shipped to Japan). These catches are likely to increase over time.

Aquaculture in the state of Washington involves the controlled cultivation and har-
vest of aquatic animals and plants such as shelifish, finfish, and edible "sea :
vegetables" (marine algae). This industry utilizes a number of different production
methods to produce a wide variety of species. Methods include tideland cultlvatlon,

TABLE 3-8: PUGET SOUND AQUACULTURE PRODUCTION 1986

(Reference: WDF, 1987)

L Processed Weight Reported Value
Species ' ‘ ___(tons) ($1.000)
Opysters, Pacific : 1,730.37 4,395.14

~ Qysters, Olympia & edulis 6.43 21940
Opyster, seed - 156.95
Clams, manila -1,791.04 3,367.16
Clams, other 692.36 - 873.64
Mussels 148.66 34941
Chinook salmon, eggs 0.66 32.76
Chum salmon, eggs 0.18 735 .
Coho salmon, adults & eggs 1,211.72 3,960.61
Atlantic salmon, adults &

juveniles 14.73 348.30

- Steelhead, trout, adults, ,
juveniles & eggs 186.92 2.11836
TOTAL - 5,783.07 15,829.08
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Figure 3-10: COMMERCIAL LANDINGS
OF CRABS IN PUGET SOUND
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off-bottom culture (for oysters) open water suspension, net pen rearing, and pond
or tank culture. In 1986 state aquaculture production in processed weight totalled
8,412.2 tons (7,630 metric tons) with an estimated reported value of $22.7 million
(WDE, 1987). Table 3-8 shows the total 1986 aquaculture production in Puget
Sound which had a reported value of $15.8 million (WDF, 1987). Pacific oyster
production accounted for about 30 percent of this-value, while coho salmon and
manila clams were also important. Other species with the economic potential to be-

Figure 3-11: COMMERCIAL LANDINGS
OF SEA CUCUMBER, SEA URCHIN, & SQUID
: IN PUGET SOUND
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come viable aquaculture industries include nori (an edible seaweed), geoduck, and
sturgeon.

~ Although the aquaculture industry represents only a small proportion of all the in-

come-generating industries in the Puget Sound area, it is an important industry in
several of the more rural counties surrounding the Sound. For example, shellfish
growers in Mason County are the third largest employer. They harvested $7 million
worth of clams and oysters in 1985 (Wolf et al., 1987). The industry provides an op-
portunity for sustainable long-term growth in these counties, several of which are
currently economically distressed. However, there i is substantial public controversy
over some aspects of the industry, parucularly over the floating culture of salmon,
shellfish, and nori. :

There are 12 salmon net-pen facilities operating in Puget Sound in 1988, located in -
Clallam, Kitsap, Mason, Jefferson, and Skagit Counties. Two more facilities are in
the construction phase and 12 more are actively seeking permits to begin develop-
ment in Clallam, Island, Jefferson, and Mason Counties (Pitts, 1988, pers. comm.).
Opposition to the siting of these aquaculture facilities has focused on potential con-
flicts with boating, fishing, and aesthetic values (such as residéntial views). Other
concerns are related to the potential effects on water quality and bottom organisms. .
There have been some additional questions about the introduction of disease and
competition with natural fishery stocks. There is little evidence that wild fish stocks
-have been adversely affected by diseases introduced from aquaculture operations,
and WDF has strict guidelines for disease control. Four counties (Island, Jefferson,
San Juan, and Skagit) have instituted temporary moratoria on facility siting until
these and other concerns can be resolved

A recent study of the environmental (physmal chemical, and blologlcal) effects of
salmon net-pens found that the only potentially adverse effect which has a high
probability of occurring is the accumulation of organic-rich sediments beneath the
pens. Sediment accumulation can consequently reduce the oxygen available for bot-
tom-dwelling organisms as well as change the bottom community to species that aré
more tolerant of organic enrichment (e.g., polychaete worms; Weston, 1986a). All -
_other quantifiable potential effects associated with salmon net-pens (e.g., effects on
‘water circulation, water quality, phytoplankton productivity, and the introduction of
exotic species) are less probable and highly dependent upon site-specific conditions
or the species cultured (Weston, 1986a). The study did not attempt to quantify the
“use conflicts or aesthetic effects potentially assocmted with net-pen aquaculture in ..
Puget Sound. .

N

The Washington Department of Eoology (Ecology), in conjunction with the
‘Washington Department of Agriculture (WSDA), WDE and DNR, has released in-
terim guidelines for the siting of salmon net-pen facilities in Puget Sound (Weston,
1986b). The guidelines require minimum amounts of current, depth, and honzonta{
separation from significant bottom habitats, and restrict salmon production in 19
Puget Sound sub-basins to eliminate potential nutrient enrichment problems. Ad-

* verse physical, chemical, and biological effects may be minimized or eliminated if -
these and other siting guidelines (e.g., EDAW, Inc. and CH2M Hill, Inc., 1986) are
followed (Inveen, 1987). Areas where aquaculture is limited because of water
quality concerns are shown in Flgure 3-12.

* Another issue which involves all forms of aquaculture is the question of whether
counties or the state should have the primary regulatory responsibility for the siting
and development of aquaculture facilities. For example, Jefferson and San Juan
Counties are developing shoreline master program amendments in 1988 that specifi-
~ cally address aquaculture (Pitts, 1988, pers comm).
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Shellfish

WDF is currently preparing a programmatic environmental impact statement (EIS)

for salmon net-pen culture to improve the level of knowledge, evaluate impacts, and
develop mitigation measures which might reduce potential conflicts associated with

the siting of net-pen facilities. ‘The draft EIS is scheduled to be released in Decem-

. ber 1988. C)pposmon to nori culture operations (such as those proposed near

Guemes Island and in Burrows Bay, Skagit County) has focused primarily on poten-
tial hazards to recreational boating and commercial fishing, interference with recrea-

_ tional and commercial crabbing, and interference with views. In October 1987 -

DNR released a programmatic EIS for nori culture which addresses these concerns

and provides guidance for the siting of nori and other sea vegetable operatlons
(DNR, 1987b).

Shellfish species cultivated in aquaculture operations include the bivalve oysters
(Pacific, Olympia, and edulis), clams (manila, native littleneck, softshell, horse, and
butter), and mussels. Natural population abundances of bivalves may be influenced
by human activities because their immobility makes them relatively easy to cul-
tivate. For example, commercial oyster growers typically "seed” stocks by addmg
human-cultivated young oysters to the population. Thus, most of their harvest is
not of natural stock. Commercial Pacific oyster planting and harvesting have been
fairly stable over time, probably due to the transplanting of seed oysters in commer-

_cial beds. Increasing yields in the period from 1980'to 1986 (Figure 3-13) may have

resulted from the better setting of young oysters. Aquaculture production of Pacific --
oysters in Puget Sound generated 1,730 tons (1,570 metric tons) of processed meat
with a reparted value of $4.4 million dollars in 1986 (Table 3-8). Recent research in
genetics may increase the marketability of oysters during summer months. Oysters
collected in the summer are normally not as palatable because the natural spawning
activity that occurs at this time tends to soften their flesh. However, scientists have
produced "sexless" oysters that do not spawn, and therefore have ﬁrm flesh
throughout the year.

The necessity of clean water to maintain existing natural populations and for future
growth of the oyster aquaculture industry cannot be overstated. Certain historically

Figure 3-13: COMMERCIAL LANDINGS »
OF PACIFIC OYSTERS IN PUGET SOUND -
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Reference: WDF, 1988
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productive areas in Puget Sound have been taken out of production due to fecal
coliform bacteria in the water and other forms of poltution. This increasingly
serious problem is discussed in more detail in Chapter 4 of this report.

Commercial producuon of nanve (Olympia) oysters has decreased from 1935 tothe

1980s (Figure 3-14). Pollution in south Puget Sound from pulp mill wastes is
thought to have played a major role in.the decline. Further impacts from overhar-
vest and predation (from flatworms and oyster drills which were introduced with
Pacific oyster seed from Japan) nearly caused the oyster to become extinct.
However, the oyster’s recent comeback has been assisted by improved water quality
(e.g., decreased biochemical oxygen demand (BOD)), improved management of the
aquaculture industry, improved hatchery technology, increased research, good sets
of hatchery-raised young oysters in 1985, and a favorable market that encouraged in-

~ creased development of aquaculture operations in the south Sound. In 1986 7,457,

pounds (3,380 kilograms) of Olympia oysters (with a reported value of $167,364)
were harvested by aquaculture operations in Puget Sound (WDF, 1987).

pE

Figure 3-14: COMMERCIAL LANDINGS *
OF OLYMPIA OYSTERS IN PUGET SOUND
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Aquaculture clam fisheries primarily consist of manila and native littleneck clams
In the 1930s and 1940s hardshell production was exclusively native littlenecks.
Manilas were accidentally introduced into the state’s water along with oyster seed
from Japan in the mid-1930s. Conditions in Puget Sound are similar enough to
those in the manila clam’s native Japan that they began populating intertidal
‘beaches in the south Sound in the 1950s. Manila clams are now by far the most im-
portant commercial hardshell clam in the steamer clam market.” An estimated shell
weight of 1,791 tons (1,624 metric tons) of manila clams (with a reported value of
$3.4 million) were produced by Puget Sound aquaculture facilities in 1986 (Table 3-
8).

- The aquaculture production of finfish in Puget Sound involves the cultivation of

chinook, chum, coho, and Atlantic salmon and steelhead trout. In 1986 finfish
aquaculture production in the Sound totalled 1,414 tons (1,282 metric tons) with a
reported value of $6.5 million (Table 3-8). Much of this production was of market
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size coho salmon, although Atlantic salmon production is increasing in the Sound.
Adquaculture operations produce not only market-size adult fish but also juvenile
fish and eggs. ‘

~ The aquaculture production of sea vegetables such as the marine algae nori is in-

creasing in Puget Sound. Nori is most commonly used in makmg sushi, a popular
Japanese food. At least 15 species of nori are native to the marine waters of the
state. Two private sector nori farms are currently operating in Puget Sound (one
near Vashon Island and the other near Johns Island in San Juan County). Other sea
vegetable facilities are proposed near Guemes Island and Burrows Bay.

- The marine waters of the Puget Sound basin répresent an invaluable aesthetic and

recreational resource for residents and tourists alike. People have a strong desire to
live near the water,-and the value of this resource is reflected in the high property
values of shoreline residences. The recreational use of the marine waters is also
dramatic. A study completed by the Washington Interagency Committee for Out-
door Recreation (IAC) found that one-third of all outdoor recreational activities by

- Washington residents mvolved fresh- or saltwater (IAC, 1985).

Other surveys have shown that of all activities cited by in-state vacationers in 1986,
sightseeing was the most popular (cited by 85.4 percent of all respondents), fol-
lowed by visiting scenic areas (81.4 percent), going to a beach (58.7 percent), swim-
‘ming (56.8 percent), and boating (31.4 percent). The most popular in-state vacation
destination area was the western Puget Sound/Olympic Peninsula region which was
visited by 27.9 percent of all 1986 vacationers (Blazey, 1987).

Recent estimates by the Washington Department of Trade and Economic Develop-
ment (WDTED) indicate that resident and non-resident travelers spent $3.51 bil-
lion and created 74,620 jobs statewide in 1986 (WDTED, 1987). Seventy-eight
percent of these expenditures ($2.75 billion) were made in counties bordering Puget
Sound (Table 3-9). In addition, travel-generated employment accounted for 54,825
jobs in the Puget Sound region, which represented 73 percent of all travcl-generated
employment in the state in 1986.

Saitwater recreation is clearly very important to the economy of the region. For ex-
ample a study of the recreational marine boating industry in Washington estimated
that in 1986 direct and indirect boating sales generated $895 million and $2.4 bil-
lion, respectively, and provided jobs for 17,300 people statewide (Northwest Marine
Trade Association, 1987; Morse and Stokes, 1987). The recreational boating in-
dustry in the Puget Sound area contributed at least 80 percent of this total (White,
1987, pers. comm.).

The popularity of recreational or sport fishing has increased over the last 15 years.
Demand for water-based recreation depends on income and population. As these
increase the demand for recreation in Puget Sound will increase, The value of sal-
mon fishing to overall recreation in Puget Sound is large compared to the rest of
the fishery. With over a million people fishing each year, it can be valued at from
$25 million to $106 million depending on the measure of value used. The higher
the species density, the more valuable the recreational experience becomes. Careful
management of the fisheries will ensure that their value is retained and improved
over time. The value of the 1986 sport salmon fishery was estimated at $74.56 mil-
lion (Brown and Matthews, 1969;.U.S. Bureau of Labor Statistics, 1986; Hoines and

/
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Recreational shellfishing

TABLE 3-9: TOURIST EXPENDITURES AND TRAVEL-GENERATED
EMPLOYMENT ESTIMATES BY COUNTY, 1986

§

Expenditures Employment

County (61.000.000) umber of Jobs)
Claltam 400 960
Island 130 370
Jefferson 12.8 325
King 1,700.0 38,600
Kitsap 33.0 1,000
Mason 135 375
Pierce 680.0 6,550
San Juan 320 720
Skagit 35.0 700
Snohomish . 85.0 2,200
Thurston 5S. ' 1,575
‘Whatcom 550 1.450
TOTAL , $2,754.3 54,825
" OTHER COUNTIES __7550 C 1979
STATE TOTAL 835093 74,620

(Reference: Washington Department of Trade and Economic Development, 1987)

Ward, 1987; PSWQA, 1988c). Sport and commercial catches are valued differently, ‘
the sport catch being valued by the estimated amount people are willing to pay for a
fishing day. This was estimated at $74.16 per fishing day for salmon and groundfish
(Brown and Mathews, 1969; U.S. Bureau of Labor Statistics, 1986; Hoines and
Ward, 1987, PSWQA, 1988c).

Recreational groundfish catches were estimated at 500,000 fish in 1986. This har-
vest was valued at $4.21 million (Table 3-7), up dramatically from a 1984 value of
$1.5 million. As shown in Figure 3-15, groundfishing has grown in popularity over
the last 15 years, and the total catch and number of angler trips have been faitly well -
correlated. In 1986 over 211,000 angler trips were spent in pursuit of groundfish in
the Sound (Palsson, 1987). This does not count the number of people fishing for sal-
mon who may have switched to groundfishing when their limit was reached. Recrea-
tional halibut fishing is also showing a marked increase in Puget Sound (Figure
3-16). Recreational fishing for rockfish has increased by nearly an order of mag-
nitude between the mid-1970s and mid-1980s, but the catch rate (number caught per
trip) declined during that time (Bargmann, 1988b). A small but popular part of the
recreational groundfish catch, the sport fishery for lingcod, was closed on the inner
Sound in 1978 and restricted in outer waters due to declining catches. Populations
apparently rebounded sharply in the 1980s as a result of these restrictions :
(Bargmann, 1988b), and the fishery was reopened in 1983. Studies dre currently un-
derway to determine appropriate management measures to prevent future closures.
Baitfish such as juvenile herring and smelt are also taken in a recreational fishery in
the Sound.

Many shellfish species that are captured or cultivated commerciauy are also col-
lected by recreational harvesters. Natural populations of oysters, clams, squid,
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Figure 3-15: RECREATIONAL LANDINGS OF
GROUNDFISH IN PUGET SOUND
COMPARED TO ANGLER TRIPS -
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crabs, and shrimp are some of the more popular target species around the Sound.
Although they are not technically shellfish resources, sea urchins, sea cucumbers,
and marine algal species such as nori are also collected in Puget Sound for human
consumption. The number of recreation days spent on the Sound collecting oysters
and hardshell clams has increased over 60 percent in the last 10 years (Hoines and
Ward, 1987). In 1986 the recreational harvest of shellfish in Puget Sound was
‘valued at $23.3 million (Table 3-7). The recreational clam harvest, estimated at
about 1,662 tons (1,507 metric tons) shell weight in 1986, was over half the size of
.the total aquaculture harvest in Puget Sound (Hoines and Ward, 1987). In addition,

Figure 3-16: RECREATIONAL LANDINGS
OF HALIBUT IN PUGET SOUND
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LOSS OF WETLANDS

recreational shellﬁshers now take about 50 percent of all shrimp harvested in Puget
Sound and about 30 percent of all crab (Ward, 1988, pers. comm.).

As with finfish, there is often no stralghtforward relatxonshlp between population
abundances of shellfish species and their harvests. Populations of intertidal clams
and oysters are much easier to assess thar those of fish, since the animals are im-
mobile and easily accessible.. This immobility, and the fact that bivalves feed by fil-
tering large amounts of water and particles, make natural populations highly
sensitive to the impacts of contamination and other sources of environmental
degradation. The state currently manages only a small percentage of tidelands for

_ shellfish because many tidelands are privately (about 80 percent) or federally

owned. However, this may change based on a recent court case (Orion Corporation
v. State) that suggests that there is a difference between private ownership of

 tidelands and the ownership of the resources on thetidelands.

One major environmental consequence of human activities in the Puget Sound

basin has been the widespread destruction and alteration of wetlands. In the past 10
years major wetland losses in river valleys have occurred when areas have been filled
or drained to create office and high-technology industrial areas, warehouses, residen-
tial development, and farmland. In addition, freshwater wetlands of western

- Washington have been extensively degraded or eliminated by residential develop-

ment. Development activities (including multiple-unit residential construction) af-
fect freshwater wetlands from sediment loadmg, contaminated runoff, altered

" hydrology, and loss of undisturbed buffers. Direct loss through filting is also a con-

tinuing problem. Saltwater and estuarine wetlands have also been severely affected
and in many.major estuaries totally eliminated by dredging, fillmg, and bulkheadmg
for ports and related industrial development.

In order to make accurate estimates of wetland loss trends, it is essential to ltave ac-
curate inventories of existing wetland coverage that can then be compared to histori-
cal data. Unfortunately, historical wetland data are often quite difficult to interpret
from historic maps and aerial photographs, and may not be available for many areas.
Bortleson et al. (1980) compared current and historical wetland areas at 11 major
river deltas on the Puget Sound region and found that nearly 60 percent of the coas-
tal wetlands present in 1800 have been converted to other land uses (Figure 3-17).
However, very few other studies have evaluated long-term trends in wetland losses

in the Puget Sound region. :

A study to determine the present. extent of wetlands within coastal areas of .
Washington was released in 1983 (Boule’ et al., 1983). The study used existing
mapped information to determine the surface area of coastal zone wetlands in 15

* Washington counties that have marine waters.  Another fairly comprehensive wet-
land inventory was completed by Kunze (1984) as part of the Washington’s Natural

Heritage Program (this study is discussed in more detail in Appendix B). National .-
‘Wetland Inventory (NWI) maps have been completed for the Puget Sound area

using more recent aerial photography. These maps improve and update the pre-
vious (1983) wetland study.

An important limitation of existing inventories, as well as of studies that look at
trends in wetland conversions, is that they are often incomplete. The extent of
protection afforded by existing laws and regulations is also often mcomplete
Depending on their size and location, wetlands may be regulated by one or several

of the following authorities: the Corps under Section 10 of the Rivers and Harbors -
Act and, with the U.S. Environmental Protection Agency (EPA), Section 404 of the
Clean Water Act; the state of Washington under the Shoreline Management Act
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(SMA) and/or the Hydraulic Project Code; and by local government ordinances
(PSWQA, 1986a). The problem is that many wetlands are not covered under any of
these jurisdictions and none of the jurisdictions protect the wetland in its entirety,
For example, in 1983 76 percent of the palustrine vegetated wetlands (freshwater
marshes) studied in King County were not protected by either the SMA or the Sec-
tion 404 permitting process (Boule’ et al., 1983). The Corps recently revised its
policy and now requires a permit for the placement of dredged or fill material in iso-
lated wetlands greater than one acre (0.4 hectare) in size. This expansion of Corps
jurisdiction may help protect some of these isolated wetland systems, although
protection of isolated wetlands will ultimately best be accomplished by local policies
and regulations because of uncertainties with the federal program. .

To better understand impacts to wetlands that fall outside the Corps or SMA juris-
dictions, Ecology recently completed an analysis of the State Environmental Policy

- Act (SEPA) permitting process to determine how effective SEPA was at identifying- -

and therefore minimizing potential impacts to otherwise unprotected wetlands

(Hull and Maclvor, 1987). They concluded that there is insufficient regulation of -
isolated wetlands; that the SEPA environmental checklists are inadequate to iden- -
tify wetland areas and impacts; and that there is a general lack of knowledge about
wetland management at the local level. Because of these problems, it is conserva-
tively estimated that about 530 acres (212 hectares) of unprotected freshwater wet-
lands are being degraded or destroyed statewide each year (Hull- and MacIvor, &@87);

_ Under the wetland protection elements of the Puget Sound Water Quality Manage— »
- ment Plan (W- -4 and W-5; PSWQA, 1987), Ecology will develop standards designed .

to minimize wetland degradation and loss. The standards are scheduled for release .
by November 1, 1988. At that time local governments will be réquired to assess
their wetland protection efforts against the Ecology standards, and identify and take
actions which meet the mlmmum requu'ements ,

In recent Years regulatory agencies have recognized the importance of avoiding or at -
least minimizing wetland losses as well as the degradation of important wetland
values. The Section 404 permitting process is designed to evaluate the public and
private need for a proposed wetland fill project, the water-dépendent nature of the
proposed project, and whether practicable alternative (upland) sites are available.

If a project meets these requirements, resulting wetland losses must be mitigated

. (avoided altogether or made less severe) or compensated for in some way. Wetland

mitigation may take place either on-site (e.g., by redesigning to reduce impacts) or
off-site (e.g., by attempting to restore, enhance, or re-create wetland habitat and
values). However, U.S. Fish and Wildlife Service national mitigation policies as -
well as the regional mitigation policy of EPA Region 10 express a clear preference
for on-sxte and in-kind mitigation.

'

Many recent projects have utilized a combination of various strategies to mitigate
for unavoidable wetland loss (Good, 1987). For example, a total of 19 estuarine
habitat mitigation projects that used one or more mitigation techniques (e.g., sub-
strate modification, shoreline creation, eelgrass transplantation, and/or marsh com-
plex formation) were either planned or implemented in six Puget Sound counties
(Clallam, King, Pierce, Skagit, Snohomish, and Whatcom) in 1986. However, the
success of these techniques for resource mmgauon is largely unknown (Cooper,
1987).

Some mitigation projécts have been successful in supporting targeted or desired
plant and animal species. A 9.6-acre (3.8-hectare) wetland system was constructed
in the Puyallup River estuary in 1985-86 as mitigation for the filling of a vegetated
wetland area. Old fill was excavated to create an intertidal area, and appropriate
wetland species were planted. The wetland now provides rearing habitat for
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juvenile salmonids, and at least 34 species of shorebirds and waterfowl use the site

~ (Thom et al,, 1987). ‘A more complete description of this project is found in Appen-
dix B. A 0.8-acre (0.3-hectare) gravel and sand mound was constructed at Terminal
25 in the East Waterway in Seattlé in 1984 to mitigate for the loss of a sand-gravel
intertidal beach. It now supports algae and a rich population of the bottom-dwell-
ing animals which are important food items for juvenile salmonids (Columbia
Science, 1985). In addition, WDF scientists have shown that artificial reefs can
provide key habitat components for rocky habitat fish species, and thus can mitigate
for the human degradation of rocky habitats in Puget Sound (Hueckel et al., 1987).

The increasing regulatory emphasis on wetland protection is slowing the net loss of
wetland habitats and values. However, questions still remain about the effective-
ness of mitigation projects, particularly with respect to replacement of habitat func-
tions and values. - EPA Region 10 recently assessed the effectiveness of wetland
mitigation projects that were negotiated as a result of Section 404 permit require-
ments by examining 35 wetland creation/restoration projects in Washington. Exten-
sive review of project files as well as site visits revealed that although wetland
mitigation requirements have increased dramatically since 1982, most mitigation
projects have generally not been successful at replacing the functions and values of
- the original wetlands that were eliminated (EPA, 1987a, b). This lack of success was-
attributed to two main factors: 1) resource agencies have not been successful at
negotiating mitigation plans that fully compensate for loss of wetland values, nor
have they required monitoring to determine whether a mitigation project is actualy
working; and 2) the science of wetland creation and restoration is not fully under-
stood, so projects are often approved without knowing whether a particular techni-
que will adequately provide the desired functions and values (EPA, 1987b). Thus,
wetland nngauon projects are affected by both regulatory as well as scxenuﬁc con-

- straints.

An example of this problem is illustrated by a wetland mitigation project that has -
been constructed on North Creek in Bothell (King County). To mitigate for the fill-
ing of the creek bed and the surrounding wetlands, the developer rerouted the creek -
(which had been previously channelized), planted its banks with trees and other
_vegetation, and attempted to create new wetlands. The stream- relocation com-
ponent of this project is generally considered an mprovement and a success.
However, even after detailed planning and engineering, the re-created wetland sys-
tem is not functioning as a wetland because it is too dry. The natural complexity of
_wetlands, the many different functions they perform, and the many different species
they support make it very difficult to create wetlands that perform as many or even
. the same functions as the natural wetlands. Unfortunately, the science of wetland
creation and restoration is far behind the regulatory use of these techniques (EPA,
1987a), and more research is needed before the techniques are effective at replacing
lost wetland functions and values. Thus, construction within wetlands, even with
mitigation, almost always results in net losses of the resource. Because of these con-
tinued losses, project alternatives should be sought which minimize or eliminate al-
terations of wetlands. : .

Another important technique for preventing the loss of valuable wetlands is protec-
tive acquisition. Both government and private/nonprofit wetland acquisition
programs are active in the Puget Sound area, The Washington Natural Heritage
Program in DNR was established in 1981 as an amendment to the Natural Area
Preserves Act (Chapter 79.70 RCW). The program identifiés and preserves out-
standing natural areas and maintains a statewide inventory of natural communities,
species, and features. A recent study by DNR (Kunze, 1984) evaluated the most sig-
nificant coastal wetlands in the Puget Sound region for possible inclusion in the
program. The Natural Heritage Program currently manages 22 natural area preser-
ves statewide (DNR, 1987a).
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SUMMARY AND
CONCLUSIONS

The federal Emergency Wetlands Resources Act of 1986 provides new emphasis and
funding for wetland preservation through federal Land and Water Conservation
Fund monies. As directed by this act, IAC prepared a Wetlands Priority Plan in
1987 as an amendment to the Statewide Comprehensive Outdoor Recreation Plan
(SCORP). The plan addresses the status of wetlands, protection strategies, and a
criteria system that selects priority wetlands (IAC, 1987). This criteria system is to
be coordinated w1th wetland program elements W-1 and W-2 of the Puget Sound
plan.

The Nature Conservancy (a private conservation organization) acquires and
manages land containing significant habitats across the country. Wetland protection
is an important part of the Conservancy program. In 1987 the state legislature”
(Senate Bill 5911) voted to match each dollar privately raised by The Nature Conser-
vancy with threedollars in public funds (from the real property excise tax) over the
next two years. In response, the Conservancy’s fund-raising goal was raised from $1
million over three years to $1.3 million over a two-year period. ‘As of January 1988
private contributions to this wetland campaign had totalled over $1 million (The Na-
ture Conservancy, 1988). Six native wetlands of statewide significance have already
been protected by the Conservancy’s wetland campaign, including an 89-acre (36-
hectare) area bordering the Snoqualmie River that will become the Snoqualmie Bog
Natural Area Preserve. This group is actively negotiating the purchase of more than
20 additional wetland sites throughout the state.

"In response to the wetland acquisition elements of the Puget Sound plan (W-1, W-2,

and W-3), particularly the requirement to take early action to acquire important wet-
lands already identified, $500,000 of the state Aquatic Lands Account for the 1989-
91 biennium was appropriated for acquisition of Puget Sound wetlands. DNR
recently allocated some of this honey to Snohomish County to help buy Otter Is-
land and other important remaining wetlands in the Snohomish River delta. Other
public and private wetlands are being protected through acquisition of land
development rights, easements and other acquisition tools.

The trends in population growth and economic development discussed in this chap-
ter are critical to understanding how development activities by humans affect the
water quality and biological resources of the Puget Sound area. With a current
population of nearly three million people, a tremendous potential exists for the con-

~ tinuation and possible increase of detrimental 1mpacts to the natural environment.

One of the most important trends to examine is the rate of population growth and
where most of the growth is occurring, The fastest growing areas in the state are cur-
rently the more rural counties surrounding Puget Sound--Island, San Juan,
Thurston, Snohomish, and Mason Counties. Although these counties contribute
relatively small proportions to the region’s total population, their growth is sig-
nificant because it often occurs in areas that are currently important for rural,
agricultural, groundwater recharge, or open space purposes. By the year 2000, in-
tense urban and rural non-farm land uses are projected to increase 62 and 73 per-
cent, respectively, and in combination will constitute 15 percent of the total land use
in the region (approximately double what they were in 1984) These trends are ex-
pected to continue beyond the year 2000

The economy of the region has shifted and will continue to shift increasingly toward
services, government, trade, and construction with resulting increases in commer-
cial, office, retail, and residential land uses. Heavy industrial activities such as pulp
and paper and smelting are not projected to grow significantly. However, the region
continues to support a wide range of water-dependent activities, many of which are
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directly dependent on the good environmental quality still found in many portions
of the Sound (e.g., the fisheries, aquaculture, and marine recreation industries).

One consequence of the humari development trends discussed in this chapter has
been the significant loss of estuarine and freshwater wetlands in the Puget Sound |
area. It is estimated that nearly 60 percent of the coastal wetlands in the area have
been eliminated, and unprotected freshwater wetland losses continue at an es-
timated rate of over 500 acres (200 hectares) a'year. Many development projects
which affect wetlands are now required to provide mitigation and sometimes com-
pensation, but this does not eliminate the continued loss of wetlands. Protective ac-
quisition is'an important tool to protect specific wetlands from damage. Land use
regulations can effectively address human actions that affect wetland areas. Regula-
tions provide a broader base of protection than is otherwise available through ac-
quisition. Additional effects which result from human activities, particularly the
introduction of contaminants into the Sound, are discussed in detail in the follow-
ing chapter. ' : ‘
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Chapter 4:
Contamination of
the Puget Sound Basin

Puget Sound is an integrated ecosystem in which the cumulative effects of human ac-

tivities can affect biological resources throughout the area. ‘The subject of this chap-
ter is the contamination of the water, sediments, and organisms of Puget Sound: its
nature, causes, history, distribution, and consequences for the health of living
resources and the health of humans using those resources.

A coixtaminant is a substance that is not naturally present in the environment, or is
present in unnatural concentrations which can adversely affect the environment.
Contamina;ion is usually expressed in terms of concentration or the quantity of con-
taminant in a given amount of air, water, sediment, or animal tissue. For example,
the amount of contaminant in a sample of water, sediment, or tissue can be ex-
pressed as a fraction of the sample’s total weight (or volume). Because of the range
of concentrations that exist and are measurable with modern equipment, and be-
cause of the ability of some substances to cause biological harm when present in tiny
amounts, the magnitude of such fractions ranges from percentages (parts per
hundred) to parts per million (ppm) and parts per billion (ppb). For example,
seawater from Puget Sound commonly has 30 pounds of salt in each 1,000 pounds of
pure water (30 parts per thousand; ppt). In a bathtubful of seawater (about 60 gal-
lons) there would be about 15 pounds of salt. If, instead of 15 pounds of salt, one
teaspoon of sait is placed in the same amount of water, the resulting concentration
would be about 30 parts per million. A concentration of 30 parts per billion would
result from adding less than a single grain of salt. One part per billion is equivalent
to five people out of the total population of the earth.

Although concentrations of parts per billion may seem insignificant, certain com-
pounds can be harmful to organisms at these concentrations (e.g., polychlorinated
biphenyls (PCBs)). For example, humans show symptoms of mercury poisoning at
levels of 20 parts per billion in their blood. If there is one part per million of oil in
the water, half of the exposed Dungeness crab larvae will be killed.

Society produces, uses, and dlsposes of such a tremendous variety of materials
(many of which come into contact with Puget Sound) that it is impossible to discuss
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Organic Chemicals

Inorganic Chemicals

each in detail. However, contaminants affecting the Sound can be grouped into
categories based on common properties.. )

These are some of the most frequently discussed contaminants in the Sound but
some of the least understood. Organic chemicals are, in general, those that contain
carbon. Within this definition is an almost infinite variety of natural and synthetic
(manufactured) compounds. Naturally occurring organic matter is generally not
toxic, but it may cause water quality degradation if present in large amounts. For ex-
ample, the decay of organic matter (including the natural remains of organisms,

- human sewage, and pulp mill waste) can cause a problem when it occurs on such a

large scale that the bacteria consume most or all of the dissolved oxygen from the
water and other organisms die of asphyxiation. In technical terms, the amount of
oxygen in a water body used up by bacteria as they decompose organic matter is
called the biochemical oxygen demand (BOD). Fish kills caused by oxygen deple-
tion (e.g., BOD in excess of five to 50 milligrams per liter) were fairly common in
parts of Puget Sound before cleanup measures were applied to discharges from
sewage treatment plants and pulp mills in the 1960s. However, fish kills now occur
infrequently in the marine waters of the Sound (Washington Department of Ecol-
ogy, 1987e).

.Synthetic organic chemicals include a wide variety of plastics, synthetic rubbers, pes-

ticides, herbicides, a‘_nd other substances. Many synthetic organic chemicals are
known for their resistance to decomposition or breakdown (which is called persist:
ence) and their toxicity to living organisms. Some of the most persistent and toxic

. of the synthetic organic chemicals contain the elements chlorine and bromine, mem-

bers of a group of elements called halogens. Compounds combining halogens in or-
ganic chemicals are called halogenated hydrocarbons. For example, many
insecticides (e.g., DDT) and herbicides are halogenated hydrocarbons. The PCBs
are a family of toxic halogenated hydrocarbons produced as coolants and insulators
for electrical components. Polycyclic aromatic hydrocarbons (PAHs) are another

. family of highly toxic compounds that originate mostly from the burning of natural

organic compounds such as wood, coal, and oil, but are also found in unburned oil
products. New synthetic compounds continue to be created and introduced into
society and, ultimately, into wastewater discharges. The effects of many of these
compounds (and their component parts) on the water quality and organisms of
Puget Sound are largely unknown :

All other chemical compounds (anything not containing carbon) are called inor-
ganic. The inorganic chemicals that are most relevant to contamination in Puget
Sound include metals such as copper, lead, zinc, chromium, cadmium, arsenic, and
mercury. Low concentrations of metals are present naturally in seawater, washed

_ there by erosion of rocks and soils on land. Also among the inorganic chemicals are

some simple compounds that act as nutrients for marine plants. The primary inor-
ganic nutrients are compounds of nitrogen (nitrates and ammonia) and phosphorus
(phosphat&s), two of the main constituents of fertilizers. Other examples of inor-
ganic contaminants include acids used in pulp and paper processing and alkali
found in home and industrial cleaning compounds (e.g., drain cleaner).

It is difficult to determine when to categorize some inorganic chemicals as con-
taminants. Virtually all of them occur naturally in seawater, and several (especially
the nutrients) are essential for life. However, most inorganic chemicals can be.
harmful when present in large enough quantities or at the wrong place or time.
Copper, for example, is essential to life in very minute quantities but is toxic at
higher concentrations. Also, excess nutrients can increase the natural growth of
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phytoplankton which rob-the water of life-giving oxygen when they die and décay
(causing fish kills. and putrid odors). Since these substances are damaging in excess
amounts, additions to.the system by human activities may result in degraded water -

quality or harmful effects to ‘biological resources.

Disease-causing bacteria and viruses (pathogens) are introduced into Puget Sound
by treated municipal sewage discharges, septic systems, discharges from boats, and
runoff from farms, forests, and cities. These biological contaminants can cause dis-
eases such as typhoid, chiolera, salmonella, and hepatitis in humans. To protect
people from potentially dangerous levels of microorganisms in the Sound, health of-
ficials have the authority to close contaminated beaches to swimming and shellfish
gathering. Shellfish are good indicators of microbial contamination for the same
reason that such contamination makes them unsafe to eat; they take up and con-
centrate microorganisms in large quantities through filter feeding. Out of perhaps .
thousands of species of mictobes that may be introduced into the Sound by human
activities, only certain species (e.g., fecal coliform bacteria) are monitored in
shellfish because of costs and limitations of laboratory culture and detection techni-
ques. : ‘

Fecal coliform bacteria originate in the intestinal tract of warm-blooded animals, in-
cluding humans. They are indicators of fecal material from warm-blooded animals
and, although they are not pathogenic (disease-causing) themselves, they indicate
that pathogens may be present. Fecal coliform bactéria (usually measured as

. colonies of organisms per 100 milliliters of water) are introduced in stormwater and

combined sewer overflow (CSO) discharges, by failed on-site sewage disposal sys-
tems, and by wild and domestic animals. These bacteria typically exhibit high levels
of variability in the natural environment. Fecal coliform counts vary depending on a
number of physical factors including water temperature, turbidity, and tidal influen-
ces. In addition, although this group of bacteria originate in warm-blooded animals,
they are able to survive in the fresh and marine waters and sediments of Puget
Sound. The cold temperatures of Puget Sound waters and sediments tend to en-
hance the potential for fecal coliform survival and possibly regrowth after the or-
ganisms are deposited in the open environment (Vasconcelos, 1988, pers. comm.).
This potential for regrowth in sediments and water further complicates the process
of trying to detect and eliminate original sources of these biological contaminants.

Another class of biological contaminant is the phytoplankton species Gonyaulax
catenella. This organism produces a powerful toxin that causes paralytic shellfish
poisoning (PSP) in humans who consume shellfish contaminated with Gonyaulax.
"Blooms" of Gonyaulax are sometimes incorrectly called "red tides,” although fre-
quently such blooms are not visible. The occurrence and implications of biological .
contaminants is discussed in more detail at the end of this chapter. ‘

Particles in the water and sediments are important potential contaminants. Par-
ticles enter the Sound naturally from shorelines and rivers; they are also generated
in Puget Sound by the growth of plants and animals. They contain both inorganic
chemicals eroded from rock and organic chemicals extracted from soil and derived
from organisms. Human activities add to the natural influx of particles. For ex-
ample, road buﬂdmg and clearcutfihg of forests can increase the erosion rate from
shorelines and river banks; dredging stirs up clean and dirty particles from the bot-
tom of the Sound and redistributes them; and contaminant-laden particles are
added to the Sound in sewage effluent and from urban stormwater systems. High
levels of sediments can cloud the water (limiting light to plants) and smother -
animals or damage their gills and other sensitive tissues. Furthermore, suspended
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Transformation

Solubility

Particle Binding and
Transport '

~ particles tend to take up certain contaminants from the water and concentrate them

on the particle surfaces. Smaller particles are particularly efficient at this process.
Thus, sediments in the Sound can not only be harmful, but can also act as a pathway
for the transport of contaminants. Estuarine circulation in the Puget Sound basin
retains most particles and the contaminants bound to them, thus preventing their
transport to the ocean.

The transport and fate of contaminants in Puget Sound are affected by a number of
complicated and interacting processes as shown in Figure 4-1 and discussed below.
Contaminants that enter the Sound can be roughly grouped into those that enter in
the dissolved state and those that enter bound to particles. Contaminants can un-
dergo complex and varied physical and biological transformations that are largely
dependent on their chemical properties (such as their water solubility) before they
eventually end up in their final resting place. Some are immediately concentrated
in the surface layer; some remain in solution and are dispersed and diluted in the
Sound; some immediately settle out into the sediments; and some are transported
far out in the Sound before settlmg out.

Certain contaminarits that enter Puget Sound are transported to depositional areas

(called sinks) where they accumulate, while others are flushed out of the Puget

Sound basin. The chemical and physical properties of contaminants strongly in-
fluence how they are transported and where they eventually end up (their fate). The
environmental behavior of contaminants is complex because contaminants (par-
ticularly metals) can occur in numerous forms with different chemical properties.
Important environmental processes that govern the fate of different contaminants

in the Sound are: the physical and chemical interactions of contaminants with -
seawater and the particles it contains; transportation of contaminants by. moving.
water and particles; chemical transformations of contaminants in seawater, sedi- ‘
ments, and organisms; and the physical "packaging" of contaminants in the fecal pel--

" lets of pelagic organisms which can accelerate their deposition to the bottom of the

Sound. Figure 4-1 illustrates some of the more important and better understood
pathways and sinks for contaminants in Puget Sound.

One of the most 1mportant factors affecting the fate of a contaminant entering the
Sound is how easily it dissolves in seawater. The more soluble a contaminant, the
longer it remains within the waters of the Sound where its fate is determined mainly
by currents. As it enters the Sound, water containing dissolved contaminants is ‘
rapidly diluted by mixing and dispersed throughout the Sound. After being
transported part way out of the Sound and then back again, dissolved contaminants
may eventually travel into oceanic waters. Some of the more soluble contaminants
are the nutrients in sewage effluent and phenolic organic compounds in wastes from
pulp and paper mills. Dissolved contaminants can enter the Sound through rivers,
surface runoff, municipal or industrial discharges, atmospheric deposition, or the

Some dissolved contaminants can chemically bind or adhere to particles by a

process known as sorption. Sorption tends to occur more on fine-grained sediments -

(silts or muds) than on coarse, sandy sediments mostly because smaller particles
have proportionally greater surface areas than larger sediment particles. Fine or-
ganic particles suspended in water have a high sorption capacity, especially for dis-
solved organic contaminants. In addition, dissolved metals can combine with other
dissolved inorganic substances to form insoluble particles that settle out of the
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Resuspension and
Dissolution

Spills

Bioaccumulation

water. Many of the contaminants that enter the Sound are poorly soluble and have
a much greater affinity for particles (especially organic particles) than for water.
Relatively insoluble contaminants such as PCBs and PAHs are predominantly as-
sociated with fine-grained pamcles that have a high content of organic matter. Bac-
teria in Puget Sound also adhere to organic particles as a source of nutrition.

The fates of contaminants bound to particles are very different from those of dis-
solved contaminants (Figure 4-1). Particles suspended in Puget Sound water are
constantly settling under the force of gravity. Where they settle depends on their
size and density and on the strength and direction of currents, but they are rarely
transported as far as those that are dissolved. Because contaminated particles do
not spread as far from sources as contaminated water does, the habitat degradation
caused by particles is more localized but usually more intense. Contaminants in _
sediments can be up to a thousand times more concentrated than those dissolved in
the water. The result is the formation of "hot spots” (or areas of high contamina-
tion) of toxic sediments near sources of contamination. The urbanized bays of

. Puget Sound are especially prone to becoming "hot spots” for a number of reasons.

Industrial sources tend to be congregated in urban bays; contaminant-laden rivers
discharge into several urban embayments in the Sound; and several physical proces-
ses effectively trap particles and their associated contaminants within these bays.
For example, when fine organically enriched particles in river water contact

_seawater, they tend to adhere to one another and settle more rapidly (a process

known as flocculation).

Bottom sediments can be a source as well as a burial place of contaminants. For €x-
ample, sediments and associated contaminants can be stirred up (resuspended) into
overlying water by strong currents driven by wind, ship traffic (in shallow water-
ways), dredging operations, or even by organisms actively burrowing and feeding i
the sediments (a process called bioturbation; Figure 4-1). During resuspension, par-
ticle-bound contaminants can be transferred back into the dissolved state or redis-
solved. Redissolution tends to affect metals more than PCBs or PAHs because of
their respective chemical properties.

In contrast to the steady long-term flow of low levels of contaminants from various
sources around the Sound, large amounts have been spilled in small areas by oc-
casional accidents or historic dumping practices. Oil spills provxde a good example
of how physical processes affect the fates of contaminants. Oil is a complex mixture
of many organic compounds. ‘A small fraction of the compounds in crude oil will
dissolve in water.  The other compounds float on the water’s surface, evaporate into
the atmosphere (the lighter fractions), or clump into tar balls that sink to the bot-
tom (the heavier fractions). Portions of all the fractions adhere to particles which
eventually sink to the bottom. Spills of raw sewage follow a similar pattern: some
"floatables” such as oil and grease rise to the surface, other components such as
nutrients dissolve in the water, and the remaining insoluble fractions (including par-

ncles) eventually sink to the bottom.

The uptake and retention by animals of chemical contaminants obtained from food,
water, or sediments is called bioaccumulation. The compounds most readily
bioaccumulated from water are those with the lowest water solubilities such as com-
plex PCBs and DDT. Since these compounds are highly soluble in fats and oils, they -
are readily stored in the fatty tissues of organisms including the liver and muscles.
Contaminants can be bioaccumulated from both sediment and water. Bottom-dwell-
ing organisms (such as worms and clams) that feed on sediments are particularly sus-
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ceptible to this kind of uptake. In addition, new evidence suggests that ground(ish
can directly take up contaminants from the sediments through their skin (Stein et
al.,, 1987). In this way, bottom sediments, usually considered a sink for con-
taminants, can also be a sousce of contaminants to animals. Bioaccumulation also
occurs when contaminated organisms are eaten by another organism. This is a
particularly critical process for animals that are higher on the food web such as fish
and seals.

Biotransformation ' The chemical alteration of a contaminant by an organism, called biotransformation,
: can sometimes make a contaminant more toxic. The complete breakdown of an or-
ganic compound to simple chemical compounds (e.g., water and carbon dioxide) is
. called biodegradation. Metals are chemical elements and cannot be broken down,
but many (e.g., mercury, lead, and arsenic) can be biotransformed into more com-
plex compounds -

Estuarine orgamsms have widely varying abilities to chemically transform con- |
taminants. Bacteria, which are widely distributed in the water column and in sedi-
ments, are generally effective at transforming and degrading contaminants. They
can degrade some of the simpler PAHs and PCBs but are largely ineffective at trans-
forming or degrading the more complex forms. Bacteria cannot degrade metals, but
they:can transform'some metals by bonding them to small organic molecules. The
resulting organometallic (organic and metallic) compounds can be far more toxic
and easy to bioaccumulate than the metals in elemental form (especially in the case
of mercury)

Higher organisms also have some ability to chemically transform contaminants, and
_ this chemical transformation can increase or decrease the toxicity of the con-
"taminant. For example, the digestive systems of fish can biotransform contaminants
~ such as PAHSs and produce highly toxic metabolites or breakdown products that are
even more toxic than the original compound. Clams and oysters have less of this
ability and thus have a greater tendency to bioaccumulate. Fish, clams, and other
marine organisms have a very limited ability to transform or degrade PCBs. Thus,
PCBs, which are readily taken up, tend to accumulate in these animals over time.
Organisms have several ways of releasing contaminants and their transformed
* byproducts back into the environment (Figure 4-1). Bottom-dwelling organisms
that feed on sediments (e.g., polychaete worms) release non-bjioaccumulated con-
taminants as fecal material, ,
Biotransformed compounds released into the environment are seldom measured in
environmental studies because they are.-numerous and difficult to defect in the -
laboratory. In addition, because biological and geochemical processes can trans-
form compounds in the sediments, it is very difficult to trace contaminants back to
their original sources. It is also difficult to predict the toxicity of compounds just
“based on source effluent bioassays because the toxic characteristics of compounds
may inctease (or decrease) in the natural environment due to transformation.

SOURCES AND ~The sources of contaminants reaching Puget Sound are varied. Each contaminant
LOADINGS OF can reach the Sound by several different routes, and each type of source can carry
CONTAMINANTS many different contaminants. The total amount of a contaminant that reaches the

Sound is called the "loading" of the contaminant. Loading is calculated by multiply-
ing the concentration of the contaminant by the volume released. For example, ifa
river carries a contaminant at a concentration of one part per billion and that river
flows at a rate of one cubic kilometer per year (about the flow of the Skagit River),
the loading from that river is about one ton (907 kilograms) of contaminant per
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Point Sources

' year The main sources and loadings of contaminants in Puget Sound are dxscﬂssed

below.

A point source is one that discharges contaminants to the water at a single point of
conveyance such as a pipe, trough, or slough, even if that pipe carries an accumula-
tion of waste products from a broad area and from many different original sources.
That is, the waste pipe from a single factory is a point source, and so is the effluent
pipe from a sewage treatment plant that collects the waste from many square miles
of homes, factories, businesses, roads, and parks. Combined sewer overflows and
storm drain pipes are now treated as paint sources by the regulations, although con- -
tamination in stormwater is normally caused by nonpoint sources such asoil from
streets and parking lots, spilled products washed from industrial yards,‘or airborne
contaminants that settle out.

The institutional and regulatory framework for controlling point source discharges
is quite complicated, as discussed in the Industrial and Municipal Discharges Issue
Paper (PSWQA, 1986¢) prepared by the Puget Sound Water Quality Authority
(Authority). These discharges are permitted under the federal National Pollutant
Discharge Elimination System (NPDES) which is administered by the Washington
Department of Ecology. NPDES permits generally specify maximum amounts of
certain contaminants (e.g., fecal coliform bacteria, suspended solids, BOD, some
metals, and occasionally some organic toxicants) that can be discharged, and permit
holders are required to monitor concentrations of at least some of these con-
taminants in their discharges. NPDES permits for municipal treatment plants and
industrial discharges are categorized into "major" and "minor” discharges. Major dis-
chargers are generally those that discharge flows greater than one million gallons
per day (MGD) and that are designated as major by agreement between the state

- Department of Ecology (Ecology) and the U.S. Environmental Protection Agency

(EPA; Springer, 1988, pers. comm.). Table 4-1 lists all major municipal and in-
dustrial point sources that discharge directly into Puget Sound.  There are more

. than 700 active municipal and industrial NPDES permits in the Puget Sound basin,

and of these, approximately 70 percent are for industrial facilities (PSWQA, 1986¢).
The majority of these permitted industrial facilities are categorized as minor dis-
charges by EPA based on an assessment of the volume and toxicity of their was-
tewater.. Major industrial discharges are those that receive 80 or more points on a
rating system devised by the EPA to categorize industrial discharges. Industries may
be listed as major dischargers based on their past history of permit compliance or if
the discharge has the potential for significant effects on environmental water quality -
(Kawabata, 1988, pers..comm.).

Major weaknesses of the regulatory program for poiht source discharges include:
discharge permits have typically included effluent limits for only a few contaminants

'~ (usually conventional pollutants) with few limits placed on toxicants; there have

been limited requirements for monitoring receiving water or conducting bioassays;

_ there has been no system to verify the accuracy of lab analyses of monitoring -

samples; inspections have been relatively infrequent; and there is no systematic
program for detecting unpermitted (illegal) discharges, particularly outside of the
urban bays. Many of these problems have been caused by chromc underfundmg and
understaffing of the program in Ecology.

In the last two years, a number of events have occurred that promise improvements

- in these areas. In early 1987 the U.S. Congress passed the Water Quality Act of

1987 which makes general improvements throughout the point source program.
Among the changes are restrictions on weakening permit conditions (backsliding),
stricter civil and criminal penalties for violations (including felony-level penalties
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TABLE 4-1:

Source

Anacortes, city of
ARCO Cherry Point
Bellingham, city of

‘Boise Cascade, -
Steilacoom

Bremerton, city of

‘Central Kitsap County »
* Plant -

Chambers Cr. STP

Des Moines
Sewer District

Edmonds, city of
Enumclaw, city of

Everett, cityof "~

Georgia-Pacific Corp. -

.Intalco Aluminum

ITT Rayonier,
Port Angeles

James River Corp.
Kaiser Aluminum

Lakota Watcr' and
Sewer District

Lynnwood, city of

Mérine Power &
Equipment

Marine Power &
Equipment

Metro, Alki

Metro, Carkeek Pk.

_ Metro, Renton

Meti-o, Richmond B.
Metro, West Point
Miller Creek STP
Mobil Ol Corp.
Mount Verhon, City of

Occidental Chem.
Corp.

91

. Sewer system, MP

Facility Type?

Sewer system, M/P _
Petro. refin., I
Sewer system, M/P
Paper mill, I

Sewer system, M/S
Sewer system, M/S

lConv act sludge, M/S

Sewer system, M/P
Sewer.system, M/S |
Sewér system, M/S
Paperboard mill, I
Alum. smelter, I

Pulp mill, I/S

Paper mill, I
Aluminum, I

Sewer system, M/P

Sewer system, M/P
Shipyard, I

Shipyard, I

Sewer systexﬁ, N)I/P
Sewer system, M/P
Act. sludge, M/S
Sewer system, M/P
Sewer system, M/P
Sewer system, M/P |

Petroleum, I

' Sewer system, M/S
' Chemical,

inorg., I

Discharge to

Guemes Channel
Strait of Georgia
Bellingham vBay

Chanﬁmrs Creek
&PS.

Sinclair Inlet

Port Orchard Bay

Puget Sound

P.S.-East Passage

Puget Sound -
White River
Snohomish Rivér
Bellingham Bay
Strait of écorgia>

Pt. Angeles Hbr. &
St. of Juan De Fuca

St. of Juan de Fuca
Hylebos Waterway
P.S.-Dumas Bay

Browns Bay
Duwamish River

Lake Union -

P.S.-Central basin

P.S.-Central basin
P.S-Central basin

" P.S-Central basin

P.S.-Central basin
P.S.-Central basin

 Strait of Georgia

Skagit River
Hylebos Waterway

MUNICIPALITIES AND INDUSTRIES WITH MAJOR/!
DISCHARGES IN THE PUGET SOUND AREA

Design
Flow 3
(MGDY

10

2.60
104

4.30

'<1‘ -
480

12.00
432

7.00
175
10.60

0.03

6.80
153
4.70

. 450

7.10
337
61.00
157
141.00
' 3.44
1.38
198
a

BOD TSS
Ibs/D  lbs/D -
2,000 2,000
18,100 22,600
10700 13,400
24,240 30,300
4938 10,000
0 0
1800 1,800
12,000 0
6121 4831
o' 0
I
3516 3,200
2937 2888
117,000 121,000
1,709 2,048
151,540 268912
4159 3837
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TABLE 4-1: (CON'T.)

Design

C ) Flow BOD TsS

Source ~ Facility Type Discharge to MGD) lbsD  lbsD

Olympia, city of Act. slbdge, M/S Budd Inlet - 16.30 30,300 -

Pennwait Corporation A Chemical, I Hylebos Waterway 12.90 - -

Port Aﬁgeles, city of Sewer system, M/P St. of Juan de Fuca 4.84 -~ -

Port Townsend Pulp mill, I/S Port Townsend bay - 1740 - -
Paper Co. : .

* Puyallup, city of Sewer system, M/S ~ Puyallup River 10.72 9267. 9261
Redondo Water and Trickling filter, P.S.-Poverty Bay 2.80 V 2,861 2983
*Sewer District - M/S . :

Salmon Bay Steel Co. Steel mill, I " Lake Washington - - -

Salmon Creek STP Sewer system, M/P  P.S-Central basin 398 4446 4,465

Scott Paper Co. Pﬁlp mill, I/S Everett Harbor - - -

Shell Oil Co. Petroleum, I Fidalgo Bay 223 - -

Shelton, city of Sewer system, M/S  Oakland Bay 3.30 2,187 3,609

Sonoco ) Paperboard White River 0.40 - -
Products Co. mill, I ’ ‘ '

Sound Refining Co. Petroleum, I Hylebos Waterway 0.07 - -

Sumner, city of Cm_iv,act sludge, M/S White River ‘ 262 5800 5,200

. Tacoma, city of, Sewer system, M/P Puyallup River 28.50 - 29,750 24,750

Central, #1 ‘ '

Tacoma, city of, Sewer system, M/P  P.S.-Tacoma Narrows 2.00 1970 1235
West, #2 '

Tacoma, city of, Sewer system, M/P. Commencement Bay 10.00 2,420 1,250
North, #3

Tacoma Kraft Pulp mill, I/S Inner Comm. Bay 3217 - -

Texaco Inc. Petroleum, I Fidalgo Bay - 257 - -

U.S. Oil and . Petroleum, I - Blair Waterway 0.20 - -
Refining Co. ' SR

Weyerhaeuser, White ~ Wood products, I Boise Creek - - -
River ‘

Weyerhaeuser, Everett  Pulp mill, I'S Snohomish River 19.40 - -

1. Major municipal dischargers are gencrally defined as those that receive flow greater than 1 MGD
and that are - designated as major by agreement between EPA and Ecology; major industrial
dischargers are generally those that rreceive 80 points or more on an EPA rating scale of
industries. Mlhtary facilities are not included on this table.

2. M = municipal permit

P = primary treatment
I = industrial permit

S = secondary treatment
3. MGD = million gallons per- day
(Reference: Ecology, 1987b)
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Municipal treatment plants

for knowing violations), and stricter requirements for toxics-controls, The act phascs
out the availability of federal grants for wastewater treatment plant construction but
replaces grants with a revolving loan fund. The act also generally delays the nation-
al stormwater program. :

The Washington legislature recently enacted several laws designed to improve the
regulation of point sources. An important law was enacted in 1986 (see Chapters
70.146, 82.24, and 82.32 Revised Code of Washington; RCW) that establishes a spe-
cial tax (8 cents per pack) on tobacco products to-fund water quality improvement
activities statewide. The account generated by this tax, called the Centennial Clean
Water Fund, provides $40 million per year in the first two biennia and $45.million
per year in the subsequent biennia for water quality purposes statewide. This ac-
count provides significant aid to local governments and utilities for new and
upgraded pollution control facilities. At the request of the Authority a laboratory
certification bill was passed in 1987 (RCW 43.21A.230-43.21A.235). It authorizes
an Ecology program to certify labs.used by permit holders to develop effluent
monitoring data. Another bill passed in 1987 increases the ability of Ecology to
charge fees for discharge permits (RCW 90.48.600-90.48.640) which will allow in-
creased staff and funding for Ecology’s point source program.

Under the Puget Sound Water Quality Management Plan, Ecology has initiated a
number of actions to strengthen the point source program. These include adoption
of specific numerical water quality standards for 22 toxic substances; developing a
procedures manual for permit writers; increasing both routine and intensive inspec-
tions of dischargers; and providing additional staff to the pretreatment program. Im-
proved monitoring requirements and addmonal staff to write permns will be added
in the coming year. :

- Outfalls from municipal sewage treatment plants are significant point sources of
- contaminants to Puget Sound. Several levels of treatment are available for-

municipal wastewater. Primary treatment is a physical process of settling and skim-
ming that removes about half of the conventional pollutants (bacteria, nutrients,
BOD, and total suspended solids (TSS)) and half of the metals from wastewater
(Galvin et al., 1984). Secondary treatment involves biological treatment of was-

. tewater. Secondary treatment removes about 85 to 95 percent of conventional pol-

lutants, three-quarters of the metals, and a variable percentage of other toxic
pollutants from the wastewater (Figure 4-2). It is important to note that although

~ treatment processes remove metals from the wastewater to varying degrees, these

metals are generally transferred to the resulting treatment byproduct (sewage

. sludge).

There are approximately 110 municipal treatment plants in the Puget Sound basin
and, of these, 25 (including Metro’s West Point plant, which is the largest) are still
using primary treatment (PSWQA, 1986¢; Ecology, 1987b). Thirteen of these plants
are expected to achieve secondary treatment by the end of 1989 (including Des
Moines, Hartstene, Lakota, Langley, Manchester, Mukilteo, Penn Cove, Port -
Townsend, Richmond Beach (Metro), Southwest Suburban Sewer District (two

' plants), Steilacoom, and Tacoma (Central)). The remaining 12 plants (including

those at Anacortes (two), Bellingham, Edmonds, Lynnwood, Metro (two), Port An- .
geles, Skagit County, and Tacoma (two)) are expected to achieve secondary treat-
ment by the early 1990s, with the exception of the West Point plant that is expected
to complete its conversion to secondary by the late 1990s. Metro has estimated that
upgrading to secondary treatment at its four primary treatment plants will reduce
the TSS loading to the Sound by 16,000 to 18,500 tons (14,500 to 16,800 metric
tons) per year, and that the total non-volatile toxicant loading (metals and extrac-
table organics) from these plants will decline by 100 tons (91 metric tons) per year
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KEY:‘ '
- . Conventionals (BOD + TSS)
- Metals
- Volatile Organics
- Extractable Organics

PRIMARY

SECONDARY

0o . - 25% 50% © 75% 100%

PERCENT REMOVALS ON A MASS BASIS

: | .  Figure 4-2 . o .
TREATMENT PROCESS PERCENT REMOVALS

Reference: Galvinet al., 1984 -
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Industrial dischargers

(Metro, 1985; Romberg, 1988, pers. comm.). Similarly, additional amounts of
toxicants will be removed by secondary treatment upgrades at other municipal treat-
ment plants in the Puget Sound basin. :

A major consequence of convertmg the remaining primary treatment plants to
secondary treatment will be a dramatic increase in the production of municipal
sewage sludge (the semi-solid matter that settles out in the treatment process). Be-
cause secondary treatment produces about twice as much sludge as does primary
treatment, conversion to secondary treatment will approximately double sludge
production in the Puget Sound basin in the next few years (Hope, 1986). Metro
alone expects to produce 122,600 tons (111, 200 metric tons) of sludge per year by
1991 (Metro, 1987).

Depending on its chemical and physical properties, sludge can be viewed either as a
valuable resource or as an environmental hazard of considerable proportion.
Sludge contains high levels of primary nutrients (e.g., nitrogen), but may also con-
tain significant quantities of contaminants such as pathogens (e.g., bacteria and

. viruses), metals (e.g., cadmium, lead, arsenic, and mercury), and toxic organic com-

pounds (e.g., PCBs and pesticides). Because of the potential for sludge to contain

. substantial concentrations of toxic contaminants, the federal Water Quality Act of

1987 has strengthened provisions for sludge management. Recycling sludge as a use-
ful product (e.g., through land apphcatlon practices) is preferred over disposing of it
as a waste product (by landfilling or incineration), but beneficial reuse of sludge re-
quires that it be relatively contaminant-free. Vigorous pretreatment programs to
keep contaminants out of the wastewater and therefore out of the resulting sludge,
as well as periodic monitoring of sludge quality, are required before this resource

‘can be used to its full benefit (PSWQA, 1986c).

Contaminant loadings from municipal treatment plants vary dramatically depending
on the various types of land uses serviced by any one system. Metro has developed a
model to get a better idea of the relative contributions of various contaminant
groups from the various land use categories (e.g., residential, commercial, and in-
dustrial). Modeling results shown on Figure 4-3 indicated that residential flows con-
tributed 60 percent of the total flow to Metro’s West Point plant, as well as
significant proportions of conventional pollutants (38 percent) and extractable or-
ganics such.as PAHSs and plasticizers (55 percent). Commercial facilities con-
tributed 21 percent of the flow but moderate to low percentages of the major

* contaminant groups. Industrial facilities represented only 18 percent of the total

flow to the plant, but contnbuted a major proportion of the metals (41 percent) and
volatile organics such as chloroform and benzene (42 pgrcent Galvin et al., 1984).

Since this modeling effort was completed there have been several changes that could
modify the results shown in Figure 4-3. Sludge from the Renton sewage treatment

plant is no longer sent to West Point, and industrial pretreatment practices are now

more widespread. As a result, the relative contributions from residential and com-
mercial sources may be greater than shown.

The second major class of point source dischargers is the industrial waste dis-
chargers. Industries discharge their wastewater either to municipal sewage treat-.
ment plants or to their own outfalls which must be petmitted under the NPDES
system. Industries account for approximately one-third of the fresh water used in
the Puget Sound area (U.S. Geological Survey, 1985) and are significant con-
tributors of certain contaminants to the Sound. Over the years there have been sig-

- nificant improvements in the level of treatment and resulting water quality of

effluents discharged by industrial point sources. For example, secondary wastewater
treatment facilities constructed at major pulp mills throughout the Sound have
dramatically reduced BOD loadings and resulted in improved water quality in such
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FLOW , CONVENTIONALS

 Renton Sludge*
(1%)

VOLATILE ORGANICS

Renton Sludge
(3%) '

EXTRACTABLE ORGANICS : : METALS ‘
i ) . Residential (7%)

Commercial (6%)

Renton Sludge
(23%)

'Squge from the Renton sewage treatment plantis no Iongqr sent to West Point.

Reference: Galvin et al., 1984
Figure 4-3

ESTIMATED SOURCES OF WASTEWATER
TO WEST POINT TREATMENT PLANT, 1982

(Percent Contribution by Mass)
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Combined sewer overflows

places as Bellingham Bay and Steilacoom. Improved water quality has also con- |

tributed to the return of oyster populations in the south Sound. However, there are
still large quantities of conventional and toxic contaminants discharged into Puget
Sound every day by permitted-industrial dischargers, and unpermitted (illegal) dis-
chargers are believed to contribute additional quantities of contaminants.

One way to reduce the quantity of contaminants dlsqharged by industrial dischargers
is through pretreatment. Industrial pretreatment is defined as the biological, chemi-
cal, or physical treatment of wastewater before it is discharged into the municipal
sewer system. Pretreatment is useful not only in removing toxic substances in the
wastewater, but also in controlling conventional pollutants that can interfere with
the proper operation of a wastewater treatment plant. Thé pretreatment program
aims to reduce the discharge of pollutants that may pass through the sewage treat-
ment plant to contaminate the water, sludge, or air. Pretreatment also reduces the
exposure of treatment plant workers or equipment to damaging substances, and the

direct contamination of surface or groundwater through CSOs or leaks in the collec-

tion system (PSWQA, 1986g). Treatment of industrial wastewater at its source (par-
ticularly wastewater containing hazardous pollutants) has been,found to be much
more efficient than treatment of these wastes at municipal plants. This is because
wastes are segregated and present in relatively concentrated forms at their source,
and industrial plant operators can apply a specific treatment that will target the
chemicals present in the effluent. Officially delegated industrial pretreatment
programs are currently operated by Anacortes, Everett Lynnwood, Metro (Seattle), -
and Tacoma.

The concept of controlling the discharge of industrial pollutants at their source has

. been expanded and refined by the Urban Bay Toxics Control Program that was joint-

ly developed by EPA, Ecology, and other agencies and organizations (see Appendix
B for a more complete description of this program). Source control activities (in-
cluding door-to-door inspection of facilities) by action teams for Commencement
Bay, Elliott Bay, and Everett Harbor have helped identify unpermitted direct dis-
charges. For example, between October 1985 and September 1987 Commencement
Bay action teams have conducted 134 site inspections, assessed seven penalttes
amounting to $94,000, and issued two notices of permit violation and six administra-
tive orders for cleanup actions (Ecology, 1987d).

Combined sewers transport sanitary sewage from homes, businesses, and industries .
as well as stormwater runoff from homes, streets, parking lots, and land. Pipesina
combined system carry both sanitary sewage (dry weather ﬂow) and stormwater (wet
weather flow). When it rains the volume of water and sewage in the pipes may ex-
ceed their capacity and the overflow can be discharged (untreated) directly into

lakes, streams, and the marine waters of the Sound. These overflow locations or
CSOs are a significant source of contaminants. Some CSOs overflow almost every
time it rains (e.g., Metro’s Denny Way CSO on Elliott Bay in Seattle), while others
rarely overflow (e.g., the city of Seattle’s Florida Street CSO). CSOs can have sig-
nificant negative effects on the water, sediments, plants, and animals around the dxs-
charge pipe. CSO discharges typically contain high levels of bacteria and
contaminants, and often flow directly onto the shoreline where they are not readily -
dispersed or diluted. There are nearly 200 known CSOs belonging to 10 different
municipalities in the Puget Sound area (Table 4-2). Little is known about the
volume or frequency of discharges from most systems, or the impact of these CSOs
on water and sedlment quality (PSWQA, 19864d).

One CSO that has been fairly well studied is the Denny Way CSO, the larg&st on
Puget Sound. Surveys show that elevated levels of oil and grease, BOD, heavy me-
tals, and organic toxicants are found in sediments in the vicinity of the CSO (Rom-
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berg et al., 1987). Other studies have shown that CSO contaminants are also car-
ried out into Elliott Bay in the surface water layer (Curl et al., 1987). In addition,
species diversity (the number of different kinds of organisms) of intertidal and sub-
tidal benthic plants and animals is reduced in the vicinity of the pipe indicating a ,
stressed environment (Armstrong et al., 1980). Bioassays have shown that the sedi-
ments off the CSO are quite toxic (Long, 1985). Toxic sediment "hot spots” have
been identified off other CSOs in Elliott Bay, so it is quite probable that some

CSOs that have not been studied are having a significant effect on water and sedi-
ment quality in the Sound.

TABLE 4-2: MUNICIPALITIES IN THE PUGET SOUND AREA WHICH HAVE
COMBINED SEWER OVERFLOWS (CSOs) S

Volume Discharge Number of ~ .
System _(_Mﬂ).l . Frequency *  Qutfalls Discharge to-
Anacortes ND? Multiple 9 Guemes Channel
o : _ : & Fidalgo Bay
Bellingham  ND 2t ~_ 2 Bellingham Bay
.Bremerton  33* " 690 hrs/yr 21 Sinclair Inlet
 Everett 260* ND 16 " Port Gardner &
S ’ :  Snohomish R.
Metro 2,400 , -Up to 51 25 Elliott Bay,
events/yr Duwamish R.,
: Lake Union, &
o ‘ - ~ the Ship Canal
Mt Vernon  ND ND 2 Skagit R.
FOlympia 0 - . 110yr 3. Budd Inlef
storm event Co
Port Angeies ND - Multiple 7 Port Angeles
'Harbor
Seattle 204* 'ND 82 * Elliott Bay,
t ‘ ‘ Central P.S,,
: Lane Union, &
the Ship Canal

Snohomish ND ND ‘ .3 Snohomish R..

1. MGY = Million galions per year
2. - ND =No Data

*Unverified estimates

(Reference: Ecology, 1987c; PSWQA, 19864)
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Point source summary

Until recently, federal and state programs virtually ignored CSOs, although some
jurisdictions (e.g., Metro) have been working since the 1970s to eliminate these dis-

- charges. State legislation enacted in 1985 (RCW 90.48.480) requires Ecology to

work with cities, sewer distriots, and other sewer entities to achieve the "greatest

_ reasonable reduction” (an average of one untreated discharge per year) of CSOs at

the earliest possible date. Although reduction plans and compliance schedules were
due by January 1988, only three of the 10 sewer jurisdictions with known CSOs in
the Sound had submitted reduction plans on schedule (Everett, Metro, and Seattle).
Due to delays in adopting implementation rules, Ecology will not take enforcement
action against the other seven cities for missing the January 1988 deadline (Ecology,
1987c). Ecology is, however, requiring that these municipalities monitor their CSOs
through at least one rainy season and develop a CSO reduction plan by the summer
of 1988.

~ The National Oceanic and Atmospheric Administration (NOAA) has initiated a

program to estimate pollutant discharges from different sources in the coastal zone
throughout the United States. This program, called the National Coastal Pollutant
Discharge Inventory (NCPDI), has developed screening level assessments of the
relative contributions of point and nonpoint pollutant discharges in the Puget
Sound area (Arnold ét al., 1987). Discharge estimates for all point sources were
based on 1985 flow and pollutant monitoring data from NPDES permits. If actual |

- data on pollutant concentrations were incomplete or not available, estimates of

"typical” pollutant concentrations for the particular type of facility were used. For
example, flow, BOD, and TSS are commonly monitored as part of the NPDES per-
mitting process, and Soundwide loading estimates for these pollutants were quite ac-

curate. However, almost no other pollutants are routinely monitored and therefore . .-

were estimated using "typical® concentrations for each facility type (which made
these estimates less accurate). Although simplifying assumptions, modeling, and
the use of "typical” concentrations introduce error and overlook atypical contribu-
tions from point source discharges, the NCPDI appears to represent the current
state of the art for areawide pollutant load estimating. However, these estimates are
less reliable for assessing the loadings to a particular sub-area of Puget Sound. In
addition, the inventory should not be used to evaluate the loadings from a pameular
urban area or facility unless actual monitoring data were used for the estimates (Ar-
nold et al., 1987).

A summary of NCPDI-estimated discharges from municipal sewage treatment
plants (also known as publicly owned treatment works, or POTWs) and industrial
point sources in the Puget Sound study area is presented in Table 4-3, Municipal
and industrial sources accounted for approximately five and 10 percent, respectively,
of the total flow discharged from all sources in the Puget Sound study area. Despite
this comparatively low total flow, sewage treatment plants contributed an estimated
40 percent of the total BOD, 90 percent of the total phosphorous (TP), 65 percent -
of the total cadmium (Cd) and petroleum hydrocarbons, and 80 percent of the total
chlorinated hydrocarbon pesticides discharged into the Sound by all sources es- .
timated in the inventory. These estimates correspond fairly well to other previous

"attempts to develop mass balance estimates of metals loading in Puget Sound (Rom-

berg, 1988, pers. comm.). Relative to all other sources, industrial point sources were
estimated to contribute about 40 percent of the total arsenic (As; Arnold et al,,
1987). This finding probably reflects the fact that the ASARCO smelter (a major
source of arsenic) was sull operating in early 1985 (the year these estimates were
based on)

Point source discharges are present in all areas of Puget Sound (Figure 4-4) but tend
to be clustered around the industrialized urban areas including Tacoma (eight major
discharges into Commencement Bay) and Seattle (a total of 10 major discharges
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Nonpoint Sources

“into central Puget Sound) The contaminant loadmg estimates prov1ded in Table 4-

3 do not indicate the degree to which these major discharges are congregated, nor
the degree to which pollutant effects from thése discharges are localized, in certain
parts of the Sound. AS an example, in Commencement Bay eight major dischargers
(16 percent of the total number in Puget Sound) account for 23 percent of the flow
discharged from all major point sources in the Sound. However, these discharges
contribute 20 percent of the TSS and 25 percent of the BOD from all major point
sources in the Sound. The Seattle area has 20 percent of the total number of major
point dischargers in Puget Sound, but they contribute 47 percent of the total flow,
64 percent of the TSS, and 52 percent of the BOD from all major point discharges
in the Sound (Ecology, 1987b).

¥

Nonpoint source pollution is pollution that enters the water from dispersed and un-
controlled sources rather than through pipes. On land, nonpoint pollution is usual-
ly carried by surface water runoff. Nonpoint polluuon also originates from a variety
of water-based facilities and actmtles mcludmg marinas, recreational boating, boat

TABLE 4-3: TOTAL POLLUTANT DISCHARGE INTO THE PUGET SOUND STUDY AREA BY SOURCE

CATEGORY, BASE YEAR 198§

- SOURCES
Annual ‘ .
Discharge 1 Urban Cropland  Forestland Rangeland  Upstream
Pollutants All Sources  POTW Industrial  Runoff  Runoff Runoff - Runoff Sources
Flow (BG)2 2,245 111 T218 152 54 1,175 - 131 404
Conventional ‘ ‘
BOD (tons) 74,722 31,688 16,186 8,632 934 13,949 803 2,530
TSS (tons) 1,578,651 21,549 25933 . 118,130, 123,249 1,210,120 68,070 11,600
Nutrients L '
TN (tons) 17,919 6,355 1,103 1,819 927 6,987 402 326
TP (tons) 5,633 5114 82 286 37 68 3 43
Heavy Metals
As (tons) 45 15 19 4 0 5 0 2
Cd (tons) 14 9 2 1 0 0 0 2
Cr (tons) 208 27 19 8 11 120 6 17
Cu (tons) 140 30 - '9 28 7 47 1 18
Fe (tons) 45332 - 88 21 2270 3,690 36,280 2,043 140
Pb (tons) 197 19 23 123 1 22 0 9
Hg (1bs) 1,531 456 ;234 160 25 299 20 337
Zn (tons) 443 971 i 130 14 93 4 k7 )
Petroleum Hydro- ‘ .
Carbons (tons) 14,921 9,984 1) | 4,736 o 0* o* 0*
Chlorinated
Hydrocarbon . -
Pesticides (tons) 787 637 . 19 64 68 0* Of o*
Pathogens .
FCB3 (cells)(xloa) 120,000 280.0 8.99 120,000 0* 0* 0 170.0

1. POTW = public owned treatment work -
. 2. BG = billion gallons
3. FCB = fecal coliform bactena ‘ ‘ o

*Relatively small contributions are rounded to 0.
(Reference: Amold et al., 1987)
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Reference: Puget Sound Environ mental Atias (Evans-Hamilton, 1987)
; Figure 4-4

LOCATIONS OF POINT SOURCE DISCHARGES IN PUGET
SOUND THAT ARE PERMITTED TO DISCHARGE OVER 100
MILLION GALLONS OF EFFLUENT PER YEAR (100 MGY)
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repair, commercial fishing and shipping, and log storage. Pollution from these sour- .
ces is usually associated with spills of petroleum products, illegal dumping of

sewage and solid waste products and the uncontained runoff from ship repair and
log storage yards. :

'Land-based activities that can generate nonpoint pollution include a wide range of
activities associated with forestry, agricultural, rural residential, and urban land
uses. Pollution and habitat alteration from these sources is generally associated
with soil erosion, pesticide and herbicide application, animal wastes, failed on-site
sewage disposal (septic) systems, landfill leachate, development/construction, urban
runoff, and household wastes: Nonpoint pollution from land-based sources usually
takes an indirect route to the Sound. Contaminants may be contained in soil or
groundwater, or they may be carried through the air before reaching the Sound as at-
mospheric deposition. Most often, though, contaminants are washed into the
numerous conduits for surface water flow (e.g., swales, ditches, culverts, storm
drains, streams, and rivers) where they are transported to the Sound. Generalized
sources, processes, and effects of nonpoint source pollution are summarized in
Figure 4-5, and source categories are discussed in the following sections.

Probably the most difficult and insidious characteristic of nonpoint source pollution
is its inherent elusiveness and invisibility. It is often difficult to isolate, identify, and
control this form of pollution because sources are often dispersed and obscure;
there are often numerous sources which affect any one area; and the sources are
usually some distance away from where the contamination might be detected or
wherethere might be some effect on the quality or biological resources of the water
body. In addition, although individual sources of nonpoint polluuon are generally
* quite small compared to point sources, their cumulative-effect on the Sound may be
-as mgmﬁcant because of the large number of uncontrolled sources. :

Source control measures, such as the implementation of best management practices
(BMPs), and targeted-watershed management are known to be effective means of
reducing or eliminating nonpoint source pollution (Novotony and Chesters, 1981;
National Water Quality Evaluation Project, 1982; Maas et al., 1985; Hopkins and

" Clausen, 1985; U.S. Soil Conservation Service, 1987a; Maas et al., 1987). BMPs
specifically designed for nonpoint pollution control vary depending on the source
and type of contaminants present. For example, suggested BMPs for controlling
bacterial contamination from farm animal wastes include fencing along streams to
control animal access to the water and collecting manure in storage facilities to
prevent it from being washed into streams (Joy, 1986; Wallace, 1987).

The Authority’s Nonpoint Source Pollution Issue Paper (PSWQA, 1986¢) sum-
marizéd the existing institutional and regulatory framework for controlling this
source of pollution to the Sound. Based on earlier work accomplished by local,
state, and federal agencies in Washington (as well as throughout the nation), the
Authority formulated a locally-based approach to address nonpoint source pollu-
tion as part of the Puget Sound Water Quality Management Plan. As a first step in
implementing the nonpoint pollution elements of the Puget Sound plan, Ecology re-
quested nominations from counties, interest groups, and tribes for watersheds that
should be the highest priority for controlling or preventing nonpoint pollution sour-
" ces. A total of 33 nominations were received and ranked by Ecology (with ‘
Authority staff assistance), and the top six watersheds (located in King, Snohomish,
and Whatcom Counties) were selected for funding (see Appendix A for more com-
plete descriptions of these by county). Additionally, ongoing shellfish protection
projects in six watersheds in Clallam, Jefferson, Kitsap, Mason, Pierce, and
Thurston Counties were also incorporated into the overall program; these 12 water-
sheds constitute the "early action watersheds® under the nonpoint source control
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Forest practices

program and action plans are currently underway. The countywxde selecuon of
other priority watersheds is discussed below.

The Puget Sound plan calls for-oomprehensive nonpoint source pollution control to
be accomplished by local governments at the watershed level, with certain state
programs supporting these local efforts. In the countywide watershed ranking
processes, priority watersheds will be identified for the preparation and implementa-
tion of action plans. Watershed action plans will focus on the sources most sig-
nificant in each watershed. Agricultural practices, onssite sewage disposal systems,
stormwater and erosion, forest practices, and boats and marinas are the major sour-
ces to be reviewed. Action plans will specify measures to prevent nonpoint source
pollution, enhance water quality, and protect beneficial uses in each watershed.
Criteria and procedures for ranking watersheds, and for developing and implement--
ing local watershed action plans, are included in a state regulation promulgated by
the Authority entitled Local Planning and Management of Nonpoint Source Pollu-
tion, Chapter 400-12 of the Washington Administrative Code (WAC).

Preparation and implementation of watershed action plans will be conducted by
watershed management committees composed of representatives of counties, cities,

- affected parties, tribes, conservation and other special purpose districts, and af-

fected state and federal government agencies. Action plans will be implemented by
local and other appropriate entities with oversight by Ecology. The nonpoint

" program in the plan calls for countywide education programs and evaluations of

how local government decisions affect water quality. These latter elements recog-
nize the need for pollution prevention efforts throughout the Sound, not justin
priority watersheds. All 12 Puget Sound counties have established watershed rank-
ing committees, and are scheduled to submit final ranked lists to Ecology by
January 1, 1989. Ecology will then help fund, using the Centennial Clean Water
Fund, the development of action plans for the top priority watershed(s) in each
county. These action plans will be consistent with Ecology’s Section 319 Manage-
ment Program that is dlscussed below,

The federal Water Quality Act of 1987 established in-Section 319 a nationwide

- program for nonpoint pollution control. Each state is required to submit an assess-

ment report and management program to EPA by August 1988. Ecology’s assess-
ment report will describe the nature, extent, and effects of all nonpoint source
pollution on all water bodies in the state. The report will also address BMPs and

the effectiveness of federal, state, and local programs for nonpoint source control.
The management program will describe the various programs to be used in the next
four years to implement BMPs for the various pollution categones, and will also set
priorities for pollution controls on a watershed and statewide basis. The report will -
include information on the adequacy of existing laws for implementing programs,
identify new laws if needed, and describe program funding sources. Ecology’s assess-
ment report and management program will incorporate the nonpoint program of
the Puget Sound plan

. Over 80 percent of the Puget Sound land area is composed of ‘highly productive

forested land, and nearly 75 percent of the surface water runoff to Puget Sound
originates in forested watersheds. About 50 percerit of these forested lands are ac-
tively managed for commercial harvest, and each year about 50,000 acres (20,000
hectares) of timber are harvested in the Puget Sound area (PSWQA, 1986¢)." Vir-
tually every watershed within the Sound is affected to some degree by forest prac-
tices which have the potential to significantly influence water quality and habitats.
Typical forest practices that have been linked to nonpoint contamination, water
quality problems, and habitat degradation include: road construction, maintenance,
and abandonment; site preparation; clearcut and partial cut practices; removal of
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streamside vegetation; salvage logging; herbicide and pesticide spraying; and
management of logging slash and debris. Specific BMPs (if implemented correctly) |
have been found to reduce nonpoint pollution effects associated with these practices
(Lynch et al., 1985).

Water quality problems most often identified with forest practices include mass wast-
ing (landslides), sedimentation, elevated stream temperature, and pesticides and or-
ganic debris (although properly placed large organic debris such as trees is now
recognized as a valuable component.of fisheries habitat). Of these, sedxment effects
resulting from forestry activities are the most difficult to pinpoint because erosion
and sedimentation processes also occur naturally in undisturbed watersheds.
Numerous studies have documented forestry-related sediment effects on freshwater
systems including those prepared by the U.S. Forest Service (USFS), the .
Washington Department of Wildlife (WDW; formerly known as the Department of
Game), Ecology, and others (Madej, 1982; Peak Northwest, Inc./Lummi Tribal
Fisheries Dept., 1986; Bilby, 1985; Duncan et al., 1987). Results of a study on the
Big Beef watershed in Kitsap County found that erosion from disturbed portions of

- the watershed (which is about 20 percent deforested) accounted for 88 percent of |
the total stream sediment loading, while natural processes in undisturbed portions
accounted for the remainder (Figure 4-6; Madej, 1982). A major contributor of sedi-
ments in the disturbed watershed area was erosion of unpaved roads. ‘

Ecology and other agencies have identified stream segments in the Nooksack, Puyal-
lup, and Stillaguamish Water Resource Inventory Areas where surface water quality
is degraded due to forest practices. In addition, although no comprehenswe surveys -
have been done, there is anecdotal evidence of forestry impacts on streams in Jeffer-
son, Snohomish, Skagit, and King Counties. Siltation caused by forest practices may
also be affecting shellfish areas in Skookum and Totten Inlets (PSWQA, 1986¢).
There are few data, however, on downstream and marine water quality degradation
related directly to forest practices. According to the Washington Department of
Natural Resources (DNR), no studies have looked at the effects of forest practice-re-
lated sedimentation, water volume increases, or pesticide application on larger
streams or estuarine areas remote from the forest practices. Studies are also lacking
on the downstream effects of sediment from different nonpoint sources within a
watershed (PSWQA, 1986¢). Clearly more research is needed on these topics, and . -
researchers need to coordinate their efforts to involve all concerned parties.

The Timber/F:sh/Wﬂdhfe (T/F/W) Agreement recently developed by state resource
"agencies, environmental groups, timber industry representatives, and treaty Indian
tribes represents an important step toward gaining better land use management as
~well as additional information on the effects of forest practices. This agreement
resulted in modification of various provisions of the Forest Practices Act (Chapter
76.09 RCW) in 1987 (see Title 222 WAC). It includes, among other things: the es-
tablishment of interdisciplinary teams of scientists and resource professionals (in-
cluding 30 additional professionals from Indian tribes) to work on avoiding adverse
impacts associated with forest practices; a program of applied research and monitor-
ing to assess the effectiveness of current practices; a case-by-case management ap-

. proach to address site-specifi¢ environmental needs; increased protection of
riparian streamside zones; the provision for upland management areas or undis-
turbed areas for wildlife use and protection in harvested areas; a process to address
tribal concerns for fisheries and archaeological/cultural resource protection; and
recommendations for enhanced enforcement by Ecology and DNR (Northwest
Renewable Resources Center, 1987).

The Puget Sound plan endorses T/F/W, and Chapter 400-12 WAC requires that
watershed action plans be consistent and coordinated with the T/F/W agreement.
- With improved regulations, use of site-specific inspections, and cooperative
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Agricultural practices

monitoring, the T/F/W process should result in improved water quality and
widespread aquatic resource protection once it is fully implemented. Several "suc-
cess stories” that have already resulted from the T/F/W process are described i in Ap-
pendix A of this report. .

Agricultural nonpoint discharges result from a variety of activities associated with
both crop and animal productxon As is the case with most nonpoint sources, pollu-
tion from agricultural activities is highly variable and depends on both environmen-
tal factors (e.g., precipitation, runoff, and sedimentation) and land treatment

‘practices (e.g., row cropping and manure management). Crop production can intro-

duce pollutants by disturbing the soil and increasing runoff, by removing vegetative
cover, and by increasing nutrients and other chemicals through the application of
fertiliztrs, insecticides, and herbicides. Animal production activities can cause in-
creased stream pollution by employing inadequate waste management systems in
animal confinement areas; by increasing runoff and erosion due to overgrazing pas-
ture lands; by improperly applying manure to fields; and by allowing animals un-
limited access to streams where they can trample vegetation and damage
streambanks. Pollutants most often associated with agricultural practices include
sediments, fecal bacteria, nutnents salts, orgamc chemlcals and pesticides
(PSWQA, 1986¢).

- Proper agricultural waste management is a major challenge. The following helps

describe the magnitude of the challenge. There are approximately 1,000 commercial
dairies in western Washington and an unknown number of small/noncommercial
farms. These commercial dairies alone have about 176,000 cows, and the small, un-
accounted-for farms have an untold number of additional cows, horses, goats, pigs,
fowl, and other animals. In addition, other agncultural practices such as cattle
ranching generate unknown quantities of animal wastes that find their way to the -
Sound. If the animal waste management systems of farms are not adequate, and the
farms are located near surface water bodies, water quality problems may result. Al-
though many commercial and small noncommercial farmers do an excellent job of
protecting water quality, others do not.

Nonpoint pollution from agricultural activities can be controlled and significantly
reduced through the use of BMPs (Maas et al., 1987; National Water Quality Evalua-
tion Project, 1982). BMPs for crop production activities include conservation til-
lage, terracing, contour farming, the planting of cover crops, nutrient and pesticide
management systems, and improved irrigation and drainage systems. Animal
production BMPs can be grouped under the categories of stream corridor manage-
ment, pasture management, waste management, and runoff control. Some of the
more common practices include fencing of streams, revegetating unstable stream
banks, planting winiter cover crops, constructing roofs over animal confinement -
areas, confining and storing liquid and solid animal wastes, properly applying
manure wastes to fields, and installing drainage systems to separate clean runoff and
surface water from contaminated wastewater (McKamey and Wallace, 1987; Wal-
lace, 1987; PSWQA, 1986¢).

* Although BMPs are widely recdgnized as the best means of controlling agricultural

nonpoint pollution, the effectiveness of many BMPs has not been well documented
on a watershed-sized scale (Baker and Johnson, 1983). A long-term study of agricul-
tural BMP application and resulting water quality changes is currently being con-
ducted in the LaPlatte River Watershed in Vermont (Meals, 1985). This study has
utilized extensive land use and surface water quality monitoring networks to deter-
mine the effects of agricultural BMP implementation in the watershed. Preliminary -
results have shown that sediment and nutrient loads appear to be decreasing, al-
though the natural variability in climate, streamflow, and water quality data, as well
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-as the incremer :i nature of the BMP implementation, has made it difficult to
detect significant water quality changes that are directly attributable to BMPs and
land use changes.

Another detailed study of BMP effectiveness on a watershed basis is being done by
the Oregon Department of Environmental Quality in the Tillamook Bay area (Jack-
son, 1987). This ongoing study is part of a national effort called the Rural Clean
Water Program, and has received substantial federal funding to conduct an overall
evaluation of nonpoint source pollution and its effects on Tillamook Bay. Extensive
water quality monitoring by this study determined that most of the bacteria found in
the bay originated from dairy animal and human fecal sources in the river sub-
basins. With the cooperation of the local dairy industry, a detailed fecal wastes
management plan was implemented which includes improved animal waste storage
and disposal systems. Although the cleanup effort is only about half complete and
there are still periodic shellfish bed closures, Tillamook Bay and its tributaries are
already exhibiting a 16 to 78 percent reduction in fecal coliform concentrations, and
the shellﬁsh industry in the bay has 1mpr0ved (Jackson, 1987).

A concerted effort i is being conducted in Washmgton by the U.S. Department of
Agriculture Soil Conservation Service (SCS), Ecology, and local conservation dis-
tricts to encourage the implementation of agricultural BMPs. Tables 4-4 and 4-5

. summarize the number and type of these practices being implemented in the 12

TABLE4-4: AGRICULTURAL BEST MANAGEMENT PRACTICES (BMPs)
IMPLEMENTED IN THE PUGET SOUND BASIN IN 1986 AND

1987"'

BMPs Installed Fiscal Year 19 Fiscal Year 1987
Number of landowners contacted 2,000 - 1,925
Landowners using some type of BMP - 481. 412
Length of stream fencing 72,000 feet 58,966 feet
Length of fish habitat protected 24,991 feet 3,367 feet
Length of streambank protection ' o .

installed ’ N/A © 3,400 feet
Number applying waste management ]

systems N/A - 16
Number of waste storage ponds 95 33
Number of waste storage structures 27 14
Number of roof runoff systems - 44 28
Safely handled wet manure . _ NA 251,327 tons
Area where waste properly utilized 10,000 acres - 3,974 acres
Area where cover crop planted N/A © 299 acres
Area planned for conservation . ‘ ’

practice implementation N/A 14,573 acres

Area benefitted by appllcatlon of BMPs N/A - 8,200 acres

*Numbers represent projects accomplished in each year.
N/A= Infohriation not available

(Reference: U.S. Soil Conservation Service, 1986, 1987b)
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counties of the Puget Sound area. Large dairy producers in particular have general-
ly been willing to implement BMPs, and cooperation is growing as more farmers see
the economic as well as environmental benefits of these practices. Implementation
of BMPs among the noncommercial or small farms in the Sound (which usually
have a small number of animals) is much less extensive. The cumulative effects of
poor animal keeping practices from these small operations continues to be an im- _
portant threat to water quality in the Sound (Wallace, 1987).

On-site sewage disposal systems A primary source of nonpoint pollution originating in suburban and rural residen-
tial areas is failure of on-site sewage disposal (septic) systems. Health officials nor-
mally decide a system has failed when the sewage effluent collects on the ground
surface or when toilets and drains no longer pass the wastewater (Carlile, 1985).
However, a system can affect the groundwater long before it is obvious to the
homeowner or an inspector that it has failed. Systems fail for a number of reasons,
in many cases because they were not designed to last more than 20 or 30 years or

TABLE 4-5: AGRICULTURAL BMP IMPLEMENTATION SURVEY RESPONSE, BY PUGET SOUND COUNTY

J S
E S N T
C F ' A (o] H w
L I F K P N S H V) H
A S E I M 1 K O R A
L L R K T A E J A M S T
L A S 1 S S R U G 1 T C
A N o) N A O C A 1 S o] o)
M D N G P N E N T H N M
- - * *h L 1 4 * * = *
Percent of farms implementing BMPs 15 NRI 80 4 10 10 . ND2 NR 53 73 10 70
Number of large animals with direct :
access to streams 2,500 1,000 ND , ND 400 ND ND ND 700 2500 ,
Total stream fencing (miles) 0 120 66 17 025, ND ND ND 15 80
Number of waste storage ponds, . :
lagoons; and structures 14 5 135 ND 1 5 49 50 0 92
Number of roof runoff systems -1 1 76 4 4 1 6 ND ND 38
Proper application of manure
Total acreage 1,000 500 ND ND ND ND ND ND ND 5300
No. of farms ND ND 30 ND 3 13 50 50 0 ND
Stream rehabilitation : . o ‘
No. of projects ND ND ND ND ND 2 ND 175 0 ND
No. of feet 500 .10,000.35000 ND ND ND ND ND ND ND
Stream replantmg _
No. of projects 0 ND ND 10 ND 2 ND ND 2 ND
No. of feet ND 2600 ND ND ND ND ND ND ND ND

L NR=Norespohse to this survey
2. ND = No data available for this question

*Data from these counties pertain to commercial farms only.
**Data from these counties pertain to commerclal and noncommerclal farms.

(Reference: PSWQA, 1988d)
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_ Recreational boating and
marinas

they were designed for more seasonal (vacation) use rather than year-round use.
Other reasons for failure include installation in unsuitable soil; installation in areas
with high seasonal water tables; improper design or construction techniques; instal-
lation on an undersized lot; arid lack of maintenance and improper use which often
relates to a lack of knowledge on the part of residents (PSWQA, 1986e). For ex-
ample, some people do not know that they are served by an on-site system; some do
not know the location of their facilities, some do not know that regular main-
tenance is necessary; and some do not know that certain household products can
damage the system’s effectiveness.

In 1985 the Washington Department of Social and Health Services (DSHS) es-
timated that there were approximately 383,000 on-site sewage disposal systems in
the Puget Sound area and that about 11,000 new systems are built each year
(PSWQA, 1986¢). This means that approximately 405,000 systems were in opera-
tion in 1987. DSHS estimates that the basinwide failure rate for on-site systems is
approximately 3.5 to 5.0 percent (Plews, 1986, pers. comm.), which suggests that be-
tween 14,000 to 20,250 systems may have failed in 1987. However, local sanitarians
in some parts of the Sound estimate much higher failure rates in certain areas. For
example, a recent Authority survey of local health departments found that in some
areas up to 12 percent of all on-site systems are failing (PSWQA, 1988b). Despite
these estimates of failure, only 1,775 repair permits were issued in 1986 (DSHS,

_1987). The potential increase of this source of contamination has serious implica-

tions for land use and water quality planning, particularly in the rural shoreline
areas of the rapidly growing counties such as Island, San Juan, Thurston, and Mason
Counties. Most of the new subdivisions in these areas are using on-site sewage dis-
posal systems, and many have soils (such as clay or hardpan) that are not well suited
for sewage dlsposal systems.

Failed on-site sewage disposal systems represent a significant health hazard because
domestic wastewater contains household hazardous substances, bacteria, viruses,
and other microorganisms that can be potentially harmful to people. Among other
things, typhoid fever, gastrointestinal infections, and infectious hepatitis have been

linked in some cases to failing sewage disposal systems around the Sound (PSWQA, .

1986¢). In addition, increased levels of fecal coliform bacteria (which is used as an
indicator of pathogen presence) i certain embayments has caused DSHS to close

~ some commercial and recreational shellfish beds around the Sound (see section at

the end of this chapter that discusses potential human health risks).

It is not clear to what extent commercial shellfish closures can be directly linked to
failing on-site sewage disposal systems, but in several areas studied by Ecology (e.g.,
Burley Lagoon/Minter Bay and Henderson and Eld Inlets) sewage disposal systems
were implicated as one of the causes of the closures (Determan et al., 1985). Many
areas in western Washington are poorly drained and not well suited for on-site dis-
posal systems. Ecology estimatés that soils with substantial limitations for was-
tewater disposal cover 50 percent of the Minter watershed and about 75 percent of
the Burley/Purdy watershed (Determan et al., 1985).

Nonpoint pollution effects from recreational boating and marinas have received
considerable attention nationwide and locally. These effects are, however, quite
controversial because, like other sources of nonpoint pollution, researchers are

" often unable to demonstrate clear cause-and-effect relationships between specific

pollution sources and resulting water quality degradation or effects on biological
resources. The type of pollution most commonly associated with recreational boat-
ing is bacterial contamination from illegal discharges of raw or partially treated
human wastes. Other pollutants associated with boating include detergents,
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petroleum hydrocarbons (oil and grcase) some metals (in anti-fouling paints), and
plasncs and other garbage. .

Pollutants associated with marinas typically include petroleum hydrocarbons, heavy
metals, oxygen-demanding wastes, organic chemicals, paint chips and solvents (con-
tributed by small boatyards at marinas), bacteria and other pathogens, and plastlcs
and other garbage (Cardwell, 1982). Of particular concern at some marinas is the
discharge of untreated sewage from "liveaboards” (boats that are not houseboats
but that are used as residences) where the owners do not use a holding tank or
. upland disposal facilities. The most significant water quality problems at marinas
appear to be reductions in the dissolved oxygen concentration and increases in the
‘temperature of the underlying water (Parametrix, Inc., 1981). These effects result in '
large part from the generally poorly flushed quality of marinas (they are designed to
be quiet areas little influenced by waves and currents). Development of marinas
may also destroy or degrade salt marshes and eelgrass beds

Perhaps the most critical i issue with respect to boating sources of nonpomt pollution

is the potential influence of recreational boating activities on bacterial levels in the

. surrounding water and shellfish beds. Although the practice is illegal, many owners

- of boats equipped with marine toilets and/or holding tanks discharge sewage, galley
waste, and other material directly into the water wherever the boat happens tobe
(Seabloom and Plews, 1987). In addition, some owners of small boats not equipped
with built-in marine toilets dump human waste and.garbage directly overboard. Al-
though the discharge from one boat probably has little or no effect (particularly in
open water), if many pleasure boats happen to congregate in a small bay or inlet for
a weekend, their accumulated waste discharges may contribute to bacterial (and pos-

. sibly viral) contamination in the lmmednate area and render nearby shellfish unsafe
for human consumption. -

_Direct effects of boat bacterial wastes are particularly difficult to quantify because
coliform bacteria counts vary with temperature, turbidity, tides, day of the week,
season of the year, boat densities, and the number of persons aboard each boat. In
addition, it is difficult to separate boat contributions from other point and nonpoint
sources of bacteria such as sewage treatment plant outfalls, failed on-site sewage dis-
posal systems, and streams that might be carrying animal wastes. One study con-
ducted in Port Ludlow was able to rule out other nonpoint sources and found that
boating activities during a holiday weekend significantly increased water and
shellfish bacterial levels. Illegal discharges of sewage from as few as 10 percent of
the boats were found to account for the elevated levels of bacteria in the area. Bac- *
terial levels in the water and shellfish significantly declined after most of the boaters
left (Patmont et al., 1985). A study of boat anchorage areas in the northern Strait of
Georgia and the Sunshine Coast area of British Columbia also was able to eliminate
-onshore sewage as a potential source of pollution. This study found that increased
fecal coliform bacteria counts in water and shellfish tissue were attributable solely
to overboard sewage discharges from boats (Kay, 1982). However, other studies of
nonpoint pollution contributions from boating activities (e.g., in Eagle Harbor and
Sequim Bay) have been far less conclusive (PSWQA, 1986e; Seabloom and Plews
1987).

Health authorities have taken a cautious position with respect to the potential
health hazards and water quality effects associated with recreational boating and
marinas. The discharge of raw or partially treated sewage does occur in small har-
bors and bays; to what extent this occurs and the long-term implications of such il- -
legal discharges are not known. However, state and local health agencies are -

- increasingly recommending the closure of recreational shellfish beds in certain
areas. Beds at Jarell Cove and Squaxin Island located in Mason County and Penrose
Point State Park located in Pierce County have been closed because of heavy boating
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Stormwater runoff

use and the potential for human health risk (see the section in this chapter that dis-
cusses potential human health risks). In addition, DSHS (in accordance with the
National Shellfish Sanitation Program) has initiated the closure or restriction of
commercial shellfish activities at 4 number of areas located within one-half mile of
marinas because of the potential for high bacterial counts. DSHS will not approve
any new commercial shellfish ventures in areas located within one-half mile of a
marina (DSHS, 1988; Walker, 1987, pers. comm.; Mitchell, 1987, pers. comm.).
These problems may only get worse as the number of boaters increase and more.
marinas are developed.

A Boaters Task Force was created in 1987 as called for in the Puget Sound plan’s
nonpoint program (element MB-3). The task force is made up of members from
the State Parks and Recreation Commission’s existing Boating Safety Advisory Com-
mittee (which includes boaters and local governments) plus representatives from
the Authority, DSHS, Ecology, DNR, the Washington Department of Fisheries
(WDF), the Washington Interagency Committee for Outdoor Recreation (IAC),
tribes, shellfish growers, marina owners, the marine sanitation industry, owners of
small commercial vessels, and environmental groups. This task force is working on
a boater educational program that will be implemented by the State Parks and
Recreation Commission. The task force is also developing a legislative proposal
that would provide for the installation of pumpout facilities at marinas near en-
vironmentally sensitive or polluted areas and in other areas used heavily by boaters.
Under plan element MB-4, the State Parks and Recreation Commission will install
pumpout stations,at selected state parks beginning in the summer of 1988, with
priority given to parks located in poorly flushed bays with shellfish resources. The -

_ first pumpout station installed under this program will be located at Mystery Bay

State Park i near Port Townsend. .

Stormwater includes contaminated runoff from industrial, commercial, and residen-
tial areas as well as erosion from construction activities. Surface runoff is one of the
maior mechanisms by which toxic pollutants from nonpoint sources are transported
to surface water bodies and eventually the Sound (Harper-Owes, 1983). In urban
and suburban areas particularly, precipitation falling on roofs and other impervious
surfaces (e.g., parking lots and streets) picks up sediments and surface chemicals as

it makes its way toward collection systems (gutters, street drains, and roadside

ditches). These stormwater collection systems then usually discharge directly into
natural stream networks where fish and other biological resources may be affected
In addition to carrying excess amounts of sediments and other pollutants,
stormwater runoff can create flooding and streambed scouring problems because
more impervious surfaces result in higher volumes and rates of runoff.

Characteristic pollutants found in stormwater include sediments or suspended
solids, nutrients (fertilizers), pathogens (bacteria and viruses), and toxic materials
such as arsenic, cadmium, chromium, copper, lead, mercury, organic pesticides, and
petroleum products (Galvin, 1987). Concentrations of conventional pollutants
(e.g., BOD, TSS, total nitrogen, total phosphorous, and bacteria) found in
stormwater are usually comparable to or greater than those in effluent from secon-
dary sewage treatment plants and CSOs (Figure 4-7). In addition, volumes of
stormwater runoff in some areas may be comparable to point source discharges,
depending on the level of development in the area. Stormwater metals concentra-
tions can be significantly higher than those found in sewage. In a Metro study of
stormwater runoff, six metals (arsenic, cadmium, chromium, copper, lead, and zinc)
were found in 100 percent of the stormwater samples (Galvin and Moore, 1982).
While these and other chemicals are usually present in small amounts, under cer-
tain conditions they can build up in sediments near storm drain outfalls.
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Dust and sediment particles (and their associated toxic pollutants) that are washed
into stormwater systems can quickly pass through the collection system and be dis-
charged into surface waters, or they can accumulate in collection system pipes and
be discharged intermittently during periods of high stormwater flow. Storm drain
sediments that have collected over time at stormwater outfalls or discharge points
have been identified as a major source of toxicants in the Duwamish River (Lampe,
~ 1987). One storm drain outfall represented a major source of lead to the
Duwamish; investigators traced the source back to a former smelter that crushed
batteries to recover lead. Another storm drain (the Florida Street drainage system
in Seattle) contained high levels of creosote, pentachlorophienol, copper, arsenic,
and PCBs which (except for the PCBs) were traced back to a wood treatment
facility. Thirty cubic yards (23 cubic meters) of contaminated sediments removed by -
the city of Seattle from this system contained 145 pounds (66 kilograms) of con-
taminants. Sediments removed by Seattle City Light and the Boeing Company from
storm drains near the King County Airport contained very high levels of PCBs
(about one pound (400 grams) of PCBs in 70 cubic yards (53 cubic metets) of sedi-
ment; Lainpe, 1987).

Recognizing the significant effects associated with stormwater runoff, the difficul-
tiés associated with engineered solutions, and the fact that the problems will worsen
unless properly managed, a wide variety of strategies have been devised to manage
this source of pollution. Three basic approaches are usually taken to improve
stormwater quality: 1) remove pollutants before they enter the stormwater or

major water body (e.g., through pretreatment practices and BMPs); 2) reduce the
rate and volume of stormwater runoff by minimizing the area of impervious surfaces
(e.g., by designing more greenbelts, open spaces, and permeable surfaces); and, 3)
retain stormwater in sedimentation ponds to reduce the rate of runoff and to allow
sediment particles (and attached pollutants) to settle out. Other methods for con-
trolling the quality of stormwater runoff (discussed in more detail in the Authority’s
Nonpoint Source Pollution Issue Paper, PSWQA, 1986¢) include.oil-water .
separators, grassy swales, street sweeping, and infiltration devices. Construction
erosion controls include straw bale filters, runoff control, sediment traps, vegetation
buffers, and grass seeding. The effectiveness of these measures is quite variable ,
- (e.g., street sweeping was found to be largely ineffective in Bellevue; Pitt and Bisson-
nette, 1984; Prych and Ebbert, 1986). Effectiveness is largely dependent on the par-
ticular physical and chemical stormwater qualities in any one area, and the
site-specific application of any’ partlcular technique.

Runoff is naturally controlled in undisturbed areas because it soaks into the ground
or flows into wetland areas and streams. Runoff caused by construction of imper-
vious surfaces can be managed by'sending the runoff into a grassy swale area or into
natural or constructed wetlands. Although these methods typically improve the
quality of stormwater runoff, the effects that stormwater runoff might have on wet-
lands and groundwater resources are not well known. The design and management
of wetlands for water quality 1mprovement are also not well understood or widely
tested.

King County, in cooperation with other counties, agencies, and organizations, is cur-
rently undertaking a research program to address these issues. A literature review
was completed in 1986 to assess the state of knowledge regarding the use of wet-
lands for stormwater runoff management and nonpoint pollution control (Stock-
dale, 1986): In addition, a detailed survey of 71 King County wetlands was
performed during the spring and summer of 1987. The objectives of the survey are

' to compare wetlands that have and have not received urban stormwater runoff for
ecological changes and the extent of problems created in wetlands by urban runoff.

- Reséarch results, although not yet available, will be used to determine whether wet-

~ lands can be incorporated into runoff management programs.
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The institutional and regulatory system that manages stormwater runoff is discussed
in the Authority’s Nonpoint Source Pollution Issue Paper (PSWQA, 1986¢). In urban
areas where stormwater is collected in piped systems and discharged to lakes, river,

or marine waters, NPDES permits will be required for stormwater discharges. The
federal Water Quality Act of 1987 clarifies the application of the point source
NPDES program to stormwater runoff. This act also establishes ‘new federal dead-
lines for permits to be issued for stormwater outfalls. Permits are requlred by 1991
for industrial stormwater outfalls and mumcnpal stormwater systems serving 250,000
people or more (Seattle). For municipal systems serving 100,000 to 250,000 people
('Ihcoma), permits are required by 1993. In addition, Ecology has the authority to re-
qulre smaller cities to have permits (e.g., Bellevue) ’

The Puget Sound plan addresses stormwater runoff in several ways. Runoff from in-
dustrial sites is to be included in the discharge permit for the industry. In addition,
under plan elements SW-3 and SW-4, Ecology is required to develop technical
manuals and program guidelines (including model ordinances) to be used by cities
and counties to develop and implement stormwater programs over the next several
years. In designing the program, Ecology will make use of the considerable body of

literature that exists on urban stormwater control. They will also work closely with

Puget Sound cities and counties, including those with existing stormwater manage-
ment utilities (such as Anacortes, Auburn, Bellevue, Everson-Nooksack, Gig Har-
bor, Kent, Lacey, Mountlake Terrace, Olympia, Port Townsend, Poulsbo, Redmond,

.- Renton, Steilacoom, Tacoma, Tumwater, and Winslow as well as portions of King,

Snohomish, and Thurston Counties). In addition, stormwater and erosion control -
are to be considered by county watershed management committees as they prepare
their action plans under the nonpoint program. Any prescribed control measures
must be consistent with the Puget Sound plan. The Washington Department of

-Transportation will also develop a program to control hlghway runoff.

Information on water flow and water quality i is available for a limited number of
rivers and streams in the Puget Sound basin (U.S. Geological Survey, 1987). These

data were used to develop rough estimates of the amount of certain contaminants

(inorganic phosphorus and nitrogen; suspended solids, and fecal coliforms) that -
these streams and rivers carry into Puget Sound each year (Figure 4-8). Much of
this contamination originates from nonpoint sources, although point sources are
also present on some rivers. For example, according to the data, the largest con-
tributor of inorganic nitrogen to the Sound is the Skagit River which transports .
nearly 4,150 tons (3,770 metric tons) annually. This system also contributes about

- 290 tons (260 metric tons) of phosphorous and 290,000 tons (263 500 metric tons)

of suspended solids on an annual basis (Figure 4-8). There are too few data on toxic
contaminants in rivers to allow quantitative estimat&s

Loadings from nonpoint sources and storm drain systems can be estimated based on
the relationship between land uses and the characteristic contaminant loadings as-
sociated with those land uses. For example, a study of the effects of land use on
water quality in the Newaukum Creek Basin found that urban areas contributed the
highest levels of lead and zinc while concentrations of suspended solids, nutrients,
and bacteria were highest in agricultural runoff (Prych and Brenner, 1983).

- NCPDI estimates of nonpoint source pdllutant discharges in the Puget Sound study

area for the base year 1982 are summarized in Table 4-3 (Arnold et al., 1987). As
discussed above in the Point Source Summary, this inventory has certain hmltatlons
which restrict its usability. It is very difficult to develop estimates of pollutant load-
ing from nonpoint sources because actual monitoring data are quite limited and pol-
lutant discharges tend to vary seasonally and yearly because of changes in
precipitation, land use, and economic activity (among other factors). NCPDI urban
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Atmospheric Deposition

runoff pollutant loading estimates were based on values developed by EPA’s Nation-
al Urban Runoff Program, while volumes of runoff and sediment loads were calcu-
lated using a watershed basin simulation model developed by the U.S. Department
of Agriculture. Nonurban forest and agricultural runoff pollutant estimates were
based on 1982 prec1p1tatlon records, as well as information on land use, soil type,
erodibility, topography, crop management practices, and other factors that could in-
fluence runoff and erosion. Because 1982 was considered a "wet year", nonpoint
source pollution values are probably overestimated because they reflect the high

~ runoff and erosion potential associated with above-average rainfall. Despite these

limitations, the NCPDI estimates provide a good overview of nonpoint source pollu- -
tion contributipns on a Soundwide basis. However, these estimates should not be

‘used to assess pollutant loading on a more local scale.

NCPDI estimated that forestland runoff contributed 50 percent (the most from any
source) of the total flow from all point and nonpoint sources-in the Sound, largely
because of the extensive area of forested land in the Sound. Because of this large
flow, forested areas contributed about 75 percent of the total sediment (TSS), 40
percent of the total nitrogen (TN), 60 percent of the total chromium (Cr), and 80
percent of the total iron (Fe) discharged to the Sound. The relatively high contribu-
tion of TSS does not necessarily imply that forestland sites are highly erosive. This -
estimated contribution is more a function of the large amount of forested land
present in the Puget Sound area. In addition, nutrients anid metals contributed from
forested areas represent elements that are naturally present in eroded soils. These
elements are not as reactive or biologically available as metals from urban point and.
nonpoint sources (Arnold et al., 1987).

'Urban stormwater runoff was estimated to contribute about seven percent of the

total flow from all point and nonpoint sources but about 60 percent of the total lead ‘
(Pb), 30 percent of the total zinc (Zn; the most from any one source), and much of
the total fecal coliform bacteria in the Puget Sournd study area (Arnold et'al., 1987).

- Contributions of pathogens from nonurban sources are known to exist, but because

these sources are very difficult to estimate accurately, they were assumed to have a.
negligible contribution in the NCPDI estimates. In addition, because pathogen es-
timates were derived from a Soundwide database, they do not adequately address lo-
calized nonpoint contributions and effects (such as the influence of failed on-site_

sewage disposal systems and other ronpoint source pollution on bactenal levels in
commercial shellfish beds in southern Puget Sound)

Many of the particles and air pollutants from transportanon, industrial, and other

. sources settle out on impervious surfaces and are washed into streams as stormwater

runoff (as discussed above). Air pollutants may also be deposited directly into fresh
water bodies and the Sound, but very little research has been done on atmospheric.
deposmon It is unclear what propomon this contamination source contributes to
the total loading of contaminants in the Sound or what water quality problems
might resuit from this source.

Sources of atmospheric pollutants include industrial smokestacks and other in-
dustrial emissions (e.g., dry cleaners), motor vehicle exhausts, aerial spraying of pes-
ticides, evaporation from waste water treatment plants, landﬁll gases, incinerator
emissions, wood stoves, and slash burning. A wide vanety of pollutants from these
sources is transported and sometimes transformed in the air, and may eventually be
deposited in the surface waters of the basin. Recent studies in the Great Lakes
region have indicated that toxic substances (e.g., metals, insecticides, and PCBs) are
entering the lakes via-atmospheric deposition and accumulating in fish. In another
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study of 1t : Southern California Bight, atmospheric : sources of metal accounted for
about 45 percent of the total lead input (Hodge et al., 1978).

There are currently no direct méasurements of atmospheric deposition of con-
taminants to the Sound. The Puget Sound Air Pollution Control Agency (PSAP-
CA) conducts an annual sufvey of toxic industrial emissions that are permitted
(under the federal Clean Air Act) in the four counties within its jurisdiction (King, -
Kitsap, Pierce, and Snohomish Counties). In 1986 industries in these four counties
reported emissions of 81 toxic air contaminants (PSAPCA, 1987). Of the 81 chemi-
cals reported in 1986, 21 are Puget Sound "pollutants of concern”, including
chloroform (97 tons; 88 metric tons; reported in 1986), lead (249 tons; 226 metric
tons; reported), and phenol (2,054 tons; 1,863 metric tons; reported). Because am-
bient concentrations of most of these toxic air contaminants are not measured.in
the Puget Sound area, it is not known whether the deposition of these and other air-
borne contaminants in the fresh and marine waters of the Sound may be a concern.

Metro’s Toxicant Pretreatment Planning Study coriducted in the early 1980s found
that about 25 percent of the total lead input to the Sound is coming from atmos-

" pheric sources (Romberg et al., 1984). A more recent effort to quantify the various

sources of lead (and other metals) to Puget Sound indicates that atmospheric sour-
ces contribute 25 tons (23 metric tons) of lead to'the central basin of the Sound
each year (about 20 percent of the total sources; Paulson et al., 1988). "Fugitive" or
escaping dust from a Harbor Island (Seattle) lead smelter that washed into storm
drains was found to be a major source of lead to the Duwamish River (Lampe,

1987). Clearly, more research needs to be done to determine whether airborne con-
taminants represent a significant contribution to the Sound and what water quality
effects (e.g., effects in the sea-surface microlayer) may be resulting from the atmos-

‘pheric deposition of contaminants. PSAPCA and EPA are currently conducting

studies to quantify ambient concentrations of toxic air pollutants which will help
determine to what extent atmosphenc deposition may contnbute to water quahty
problems in the Sound.

The average American generates about five pounds (2.3 kilograms) of solid waste a
day. In the past the most common means of disposing of this massive amount of gar-
bage were sanitary landfills. However, landfills are becoming a less attractive dis-
posal option because of the large area they require, the odor and other aesthetic .
problems associated with the facilities, and the increasingly recognized problem of
containing the toxic leachate and gases generated by many landfills. Because of \
more stringent federal and state regulations, only about half of the nation’s 9,200
landfills still have valid operating permits. :

Many communities are looking to various means of recycling and garbage incinera-
tion to deal with their solid waste disposal problems. For example, King County is
currently exploring the option of constructing a large solid waste incinerator as well
as instituting a waste reduction recycling program. The incineration project has
met with intense opposition in certain cases because of concerns about toxic emis-
sions and other problems associated with mcreased truck traffic. Incinerator tech-
nology exists that can significantly limit emissions of toxic gases (e.g., hydrogen
chloride and sulfur dioxide) and toxic metals, but the resulting fly ash and bottom

- ash (about 10 percent of the original waste material) must still be disposed of
~ properly. Although aggressive recycling programs will help reduce the volume of

solid waste that must be ultimately disposed of in landfills or by incineration, com-
munities in the Puget Sound area are faced with some very difficult decisions regard-
ing options for future solid waste disposal.
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Household hazardous wastes come from a variety of toxic products used in the
home including paints, paint thinners, lawn and garden insecticides and herbicides,
fertilizers, cleansers, degreasers, medicines, cosmetics, dyes, and automotive
products such as antifreeze, battery acid, and oil (see Figure 4-3 for the estimated
residential contribution of metals and organic compounds). These products have be-
come a serious source of uncontrolled toxic waste because of the lack of both educa-
tion on their safe use and disposal and a good means for their-disposal. They are '
commonly emptied down drains or flushed down toilets where they can potentially
damage on-site systems or pass through treatment plants not designed to handle cer-

\ ' tain hazardous substances. Hazardous wastes are also dumped in storm drains,

- ditches, or backyards where they can contribute to nonpoint pollution by entering

streams, rivers, and groundwatér. Several counties and a few cities have collection
sites for some household chemicals, and some counties and cities hold collection
days when citizens may bring in household wastes for appropriate disposal (e.g.,
King and Thurston Counties, the city of Bellevue, and the Hood Canal Coordinat-
ing Council). However, as successful as these events are, most citizens around the
Sound are often left with the dumpster, ditch, storm drain, or backyard incinerator
as the only convenient dlsposal mechanisms available to them.

An additional growing concern in Puget Sound mvolves the disposal of infectious
wastes (e.g., blood and blood products, contaminated medical supplies, lab cultures,
used first-aid supplies, disposal diapers, and other wastes) from hospitals,
laboratories, and homes. Much of this material is currently disposed of in the
general solid waste garbage system. This practice puts garbage collectors, landfill
workers, and the general public at risk. There are no federal laws that deal directly
with the treatment, collection, and disposal of these wastes. However, the 1988
state legislature passed Senate Bill 6264 directing Ecology and DSHS to assess the
public health risks associated with infectious wastes, review current and pre'-rred
waste management practices, and recommend rcgulatory programs to mmumze
public health risks associated with infectious wastes. ‘

Dredged Material Disposal Dredging is carried out in river mouths and harbors by the U.S. Army Corps of En-
gineers (Corps) and port districts to deepen channels for new harbor facilities and
to maintain old ones that fill in with sediment. Dredging and the open water dump-——
ing of dredged material can temporarily block sunlight to aquatic plants, foul the
gills of animals, and bury bottom-dwelling organisms. In addition, the open water
dumping of material dredged from contaminated sites such as urban bays can spread
contamination to relatively uncontaminated areas. Sites for dxsposal of dredged
material in Puget Sound are shown in Figure 4-9.

In1985a cooperatlve study was initiated among the Corps, EPA, Ecology, and DNR |
to examine and redesign a program for the unconfined, open-water disposal of
dredged material in the Sound. This study, known as the Puget Sound Dredged Dis-
posal Analysis (PSDDA), has attempted to identify acceptable open-water disposal
sites, define consistent evaluation procedures to determine which sediments may go
to these sites, and formulate effective site management plaris that will minimize en- -
vironmental impacts (Tilley et al., 1987). Under the Puget Sound plan, Ecology will -

" develop rules for how to dispose of dredged material that is too contaminated for
unconfined open water disposal.

The PSDDA process has taken a unique approach toward ]udglng the acceptablllty
of material for open water disposal: the sediment evaluation is based on known or
suspected contaminant effects on organisms. For example, if screening level values
for sediment chemistry (developed through the PSDDA process) are exceeded,
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bioassay tests would be required to determme if the material to be dredged is accept-
able for open water unconfined dlsposal

The PSDDA study is being carried out in two phases, with the first covering central
Puget Sound and the second covering the south and north portions of the basin.
Phase I is nearing compleuon Draft reports and an EIS have been distributed for
comments.

Phase 1 of PSDDA has proposed disposal sites at Everett, Seattle, and Tacoma ,
(Figure 4-9). The sites were selected by overlaying maps of sensitive resources (e.g.,
crabs and fish) and other factors (major shipping lanes, commercial and recreational
fishing areas, etc.) and picking sites that appeared to be less sensitive to harm than
most areas. Field studies were then carried out to collect detailed information on
currents, sediment movements, and existing biological resources at each area. These
. data were used to refine and choose the final proposed disposal sites. Site manage-
ment will include monitoring of sites to determine whether the program is success-
, ful. In 1987 the state legislature approved increased dredged material disposal site
' fees to cover the costs of implementing the PSDDA program (Chapter 79.90 RCW).

; In 1987 permits were issued to the U.S. Navy to dispose of dredged material as-

' sociated with the construction of a major new Navy base in Port Gardner Bay at
Everett. This material is too contaminated to be permitted at any unconfined open
water disposal site. Sediments unacceptable for regular in-water disposal will be
dumped in deep water and then capped with a layer of cleaner sediments. Various
studies and models indicate that the material can be capped and that the cap should
prevent the contaminants from affecting marine resources in the area, although cap-
ping has never been attempted at that depth so the models cannot be venﬁed The
permxts require extensive monitoring.

“Several groups and. agencms have expressed concern that the prolect will harm the
environment. These groups have proposed project alternatives that could minimize
harm to important aquatic resources in the area. Seven environmental and citizen
groups and the Tulalip Tribes have appealed the issuance of the permits to the state
Shorelines Hearings Board and the Pollution Control Hearings Board. The permits -
could be modified depending on the findings of a joint hearing by the two boards.
The groups were successful in obtaining a court injunction that stops any further

‘work on the project until a decision is reached on the appeals. The permit will not
be issued until it is reviewed and approved by the Shorelines Hearings Board.

Oil and Chemical Spills Oil and chemical spills are intermittent but highly significant sources of con-
taminants to the Sound because of their potential for both short- and long-term
biological and water quality effects. When an oil spill occurs, much of the material
(depending on the type of oil) remains at the surface where it can be encountered by
many species of marine birds and mammals. Surface oil can also affect the floating
eggs and larvae of marine fish, and if a spill reaches the shoreline it can cause sig-
nificant biological and aesthetic damage (PSWQA, 1986f). Heavier oil that may set-
tle to the bottom can affect important species of clams, crabs, and fish. Oiland .

" chemical spills can occur as chronic small-volume spills (e.g., in harbors and
marinas), or they can occur as major events such as the large spill of crude oil in.

. Port Angeles Harbor in December 1985 and two spills near Anacortes in early-1988: -
the sinking of and spill from an oil barge and the spill of contaminated water from
an oil tanker. A significant amount of oil and grease is also contributed to the

. Sound’s water bodies from storm drain systems. The long-térnt consequences and
cumulative effects of spills and chronic discharges in the Sound are largely unknown.
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The U.S. Coast Guard (USCG) is the lead agency responsible for oil spill response
in the Sound, with state and local agencies performing a secondary role (e.g., San

- Juan County has an active oil splll response committee). In 1984 there were 460 .

spills reported to the USCG in Puget Sound. In 1986 this number dropped to 229
spills, with 76 percent of those reported being 20 gallons (76 liters) or less (USCG,
1987). Figure 4-10 shows that the major sources of spills in the Sound are fishing
vessels, with unknown sources also representing a significant fraction. Spill
response and spill cleanup activities are monitored by the USCG and Ecology, with
technical assistance provided by NOAA, WDF, and WDW personnel (PSWQA,
1986f). However, the individual or industry responsible for a spill is usually ex-
pected to fund the necessary cleanup action.. The petroleum industry founded the

" Clean Sound Cooperative to ensure that specialized vessels, equipment, and crews

would be available at any time to clean up oil spills in Puget Sound. The coopera-
tive receives annual fees from members and owns cleanup equipment which is
operated by a contractor. Members of the cooperative can call for a rapid cleanup
response in any spill situation. A sxmllar orgamzatlon exists in British Columbia,
Canada.

Figure 4-11 schematically depxcts some of the major pomt and nonpoint sources of
contamination which are briefly discussed in the following listing (numbered sour-
ces correspond to those in the figure). It is evident that no one source-discharges
only one contaminant. Instead, pollution from the various sources is usually made
up of complex mixtures of contaminants.

1. Atmospheric sources include gaseous and particulate lead and hydrocarbon ex-

hausts from automobiles; gases and particles from factory and power plant chim-
neys; and PAHs and other combustion products from wood stoves and vehicles.

These enter the water directly or are carried by runoff.

2. Forestry and lo'ggmg contribute contaminants from sonls that are eroded off

‘roads and clearcuts, herbicides, and insecticides, and also cause fisheries habnat

degradation.

3. Runoff from commercial and domestic agriculture carries fertilizers, pesticides,
particles eroded from soil and shorehn&s, and nutrients and pathogens from animal
waste. ‘ :

4. Runoff from suburban and rural residential areas carries wastes from lawns and
gardens, pets, cars, on-sne sewage disposal systems, and household paints and
chemicals.

' 5 Landfills can contaminate surface water and gxoundwater with virtually every -
‘material used and disposed of in society.

6 Highways are significant sources of hydrodarbdns, metals, and contaminated par-

ticles that wash off into roadside ditches and storm drains :

7 Rivers, though usually not the source of contaminants, carry thcm into the

Sound. The contaminants enter the rivers as dlrect discharges or as runoff.

8. Surface runoff from urbanized areas contains a mixture of contaminants (includ-
ing pathogens, toxic metals and organics, nutrients, and sediments) from streets and
motor vehicles, commercial and industrial activities, and human and animal in-
habitants.

122



Contamination of the ﬁgﬁt Sound Basin

Sources

Automobiles
Barges

Facilities

Fishing vessels

Marinas

" Motor vesséls
“Pleasure craft
Puﬁlic vessels -
_Ship yards

';‘:Tankers‘ |

Tugs

Unknown

R
B
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Total Number of Spills Over 20 Gallons
Reference: USCG, 1987 -
' Figure 4-10
OIL AND CHEMICAL SPILLS IN THE MARINE WATERS

OF PUGET SOUND, 1984 AND 1986
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DISTRIBUTION AND
'TRENDS OF .
CONTAMINATION

oyl i

9. Shipbuilding, drydocks and other marine industries conmbute metals, orgamc
chemicals, and other ship-rélated debris that can enter the Sound dlrectly or
through the storm drain system :

10. Shipping can bea source of spills or discharges of cargo, fuel, bottom pamts
sewage, and refuse, and of metal contamination directly to the Sound.

11. Dredging and dredged material disposal redistributes contaminated particles in
the Sound.

12. Recreational boating contributes petroleum products, bottom pamts sewage
and refuse spillage directly to the Sound.

13. CSOs combine surfaoe stormwater runoff from urban and suburban areas with
sewage and industrial wastewater and discharge some of it directly to the Sound
without treatment.

14. Industries discharge a wide range of contaminants to rivers and the Sound in-
cluding toxic,metals and complex organic and inorganic compounds depending on
the particular industry. -

15. Waterfront forest products industries, such as pulp and paper mllls and log-ship-
ping yards, dxscharge wastewater to the Sound.

16. Municipal sewage treatment plants discharge large volumes of treated was-
tewater that contains a complex mixture of contaminants including pathogens,
nutrients, oils and greases, toxic organic chemicals and metals, and sediments. -

The sources and associated impacts of selected contaminant groups are shown in
Table 4-6. Toxic contaminants not listed in this table are discussed in the following

+ section on the dxstnbuuons and trends of contamination. -

Contamination of the water, sea-surface microlayer, sediments, and organisms will
be discussed in this section. Since the last State of the Sound Report various environ-
mental studies conducted by governmental agencies, academic institutions, and
private companies have increased our level of understanding of what the major sour-
ces of pollutants are and where contaminants appear to be concentrated. Several of
these studies are discussed in more detail in Appendix B of this report. Most studies
have focused on sediments because the major chemicals of concern in Puget Sound
tend to be most highly concentrated in the sediments. For example, the so-called
Eight Bay Study conducted by Battelle Pacific Northwest Marine Laboratory for
EPA showed that while stations in the urban embayments had higher levels of sedi- -
ment contamination and fish/shellfish disease than did more rural embayments,
these rural embayments (e.g., Case Inlet and Samish Bay) also showed some indica-
tion of degraded sediment quality (Battelle, 1986). A recent EPA study has further
investigated the degree of toxic contamination in less-developed areas of Puget
Sound (Tetra Tech, Inc., 1988b). Ongoing studies of the contamination of the sea- -
surface microlayer in Puget Sound indicate that eggs and larvae of marine organisms
that come in contact with the microlayer may be affected by the toxicants that tend
to concentrate there (Hardy et al., 1988a, 1988b, 1986). Other studies are investigat-
ing the strong correlation between diseases in fish and contaminated sediments in
the Sound. For example, liver tumors were found most frequently in fish from Eagle
Harbor which is heavily contaminated with PAHs (Malins et al., in press).

One way to judge the severity of contamination in a given location is to compare the
concentration of a particular contaminant in a site thought to be contaminated to
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TABLE 4-6: SOURCES AND ASSOCIATED IMPACTS OF SELECTED POLLUTANTS

Pollutant

Sediment

Nutrients (nitrogen
and phosphorous)

Pathogens (bacteria
and viruses)

Pesticides (including
insecticides and
herbicides)

Possible Sources.

Forestry
Landslides
Streambanks
Agriculture
Mining
Construction
Roads
Urban runoff

Forestry

Animal operations

Fertilized fields
Septic systems
Urban runoff

IndustryI
POTWs

Wildlife
Animal operations

. Manure on fields

Septic systems
Boating
Urban runoff

. POTWs

Forestry
Agriculture
Residential uses
Golf courses
Landfills

Urban runoff

1. POTWs = publicly owned treatment works 7
(References: PSWQA, 1986;:; Maas et al., 1987)
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Water Quality & Associated Impacts

*Decreases light transmission through water which decreases primary
productivity and obscures sources of food, habitat, hiding places, and nesting
sites.

*Directly effects respiration and digestion.

*Decreases survival rates of fish eggs and therefore size of populatlon, affects
species composition.

*Increases temperature of surface water layer and decreases oxygen supply for
supperting aquatic life.

*Decreases value for recreational and commercial activities (e.g., aesthetic
values, sport and commercial fishing, boating and swimming activities, and
navigation. .

*Increases drinking water costs.

*Carries organic chemicals including pesticides.

*Algal blooms and decay of organic materials create turbid conditions.

*Blooms of toxic algae affect health of swimmers and aesthetic qualities of
waterbodies.

*Favors survival of less desirable fish species over commerclaﬂy/recreanonally
more desirable/sensitive species. .

*Interferes with boating and fish activities.

*Reduces quality of public water supplies.

*Reduces dissolved oxygen levels which can suffocate fish species.

*Reduces waterfront property values.

*Nitrates can cause infant health problems.

*Introduces disease-bearing organisms to surface waters.

*Reduces recreational usage.

*Increases treatment costs for drinking water.

*Creates human health hazards. .

*Some hinder photosynthesis in aquatic plants.

* *Sublethal effects lower organism’s resistance and increase susceptibility to

other environmental stresses.
*Can affect.reproduction, respiration, growth, and development in aquatic

. species and reduce food supply and destroy habitat for aquatic species.

*By definition these chemicals are poisons: if released to aquatic environment
before degradation, can kill non-target fish and other aquatic species.

*Some pesncxdes/herblcldes can bioaccumulate in tissues of fish and other
species. -

"S%cme pesticides/herbicides are carcinogenic and mutagenic and/or teratogenic.

*Reduces commercial/sport fishing and other recreational values.

*Creates human health hazard from human consumption of contaminated
fish/water, -
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the concentration of that sime contaminant in a "reference” site that has low or un-
detectable levels of contaminants. The reference site generally is far from known
sources of contaminants, and resembles the study site in terms of environmental
characteristics, such as depth-and sediment type. The severity of contamination at a
study site is quantified by calculating the elevation above reference (EAR), which
simply is the.ratio between the contaminant concentrations at the study site and the
reference site. This approach has frequently been used in evaluating sediment con-
tamination, but it also may be used for other components of the environment. EAR
is a benchmark of contamination, based on relative concentrations. However, EAR
does not necessarily indicate harm because the elevation over reference at which
harm might occur is not known.

'Another way to judge contamination at a site is to look for biological effects in the
field or in the lab. In the field, the numbers and types of bottom-dwelling animals
can be measured and compared to data from reference areas which are assumed to

- beclean. If the animal population at the site being tested is much different from
reference areas and if other factors (e.g., physical disturbance, grain size, depth, etc.)

_can be ruled out, then the difference may be attributed to contamination. However,
because of the large natural variability in the populations of bottom-dwelling or-
ganisms, a population in the contaminated area must be severely harmed for the
damage to be reliably detected. For example, in many cases more than 40 percent of -
the species (and/or 30 percent of the individuals) have to be eliminated in a bottom-
dwelling community before the change will be statistically measurable (PSWQA,
1988a). Collecting more samples in the field increases the statistical reliability of
the assessment, but also significantly increases the cost of the study. _ »

Organisms can be collected in the field and studied for various signs of disease or
stress. For example, English sole in urban bays of Puget Sound are found to have in-
- creased frequencies of liver tumors when compared to English sole from cleaner
areas. Thus disease in fish is an indication of the level of contamination of an area.
However, a disease response in 4 fish may be caused by exposure at a location
removed from where the fish was actually collected because fish tend to swim over
wide ranges. Also, exposure may occur when the fish was in a larval or juvenile form -
with the disease developing only after the fish matures. This makes it difficult to use
diseases in fish to 1dent1fy contaminated areas w1thout actual water or sediment
samples . .

Sediments can be taken into the lab where selected organisms can be exposed to the
material (or chemical extracts of the material), and their responses noted through
various bioassay tests. These tests can be more sensitive than contaminant measure-
ments of sediments taken in the field because most causes of variability can be con-
trolled in the lab. The results of bioassay tests must be carefully evaluated because
the various organisms and conditions used in the bioassay may not be the same as
those that occur in the field. For sediment contamination, the present trend in
Puget Sound is to apply a combination or "triad” of methods consisting of sediment
chemistry, bottom-dwelling organism population estimates, and bioassays to com-
pare degrees of contamination at various locations (Long and'Chapman, 1986).

The EAR approach to judging the significance of chemical concentrations is being
replaced by comparing the chemical concentrations in the sediments being tested to
apparent effects threshold (AET) sediment quality values. In the AET method a
very large number of sediment samples are analyzed using sediment triad data as dis-
cussed above. The resulting database is used to identify the concentration for each
chemical at or above which sediments have always failed a biological test. That con-
centration is the apparent threshold above which effects always occur (hence the
name, apparent effects threshold). Although applying an AET-derived sediment
quality value to measured chemical concentrations does not constitute a proof of
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Water Column
Contamination

Nutrients and biochemical

. oxygen demand

Toxic ‘contaminants

harm, it is much better evidence that harm is occurring in the environment than
simple elevation above reference (Johns et al., 1987).

EPA, the Corps, Ecology, and DNR are funding the development of sediment
quality values for Puget Sound through the PSDDA process discussed earlier. The

_ development of AET sediment quality values is an ongoing, evolving process that

currently has several scientific weakn&sses (e.g., the AET data base does not address
chronic lethal and sublethal effects in higher organisms such as liver tumors and im-
paired reproduction in groundfish; Varanasi, 1988, pers. comm.). However, AET
sediment quality values are worthwhile as pragmatic management tools and repre-
sent an improved methodology for assessing sediment quality and the effects of sedi-
ment contamination. AET sediment quality values are currently being used by
Ecology to develop criteria for classifying sediments in Puget Sound that have ad-
verse effects. These criteria will be used to limit discharges through the stormwater
and NPDES programs and to identify sites with sediment contamination (see Puget

‘Sound plan element P-2).

In the open waters and many large embayments of Puget Sound the growth of -
phytoplankton is controlled by light and the stability of the water column rather
than by nutrient levels (Winter et al., 1975; Anderson et al., 1984; Tetra Tech, Inc,,
1988a). Therefore, added nutrients generally do not affect phytoplankton growth or
water quality in the Sound except in specific locations such as the heads of shallow,
sluggishly circulating inlets and embayments, and possibly in some nearshore *
(shoreline) areas (Thom et al., 1988). Fish kills can occur in these areas because
low flushing rates allow algal blooms to proliferate and then die in place as
nutrients are depleted, and the oxygen lost in near-bottom waters (when the algae
decompose) is not replenished as fast as it is consumed. Examples of areas prone to
this problem include Budd Inlet, Dyes Inlet and Liberty Bay in Kitsap County and
Lynch Cove in Mason County.

i
1

The discharges of oxygen-demanding wastes from pulp mills and untreated sewage
that caused fish kills in the past have largely been controlled (Tetra Tech, Inc,,
1988a; Dexter et al., 1985). However, nutrient enrichment from anthropogenic
(human-generated) sources can further decrease dissolved oxygen concentrations in
areas naturally prone to this problem. Recent studies by Ecology indicate that
nutrient inputs from the LOTT (Lacey, Olympia, Tumwater, Thurston County) was-
tewater treatment plant may be increasing the intensity of algal blooms in Budd
Inlet by 30 to 50 percent (URS, Iic., 1986; see Appendix B for a more complete
description of this study). To address this problem, Ecology has stipulated in an
NPDES permit that the plant remove at least 90 percent of the nutrient load from

April through October.

Toxic contaminants in the water oolumn of Puget Sound have been studied less
thoroughly than have the toxic contaminants in the sediments. The available infor- -
mation is summarized in Table 4-7. In some cases (€.g., arsenic and iron) natural
sources contribute more total mass of contaminants than human sources (Dexter et
al., 1981; Galvin et al., 1984). However, toxic contaminants from point sources (in-
cluding CSOs) can result in acute effects because contaminants are often more con-
centrated in the vicinity of the discharge pipe and may be more bioavailable than
those originating from natural sources. :
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TABLE 4-7: DISTRIBUTION OF CERTAIN CONTAMINANTS IN PUGET SOUND

PAHs

PCBs

Copper

Lead

Zinc

Water

Detected at very low
concentrations (<0.5 ppb) in
Central Puget Sound.

PAHs in water are
associated mostly with
particulates suspended in .
water. (1,2,3,4,5)

Undetected or detected at
very low concentrations -
(0.001-0.01 ppb) in Puget
Sound. PCBs in water are
associated mostly with

. zooplankton and

particulates suspended in
the water. (4,6,11)

Detected at very low
concentrations (0.1-0.01
ppb) in waters of Central
Puget Sound. Copper is
found in both dissolved and
particulate phases.
Concentrations near the
surface are elevated near
urban areas. (4,22,23,24)

Generally detected at low .
concentrations (<1 ppb) in
the water of Central Puget
Sound, although high
concentrations have been
found in Elliott Bay
(6,22,28)

Detected at low-
concentrations (1-10 ppb)
in non-urban waters of
Central Puget Sound, but -
higher concentrations were
found in the Duwamish
River. (4,6,22,25)

Microlayer

Can be enriched gver
2,000x above concentrations
in underlying water.
Concentrations in urban
areas can be over 1,000x
higher than concentrations

‘in rural areas. (3,6,7)

Not widely studied. PCBs

" have been found in about

half the samples taken in
Elliott and Commiencement
Bays, with concentrations
ranging from Ox to 129x .
the-U.S. EPA water quahty
criteria. (3,7)

Concentrations elevated

-from 10x to 20x above

concentrations in the
underlying water. Copper
exists primarily in the
particulate phase in the
microlayer. Concentrations
were up to 300x higher in
Elliott Bay than in Sequim

Bay. (6,7,25)

Concentrations clevated
from 25x (Sequim Bay) to
55x (Port Angeles Harbor)
above the concentrations in
the underlying water.
Greatest enrichment occurs
in particulate fraction.
Concentrations in
Commencement Bay were
clevated from 1x to 150x
above those in Sequim Bay.
(6,7,25)

Concentrations were
enriched from 14x (Sequim
Bay) to 66x (Port Angeles
Harbor) compared to the
underlying water.
Concentrations in Elliott
Bay were 1-40x higher than

. - those in Sequim Bay.

Greatest enrichment occurs
in the particulate fraction.
(6,7,25)
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Sedjments

Elevated'in urban bays. In
Commencement Bay, EAR*
ranged from 1x to 570x,

. with a median EAR of 36x.

The highest EARs were
found in Eagle Harbor,
where values for creosote -
PAHSs were as high as
5,600x. (1,5,8,9,10,11)

Elevated in urban bays;

‘BEAR>100x in some sites in

Elliott and Commencement
Bays. The EAR for PCBs
exceeded 1,000xin  ~
sediments from an
industrial site on the
Hylebos Waterway.
(89,16,17)

Concentrations clevated
above reference in
Commencement and Elliott
Bays, Sinclair Inlet, and
Everett Harbor. Highest .
concentrations were found
-along the Ruston Shoreline
(EAR up 10 2,220z), near
the old ASARCO smelter.

- (89.112426)

Elevated concentrations
found in Commencement
and Elliott Bays and in'
Sinclair Inlet. In
Commencement Bay, median
EAR=7.3x, but EARs up to -
680x were found along the
Ruston Shoreline. ‘
(489,16,18.24)

Concentrations above
reference values found in
Commencement Bay,
Everett Harbor, Sinclair
Inlet, and in several sites
near Seattle. Greatest
EAR (up to 220x) were

" found along the Ruston

Shoreline. (4,8,9,16,18)

Tissue

Are metabolized and do not
accumulate in muscle tissue.
Highest metabolite concentrations
are found in the liver and bile of
bottom fishes from contaminated
urban bays, including Eagle
Harbor, Mukilteo, the Duwamish
River, and Commencement Bay.
PAHs have been linked to liver

‘cancers in bottom fish from these

areas. (11,12,13,14,15)

Found in nearly all organisms in
nearly all areas. Highest levels

are found in fatty tissues of

marine mammals with long

lifespans (e.g., harbor seals). In

fish, PCBs concentrate in liver. ,
Concentrations in muscle tissue of
fish caught recreationally average
appraximately 100 ppb.
(15,18,19,20,21)

A natural component of the blood
of crabs, snails, and some other
mvertebratcs. Concentrations tend
to be higher in these organisms '

"than in fishes. Concentrations in

the muscle tissue of fish from .
along the Ruston Shoreline were
significantly higher than the
concentrations in-the muscle tissue
of fish from Carr Inlet, but were
well under any legal limit.
(8,11,18,19)

Can accumulate in certain tissues
of invertebrates, fish, birds, and
mammals; Lead has been found in
crab muscle tissue and seal liver
and kidney tissue, but generally
does not accumulate at high levels
in fish muscle tissue.
(4,11,13,18,19,20)

Generally the metal with the
highest tissue concentrations.

Zinc can accumulate in the tissyes
of bivalve molluscs, crabs, fish
livers, and birds. Concentrations
in edible tissues tend to be higher
in molluscs (squid, clams) than in
fish, but concentrations are only
slightly elevated in organisms from
urban areas. (8,18,19,20)
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Water

Detected at very low
concentrations (<0.01 ppb)
in the waters of Central
Puget Sound, although not
widely studied. (4,18)

Detected at low
concentrations-(1-10 ppb)
in Central Puget Sound,
although conceéntrations in
sediment pore water can be

10-60x higher than those in

the water column, "
Concentrations tend to be
relatively high in marine
waters | hout the .
Pacific Northwest. (4,18,27)

Microlayer
Not widely studied, but

concentrations in Elliott
Bay were 1-72x higher than

those in Sequim Bay. (7)

Sediments
Concentrations elevated
above Yhose in rural
reference areas found in

surface sediments of Elliott

and Commencement Bays
and Sinclair Inlet. High
subsurface concentrations
were found in Bellingham
Bay. The greatest EAR (up
to 1,200x) were found

along the Ruston Shoreline,
although historical -
contamination in Bellingham
Bay was of similar

 magnitude. (4,89,11,18,24)

No data available.

*EAR = Elevation above reference, an indicator of taxicity.
REFERENCES CITED:

" Tetra Tech, Inc., 1986b

Socha and Carpenter, 1987
Hardy et al., 1986
Romberg et al., 1984
Bates et al., 1987
Stubin, 1986

Hardy et al., 1988b
Tetra Tech, Inc., 1985a
Battelle, 1986

Barrick and Prahl, 1987
Malins et al., 1982
Krahn et al., 1986

. Malins et al., 1988

Malins et al., 1984
Stein et al., 1987
Yake, 1985
Stinson et al., 1987
Dexter et al., 1981
Matta et al., 1987

Fecly et al., 1986
Hardy et al., 1985
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Elevated in some sites in
Elliott and Commencement
Bays and in Sinclair Inlet.
The greatest EAR (up to
3,600x) were found along
the Ruston Shoreline, near
the ASARCO smelter.
(489,11,1827)

Calambokidis et al., 1984
Landoltet al., 1987
Paulson and Feely, 1985
Tetra Tech, Inc., 1985b

Peterson and Carpenter, 1986 -

Tissue

Slightly elevated concentrations in
muscle tissue from crabs and
finfish from Commencement Bay,
Elliott Bay, and Sinclair Inlet. In -
the mid 1970s tissue concentra-
tions in dogfish from Elliott and
Commencement Bays were above
Food and Drug Administration
(FDA) limits, but recent data are
not available. (8,13,18)

Concentrations in fish and
invertebrates from areas
containing contaminated sediments
similar to those from reference
areas. The naturally high arsenic

_concentrations in the water of

t Sound is a major source of
?uamegenic to organisms.jo{&ﬁ.ls.w)
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Contammants in the water column can occur in both dissolved and particulate
forms, which may have different levels of toxicity and different environmental fates.
Chemicals that are highly soluble (e.g., compounds such as salts and volatile or-
ganics) are found primarily in the dissolved state (Paulson and Feely, 1985; Feely et
al., 1986). Concentrations of soluble contaminants tend to decline rapidly with dis-
tance from their sources because of dilution. Most of these contaminants are ul-
timately transported out of Puget Sound.

Toxic contaminants in the water column are found mainly in the particulate phase
(Dexter et al., 1981; Paulson and Feely, 1985; Feely et al., 1986; Bates et al., 1987).
These contaminants include metals and organic compounds such as PCBs, PAHs,
and chlorinated pesticides such as DDT Also, many substances initially in solution

.are "scavenged" by particles in the water, which means that they leave the dissolved
‘state to become associated with existing particles (Feely et al., 1986). Particulate

contamination from natural sources (e.g., metals in eroded soil) tends to vary
seasonally depending on erosion and river flow (Crecelius et al., 1975).

Particles and their associated contaminants eventually sink and become incor-
porated into the sediments. The location where particulate contaminants from the

_ water column reach the sediments depends on the amount of transport provided by

currents, the density and buoyancy of the particles, and the depth of the water -
column through which the particles must sink. Uptake of particles by planktonic or-
ganisms can also accelerate their movement to the bottom (as the particles become
"packaged" in feces of zooplankton and higher-level organisms). Contaminants in-
troduced into Puget Sound as particulates in the water column tend to settle and
produce high sediment concentrations close to the point of release, particularly in
shallow areas with slow currents. This is because when fine, organically rich par-
ticles in rivers and. stormwater contact seawater, they tend to adhere to one another

.and settle. out more rapidly (a process known as flocculation). 'Iyplcal estuarine

flow patterns that occur at the point of salt- and freshwater mixing tend to prevent

~these settling particles from being transported far from their souroe

Measured concentrations of dissolved and particulate toxicants in the water column
of Puget Sound tend to be highest near point sources and in urban areas. For ex-
ample, the concentration of dissolved copper in Elliott Bay waters in 1981 declined
from 1.6 ppb to 0.6 ppb over the distance from 0.6 miles (1 kilometer) to 1.8 miles
(3 kilometers) from the mouth of the Duwamish River (Paulson and Feely, 1985).

_ Also, the amount of PAHs contained in the particulate phase of the near-surface

water column declined by 80 percent over the distance from Seattle to Admiralty
Inlet (Bates et al., 1987). Further information on trends in toxicants in the water
column is available for PAHS, PCBs, copper, lead, zinc, mercury, and arsenic in

Table 4-8. :

“'The sea-surface microlayer, located at the mterface between the water and the air, is

only about 0.002 inches (50 micrometers) thick. It contains high concentrations of
floating organic material, composed of a complex mixture of natural and (some-
times) synthetic substances. This organic film has a patchy distribution on thesea .
surface, and is often visible as a "slick" (Evans-Hamilton, Inc., 1986). The sea sur- -
face is a highly productive habitat, supporting an abundance of bacteria, microalgae,

-and planktonic animals that feed on these sources of food. Moreover, the surface-

dwelling eggs and larvae of numerous species of invertebrates and fish may be suffi-
ciently buoyant during certain life stages to be exposed to the sea-surface
microlayer. In Puget Sound, the eggs of English sole and sand sole develop on the
sea surface, suspended under but possibly in contact with the microlayer (Figure 4-
1; Hardy et al.,, 1986; Hardy and Antrim, 1988).
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TABLE 4-8: SOURCES, EFFECTS, AND TRENDS IN SELECTED TOXIC CONTAMINANTS

PAHs

PCBs

Copper

Lead

Zinc

IN PUGET SOUND

Sources

Natural and anthrobogenic
sources include petroleum (e.g.,
crude oil, crankcase oil, and

~ creosote), atmospheric inputs of

particulates produced from
combustion (e.g., automobile
exhaust and forest fires), and
runoff from coal mines. PAHs
are also present in municipal
effluents, urban runoff, and some
industrial effluents. (1,2,3,4,5)

PCBs are used as a coolant for
electrical components such as
transformers and capacitors,
although production has been
banned since the early 1970s.

- PCBs can enter the Sound

through runoff, spills, illegal
dumping, and movements (e.g., in
groundwater) from hazardous
waste sites.

‘Natural sources, including oceanic

water, rivers, and shoreline
erosion, contribute about 10x

* more copper to Puget'Sound than

do anthropogenic sources.
Anthropogenic sources include
municipal waste, industrial
wastes, and contaminated
sediments. (2,3)

A

Natural sources, including oceanic
water, rivers, and shoreline
erosion contribute about 7x more
lead to Puget Sound than do
anthropogenic sources.
Anthropogenic sources include
atmospheric inputs from
automobile exhaust, urban runoff,
industrial effluent, smelter slag,
and contaminated sediments near
Harbor Island and the Ruston
shoreline. (2,3,18)

Natural sources, including oceanic

_water, rivers, and shoreline

erosion, contribute about 10-20x
more zinc to Puget Sound than
do anthropogenic sources.

. Anthropogenic sources include

municipal and industrial effluents,
smelter slag, and atmospheric _
inputs. (2,3)
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Effects

PAHs are highly correlated with liver

tumors in bottom fish and may be
associated with altered benthic -
communities and sediment taxicity.
The most severe effects observed to

date are in Eagle Harbor; other urban

areas also have higher rates of liver
tumeors in bottom fish than do rural
areas. (1,6,7,8,9)

PCBs can be associated with altered

benthic communities, sediment toxicity, '

and reproductive failure in marine
mammals and birds. PCBs'may be
carcinogenic to humans. The

compounds can accumulate in the food

chain. Concentrations in marine

mammals and birds in southerh Puget

Sound are high enough to potentially
affect reproduction, although cause-

and-effect relationships have not been

investigated. The impact on human
health from
Puget Sound that contains PCBs is

currently under study. (5,11,12,13,14) .

Copper is an essential nutrient
(especially for crustaceans) at low -
concentrations, but can be acutely
toxic at high concentrations. High

concentrations of copper in sediments

along the Ruston Shoreline are
associated with altered benthic

communitics. Copper contamination of

the sea surface microlayer in urban

. areas probably is high enough to

affect the hatching of floating fish

cggsandtlwgrowthotphytoplanktot;.

(11,16,17)
Lead can be acutcly taxic at high

concentrations. The metal is associated
with altered benthic communities and

sediment taxicity along the Ruston
shoreline. (2,3,18)

Zinc is an essential trace nutrient, but

can be acutely toxic at high concen-
trations. Zinc is associated with

. altered benthic communities and

sediment taxicity along the Ruston
Shoreline. Concentrations in urban .

microlayers do not appear to be toxic.

(11,16)

fish tissue from

Trends

Concentrations of combustion-related PAHs
have generally decreased with the decline in -
the use of coal since the 1950s, but

- concentrations are highly dependent on -

proximity to sources. Inputs probably will not
vary considerably in the near future, although
population increases could cause increased
inputs. (4,10) ,

. Concentrations in most areas have decreased

over time, probably due to a ban on
manufacture. In the absence of releases from
spills, dumping, or landfills, this decrease
should continue. (2,4,15) -

Industrial inputs have decreased because the
ASARCO smelter has closed. Other trends will
be influenced by changes in emissions from
industrial and municipal sources, cleanup of
contaminated sediments, and population growth.
234)

Anthropogenic inpﬁts have decreased because
of-the reduction of lead content in gasoline
and the closure of the ASARCO smelter.

. Further reductions in the amount of lead in

gasoline may continue this trend. (3,4)

Anthropogenic inputs have decreased because
of the closure of the ASARCO smelter and the -
replacement of steel/zinc pipes in municipal
water systems. Future trends will be mediated
by reductions in eftluent concentrations and
increases in population. (2,3,4) )
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. Sources

Historically, anthropogenic and
natural sources may have been
similar in magnitude. Natural
sources include inputs from the
atmosphere and groundwater.
Anthropogenic sources include
industrial and municipal wastes.

Natural sources, including oceanic
water, rivers, and shoreline
erosion contribute over 10x more
arsenic to Puget Sound than do
anthropogenic sources. Natural
concentrations are about 6x
higher in the rivers in the
northerti Sound than in the
southern Sound. The principle
anthropogenic source was the
ASARCO smelter; other sources
‘include urban runoff and some

industrial effluents. (2,3,20,21)
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Effects

Organic forms are acutely toxic to
marine organisms in high '

- concentrations and are readily

bicaccumulated. Mercury is associated
with altered benthic community
structure and sediment taxicity in City
Waterway and along the Ruston:

. shoreline. Limited data indicate that
concentrations in d tissue
typically exceedéd allowable levels for
foods marketed in the United States
during the 1970s. (3,5,11)

Arsenic is acutely taxic to most
marine organisms. This element is
associated with altered benthic
communities-and sediment toxicity
along the Ruston Shoreline and in
Hylebos Waterway. (11)
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Concentrations in mussel tissue and in
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since the early 1970s. Inputs from the
ASARCO smelter have ceased. (3,19)

The major anthropogenic source (ASARCO) has
ceased operations, so concentrations in the
sediments and biota along the Ruston Shoreline
and the surrounding region should decline.
Other sources should remain fairly constant,

" unless controls of runoff from areas using slag

for fill are implemented.
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Concentrations of contarinants in the microlayer can be orders of magnitude
greater than the concentrations of the same contaminants in the underlying water
(Evans-Hamilton, Inc., 1986). Sources of contamination to the sea-surface
microlayer may include the atmosphere (e.g., dust, smoke, or rain), urban runoff,
and the water column (e.g., floatable oil and grease from industrial outfalls and or-
- ganic matter from wastewater treatment plants). A large portion of the con-
taminants in the microlayer eventually become associated with suspended particles
and sink to the bottom. However, contaminants with low solubility in water and
contaminants associated with floating particles can become concentrated at the sea
" surface (Hardy et al., 1988a).

Substances that have been found to concentrate in the microlayer in Puget Sound in-
clude PAHs, PCBs, pesticides, bacteria, and metals (Hardy et al., 1986). Additional
information on these microlayer substances of Puget Sound is given in Table 4-7.
Concentrations of microlayer contaminants tend to be higher near their sources
(i.e., urban areas). Several laboratory bioassays have demonstrated that microlayer
samples from Elliott Bay, Commencement Bay, and Port Angeles Harbor are often
toxic. For example, in a laboratory bioassay, the hatching success of sand sole eggs
exposed to a sample of the microlayer from Port Angeles Harbor was reduced as
much as 42 percent compared to the hatching success of sand sole eggs exposed toa

_ sample of the microlayer from Sequim Bay (a rural "control area;" Hardy et al.,
_1988a) Toxicity and the resulting reduced hatching success was believed to be due
to a mixture of chemicals rather than to one particular contaminant (Hardy et al.,
1988b) However, results of these laboratory bioassays cannot yet bé extrapolated

to determine what effects the microlayer may be having on naturally occurring sur-
face-dwelling eggs and larvae. There is little evidence that naturally spawned '
pelagic fish eggs actually come in contact with the sea-surface microlayer (Varanasi,
1988, pers. comm.). More research is needed to verify the results of the laboratory
studies, to determine whether actual exposure to the microlayer is occurring in the
field, and to determine whether microlayer exposure may be affectmg adult popula-
tions of Puget Sound fish and invertebrates.

The relative importance of contamination of the sea-surface microlayer compared
- to contamination of the sediments and the water column is also unknown for Puget
Sound. For instance, very little is known about the extent of sea-surface contamina-
tion throughout the Sound; how winds may be able to move patches of the con-
taminated microlayer from place to place; or the persistence of the microlayer, .
which relates to how long organisms may be exposed to the contaminants,
However, microlayer contamination seems to be an emerging concern around the
world (Hardy, 1988).

Contamination of the microlayer by tributyl tin (TBT; a powerful toxicant common-
ly used in antifouling paints) may be a concern in Puget Sound, particularly near

. marinas. Contamination of the microlayer by relatively high levels of TBT has been
discovered near recreational boat marinas in England (Cleary and Stebbing, 1987).
‘This compound has been implicated in causing reproductive and developmental
problems in numerous species in harbors and near marinas in Europe and in the
Chesapeake Bay (Gibbs and Bryan, 1986; Hall et al., 1987), and it has a substantial -
potential for bioaccumulation (Ward et al., 1981). Because of the large number of
marinas in Puget Sound, microlayer contamination in marinas may warrant par-

_ ticular attention in the future. TBT has been detected in water from marinas in
Bremerton and near Indian Island (Grovhaug et al., 1986).

In 1987 the Washington state legislature banned the sale or use of any TBT-based
marine paint except for limited use of TBT paint that releases low amounts of the
compound consistently over its lifetime (Chapter 70.54 RCW). The slow-release
paints can only be used on aluminum hulls or (in spray cans of sixteen ounces or
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less) for outboard or lower drive units. A number of other states have banned some

" uses of TBT, and Congress is working on similar national actions. However, the

federal legislation will not regulate use of TBT-based paint on large commercial or
military vessels. .

Some groundwater aquifers in the Puget Sound Basin are expe_r'iencing water quality
degradation in localized areas. Not only does the groundwater become unsafe and
unusable, but the contaminants in it may eventually reach Puget Sound by way of

.springs, seeps, and streams. Trends in groundwater contamination reflect local sour-

ces and the movements of the groundwater (Goldstein, 1987, pers. comm.; Ecology,
1986). Some groundwater contamination by synthetic organic chemicals, metals,
and petroleum products has been detected by Ecology in all of the counties in the »
Puget Sound area (Figure 4-12). This problem is most severe in the industrialized
portions of Pierce and King Counties. Farm chemicals, including fertilizers and pes-
ticides, have been detected at high levels in the groundwater i in localized areas of

- Thurston, Skaglt, and Whatcom Counties.

Groundwater contamination can affect the quality of drinking water. Each of the
counties in the Puget Sound area (except for King County) obtains over 50 percent
of its drinking water from groundwater. Sites where groundwater contamination
from sewage, feftilizer, saltwater intrusion, and other sources results in violations of
state drinking water standards are shown in Figure 4-13 (Ecology, 1986, 1987a).
Sewage can reach groundwater from faulty on-site sewage disposal systems as well as
piped sewer systems. Fertilizers and pesticides can reach groundwater in agricul-
tural and suburban areas. In addition, groundwater contaminated by industrial ac-
tivities can seep into the Sound (e.g., along the industrialized waterways of
Commencement Bay). .

Saltwater intrusion occurs when fresh water is removed from an aquifer near the
ocean faster than it is replenished by rainfall. There are indications that saltwater in-
trusion is occurring in the San Juan Islands, on Whidbey Island, and in other sites
along the shoreline of Puget Sound, but little is currently known about the extent of .
this problem. Where saltwater intrusion has been detected in the area, groundwater
chloride concentrations have rarely increased more than 10 milligrams per liter
(mg/1) or 0.01 parts per thousand (ppt; Skinner, 1988, pers. comm.).

Comprehensive programs to protect and restore groundwater have been initiated in .
response to recent legislation. The federal Safe Drinking Water Act of 1986 re-
quires each state to develop and implement a wellhead protection program. These
programs provide protection plans for the wellhead areas of public drinking water
systems, including control of potential sources of conitamination. The same act sets
up a demonstration program to identify principal or sole source aquifers, and to
develop and implement comprehensive plans to prevent contamination of these -
aquifers. The federal Water Quality Act of 1987 includes a requirement that EPA
study conditions in certain aquifers, including existing and potential point and non-
point sources of pollution and actions necessary to control those sources. The
Whidbey Island sole source aquifer is one of those to be studied, and EPA is current-
ly evaluating sole source aquifers in Pierce and Snohomish Counties (Mullen, 1987,
pers. comm.).

In response to growing concern about groundwater resources in the state, legisla-
tion was passed in 1985 that sets up a comprehensive process for more effective
groundwater management. In late 1985 Ecology adopted Chapter 173-100 WAC
(entitled Ground Water Management Areas and Programs) that defines procedures
for identifying and designating groundwater management areas. This regulation
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also establishes procedures for developing groundwater management programs to
protect groundwater quality, assure groundwater quantity, and efficiently manage
water resources so that future needs can be met. Local agencies and water users are
in the process of submitting réquests to Ecology for the designation of groundwater
management areas throughout the Sound. Once designated, groundwater manage-
ment programs will be developed for each area by a lead agency working in conjunc-
tion with a groundwater advisory committee composed of agency, tribal, and citizen
group representatives and local water users. As of January 1988 nine groundwater
management areas had been designated in the Puget Sound area. Protection of
groundwater resources is also being coordinated with local watershed planning ef-
forts to control nonpoint sources of pollution (see the earlier discussion of non-
point sources).

'

Severe chemical contamination of the sediments appeai's to be patchy in distribu-
tion and is generally found close t0 the contaminant sources. Most studies have
been conducted in urban areas near suspected sources, and few samples have actual-

. ly been collected in the parts of Puget Sound not located near urban areas.

Thousands of chemicals are known or suspected to exist in the environment, and
over 900 synthetic organic chemicals have been tentatively identified in Puget

Sound sediments (Dexter et al., 1981; Battelle, 1986; Malins et al., 1987). However,
reliable surveys have been conducted for only about 150 toxic cheémicals. These
chemicals were chosen because they have one or more of the following characteris-

_tics: 1) inclusion on the EPA "priority pollutant” list consisting of 126 con-

taminants; 2) a demonstrated or suspected effect on human health or marine life; 3).
one or more present or past sources to the Sound that are large enough to be of con-
cern; 4) a potential for persisting in a toxic form in the environment; or 5) a poten-
tial for entering the food chain. )

Also, the chemxcals selected for study were dictated, to some extent, by the ability of
scientists to detect them. No matter how sophisticated a laboratory’s analytical
capabilities may be, there will always be chemical contaminants in the environment
that are impossible to test for (because of limitations in detection technology).
Another problem associated with contaminant studies is the accuracy and quality
control of laboratory sample analysis techniques. The laboratory certification bill
proposed in the Puget Sound plan (see plan element L-1) and adopted by the 1987
state legislature (Chapter 43.21A RCW), will help improve the timeliness and
quality of sample results and help standardize procedures used for sample analysis.
In addition, thefe are now established protocols for environmental sampling and
analysis (including quality assurance/quality control (QA/QC) procedures) that will
help standardize individual studies, improve data quality, and make the comparison

of data from different studies more meaningful (Tetra Tech, Inc., 1986¢)

The distribution of PAHs, PCBs, coppet, lead, zinc, mercury, and arsenicin the sedi-
ments of Puget Sound is summarized in Figures 4-14 through 4-20 and in Tables 4-7

‘and 4-8. Data shown on the figures were derived from the Puget Sound Environmen-

tal Atlas (Evans-Hamilton, 1987), the most comprehensive synthesis of data col-
lected between 1980 and 1986. As explained in the atlas, not all areas were sampled
equally. For example, most sampling programs have focused on areas that are
known to be contaminated, so the information presented probably represents a
"worst case scenario" for each location. The contaminants shown in the figures and
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tables were selected because they are known to cause environmental degradation in
Puget Sound and because they have been relatively well-studied. However, other
sediment contaminants also may be damaging the environment in the Sound. The
data discussed below constitute the best available information, but sediment con-
tamination has not been completely characterized in any given area.

The heavily industrialized areas of Seattle (e.g., the West Waterway of the
Duwamish River) and Tacoma (e.g., the Ruston Shoreline and Hylebos Waterway)
are the most contaminated areas yet studied in the Puget Sound basin (Romberg ct
al., 1984; Tetra Tech, Inc., 1985a, b; Yake, 1985; Stinson et al., 1987). The sediments
in these areas contain a complex mixture of toxic substances. Eagle Harbor on .
. Bainbridge Island is highly contaminated in certain areas with PAHs likely derived
-, from creosote used to treat wood at a nearby factory: Everett Harbor and Sinclair
Inlet also have received sufficient study to identify them as areas of high sediment
contamination (Crecelius et al., 1984; Tetra Tech, Inc., 1985c¢; Battelle, 1986). Some
areas that were of concern in the past are now less contaminated. For example, mer-
cury contamination observed in the sediments of Bellingham Bay during the late
1960s has lessened since its source (a plant that produced bleach and causuc) has
been controlled (Webber, 1974). ‘

Several sitesafe being investigated as abandoned hazardous waste disposal sites
under federal and state "superfund” programs. Commencement Bay was the first
such area identified. The research undertaken there has formed the technical basis
for much of the contaminated sediments work now underway in Puget Sound. In
Eagle Harbor severe sediment contamination is currently being investigated under
Superfund programs, as is Harbor Island in Elliott Bay. These investigations iden-
tify the distribution and level of contaminants, try to identify the parties responsible
for the contamination, work to stop or reduce the ongoing chemical discharges, and:
". may ultimately require respons1ble parties to clean up the contamination. Cleanup
is-also accomphshed using public superfund monies.

Remedial action projects for contaminated sediments are also underway or bemg
planned in urban embayments. Simpson Tacoma Kraft Company has begun a
project to cap contaminated sediments at its plant on Commencement Bay in
Tacoma. Capping and/or removal of contaminated sediments at the Denny Way

- CSO in Elliott Bay has also been discussed. The Superfund investigations men-
tioned above will eventually recommend whether remedial actions should be under-
taken in their study areas. In addition, the EPA/Ecology urban bay studies in
Commencement Bay, Elliott Bay, Everett Harbor, and Budd Inlet (discussed in
more detail in Appendix B), and a comparable effort by the city of Seattle in Lake
Union, are identifying and controlling sources of contamination to sediments.
After sources are controlled remedial actions can be considered. -

Areas that have intermediate to low levels of sediment contamination (e.g., central
Puget Sound between Seattle and Tacoma) are predominantly affected by the
transport of contaminants by water currents from areas with high contaminant loads
(Romberg et al., 1984; Paulson and Feely, 1985; Feely et al., 1986; Curl et al., 1987).

. Areas with very low levels of sediment contamination are generally far from major
development (e.g., Carr Inlet and Sequim Bay; Tetra Tech, Inc., 1985a; Stubin,
1986). However, transport by air and water has introduced some anthropogenic
contaminants even in these areas. It is likely that no area of Puget Sound is com-
pletely free from some contamination by toxic chemicals.

Contamination of sediments in Puget Sound by TBT may be an emerging issue of
concern because of the chemical’s tendency to bind to particles and its high poten-
tial for bioaccumulation. Little data are available on the extent and degree of TBT
sediment contamination in Puget Sound. TBT and other related compounds (butyl-
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tins) have been detected in sediments in the Duwamish West Waterway, along the
Seattle waterfront, and in Everett Harbor, but were not found in sediments from
Port Gardner or President Point (Krone et al., 1988). At present, scientists at
NOAA and the National Marine Fisheries Service (NMFS) are developing im- .
proved analytical techniques to measure TBT in sediments; techniques already exist
for TBT measurement in tissue and in water. The Corps began a screening survey of
six marinas in the Puget Sound area in late 1987 to determine if TBT could be '
detected in the sediments (Smith, 1987, pers. comm.). It appears that data on TBT -
concentrations in the sediments of Puget Sound may become available in the near
future.

Accurate measurements of the concentrations of many toxic chemicals in the en-
vironment have been made only in the last several years and are very costly. Be-
cause of this, there are not enough years of sediment contaminant data to accurately
asséss trends in surface sediment concentrations over time. Scientists must there-
fore rely on methods that evaluate the history of sediment chemistry changes as
recorded in the deeper sediment layers. Sediments continually accumulate on the
bottom of Puget Sound with newer deposits burying older sediments. The ap-
proximate date that sediments were deposited often can be estimated by using
radioisotope dating methods. The history of contamination can then be evaluated

- by measuring the contaminant concentrations in successive sediment layers.

However, this is often very difficult because contaminants may change chemically
after they have been deposited, and the sediments may be altered physically by cur-
rents or animals (bioturbation), thus disrupting the successive layers.

Detailed historical sediment data exist only for some contaminants in Puget Sound.
(Crecelius and Bloom, 1988; Bloom and Crecelius, 1987; Barrick and Prahl, 1987).
Historical trends in contamination of sediments in central Puget Sound by PCBs,
PAHs, and lead are shown in Figure 4-21 and are summanzed in Table 4-8, Trends

in the central Sound result from the combined effects of all the pollution in the
region, while trends in enclosed embayments reflect the history of specific local sour-
ces.. Trends.in the central basin of Puget Sound show that concentrations of several

"metals (e.g., lead, mercury, and possibly arsenic and silver) have leveled off or
" decreased (Bloom and Crecelius, 1987). Specific trends in urban’ embayments may

differ, but presumably sediments will begin to show improvements as a result of ag-
gressive source controls now being implemented. One goal of the Soundwide am- -
bient monitoring program is to better determine trends in areas that have not been
well studjed. - ‘ : -

* PCBs were not detected in sediments déposited before about 1930 (Figure 4-21;

Crecelius and Bloom, 1988). The manufacture of PCBs began during the 1930s, and
their use increased until the early 1970s, when their manufacture was banned. The
concentrations of PCBs in sediments were highest in the layers deposited in the
1960s. By 1980 the sediment concentrations in central Puget Sound were lower.

PAHs have natural sources (e.g., forest fires), but a significant increase in their con-
centration was observed in the sediments of central Puget Sound dating from the
turn of the century up until the 1950s. This increase corresponds to the period of
rapid growth in the use of fossil fuels (Figure 4-21). PAH concentrations in central
Sound sediments are currently less than half of the peak concentrations from the
1950s, but still are about 15 times higher than the baseline levels from the 1880s:
(Crecelius and Bloom, 1988). The decrease in concentrations of PAHs observed
since the late 1950s may have been due to improvements in industrial practices and .
the conversion from coal to cleaner-burning oil and gas for home heating.
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HISTORY OF SEDIMENT CONTAMINATION BY PCBs, PAHs AND LEAD
IN CENTRAL PUGET SOUND FROM 1860 TO 1980

References: Crecelius and Bloom, 1988; Barrick and Prahl, 1987; Galvin et al., 1984
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Cause-and-Effect
Relationships?

Contamination of
Organisms

Lead and other metals have both natural sources (e.g., erosion of soils) as well as
anthropogenic sources that contributed to the measurable concentrations observed
in the sediments deposited in the 1880s (Figure 4-21; Romberg et al., 1984; Bloom
and Crecelius, 1987; Barrick and Prahl, 1987). Sediment lead, mercury, and silver

concentrations increased over the last century, but have since leveled off or

decreased slightly. This recent decline in lead suggests that one important historical
source of lead contamination was automobile exhaust. The amount of lead emitted
by automobiles has declined substantially since 1974 when EPA instituted the re-
quirement that new automobiles use lead-free gasoline (Dexter et al,, 1985). In addi-
tion, the closing of the ASARCO lead-coppér smelter in 1985 also probably
contributed to decreases in lead concentrations observed in the surface sediments.

One of the most important and difficult tasks confronted by environmental scien-
tists is determining the direct cause or causes of a biological condition observed in
the environment. Cause-and-effect relauonshxps are difficult to prove because, in
addition to chemical contamination, organisms are continually exposed to a wide
range of other environmental stresses, both natural and anthropogenic. These stres-
ses may include changes in water temperature and salinity, variations in food quality
and availability, predation, competmon, disease, and overharvesting of commercial
species. . :

" The mformatlon presented in the following sections on contamination of organisms

and the human health effects of eating contaminated seafood from Puget Sound sug-
gest that toxic contamination of sediments (discussed in the previous section) is
having deleterious effects on the biota of Puget Sound. However, the direct cause-
and-effect relationships for these phenomena are not easily established. The '
greatest impacts on the environment and the biota are found in urbanized areas
such as Elliott Bay and Commencement Bay. However, no area of Puget ! Sound is
completely free of pollunon.

A summary of biological conditions in Puget Sound, possible causes of those condi-

tions, and an assessment of how the conditions might be affected by pollution is dis-

cussed by Long (1988b) and presented in Table 4-9. Some biological conditions are
natural phenomena (e.g., low dissolved oxygen in the heads of rural inlets), while
others are wholly attributable to anthropogenic influences (e.g., contamination by
PCBs). Moreover, the causes of some biological conditions are not yet understood
(e.g., the spread of paralytic shellfish poisoning). Nonetheless, it is clear that for
those areas of the Sound with serious degradation (such as toxicants in urban bays

~ and bacteria in southern Puget Sound), the reduction of pollutants will likely result -

in improved water and sediment quality-and healthxer populanons of organisms in’
the long run. ‘

Since the last State ofthe Sound Report (PSWQA, 1986b), several new studies have
contributed to the general understanding of contaminant effects on organisms as .
well as the potential for health risks to human consumers of Puget Sound fish and

- shellfish. For example, we now know that significant correlations exist between the

prevalence of liver tumors in groundfish and sediment concentrations of aromatic
hydrocarbons such as PAHs (Malins et al., 1984). In Puget Sound liver tumors were
found most frequently in fish from Eagle Harbor; the harbor has high levels of
PAHS. In addition, English sole from Eagle Harbor and the Duwamish waterway
show a higher prevalence of reproductive failure than fish from Port Susan or
Sinclair Inlet (Johnson et al., 1988). A recent study discussed in more detail in Ap-
pendlx B has estimated the amount of contaminants that recreational anglers might
ingest by eating fish from the urban embayments of the Sound (Landolt etal., 1987).
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TABLE 4-9: BIOLOGICAL PROBLEM INDICATbRS IN PUGET SOUND: POSSIBLE

CAUSES, CURRENT STATUS, AND OUTLOOKS FOR THE FUTURE

Problem Indicator

Hxstopatﬁologlcal abnormalities
in bottomfish (e.g., liver
lesions) and other organisms

Degradation of benthic
commutnities

Chemically contaminated tissue

Bacterial contammanon of
shellfish

Plankton blooms

Possible Causes

Toxic chemicals in water,
sediment, or food; dietary
deficiencies; pathogens; natural
environmental stress

Toxic chemicals in water,
sediment. or food; organic
enrichment; habitat alteration;
natural variation in recruitment
or mortality . ‘

Tciic chemicals in water,
sediment, and food

‘Bacterial contamination of

water by sewage or runoff
from urban and agricultural
areas

Natural causes include stability

. of the water column during

spring and summer which
allows phytoplankton to remain
near the surface, where high
light levels promote growth.
Substantial nutrient inputs may
enhance blooms at the heads of

o sluggishly-circulating inlets.
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Currept Statug

Are most frequent in
contaminated urban areas such
as Eagle Harbor and the
Duwamish Waterway.

- Frequencies of liver tumors in

English sole reach 26 percent
in Eagle Harbor, but are near
zero percent in rural areas
such as Carr Inlet. (1,2,3,19,28)

Not systematically studied, and -
benthic communities are subject
to considerable natural
variation. Abundances of
benthic animals within normal
ranges are found in most areas
of the Sound. Increasesin the
abundance of pollution-tolerant
worms may be found near some
sewer and CSO outfalls, while
depressed abundances of
benthic animals are found in
some small areas that are

highly contaminated with toxic
chemicals (¢.g., near outfalls of
the ASARCO smelter). (3,20,21)

Concentrations of PCBs have
declined in tissue, but low

,levelsofPCB,PAH and metals

contamination are widespread.
Conccntr,ations of regulated
contaminants in edible tissue
very rarely exceed FDA action
limits for seafood, but there

are few detailed assessments of
human health risks from
consumption of seafood from

- Puget Sound. (2,3,7,89,22,28)

In 1986/87 five of 15 requests’
for commercial shellfish bed
classification were denied
because of bacterial
contamination. Classification
status c! d-at several other
beds. (see Table 4-10)

Not systematically studied, but

probably are at background
levels in areas with adequate
rates of water exchange.
Anthropogenic nutrient inputs
may be increasing bloom
intensity by 30-50 percent in
Budd Inlet, but other sites have
not been studied in detail. -
(10,12,13)

Outlook

Condition may improve or
worsen in response to changes
in exposure to pollutants (or
other environmental stresses).
Taoxicant concentrations in
sediments appear to be
decreasing with improved
point source controls and
pretreatment. (1,2)

Conditions may improve or
worsen in response to changes
in exposure to taxic

‘pollutants, organic enrichment,

habitat modification, or
changes in natural factors
affecting recruitment or
mortality (c.g., El Nino).
Conditions have improved
since the 1950s when some
urban bays were found to be
at!ioﬁc. (2’31495‘6128)

Tissue levels may change in
response to changes in B
exposure to pollutants. The
developmem of more

ated assessments of

* human health risks associated

with eating Puget Sound
seafood will provide a better

‘understanding of the

significance of any existing
levels. Declines in tissue
contamination could lead to
removal of posted seafood -
consumption warnings from
some urban locations in the - .
Sound. Increases could lead
to posting of more warnings,
and even the closure of a
commercial or recreational
fishery. '

Better control of point and
nonpoint sources could
decrease closures of shellfish
harvest areas. Loss of control
over sources could make the
problem worse. (10,11)

Reduction of nutrient inputs
may decrease bloom intensity
in affected areas (e.g., Budd
Inlet). (10,12,13)



Problem Indicator

Paraiytic shellfish poisoning
(PSP)

Fish kills

Declining fish stock

Sporadic reproductive failures
in harbor seals (e.g., premature
births, pup mortality)
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Possible Causes

PSP causes are not well -
understood, but changes in

‘nutrient ratios or nitrogen

availability may stimulate
"red tides".

Chemical spills, taxic chemicals
in the water, low dissolved
axygen caused by decay of -
organic matter

Overfishing, chemical
contamination, loss of breeding
habitat, natural variation in.
recruitment and mortality, loss
and degradation of estuarine
feeding and rearing habitat

Not well understood, but
disease and toxic chemicals -
such as PCBs in the food may
be contributing to the problem

15. FWPCA, 1967
16. Dexter et al., 1985

“urrent Stat

Beach closures caused by the
presehce of the PSP toxin in
shellfish occur during the
warmer months in most of
Puget Sound. No closures have
occurred south of Tacoma
Narrows or in the southern
half of Hood Canal. (23)

Fish kills occur infrequently in
the marine waters of the

Sound. There were 14
pollution-caused freshwater fish
kills reported to Ecology in
1986, while eight freshwater
incidences were reported in

1985. (27)

. Herring stocks are stable in

the Central Sound, but are
declining near Bellingham.
Pacific cod are recovering from

. the deleterious effects of the

El Nino of 1983. Hake and
English sole are declining,
possibly due to both
anthropogenic and natural
causes. Salmon are generally
stable, probably because of
catch limits and large-scale
artificial propagation. (24,25)

Populations appear to be
incre in southern Puget
Sound and Hood Canal.

cause of these increases is
unknown, but they could
reflect continued legal
protection of marine mammals
rather than improvements in
reproductive success. (26)

17. Calambokidis et al., 1984
- 18. Calambokidis et al., 1985
19. Tetra Tech, Inc., 1986b

8

21. Nichols, 1985
EPA, 1988
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Lilja, 1988, pers. comm.

ann, 1988a, pers. comm.
Sekulich, 1988, pers. comm.
Calambokidis, 1988, pers. comm.
Ecology, 1987¢ )

Outlook

Difficult to predict, but the
increases in beach closures

“experienced from 1978-1985

have leveled off. If nutrient

+ or other anthropogenic inputs

are affecting the development
of red tides, this problem
could increase or decrease,
depending on changes in
nutrient sources. Unknown
additional factors may
influence the frequency of red
tides. (14,23)

Reductions in the frequency
and severity of spills could
reduce the problem.
Reductions in the chemicals
réleased in permitted
discharges and nonpoint

- runoff, and decreases in -

nutrient inputs to sensitive
areas also could improve the
situation. However, natural.
occurrences of low dissolved
axygen will still occur
infrequently in some areas.
(15.16)

Reduced pressures from
overfishing and pollutant
exposure could alleviate this
problem, though natural
fluctuations in fish stocks
would still occur, (15,16)

Continued declines in PCB
releases may improve the
situation, but additional
unknown factors such as
discase may be influencing
harbor seal populations in the
Sound. Pup mertality appears
to be within natural limits of

population variability. (17,18)
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Levels of conitamimition in

organisms

- Metals were found in low levels (except for arsenic) in recreationally caught fish.

PCBs were present in all specimens of recreationally caught fish in the urban bays,
though usually in low concentrations. These reports are discussed in more detail in
the following sections.

In spite of progress made in controlling the release of toxic chemicals, disturbed bot-
tom communities and areas of high mortality in amphipod bioassays still exist in the
immediate vicinity of some point source discharges and stormwater outfalls in Puget
Sound. Degradation also exists in areas where the habitat is altered or destroyed by
dredging and filling and in a few areas seriously contaminated by historic sources.
Fish mortality ("fish kills") was common in the 1960s but today occurs only rarely in
the marine waters of the Puget Sound basin. It is possible that contaminants intro-
duced in one part of the Sound may show up in or affect organisms found in other
parts of the Sound. This is because contaminants can be transported in currents ‘
and contaminated orgamsms can move from one location to another. Organisms
may also accumulate contaminants like PCBs over time by low-level but continuous
(chronic) uptake from the water, sedlments or food organisms.

The accumulation of residues of organic contaminants (e 2. PCBs PAHs,and
DDT) and metals in the body tissues of the organisms of Puget Sound is a concern
(Malins et al., 1982). Organics accumulate to higher concentrations in organisms

.than do metals. However, organics concentrate more in internal organs than in

muscle tissue of organisms. The greatest bioaccumulation of toxic substances is ob-
served mainly in organisms found in the industrialized urban areas of Puget Sound
(Evans-Hamilton, Inc., 1987). The human health implications of this bioaccumila-

_ uon are discussed at the end of this chapter.

The most important organic contaminants (in terms of potential effects on biota)
observéd in Puget Sound organisms include certain halogenated hydrocarbons (e.g.,
PCBs, DDT and its breakdown products) and PAHs. Some of these chemicals readi

~ ly bioaccumulate, are known animal carcinogens (cancer-causing), and have been

found at levels that are believed to harm organisms in the Sound. The geographic
patterns of bioaccumulation are illustrated for PCBs and PAHs in Figures 4-22 and
4-23, These figures represent averages of data from several studies conducted since
1980. However, there have been no comprehensxve studies that have consistently
looked at tissue accumulation in the same organisms from the same stations over

. time. Available data shown on the figures probably represent the highest levels

present in each area because sampling was generally concentrated in sites with the
worst known or suspected contaminauon

PCBs are found in various tissues of all the species that-have been examined in
Puget Sound. Generally, PCB concentrations tend to be lower in muscle tissue than
in liver tissue (Malins et al., 1982). Concentrations of PCBs are higher in inver-
tebrates and in fish that live on or near the bottom in the contaminated urban areas
of Puget Sound than they are in these animals in the relatively clean non-urban
areas (Figure 4-22). The 1974 PCB spill in the Duwamish Waterway is a likely

-source of the contamination in Elhott Bay. In addition, historic uses of PCBs

presumably were higher in the urban areas than in the non-urban areas.

High concentrations of PCBs in the tissues of marine blrds were observed in some
locations near Elliott and Commencement Bays (Riley et al., 1983; Calambokidis et
al., 1985). In some cases, these concentrations were unusually high compared to

_those in marine birds from other regions of the world. However, only a limited

number of herons, pigeon guillemots, and gulls have been analyzed at selected
areas. Studies of Puget Sound glaucous-winged gulls have shown that eggshell thin-
ning is most prevalent in birds found in the urban-industrial areas of the Sound, and
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birds nesting in these areas may be experiencing some reproductive failure (Speich
et al, 1988). Widespread sampling of other populations of marine birds in Puget
Sound has not occurred so their overall condition is not known. Some marine birds
do not feed exclusively in Puget Sound and may be accumulating chemicals from
food eaten elsewhere. Further studies may be needed to determine whether a
serious problem exists with contamination of marine birds.

" PCBs appear to be the most highly concentrated contaminant of all those measured
in the marine mammals of Puget Sound (Calambokidis et al., 1984, 1985). The con-

. centrations of PCBs found in harbor seals in southern Puget Sound i in the 1970s
were among the highest reported in the world, although levels now appear to be
dropping. In studies conducted from 1977 through 1985, PCB concentrations in the
blubber of harbor seal pups from the southern Sound averaged about 175 ppm (wet
weight) in 1972, 85 ppm between 1975 and 1977, and 25 ppm in 1984-85 (Calam-
bokidis et al., 1988). Blubber concentrations in seals from other areas of the Sound
also appear to have dropped since the 1970s. It is not known why PCB blubber con-
centrations were so high in southern Puget Sound seals. It is suspected that seals
were accumulating the compound through the food chain from several possible sour-
ces in the southern Sound such as a site on McNeil Island. PCBs probably had an-
impact on Puget Sound harbor seal populations in the 1970s (reproductive

"problems were reported in southern'Sound populations in the early 1970s).

. However, PCBs do not appear to be currently affecting harbor seals in the Sound be-

. cause populations are increasing in most areas (Calambokidis et al., 1988).

|

DDT and its breakdown products are still found in organisms throughout Puget
Sound, but concentrations generally appear Yo be low and declining (Matta et al.,
1987). The use of DDT was banned in the United States in 1972, but these substan-
ces are quite stable chemically. Therefore, current sources of DDT contamination
still may come from sites affected by past applications (e. g resuspension of existing
contaminated sediments and runoff from farms).

The potential for bioaccumulation of PAHs appears to differ among types of or-
ganisms. Sedentary, filter-feeding molluscs (e.g., clams and mussels) appear to lack
an effective mechanism for metabolizing PAHS, so these organisms tend to accumu-
late this contaminant group at substantial levels (Yake et al., 1984). Shellfish in the
Commencement Bay waterways, Elliott Bay and Duwamish waterways, Eagle Har-
bor, and the area around the Mukilteo fuel depot show high levels of PAHs (Figure
4-23). PAHs do not accumulate in fish muscle tissues because fish metabolize or
change these substances in the liver (Krahn et al., 1986). However, elevated levels .
of harmful PAH metabolites (metabolic breakdown products) have been found in-

. the bile of English sole. :

In general, the concentrations of metals in organisms throughout Puget Sound are
not as variable as those of organic contaminants like PCBs and PAHs. - Marine fish
usually do not accumulate substantial amounts of most metals in tissue, evenin
areas with metal-laden sediments such as the Ruston Shoreline (Tetra Tech 1985a,
Landolt et al., 1987). The limited data available for salmon indicate that no edible
muscle tissue samples exceeded U.S. Food and Drug Administration (FDA) levels
for the accumulation of metals (Romberg etal, 1984). Arsenic is ubiquitous in the
environment and is found in relatively high concentrations in fish through the north-
east Pacific. Fish in Puget Sound actually have lower levels of tissue arsenic than
many species in the open ocean (Long, 1988a, pers. comm.). Arsenic concentrations
in Puget Sound fish tend to be highést in Commencement Bay, Elliott Bay, and
Sinclair Inlet, but much of the arsenic is probably of natural origin and does not ap-
pear to effect the health of fish (Malins et al., 1982).
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Elevated concentrations of certain metals such as mercury, lead, and copper were
found in the tissues of bivalves, crustaceans, and birds from industrialized areas of
the Sound (e.g., the Duwamish River, Commencement Bay, and Bellingham Bay;
Dexter et al., 1981). For exanipte, mussels near a bleach and caustic plant in Bellin-
gham Bay had elevated tissue concentrations of mercury; the plant released substan-
tial amounts of mercury during the late 1960s (City of Bellingham, 1985). In the
mid-1970s dogfish sharks were found to have elevated mercury concentrations
(average concentrations approximately 1.0 ppm) in both urban and rural areas in
Puget Sound, with the highest concentrations observed in Elliott and Commence-
ment Bays (Hall et al., 1977). However, dogfish appear to concentrate mercury in
their tissues, and these levels are not necessarily elevated above natural background
levels. Marine fish in most of the Sound do not have tissue levels of mercury that

‘are elevated above natural levels, (Crecelius, 1988, pers. comm.). Concentrations of

metals in the liver and kidneys of harbor seals from southern Puget Sound were not . -
high except for mercury in some individuals (Calambokidis et al., 1984)

Environmental stresses may act singly or in combination to affect organisms in a
myriad of ways. For example, chemical contaminants often combine to make com-
plex chemical mixtures. This makes it difficult to single out the effects of a par-
ticular contaminant and also raises the possibility that some unknown combination -
of chemicals could be interacting to cause a biological problem. Since only a small .

" number (about 150) of the total known chemicals (more than 6,000) are measured

with any frequency in the environment, the real cause of a particular biological ef-
fect (for example, reproductive failures in urban bay groundfish) may be over-
looked. In addition, sublethal contaminant effects detected in organisms (e.g.,
groundfish liver tumors) may or may not be affecting the health of mdmduals oren-
tire populations of organisms. -

~ Sediment toxicity bioassays are used to determine whether sediments are toxic to

the organisms that might live on or within the sediments. Only a few types of hardy
species can occupy sediments that contain high concentrations of toxic chemicals,
which probably explains why the bottom-dwelling community might be less diverse
(or less healthy) in a contaminated area. Much of the bioassay data on the toxic ef-

- fects of sediments in Puget Sound have been generated using a bioassay test with

the amphipod crustacean, Rhepoxynius abronius. Amphipods are small, shrimp-like
animals (sometimes called sand fleas) that live near the sediment surface in many
parts of the Sound. They are important prey for many types of fish and many are
sensitive to contamination. The amphipod bioassay measures mortality in a test
population of Rhepoxynius abronius followmg a 10-day exposure to field-collected
sediment in the laboratory.

The results of amphipod bioassays conducted on sediments from over 300 locations .

_throughout Puget Sound are presented in Figure 4-24 (Long, 1985, 1988b). These

data are biased towards the worst case because studies were usually conducted in
suspected areas of contamination. In general, very high maximum amphipod mor-

. talities (greater than 50 percent) have been found at sites with high concentrations

of toxic chemicals in the surface sediments (Bellingham Bay, Commencement Bay,
Eagle Harbor, Elliott Bay, and E_verett Harbor; Tetra Tech, Inc., 1985a,b,c, 1986b).

~ In addition to the amphipod bioassay, a variety of other tests have been conducted

on Puget Sound water and sediments. They include bioassays based on the mor-

- tality and/or abnormality of developing oyster larvae, genetic abnormalities induced

in fish cell cultures, respiration changes in oligochaetes (small marine worms), and
changes in bacterial luminescence. These different bioassay methods have been

~ used to evaluate dredged material disposal effects, and are being used to develop
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Liver abnormalities
in English sole

AET levels for sediment contaminants. In general, these additional bioassays have
shown trends similar to those shown by the amphipod mortality bioassay (Williams
et al., 1986). However, the lack of total correspondence indicates that various bioas-
says each have a distinct respohise to contamination.

A variety of liver abnormalities (tumors and pre-tumors) have been found in
English sole and other groundfish species throughout the Puget Sound basin.
Lower rates of these liver abnormalities also have been found in rock sole and the
Pacific staghorn sculpin from the Sound.- Liver abnormalities are comparatively
rare in the other species examined thus far in Puget Sound (Malins et al., 1987).

Numerous field studies have found a strong statistical association between liver ab-
normalities in English sole and chemical contamination of the sediments (e.g.,
Malins et al., 1984; Tetra Tech, 1985a). Concentrations of sediment PAHSs and the

- percent occurrence of liver tumors in English sole in nine areas around Puget -

Sound are shown in Figure 4-25. Statistical analyses have shown a significant cor-
relation between these two variables, with a higher proportion of fish with liver

- tumors found in highly contaminated areas. Prevalence of liver tumors was also cor-

related with concentrations of metals. However, a number of factors may con-
tribute to the development of the observed abnormalities including nutritional
imbalance, genetic disorders, viral infections, and age of the fish. There alsoisa

" possibility that some chemical not actually measured in the chemical analyses of the

sediments could have caused the tumors.

Because of the above uncertainties in the cause-and-effect relationships between
sediment contamination and liver tumors; laboratory studies were initiated by
NMEFS to determine the cause of the tumors. The results have been summarized
recently by Schiewe et al. (1988). A spectrum of liver lesions similar to those ob-
served in field surveys (including pre-tumors) were prdduced in English sole ex-

- posed to extracts of urban sediments. The types of lesions detected in these fish-
" were not detected in control English sole exposed to an extract of non-urban sedi-

ments. Overall, the findings of these studies represent an important step forward in
establishing a cause-and-effect relationship between liver tumors in English sole
and exposure to chemical contaminants associated with sediments.

Other studies have produced some new discoveries related to the problem of liver
tumors in English sole. The route of exposure to PAHs appears to be at least partly
in the food. The food organisms consumed by English sole in areas with sediments
contaminated by PAHs may contain much higher concentrations of PAHs than do
the sediments (Malins et al., 1987). In addition, a recent study by NMFS indicates -
that sole may take up contaminants directly from the sediments through their skin
(Stein et al., 1987). A possible means by which PAHs such as benzo(a)pyrene could
influence the development of liver tumors is by binding to DNA (the genetic.
material) in the cells of the liver (Varanasi et al., 1986).

Research is continuing in these and other areas to gain a better understanding of
how contamination may be affecting the organisms that live in Puget Sound. For ex-

- ample, researchers have found that English sole from Eagle Harbor and the

Duwamish waterway show a higher prevalence of reproductive failure (inhibited
ovarian maturation) than sole from Port Susan and Sinclair Inlet (Johnson et al.,
1988). Although no direct cause-and-effect relauonshlp has been established, this
sublethal effect may partly explain the decreasing abundances of English sole that
have been observed in central Puget Sound over the last few years (Quinnell, 1984;
Bargmann, 1988): :
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POTENTIAL HUMAN
HEALTH RISKS

Risks Due to Chemical
Contamination '

State of the Sound 1988 Report

Human health problems caused by direct contact with chemically contaminated
water and sediments have not been documented in Puget Sound, even in indus-
trialized bays. Heavy consumption of contaminated seafood for a period of years,
however, could pose a human health risk. It is possible to assess the relative health
risks of eating seafood from different locations in the Sound. In general, health
risks associated with a given chemical are proportional to intake of the chemical (an
assumption accepted by most researchers). Thus, fish with high concentrations of a
given chemical pose greater human health risks when eaten than do those with low

~ concentrations. Seafood taken from urban areas tend to have higher levels of con-

taminants than seafood taken from rural areas (Figures 4-22 and 4-23). Therefore,
risks can be reduced by avoiding the intake of seafood from known areas of con-
tamination (such as Commencement Bay and Eagle Harbor).

FDA has established "action levels" for mercury and 13 organic compounds in
fishery products for interstate commerce (FDA, 1982). Broadly speaking, these
FDA levels identify a chemical level which should not be exceeded or eaten by the
consumer. The action levels apply to an average national consumer who eats

. seafood from a wide variety of places (and with a wide variety of chemical levels).

Action levels exist for very few chemicals. ‘Because these guidelines reflect the
potential health concerns of a "typical” nationwide consumer, they may not be com-
pletely protective of a consumer who eats fish from a specific area such as an urban

~ bay. However, they are the only guidelines for seafood consumptxon risks currently

available in the U.S.

* There have been several studies in the past few years on chémical contaminant

levels in Puget Sound seafood (Hall et al., 1977; Romberg et al., 1984; Versar, 1985;
City of Bellingham, 1985; Tetra Tech, Inc., 1986b; Landolt et al, 1987, Faigenblum,

'1987). FDA guidelines for most toxicants have very rarely been exceeded in Puget

Sound fish, shelifish, and edible seaweeds (PCBs and mercury levels occasionally ex-
ceed accepted standards in groundfish at some urban sites such as Bellingham Bay).
Since 1980 a very small fraction of edible tissue samples from marine organisms of
Puget Sound has exceeded the PCB guideline of 2 parts per million.’

In 1986 the Puget Sound Estuary Program commissioned a report (and approach)
on health risk assessient for use in the Sound (Tetra Tech, Inc., 1986¢). This ap-
proach provides a basic guideline for all health risk assessments so that these
studies can be done in a consistent manner in the future. Risk assessment is a
sophisticated method for the quantitative evaluation of possible health effects as-
sociated with the consumption of contaminated seafood. Since state-of-the-art

‘methods of analytical chemistry can now measure tissue contaminants in minute

concentrations, public agencies in Puget Sound need to be able to determine if con-
sumption of small amounts of toxic chemicals poses a health risk.

The basic approach of risk assessment is to estimate the exposure and effects of con-
taminants based on the various consumption rates.of seafood (and hence of the -
chemicals in seafood). Based on the potency of each chemical (which is established
by laboratory tests), consumption rates can be used to calculate the probability and
extent of adverse health effects (such as cancer). Very small amounts (less than
FDA action levels) of toxic chemicals may be harmful if consumed frequently over

~ one’s lifetime. EPA Region 10 in Seattle is currently conducting a risk assessment |

for several types of Puget Sound seafood. Risk assessment is a relatively new
method of evaluating health impacts, and its scientific basis is still evolving. Al-
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though risk assessment has not yet been widely applied in the Sound, its use will
probably increase in the future. This method should put the potential health risk
(or lack of risk) from eating Puget Sound seafood into perspective for the consumer.
However, scientists, policymakers, and the public must work togetlier to deﬁne the .
acceptable level of nsk

‘Despite the concern over heavy consumption of groundfish (such as cod and English
sole) and shelifish from contaminated areas of Puget Sound, little is known about
contamination of resident blackmouth salmon and whether consumption of this
species represents a risk to the typical recreational fisherperson in Puget Sound. In
limited analyses of salmon muscle and liver tissue by EPA, Metro, and NOAA, PCB
concentrations in salmon were generally lower than those in bottom fish. Ongoing
studies by EPA and DSHS involving chemical analyses of clams, salmon, cod,
English sole, and edible seaweeds will provide additional information to quantita-
tively assess the health risks associated with ingestion of chemically contammated
seafood from the Sound (Faigenblum, 1987).

NOAA has conducted a two-year study of the degree to whxch consuiners of fish
caught recreationally from the urban embayments in Puget Sound may be exposed :
to contaminants (Landolt et al,, 1987). The study found that tissue from recreation-
ally caught fish generally contained low levels of metals (with the exception of ar-
senic) and organic compounds. Arsenic levels varied greatly among species and -

~ geographic locations, but were highest in squid and walleye pollock (particularly
those collected from Commencement Bay). Although generally present in low con- |
centrations, PCBs were found in all of the recreationally caught fish from the urban
/bays. Cooking the fish was found to reduce tissue levels of PCBs and other organic -
contaminants by 50 to 90 percent, but cooking had little or no effect on arsenic con-
centrations (Landolt et al., 1987). This study did not attempt to assess the risk as-
sociated with eating fish from urban bays, but did prov1de estimates of oontammant
doses being consumed by urban anglers.

The above studies suggest that there is at least some potential for harmful effects on
human health from toxic chemicals in Puget Sound seafood. It is also important to
note that most of the studies of tissue contamination in Puget Sound have focused
on the biota in highly contaminated urban areas (such as Elliott and Commence-
ment Bays), which is not where most recreational fish are caught. Therefore, most
of the available information presents the "worst-case" conditions.

To date, the King, Kitsap, Pierce, Snohomish, and Thurston County Health Depart-
ments have issued health advisories on seafood from specific areas in Puget Sound
(Sagerser, 1988, pers. comm.). The advisories state that most of the seafood from -
these counties is safe to eat but that fishing and shellfish harvesting from industrial
areas should be avoided. Also, authorities recommend that the skin and internal or-
gans of groundfish from such areas should not be eaten. Since 1985 more specific
advisories have recommended that people avoid eating fish and shellfish (including
crabs) from Eagle Harbor, the waterways of Commencement Bay, and Budd Inlet
near the Cascade Pole Company

Brief comparisons of the tissue contamination in the urban and rural areas of the
Sound and comparisons with other urban areas of the U.S. can provide a perspective
on the sxgmfimnce of the chemical contamination of Puget Sound seafood. Direct
comparisons with other parts of the nation are difficult because site characteristics
(e.g., degree of tidal flushing and proximity to outfalls) and species sampled vary.
However, sites in some urban coastal areas in the U.S. have higher levels of tissue
contaminants in the biota than those found in sites in the urban areas of the Sound
(Weaver, 1984; Landolt et al., 1987; Matta et al., 1987; NOAA, 1987). For example, -
PCB concentrations in fish from sites in the Hudson River, New York Harbor, San
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Risks Due to
“Contamination by Bacterla
and Viruses

Diego Harbor, and much of Lake Michigan (especially Waukegan Harbor) exceed
those ir. fish from Elliott and Commencement Bay sites. However, PCB concentra- .
tions in iish tissue in Boston Harbor, western Long Island Sound, and San Francisco
Bay sites are lower than those'ini Elliott and Commencement Bay sites.

Bacterial and viral contamination of water and shelifish can cause a variety of ill-
nesses such as gastroenteritis, skin and eye irritations, nausea, diarrhea, typhoid
fever, cholera, hepatitis, and many other diseases. Anthropogenic sources of bac-
teria and viruses include sewage treatment plant outfalls, CSOs, runoff from urban
and agricultural areas, and failing on-site sewage disposal systems. The state has es-
tablished a water quality standard for fecal coliform bacteria and has routinely
monitored commercial shellfish beds for bacterial contamination over the past 40
years (Plews, 1987, pers. comm.). Metro routinely monitors fecal coliform bacteria
concentrations near several sewage outfalls, and health department officials have
temporariiy closed swimming and recreational shellfishing beaches in the area of
raw sewage spills from time to time. FDA has monitored fecal coliform bacteria
concentrations in the water, sediments, and tissue of shellfish around the Sound
since the m1d-19705 (Kaysner, 1988, pers. comm.). :

Fecal cohform bactena are not themselves patho gemc but are indicators that

_ pathogenic bacteria and viruses associated with warm-blooded animals (e.g., enteric

viruses which can cause human diseases such as hepatitis) may be present. Viral
hepatitis in humans may be contracted by eating contaminated shellfish that are raw .
or undercooked. Viral contamination is not routinely monitored in Puget Sound
shellfish or anywhere ¢lse in the nation because the procedures are difficult and ex-
pensive. Therefore, potential exposure to viruses is inferred from measurements of
fecal coliform bacteria. In addition, while chlorine is used to treat bacteria at
sewage treatment plants, most viruses that are discharged into the Sound are
generally more resistant to chlorine treatment than bacteria. Viruses remain in con-
taminated shellfish much longer than do fecal coliform bacteria (Canzonier, 1971).
Consequently, there is very little information on the health risks associated with
viruses in Puget Sound shellfish.

Other disease-causing microorganisms that may be of concern in Puget Sound in-
clude enterococci bacteria. Enterococcal bacteria also originate in the intestinal
tracts of warm-blooded animals, and some strains have been associated with
gastrointestinal illness, particularly among swimmers (Cabelli et al., 1983; Kaysner,
1988, pers. comm.). This is an emerging concern in Puget Sound as well as in other
locations throughout the U.S,, and there are few data on the health risks associated
with enterococcal bacteria in Puget Sound.

Extensive areas, including the eastern shore of Puget Sound from Everett to
Tacoma, are closed to all commercial shellfish harvesting because of the number of
existing sources of contamination in these areas (such as numerous sewage treat-
ment plants'and stormwater outfalls along the shorelme) Areas where commercial
harvesting of shellfish was prohibited or restricted in 1987 include a portion of Se-
quim Bay near the John Wayne Marina (Clallam County), a western portion of Port
Susan (Island County), Dosewallips State Park (Jefferson County), and Lynch Cove
(Mason County). In addition, the beaches in Oakland Bay (Mason County) and '
southern Skagit Bay (Island and Snohomish Counties) have recently been
downgraded from conditionally approved to restricted for commercial harvest
(Lilja, 1988, pers. comm.). In 1986 and 1987 DSHS received 15 requests for clas-
sification of new commercial shellfish beds. Five of these were denied because of
degraded water quality (three in Hood Canal, one in Dyes Inlet, and one on
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Bainbridge Island; Mitchell, 1987, pers. comm.). Table 4-10 and Figure 4-26 show

~ many of the areas in the Sound where commercial shellfish harvesting is limited.

As called for in the Puget Sound Water Quality Management Plan (element SF-4), a
recreational shellfish program is currently being developed by Ecology and DSHS in
cooperation with other resource agencies, local health and planning agencies, tribes, -
and environmental groups. The program is inventorying public recreational

beaches, developing a monitoring plan to collect water and tissue samples in recrea-
tional areas, developing recreational shellfish standards to protect the public’s
health, and generally addressing issues of closures of recreational areas (including
the need for adequate publlc involvement and education).

In June 1986 the state and EPA began a special monitoring study of 20 recreational
shellfish beds that ificludes sampling for fecal coliform bacteria and chemical con-
tamination about three times per year (Falgenblum 1987). In general, bacterial con-
tamination was found to be most prevalent in urban areas. However, not all urban
areas were contaminated, and not all rural areas were clean. Concentrations of fecal
coliform bacteria that exceeded the FDA standard for commercial shellfish beds
were found in at least half of the samples from Dash Point State Park (near
Tacoma), Dosewallips State Park (Hood Canal), Post Point State Park (near Olym-
pia), Point Vashon (Vashon Island), and Walker Park (near Shelton; Faigenblum,

- 1987). Although this standard was designed to be applied at the wholesale market

level, it is used as a guide for recreational shellfish harvest areas because no stand-
ard currently exists for noncommercial shellfish.

Areas of Puget Sound most affected by bacterial (and possibly viral) contamination
generally coincide with areas of limited flushing and/or with proximity to sources
such as sewage treatment plant outfalls, urban runoff, agricultural runoff, failing on-
site sewage disposal systems, or boat discharges. Overall, land use and well-thought-
out community development (especially proper siting and maintenance of on-site
sewage disposal systems, implementation of BMPs for animal-keeping operations,
careful siting of sewage treatment plant outfalls, and urban stormwater control)
have the greatest potential to control contamination from bacteria and viruses. In-
creased sampling efforts will help quantify to what degree sources of contamination

‘are affecting shellfish resources as well as the health of people who recreate and har-

vest shellfish on Puget Sound beaches.

In Puget Sound paralytic shellfish poisoning '(PSP) is caused by blooms ("red tides")
of a phytoplankton species called Gonyaulax catenella. This organism produces a.
neurotoxin which can become concentrated within bivalve shellfish (clams, oysters,

-and mussels) as they feed. Cooking shellfish does not remove the toxin, and people
~ who eat PSP toxin-contaminated shellfish may experience a tingling sensation in the

lips and tongue, followed by numbness, paralysis, and possibly death. Gonyaulax
plankton blooms can reach toxic levels even if a "red tide" is not visible in the water,

- and red water can occur that is not toxic. Gonyaulax blooms occur from April to

November, with each bloom lasting about two weeks (Strickland, 1983). Bivalves
consume and digest the toxicalgae and retain the toxin in their flesh, but are other-

* wise unaffected by it because they lack the nerves it affects. The rates and amounts

of toxin ingested vary among bivalves, and the species differ in the time required to -
detoxxfy once there are no longer significant amounts of toxin in the water. A beach
is closed to shellfishing if the toxin level in shellfish reaches 80 micrograms of toxin
per 100 grams (3.5 ounces) of shellfish meat (the equivalent of 0.8 ppm). PSP toxins
have been found in concentrations below levels of concern in other marine or-
ganisms such as limpets, snails, and Dungeness crabs.
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TABLE 4-10: PUGET SOUND SHELLFISH BEDS WHERE HARVESTING WAS LIMITEDI DUETO

CONTAMINATION, 1987

Location
PROHIBITEDS

Sequim Bay, near marina*, near state park
Penn Cove, north

Port Townsend*

Quilcene Bay, north

Appletree Cove, Kingston*

Dyes Inlett, all*

Liberty Bay, east

Port Gamble, north*

Port Madison, Suquamish Reservation
Sinclair Inlet*

Winslow*

Dougall Point*

Hartstene Island, north*

Jarrell Cove*

Lynch Cove, Belfair Region

QOakland Bay/Hammersley. vicinity of Shelton
Squaxin Island

East shore of Puget Sound, Tacoma to Edmonds*
Carr Inlet, Minter Bay

_ Glen Cove*

Mayo Cove*

Van Gelden Cove*

Port Gardner*

Port Susan, 1/3 tideflats, near Stillaguamish
Budd Inlet, south of Gull Harbor*
Henderson Inlet, south 1/4

Bellingham Bay*

Lummi Bay

. RESTRICTED?

Port Susan, west
Dosewallips State Park5
‘Oakland Bay

Carr Inlet, Burley Lagoon
Skagit Bay, southeast »

CONDITIONALLY APPROVED®

Penn Cove, south
Fishermans Harbor

Liberty Bay

Squaxin Island, northeast
Filucy Bay

Eld Inlet, south

Henderson Inlet, mid-portion
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Mason

- Pierce, King, Snohomish
“Pierce

Pierce

Pierce

Pierce

Snohomish .
Snohomish
Thurston
Thurston
Whatcom
Whatcom

Island
Jefferson
Mason
Pierce/Kitsap
Skagit

Island

- Jefferson

Kitsap

Pierce
Thurston
Thurston

‘Cause?

Marina, nonpbint
STP, nonpoint
STP

Nonpoint
STP, nonpoint, urban runoff

Marina, nonpoint
- STP

STP

STP, nonpoint

STP

STP

STP

Boating

Nonpoint

STP, mill, nonpoint
Nonpoint

STPs, industrial
Nonpoint

Marina, nonpoint
Boating i
Nonpoint

STP, industry, nonpoint
STP, nonpoint

STP, nonpoint
Nonpoint

STP, mills, nonpoint
STP, nonpoint

STPs, nonpoint
Nonpoint

STP, industry, nonpoint
Nonpoint

STP, nonpoint
Marina

Nonpoint, marina
Nonpoint, boating
Nonpoint, marina
Nonpoint
Nonpoint
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Notes:

1. DSHS considers all waters closed to the commercial harvest of shellfish until the Shellfish Sanitation Program has surveyed
and classified them. Once surveyed and classified, these classifications may change as conditions improve or deteriorate.
There are approximately 80 shellfish areas in Washington which DSHS can’t certify or would decline requests for certification
due to contamination. Commercial shellfish harvesting is prohibited in all areas located within 0.5 miles (0.8 kilometers) of
marinas, sewer treatment plants, and other outfalls.

2. Cause refers to probable sources of contamination that have resulted in a classification other than Approved for a commercial
growing area. Nonpoint sources include runoff from urban areas and farms, effluent from failing on-site sewage disposal
systems, and other sources of fecal coliform bacteria. STP stands for sewage treatment plan.

3. DSHS defines grohibitcd growing areas as follows: a growing area is classified prohibited if there is no current sanitary
survey or if the sanijtary survey or other monitoring program data indicate that fecal material, pathogenic microorganisms,
poisonous or deleterious substances, marine biotaxins, or radionuclides may reach the area in excessive concentrations. The

" taking of shellfish for any human food purposes from such areas is prohibited.

4. DSHS defines restricted growing areas as follows:. a growing area may be classified as restricted when a sanitary survey
" indicates a limited degree of pollution, and relaying or purifying the shellfish will make them safe to market.

5. .Because there is no standard for recreational shellfish bcds DSHS presently has no formal jurisdiction over recrcatlonally
harvested beds (e.g., at state parks). However, Indian tribes may harvest certain recreational beaches for commercial
purposes. TIn such cases, DSHS may apply the commercial standards to these areas.

6. DSHS defines conditionally approved growing areas as follows: growing areas that are subject to intermittent mlcroblologlcal
pollution are classified as conditionally approved. This option is voluntary and is used when the suitability of an area for
harvesting shellfish for dircct marketing is affected by a predictable pollution event. The pollution event may be predicated
upon the attainment of an established performance standard by wastewater treatment facilities discharging effluent, directly
or indirectly, into the area. In other cases, the sanitary quality of an area may be affected by seasonal populatlon, nonpoint
source pollution, or ‘sporadic use of a dock or harbor facility.

*These areas are not approved by DSHS for shellfish harvest and are generally located near persxstent sources of contamination.
This list is not exhaustive. )

(Reference: DSHS, 1988)
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SUMMARY AND
'CONCLUSIONS

Northern Puget Sound

- Contamination of the Puget Sound Basin

i

Prior to 1978 when routine testing began, toxic concentrations of the PSP toxin had
not been detected in Puget Sound, although there is circumstantial evidence that
crew members from the Vancouver expedition of 1792 may have died from eating

‘shellfish in Puget Sound. From 1978 to 1985 the area where significant amounts of

toxic plankton in shellfish were found increased, but no further increases have oc-
curred since 1985 (Lilja, 1988, pers. comm.). The only Puget Sound waters that
have never been closed because of PSP toxin are in portions of Hood Canal and
south of the Tacoma Narrows (the telephone number 1-800-562-5632 can be called
10 obtain information on beach closures due to PSP i in Washington). Low concen-
trations of the toxin in shelifish (not necessitating closures) have been found in
Hood Canal as far south as Bangor (Kitsap County) and throughout most of the
southern basin of Puget Sound. In the Puget Sound area, there have been no
reported cases of PSP associated with the consumption of commercially harvested
shellfish, but there have been several commercial operations that have been tem-
porarily shut down because of the presence of the toxin. There have been two
reported cases of PSP from recreationally harvested shellfish in Puget Sound since
1978. The most recently reported case occurred in 1985 (Lilja, 1988 pers. comm.).

"Red tides” that cause PSP are natural phenomena, and it is unclear whether human
activities aggravate their spread (Nishitani and Chew, 1984; Kendra and Determan,
1985). Researchers have shown that in certain instances the timing and duration of
dense blooms of Gonyaulax was controlled, in part, by the availability of nutrients
such as nitrogen and phosphorous (Nishitani et al., 1988). Bays tend to support
more frequent blooms of this species than channels, and blooms tend to be control-
led by low nutrient availability. Under special circumstances in certain bays, the ad-
dition of nutrients by human activity might increase the frequency and intensity of
Gonyaulax blooms (Nishitani et al., 1988). Because of the prevalence of the toxic
plankton species in Puget Sound and the persistence of its long-lived cyst, it 1s not
likely that the PSP problem will dlsappear in the foreseeable future.

This chapter has presented extensive information on the general classes of con-
taminants; the various physical, chemical, and biological processes that operate in
the Sound; the sources and loadings of contaminants in the Sound; the distributions
and trends of contamination; and the potennal human health risks associated with’
chemical and biological contaminants in the fish and shellfish of Puget Sound.
Chapter 1 of this report summarizes much of this information according to major
categories (e.g., toxic contamination, point source pollution, stormwater and com-
bined sewer overflows, nonpoint source pollution and shellfish, and loss of wet- ‘
lands). Rather than repeat that summary information, an overview of the most

critical issues and problems in Puget Sound is given by major geographic area below.

Northern Puget Sound and the San Juan Islands (including San Juan, Skagit, and
Whatcom Counties) are largely rural areas with localized industrial and intense
urban development in the vicinity of Anacortes, Bellingham, and the Cherry Point
area. Specific areas are exhibiting certain environmental problems in this reglon

. .For example:

*  Forest practices and agricultural nonpoint pollution is causing problems in

parts of Skagit and Whatcom Cou_nties;

Saltwater intrusion is being detected in the groundwater in some parts of the
San Juan Islands-(Figure 4-13);
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Whidbey Island/Strait of
Juan de Fuca

Hood Canal

Sediments in Bellingham Bay have moderate levels of copper and zinc and hrgh
levels of mercury (Figures 4-16, 4-18, and 4-19);

Clam tissue has moderate levels of PAH in Birch Bay (Figure 4-23);
There is high amphipod bioaésay mortality in Bellingham Bay (Figure 4-24); and

. Commercial shellfish operations are pr:ohrbrted in Bellingham and Lummi Bays
(Figure 4-26).

In addition, extensive wetland losses have occurred in Lummi, Samish, and Skagit
Bays, and three major oil spills recently occurred in the vicinity of Anacortes. San
Juan County is the second fastest growing county in the Puget Sound area. Rapid
population growth may lead to additional water quality and habitat degradation in
the future.

This regron (which includes Clallam, Island, the northeast portion of Jefferson, and
Snohomish Counties) is also largely rural, with thé exception of the intense
urban/industrial centers of Everett and Port Angeles and the extensive urban/subur-
ban development in southwest Snohomish County. Localized areas are exhibiting

. the following problems

* Nonpomt pollution problems are seen in portions of Clallam, Jefferson, and

Snohomlsh Counties;

Groundwater is contammated by saltwater, metals and synthetic organic com-
_pounds on parts of Whrdbey Island (Figures 4-12 and 4-13);

Sediments in Everett Harbor have moderate levels of PAHSs and zinc (Figures 4-

14 and 4-18); .

*  Clam and fish muscle tissue has moderate to higﬁ levels of PCBs and PAHs in
Port Gardner/Everett Harbor and at Mukilteo (Figures 4-22 and 4-23);-

* Bioassay mortality is high in Everett Harbor and Port Angeles (Figure 4- 24
Long, 1988b); .

* " English sole show moderate to higli occurrences of liver abnormalities in
Everett Harbor (Figure 4-25; Long, 1988b); and

*  Harvesting of commercial shellfish beds is prohibtted or restricted in southern

Skagit Bay, Penn Cove, parts of Port Susan, Port Gardner/Everett Harbor, Port
Townsend, and part of Sequim Bay (Figure 4-26).

In addition, extensive losses of wetlands have occurred in the deltas of the Stil-

* laguamish and Snohomish Rivers. Island and Snohomish Counties are also growing

very rapidly, which could lead to additional water quality and biological degradatron
in the future,

The Hood Canal region includes portions of Jefferson and Mason Counties. Over-
all this region is one of the least developed areas in Puget Sound, although the
shoreline of Hood Canal is extensively developed with summer and year-around
residences. Much of the canal has not been analyzed for the presence of con-
taminants in biota. Sediment levels of PAHs, PCBs, and metals are found in low
concentrations in Hood Canal (Figures 4-14 to 4-20). The region is affected by non-
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point pollution from forest practices, small farms, failed on-site sewage disposal sys-
tems, and recreational boating as evidenced by prohibited or restricted commercial
shellfish beds located in Quilcene Bay, Dosewallips State Park, and Lynch Cove
(Figure 4-26). Parts of Mason County are exhibiting rapid population growth which
may create additional environmental problems in the future.

Central Puget Sound This region encompasses the intensely developed areas of King and Kitsap Counties

. : - - and contains some of the most highly contaminated areas in Puget Sound including
Eagle Harbor, Elliott Bay, and Sinclair Inlet. Some of the most concerning envu'on-
mental issues in thxs region include:

Nonpoint pollution effects from stormwater runoff and failed on-site sewage dis-

posal systems;

.ok

Groundwater contaminated by metals and synthetic orgamc compounds (Figure
4-12);

Sediments contammg hlgh levels of PAHs and PCBs in Eagle Harbor and El-
liott Bay (Figures 4-14 and 4-15);

. : ' Sediments containing high concentrations of copper, lead, and zinc in Elliott
- Bay and Sinclair Inlet (Figures 4-16, 4-17, and 4-18);

Biota containing high tissue levels of PCBs and PAHs in Eltiott Bay, Sinclair
Inlet, and Eagle Harbor and vicinity (Figures 4-22 and 4-23);

High occurrences of liver abnormalities and reproductive failures.in English
sole from the Duwamish River and Eagle Harbor (Figure 4-25); and

Large areas that are closed to commercial shellfish harvest including the entire
eastern shoreline of central Puget Sound, Eagle Harbor, Sinclair Inlet, Dyes
Inlet, Liberty Bay, Port Gamble, and Port Madison (Figure 4-26).

In addition, nearly 100 percent of the wetlands in the Duwamish River estuary have
been lost.

Southern Puget Sound This region includes the southeast portion of Mason County, Pierce, and Thurston
' Counties. The region is largely rural except along the shorelines and in the vicinity
of the intensely developed areas of Lacey, Tumwater, Olympia, and Tacoma. A uni-
que feature of this region are the many long, narrow passages and inlets that tend to
receive little circulation or mixing with water from the rest of Puget Sound. The
physical configuration of this region thus tends to contribute to some of the nutrient
and bacteriological water quality problems that are evident here. Almost all other
~ problems in the region are localized in the urban areas, particularly in and around
Commencement Bay. For example: ‘
" * Groundwater at specxﬁc locations in the vicinity of Tacoma and Olympia is con-
taminated with various substances (e.g., the pesticide EDB has been found in
wells near Olympia, Figures 4-12 and 4-13);

High concentrations of copper, lead, zinc, and arsenic are found in Commence-
ment Bay sediments (Figures 4-16 t0 4-20); -

. Biota are contaminafed with high levels of PCBs and moderate levels of PAHs
- in Commencement Bay (Figures 4-22 and 4-23);
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* Amphipod bioassay mortality is high in Commencemen't Bay (Figure 4-24); and

* Enghsh sole in Commencement Bay have moderate occurrences of 11ver abnor-
malities (Flgure 4-25). :

Pollutant effects in other areas of the region are largely related to nonpoint pollu-
tion from forest and agricultural practices, failing on-site sewage disposal systems,

“and recreational boating. Many southern Puget Sound areas that were once produc-
tive oyster habitats are presently closed to commercial shelifish harvest, including
portions of Case Inlet, Oakland Bay, Budd Inlet, and Henderson Bay (Figure 4-26).
Because Mason and Thurston Counties are two of the fastest growing counties in
the Puget Sound area, increased population pressures may create additional
degradation of water quality and biological resources in the future.
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COUNTY GOVERNMENT

Clallam County Programs

Appendix A:

Local Water Quality

Programs and Success Stories

This appendix contains short discussions of some.of the many programs relating to

. water quality and habitat issues that have been initiated in Puget Sound by county

and city governments, tribes, industry, and citizéns groups in the last few years.
These discussions are not comprehensive, but demonstrate the wide vanety of work
being done throughout the Sound.

‘

- The following programs are a non-comprehensive cross-section of activities specifi-

cally related to water quality and habitat issues that have been initiated by county
governments or local conservation districts in the past few years. An attempt was

‘made to include, within the constraints of space limitations, the most relevant

programs in each county. Descriptions of other local programs follow these county
programs. ,

In the past, county government programs related to water quality and habitat im-
provement have typically been limited because of a lack of funding and other resour-
ces. The Puget Sound Water Quality Management Plan is designed to assist county
governments in a number of ways. Water quality and habitat protection programs
will be better coordinated, technical assistance will be made available to county
governments, and the plan provides funding assistance to counties for specific
programs such as watershed ranking. Many of the programs discussed below specifi-
cally relate to Puget Sound plan elements. Although many programs are still quite
new, preliminary program results are encouraging in terms of seeing some sxg-
nificant water quality and habitat unprovements '

As a result of recent shellfish bed closures in Sequim Bay, Clallam County initiated
a detailed study between August 1986 and June 1987 to determine the effects of non-
point source pollution on the watersheds that drain into the bay (Brastad et al,,

. 1987). ‘Stream walks, sanitary surveys, and intensive water quality monitoring were

used to evaluate sources of bacteriological contamination in each watershed.
Results indicated that large agricultural activities (dairy and beef cattle operations)
were the most significant contributors of bacterial contamination to the bay, while
irrigation ditches were major contributors in two of the project area creeks.
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Island County Programs

Jefferson County Programs

Stormwater and on-site septic systems were not found to be significant nonpoint
pollution contributors, and the effect of forest practices could not be determined in
the 10-month study period. As a result of the study, the county, conservation dis-
trict, and citizens groups have initiated an educational program focused on water
quality issues and agricuitural nonpoint source pollution control measures (e.g.,
best management practices (BMPs)). More rigid enforcement actions will be taken
in two to three years if the educational approach does not result in significant im-
provements in Sequim Bay water quality. Sequim Bay was designated as an early ac-
tion watershed under the Puget Sound plan in 1987.

In 1986 Island County enacted, as part of a comprehensive land use package, a wet-
land protection and enhancement ordinance directed at halting the county’s loss of
wetlands ‘and providing for restoration in certain cases. The county is currently
modifying the ordinance to further clarify what activities may and may not be con-
ducted at wetland sites, and to more explicitly protect associated saltwater wetlands
under county jurisdiction. .

The county is heavily involved in water planning. One committee is.developing a
groundwater management plan to protect the county’s sole source aquifer. Another

~ committee is working to coordinate the delivery of water services among the

county’s many small water districts. And a third is ranking the county’s watersheds
under the Puget Sound plan’s nonpoint program. The county is-developing a plan
for disposal of septage and solid waste in order to reduce the amount of these was-
tes that need to be landfilled. One option currently being tested is composting. The
county also has a sludge utilization program. Wastewater treatment sludge is peri-
odically applied to two farm sites and one forest site and is regularly monitored.

Jefferson County has initiated a number of water quality projects in the past few
years, including an in-depth study of water quality problems in Dabob and Quilcene
Bays and an innovative program for septic system repair and installation. The Quil-
cene/Dabob Bay water quality investigation was initiated by county health officials

after the headwaters of Quilcene Bay were closed to commercial shellfish growing

and harvest because of bacterial contamination. Suspected contributors of bacteria
in the watershed included failing septic systems, livestock, seals, and other native
wildlife. The study revealed that there were several potential sources of the bac-
terial contamination in the bays, including several creeks that flow through agricul-
tural areas and the population of about 230 seals that reside in Quilcene Bay .
(Welch and Banks, 1987). Malfunctioning septic systems were also suspected sour-
ces of contamination because of the poor soils and high water table in the area. In.
1986 the county initiated a program to identify failed septic systems and to financial-
ly assist landowners with the design and construction of system repairs. Housing
and Urban Development (HUD) grant funds are used to provide no-interest loans
to low-income property owners. In 1987 Quilcene Bay was designated as an early ac-
tion watershed under the Puget Sound plan. In 1988 the county obtained a conser-
vation easement for a pasture that is regularly inundated by tidal action, thus ’

. eliminating waste runoff from the field.

In addition to these county projects, the Jefferson County Conservation District has
coordinated an award-winning stream enhancement project in the Chimacum Creek
watershed. Through a cooperative effort involving private land owners, local in-
dustry, agency representatives, schools, and community associations, various
projects have been completed including stream stabilization through planting of

‘vegetation and fish habitat enhancement work. In addition, because of the col-

laborative efforts of land owners, industry, and public agencies, a large sediment
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. King County Programs

Kitsap County Programs

'

catch basin has been constructed for a fraction of its estimated cost on the west fork
of the creek néar Eaglemount.

Projects with significant implications for water quality in King County are the
county’s basin reconnaissance program, the Bear Creek Community Plan, a
household hazardous waste round-up, and the county’s wetland protection program.
The basin reconnaissance program was initiated to assess the extent of surface water
problems in each of 29 basins in the western, urbanizing portion of the county.
Reconnaissance teams looked at sites with problems with erosion, landslides, flood-
ing, pollution, and habitat degradation to determine which areas needed immediate
solutions-and what the costs of capital improvements would be to solve drainage
and water quality problems. The extensive data base generated by this program has
resulted in more efficient identification of those basins with the most serious
problems that are in need of immediate attention.

The Bear Creek basin was identified as a critical area by the reconnaissance
program, indicating that stringent surface water management measures should be re-
quired of any development. In response, the Bear Creek Community Plan (King
County, 1987) requires that master plan development areas (e.g., Novelty Hill)
provide protection for wetlands and wildlife habitat before development can occur.

‘The plan specifically establishes natural resource protection areas to protect wet-

lands, surface water quality, groundwater recharge, groundwater quality, wildlife,

and aquatic resources. These areas include unique and significant wetlands, surface
streams, and a 200-foot (61-meter) undisturbed buffer around wetlands, streams,
and drainage ways. In addition, vegetation removal, roads, ditches, utility lines, and
other disturbances are prohibited within the resource protection areas.

In May 1987 the largest-ever Puget Sound household hazardous waste collection day
took place in the Seattle-King County area. The project was coordinated by .
Metrocenter YMCA, and involved the participation of numerous public agencies, -
chemical processing firms, and other private corporations. About 117 tons (106
metric tons) of toxic materials were brought into four sites from 4,091 households,
including 229 used car batteries, almost a ton of pesticides, and various other
products including cyanide capsules, mustard gas, and explosives. In 1988
Metrocenter YMCA was awarded a Public Involvement/Education Fund (PIE-
Fund) contract by the Authority to carry out at least two collection events and to

" develop a detailed procedures manual for coordinating collection campaigns.

King County’s wetland protection program is based on the county’s Sensitive Areas
Ordinance (Ord. 4365). This ordinance prohibits development in wetlands unless
special studies show that either the wetland does not serve any of a number of
specific functions, or the proposed development would preserve or enhance wet-
lands functions. To effectively carry out the ordinance, the county conducted a coun- -
tywide inventory of wetlands and has developed a three-volume notebook that maps
and describes (in detail) each inventoried wetland.

'

Since 1985 Kitsap County has worked very closely with Pierce County to develop a
comprehensive water quality management plan for the Burley Lagoon and Minter

- Bay drainage basins. Historically, both of these water bodiés were productive com-

mercial oystering areas, but increasing bacterial contamination has caused the
Washington Department of Social and Health Services (DSHS) to close the shellfish
beds. Water quality investigations have indicated that the main sources of the bac-
terial contamination are failing on-site septic systems and farm animal wastes that
wash into Burley Lagoon/Minter Bay (Determan et al., 1985). With the general
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Mason County Programs

Pierce County Programs

sources of contamination identified, the water quality plan developed by the two
counties has made specific recommendations for programs and policies that will
help reduce or eliminate these sources (Naglich, 1987). Included are recommenda-
tions for a voluntary maintenance program for on-site septic systems and an educa-
tion program to better inform noncommercial farmers on proper farm management
techniques (e.g., stream fencing and improved drainage and pasture management).
In 1987 Burley Lagoon/Minter Bay was designated as an early action watershed. To
date significant progress has been made toward implementing the water quality
management plan, including stream fencing at over 15 sites and 50 other sites tar-
geted for improvements. In 1987 the county health department found reduced fecal
coliform levels in the watershed. However, continued education and remedial ac-
tion programs, in addition to long-range watershed planning, are still needed.

Mason and Thurston Counties carried out a joint water quality study of Tot-
ten/Skookum Inlets to investigate bacterial water quality in these highly productive -
southern Puget Sound water bodies. The inlets historically provided excellent
habitat for the Olympia oyster, but have come under surveillance because of
degraded water quality due to nonpoint source pollution: Efforts by the two coun-
ties, including an ambient monitoring program, a shoreline survey program, and a
rainfall event study program, have focused on defining the cause and extent of bac-

. terial contamination in the inlets and recommendmg solutions to reduce the

problem. Specific corrective and educational actions that have resulted from the °

_study include the repair of identified failing on-site septic systems; implementation

of BMPs on small farms within the watershed; and public awareness and education
efforts including talks and slide shows, recreational shellfish sampling, and educa-
tional brochures. Totten/Eld Inlets in'Mason and Thurston Counties were desig-
nated as an early action watershed in 1987 under the Puget Sound plan. |

Water quality programs initiated by Pierce County in the last few years include a wet-
land management program, continued involvement in water quality management in
the Burley/Minter watersheds (see Kitsap County programs above), watershed rank-
ing activities, a coerdinated water system planning effort, creation of a natural
resources planning division within the county, and creation of a marine resources
program by the Tacoma-Pierce County Health Department (see the following
description of Tacoma’s programs). Their wetland management program was in-
itiated in 1986 and has included a field inventory of wetlands in part of the county
and development of an overall wetland management strategy. The program has al-
ready heightened agency and the public’s awareness of wetland values and has
resulted in an improved system for evaluating development proposals that affect
wetland resources. The wetland inventory is currently being merged with the
county’s land use computer system so that requests for development permits are
automatically flagged for further evaluation 1f wetland resources exist on the parcel.

In addition to their watershed planning efforts in the Burley/Minter area, the county
has initiated a countywide watershed ranking process as called for in the Puget”
Sound plan. Public education and public involvement in the ranking process are
being stressed. Water resource planning and conservation are being emphasized fur-
ther in the county’s Coordinated Water System Plan which is being developed as a
cooperative effort with. the state and local water suppliers. In 1988 the Pierce Coun-
ty Conservation District and Puyallup High School were awarded a PIE-Fund con-
tract to co-sponsor a community oil recyclmg pro;ect
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~ San Juan County Programs

Skagit County Programs

Snohomish County
Programs

In1985a county-sponsored nonprofit group'was formed to develoi) a response plan

- for emergency oil containment and bird rescue in San Juan County. The San Juan

Islands Oil Spill Association (IOSA) saw the need for a local group that could |
respond quickly and efficiently to an oil spill crisis until approptiate government
or/and industry representatives arrived on the scene. The IOSA intends to train
emergency response personnel and obtain necessary equipment so that they can
respond to, and contain, spills in the first few hours after an event, Rapid response
to oil spills is critical to reducing the short- and long-term environmental impacts of
these potentially disastrous events. In early 1988 the IOSA was awarded a PIE-Fund
contract to continue their work of developing citizens’ monitoring and cleanup pro-
cedures for San Juan County. Another contract under the Authority PIE-Fund
program is a wetland protection project administered by the San Juan Preservation
Trust, a private conservation organization. The project will identify important wet-
lands and then educate local residents and owners of land containing wetlands on
the value of San Juan County wetlands and strategies for their protection.

Skagit County has recently initiated a number of programs to-deal with localized .
drinking water contamination and liquid and solid waste disposal issues. The county
assisted citizens near Birdsview (located on the Skagit River near Concrete) to-

apply to become a water district and receive funding for a new water system to

replace wells contaminated with EDB, an agricultural pesticide. The county is cur-
rently constructing a $14 million solid waste incinerator that is scheduled for startup
in July 1988. This incinerator will allow the county to close two of its three operat-
ing solid waste landfills. In addition, the county Department of Public Works has ap-
plied for a grant from the Washington Department of Ecology (Ecology) to
implement a household hazardous waste management plan.

The Skagit County Conservation District has conducted extensive work on nonpoint
source pollution problems (particularly dairy waste) in the Nookachamps and
Samish River watersheds since 1985. District staff have conducted surveys of water
quahty and dairy waste management practices to document existing problems and
practices, and have come up with additional recommendations for nonpoint source

. pollution control. In general, BMPs are being implemented to help solve manure

management problems in these watersheds, but additional BMPs (e.g., control of
silage seepage, wash water, collection, grass buffer strips along ditches and streams,
and stream fencmg) are needed to reduce and possibly eliminate nonpoint pollution
from dairy wastes in these watersheds (Skagit Conservation District, 1986, 1987). In
1987 the conservation district, in cooperation with the Washington Department of
Fisheries (WDF) and county alid state road crews, installed signs at 24 major road
crossings of the Samish River, Friday Creek, and Thomas Creek identifying the
waterways as salmon streams. The signs are part of the district’s public awareness
campaign to identify important salmon spawning streams and encourage people to
help keep them clean. The sign project is also intended to make people aware that
even small creeks can be important for fish habitat.

In July 1987 Snohomish County formed a new storm and surface water management
utility to meet water. management needs in the rapidly developing southwest portion
of the county. By assessing a users’ service fee, the utility has created a fund to be
used to design drainage basin plans, inventory and acquire wetlands, design and con-
struct detention basins for stormiwater runoff, and make other capital improve-
ments. In 1988 the county plans to develop five detention basins (including the use
of two wetlands) in an effort to control stormwater flows, reduce erosion, and conse-

quently reduce the level of silt and pollutants delivered downstream to the Sound.

The county was awarded a PIE-Fund contract in 1988 to undertake a series of public
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Thurston County Programs

Whatcom County
Programs

_ involvement activities. These include stormwater detention pond maintenance ef-

forts with the Boy and Girl Scouts, an adopt—a—wctland prolect and citizen mvolve-
ment in basin planning. :
The Snohomish County Conservation District, in cooperation with the Tulalip In-
dian Tribes, the King County Consérvation District, and Ecology, has initiated a
program to study the effectiveness of agricultural BMPs in the Snohomish/Snoqual-
mie River system. This fesearch program is attempting to answer in-depth ques-
tions about which types of BMPs are most effective in certain situations and what
the direct implications will be for reducing fecal coliform bacteria and nutrients and
making other water quality improvements in streams and rivers. In addition, the
Stillaquamish River was desxgnated asan early action watershed in 1987 under the
Puget Sound plan.

Water quality activities conducted by Thurston County in the past few years include
establishment of their Office of Water Quality and Resource Management, early ac-
tion watershed programs in Totten/Skookum and Henderson and Eld Inlets, and a
household hazardous waste collection project. The Office of Water Quality and
Resource Management was created in October 1986 to provide a focal point for
water programs including groundwater, stormwater, and watershed management.

_ The.office is involved in coordinating policy development among county depart-
ments, coordinating with cities and tribes, developing and monitoring water quality
‘work programs, and conducting public outreach and education with respect to water

resource management. Among other activities, the office is coordinating work on-
the Totten/Skookum Inlets watershed (see above description of this joint project.
with Mason County) and Henderson and Eld Inlets watersheds. Activities on these
watersheds include remedial/corrective action for existing nonpoint pollution sour-
ces (on-site septic system failures, stormwater outfall problems, and agricultural
waste management problems); ongoing water quality monitoring of mariné and
fresh waters; and public education and information distribution. Henderson Inlet
was designated as an early action watershed in 1987 under the Puget Sound plan. '
The office is also working in cooperation with the county programs in stormwater
management, groundwater management, vegetation management, and the Lacey,
Olympia, Tumwater, Thurston (LOTT) sewage treatment program. Watershed
management studies in the Nisqually and Deschutes watersheds are also underway.

The Thurston County Conservation District is also actively engaged in projects with
direct water quality benefits. The district has been quite successful at working with
landowners to voluntarily implement various BMP strategies, particularly the fenc-
ing of streams to control animals. The conservation district has helped eight proper-

ty-owners on Hénderson Inlet install stream fencing by providing technical

expertxse, financial assistance (a cost-share program provided 75 percent of the cost
of materials), and in some cases organizing for donated labor (through the
Washington Conservation Corps program) to help build the fences. By getting the
cooperation of the landowners, the district’s work has resulted in direct benefits for
stream habitat and water quality. '

. Whatcom County’s Kamm Slough, Tenmile Creek, and Silver Creek watersheds

were designated as early action watersheds in 1987 under the Puget Sound plan.
The Silver Creek area comprises significant agricultural, industrial, and residential
land uses (including Bellingham Airport) and contains substantial undeveloped .
areas that are currently zoned for industrial use. To respond to needs for com-
prehensive watershed planning, the Whatcom County Council of Governments or-
ganized a watershed committee made up of representatives from diverse interests
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such as agriculture, tribes, industry, environmentalists, and numerous government
agencies with jurisdiction in the area. Watershed planning activities were begun in
early 1988, and committee participants have expressed a particular commitment to
ensure that the process is representative of all interests in the watérshed.

In 1981 the Whatcom County Conservation District devised a plan to cope with the
increasing water quality problems in the Johnson Creek watershed. Local farmers,
concerned about stream erosion and clogged drainage systems as well as the loss of
important coho salmon habitat, cooperated in a site-by-site inventory of the 55
dairies within the watershed. Forty-five of these farms were found to need some -
form of upgraded BMPs or other capital improvements. Grants, loans, and other as- -,
sistance were secured from several sources including Ecology, the U.S. Fish and
Wildlife Service, the Agricultural Stabilization and Conservation Service, and other
agencies. As of early 1988 most of the structural work had been finished and the 10-
year project was 80 percent complete. This successful pro;ect received the coopera- -
i A - tion of 87 percent of the farms in the area.

0
)

CITY 'GOVERNMENTS Most of the larger cities in the Puget Sound area were contacted to determine what
: water quality and habitat related programs they had initiated in the last two years.
The following descriptions briefly summarize some of those programs.

Auburn ' , In 1987 the city of Auburn established a surface water utility to fund a municipal
water quality program. The program includes stream monitoring within the Green
- River watershed to establish baseline data and identify problem areas. Stream
, monitoring is partially funded by a contract from the Authority PIE-Fund. Auburn .
"and the Green River Community College will recruit local primary, secondary, and
college students to carry out water quality sampling. A second element established
a complaint response system that successfully identified more than 10 commercial
‘polluters in 1987, prevailing upon each to correct polluting practices. A public out-
reach and education project comprises the third element of the water quality

program.
Bellevue: - The city of Bellevue’s Storm and Surface Water Utility has béen involved in a num-
' ' . . “ber of water quality projects in the last few years including stream enhancement, in-
. spection of private flood and water quality control systems, surface water pollution’

identification and response, and an annual household hazardous waste collection
day. The utility works with volunteers to construct physical stream improvements,
revegetate stream banks, and protect and enhance fish runs in Bellevue’s streams.
, . ' The utility also provides support to 10 schools that are raising salmon in aquariums
v - and egg boxes, and to two schools that are involved in water quality studies on Kel-
: sey Creek. The utility will soon begin to recruit and train streamside residents and
“businesses to monitor, survey, and enhance stream systems. This work will be done -
in conjunction with a PIE-Fund project (co-sponsored by the Bellevue Community
College, the Urban Wildlife Coalition, and the Bellevue Parks and Recreation
Department) that is designed to protect and manage the Mercer Slough wetlands
‘while increasing public awareness of the value of wetlands in general. :

The Storm and Surface Water Utility routinély inspects over 1,000 private flood and
“water quality control systems to see that they are functioning correctly and being
properly maintained. Through this process land owners learn about the need for
proper and regular maintenance of their systems. The utility also investigates
reports of surface water pollution, identifies sources, and requires compliance with
local and state water quality standards. Many small pollution sources have been
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Bellingham

Municipality of
Metropolitan Seattle

Seattle

redirected to sanitary sewers or controlled to prevent them from entering storm
drains. For example, gas stations built 20 to 30 years ago had floor drains connected
directly to storm drains so that oil, grease, antifreeze, solvents, and other products
ended up in Bellevue’s creeks. Negotlatlons have resulted in over 90 percent of
these stations being connected to sanitary sewers. In 1985 the Storm and Surface
Water Utility teamed with Bellevue’s fire department to hold the first one-day
household hazardous waste collection event in the Northwest. This successful event
has been held ever since and plans are underway to implement permanent, ongoing
collection services. .

Over the past few years Bellingham has been working on improving drainage and

restoring habitat in each of the three major creeks that flow through the city. Baf-
fles were installed over storm outflow conduits in the stream channel of Padden .
Creek. This allowed the return of salmon runs. Funds were provided through the

'WDF, and the project was initiated and developed by Trout Unlimited, a private con-

servation organization, A real estate excise tax provided funds for an elaborate
hydraulics project on Whatcom Creek that improved drainage and spawning chan- -
nels and beds for returning salmon. Additionally, earthen dams were installed on
upstream areas of tributaries of Padden and Whatcom Creeks to detain runoff
during storms and accommodate inCreased runoff from urban areas downstream.
Silver Creek watershed is designated as an early action watershed under the Puget
Sound plan, and planning for the area is already underway.

The Municipality of Metropolitan Seattle (Metro) has initiated a number of
projects in-the last few years to protect water quality. Metro projects include adop-
tion of plans to control combined sewer overflows and to upgrade its sewage treat-
ment plants to secondary treatment; expansion of its household hazardous waste
program; improvement of its industrial pretreatment program; and initiation of a
water quality emergency response program. Metro is providing technical water
quality expertise to King County as part of the Green/Duwamish early action water-
shed planning program. Studies indicate that nonpoint pollution sources in the
upper reaches of the watershed significantly contribute to water quality problems in
Elliott Bay and central Puget Sound. The agency has also developed a project to
protect Lake Sammamish from the adverse effects of urban development. Metro is
working with Richmond, Bellevue, and King County to educate people and develop

_ facilities, regulations, and techniques that will help protect the lake’s water quality.

Metro produces three annual reports that summarize these and other activities re-
lated to water quality: the Marine Annual Status Report, the Local Lake and
Streams Status Report, and a report on the Status of Water Quality in Small Lakes.

'

In October 1987 Seattle issued its dfaft plan for water quality management in the in-
dustrialized Lake Union and Ship Canal. The city’s Office for Long Range Plan-
ning convened an Interagency Committee, consisting of representatives from city -
departments, numerous government agencies, and a citizens advisory committee.
The committees evaluated existing research and identified gaps in data that require
further study. Major problems include saltwater intrusion; low dissolved oxygen at
the Jake bottom,; elevated fecal coliform levels; concentrations of metals, PAHs, and
other organic pollutants in sediments; and small populations and lack of dlversxty of
bottom-dwélling animals.

The city’s plan coordinates the responsibilities and activities of the myriad agencies
having jurisdiction over Lake Union. Programs include planning for better control
of combined sewer overflows (CSOs), investigation of groundwater concerns at Gas
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Works Park, conservation of industrial water, and study of runoff from the I-5
freeway, among others. The plan also calls for development of industry BMPs and
education to promote industries to voluntarily implement BMPs, education of

~ boaters about the hazards of sewage and bilge discharges, and education of lakeside
. residents about household hazardous waste disposal. The plan specifies further -

study of several suspected pollution problems in the lake.

In 1985 the Tacoma-Pierce County Health Department established a marine resour-.
ces program to improve water quality in Commencement Bay. Program activities in- .
clude discharge monitoring, correction of polluting discharges, and oversight of the
sewer utility’s pretreatment program. Sediment "hot spots” identified off the

Tacoma storm drain outfalls-have led investigators to believe that the storm drains
are a significant source of toxicants to Commencement Bay. In July 1986 Ecology,
the city, and the health department agreed on an approach to characterize, inven-

" tory, inspect, and sample areas in the city storm drain system in an effort to trace

sources of toxicants that are discharged to Commencement Bay. Since 1986 the
program has contacted or inspected 736 businesses, identified 31 problem areas, and
mapped 377 storm drains (268 of which are regularly monitored). Ecology has com-
pleted additional sediment sampling and contaminant analysis efforts in 14 storm
drains in the Hylebos, City, and Sitcum Waterways (see the discussion of the Urban -
Bay Toxics Control Program in Appendix B of this report).

The Tacoma Metropolitan Park District is continuing development of the Nature
Center at Snake Lake. Saved from development by Tahoma Audubon in the early

- 1970s, the 54-acre (22-hectare) wooded preserve has been the subject of an intensive

lake study and wetland restoration program funded in part by the state Centennial
Water Quality Fund. Originally fed by a series of small "kettle" lakes, Snake Lake
now receives its only freshwater intake from urban stormwater flows. The wetlands
tend to cleanse this stormwater as it flows to the South Tacoma Aquifer and Cham-
bers Creek: Beyond its ecological function, the Nature Center provides interpretive
information, classes,and field trips to the citizens of Tacoma. The Nature Center is
an undeveloped park that is preserved in its natural state in the heart of Tacoma.

A wide variety of private organizations, Indian tribes, industries, citizen groups, and
individual landowners have initiated or participated in various activities related to
water quality issues in the Puget Sound basin in the past few years. Some repre-
sentative projects are discusséd below. Unfortunately, many other important
projects could not be discussed here because of lack of space.

The Hood Canal Coordinating Council was formed by interlocal agreement in the
fall of 1985 to develop a regional strategy for protecting and enhancing water-based
resources in the Hood Canal watershed. In September 1986 the Council published
its Regional Planning Policy. The regional plan includes recommendations for deal-
ing with nonpoint pollution from such activities as forest and agricultural practices,
shoreline and upland development, and boating. A set of "Water Quality
Guidelines” was also developed to assist local governments in implementing the
regional plan. The guidelines focus mainly on those activities not covered in regufar
shoreline or comprehensive plans. They are being incorporated into county and
tribal policies. Projects currently planned or being accomplished by the Council in-
clude fisheries enhancement projects, watershed awareness programs, a demonstra-
tion wetland inventory project, shellfish and recreational surveys, boaters’
education, a pilot teachers’ project, and a regional household hazardous waste
round-up.
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Northwest Indian Fisheries
Commiission

Another project of importance on the Canal is the Hood Canal Land Trust, It was -
founded in 1985 as a local, grass-roots organization to preserve and enhance wet-
lands, wildlife habitat, and open spaces. The Trust has succeeded in preserving over
150 acres (60 hectares) of marsh and upland in the Canal and in southern Puget
Sound through acquisition and conservation easements. Wetlands preserved on the
Canal (in Lynch Cove) were identified as one of 19 biologically significant sites
selected by the Washington Department of Natural Resources (DNR) in the Puget
Trough for inclusion in a statewide system of estuarine sanctuaries.

The treaty Indian tribes of the Puget Sound region are involved in many projects re-
lated to assessing and improving the water quality of the Sound. Most treaty tribes

. are conducting water quality monitoring programs and other water quality-related

projects, and also are involved as participants in larger efforts such as the early ac-
tion watershed program. The Northwest Indian Fisheries Commission has initiated
an innovative program to provide financial assistance (using Centennial Clean
Water Fund money) for tribal participation in various early action watershed
programs around the Sound. In addition, 20 tribes have installed a sophisticated
geographic informatjon system that uses computers to map watersheds in their
regions.

-The I-..ummi Tribe currently is developing a shellfish monitoring and protection plan

that will tie directly into the shellfish and early action watershed programs of the
Puget Sound Water Quality Management Plan. The tribe’s plan is being developed
with the assistance of an U.S. Environmental Protection Agency (EPA) grant.
Tribal personnel will test shellfish and water for the presence of contaminants such
as fecal coliform bacteria and PSP toxins. Information obtained from the program
also will provide a data base to detect changes in upper watershed areas. The
Lummi Tribe is also studying the relation of logging history and forest management
practices to landslides in the Nooksack River watershed. In conjunction with this
study, landslide rehabilitation work is being conducted in two of the five sub-basins
being studied by the tribe. These pilot rehabilitation projects are resulting in sxg-
nificant localized improvements in fish habitat and stream water quality.

" The Tulalip Tribes have been involved in several fish monitoring programs, includ-

ing a springtime smolt outmigrant study that investigated the timing, abundance,

"and habitat use of smolting juvenile salmon in estuarine and marine waters sur-

rounding the Stillaguamish and Snohomish River systems. The program was largely
aimed at determining the potential impacts to fish resources from the U.S. Navy’s
proposed homeport in Everett. In another project, coho salmon smolts from nine
different tributaries to the Stillaguamish River system were trapped and tagged to
provide information on fish production by habitat area. The program (funded
through the Pacific Salmon Treaty) was instrumental in identifying a major fish kill
caused by a chlorine spill in Church Creek. Under a joint effort with the U.S.
Forest Service (USFS), tribal crews rehabilitated a substantial amount of stream
habitat in the Stillaguamish and upper Skykomish watersheds last summer. In early
1988 the Tulalip Tribes were awarded a PIE-Fund contract to develop a volunteer
monitoring program for northern Port Susan and the lower Stillaguamish River.
The project will coordinate and train volunteers to identify potential pollution
problems, document current land use activities, survey and map aquatic habitats,
and collect water quality samples. The tribe is also involved i in the early action
watershed program on the Sullaguamlsh Rlver

The lequally Tribe has ‘been very active in the development of the Nisqually River
Management Plan, a holistic management approach designed to meet the needs of

- the tribe, timber companies, environmental groups, state agencies, and others. This
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pilot planning procéss (which is incorporated into the Timber/Fish/Wildlife (T/E/W)
agreement) will run for several years, and will address protectxon and enhancement
of wildlife, fish, timber, and water resources.

Other tribal prolects related to Puget Sound water quality issues include:- a water
quality monitoring program on various creeks draining into the Green River which
was conducted by the Muckleshoot Tribe, Metro, and the King County Conservation
District; and initiation of a planning process by the Port Gamble Klallam Ttibe to
develop a centralized sewage treatment plant for their reservation.

Simpson Timber/Simpson The Simpson Timber Company is working cooperatively with the Squaxin Island
Tacoma Kraft Tribe, the Washington Department of Wildlife (WDW), and WDF to protect impor-
’ tant fishery resources in Kennedy Creek (located in Mason and Thurston Counties).
Through the T/F/W process, the parties are jointly developing a variable width buff-
er zone for the whole Kennedy Creek basin that should allow for both timber har-
- vest activities and protection of fishery reésources.

Simpson Tacoma Kraft Company, with strong encouragement from Ecology, is in
the process of addressing several environmental issues in one proposed project
called the St. Paul Waterway Area Remedial Action and Habitat Restoration
Project. This project includes: 1) rehabilitating an area of contaminated sediments
located near the mill in Commencement Bay by capping the area with clean sedi-
ments (permits have been approved for this work); 2) completing a new outfall for
) the secondary treatment plant; 3) collecting and providing secondary treatment for

. _ surface runoff from the mill area; 4) containing wood chip spillage; and 5).creating
new intertidal habitat for birds and other marine life. Simpson Tacoma Kraft is also
diverting treated effluent from Tacoma’s wastewater treatment system for use in its
plant. This reduces the total amount of fresh water that the plant has to withdraw
from groundwater or surface water sources.

The Boeing Company The Boeing Company is conducting innovative programs related to wastewater treat-
' . . ment, waste discharge reduction, and water conservation. A new "double-loop” was-

tewater treatment system at Boeing’s Everett facility is designed to remove metals
and reduce concentrations of toxic organic chemicals (primarily phenols) from 3,000
parts per million (ppm) to less than 1 ppm. This system has significantly reduced
the volume of hazardous wastes generated by the facility. The company also com-
monly recycles process water, and is able to save 900,000 gallons (3.4 million liters)
of water a month at their wind tunnel facility by reallocating power to the tunnel’s
motors. In addition, Boeing initiated an overall water conservation campaign that
has resulted in an estimated 10 percent reduction in water usage.

Citizen Action Groups The Nature Conservancy is an international private, nonprofit conservation or-

: ganization. Its goals are to identify and protect important natural areas through pur-
chases, easements, and other methods, and to increase public awareness of the need
to safeguard natural areas. ‘The Washington chapter of The Nature Conservancy

_entered into a partnership with the state of Washington in late 1986, launching the
Washington Wetland Campaign. The three-year program seeks to preserve the best
remaining examples of Washington’s native wetlands by purchasing them with funds
raised by the Conservancy and matching grants from the state. Acquisitions are
selected on the basis of a wetland survey conducted by DNR’s Natural Heritage
Program. So far the campaign has led to purchase and protection of six native wet-
lands of statewide significance. These include the Snoqualmie Bog Natural Preserve
and additions to an existing wetland preserve at Dabob Bay. The Nature Conservan-
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cy seeks to raise $1.3 million for the wetland campaign by April 1989 and to pur-
chase more than 20 additional sites in Washington The group has preserved
thousands of acres in the Puget Sound region, including preserves on the San Juan
Islands, on Protection Island, and on the Upper Skagit River.

- The Kitsap chapter of the Audubon Society, in conjunction with Trout Unlimited
and a number of governmental agencies, has constructed a seven-acre (three-hec-
‘tare) wetland on the property of one of its members (Bob Wiltermood). The ongo-
ing project is adjacent to Ruby Creek near Port Orchard. The Agriculture ‘
Stabilization and Conservation Service provided funds for excavation under its "shal-
low area for wildlife" criteria. The Suquamijsh Tribe provided hatch boxes and eggs
for a small hatchery that produces 320,000 salmon, and there is additional rearing
habitat for coho salmon. Trout Unlimited installed stream structuresand overflow
- swales, and Audubon monitors the 138 species of birds (including 53 nesting
species) that inhabit the site. Last year 6,000 willow and dogwood trees were
planted to provide shade for the channels and to add to the natural wetland food
chain. : :

The Snohomish County Adopt-A-Stréam Foundation was created from a successful
county program that set out to educate public schools and community groups about
the concept of "habitat stewardship.” The foundation has continued this work and
.expanded to host two Adopt-A-Stream conferences for those interested in develop-
ing similar programs around the Sound. An example of their work is Pigeon Creek.
This creek, which flows through the city of Everett, was "adopted” in 1982 by the en-
tire Jackson Elementary School and the Salmon Club of Evergreen Middle School.
Since then, coho salmon have returned to the creek for the first time in many years,
Adopt-A-Stream provided funds for an egg box, aquarium, water quality testing kits,
and paint and templates so that "No Dumping" signs could be painted on curbs
throughout the creek’s watershed. The school children provided the labor and en-
thusiasm to clean up and inventory the creek and to distribute educational .
pamphlets. They also successfully lobbied the city council to fund educational signs
and to buy property at the headwaters of the creek for stormwater control.

In 1987 The Puget Sound Bank initiated a fundraising program to support educa-

- tional activities focusing on the health of the Sound. Use of the bank’s services,
such as cash machine transactions or purchases of personalized checks, triggers an
automatic contribution by the bank to an educational fund. The fund is expected to
raise between $100,000.and $200,000, and will finance a 30-minute video about
Puget Sound for television broadcast and distribution to schools. The fund will also
support curriculum materials and educational brochures to be distributed at bank
branches. The bank is also actively encouraging employees from its more than 80
branches to become involved in activities related to Puget Sound including Adopt-a-
Beach and Adopt-a-Stream programs and litter cleanup events.

Preservative Paint Company, a Seattle-based paint manufacturer, successfully
reduced its hazardous waste output by almost halfin 1987. Faced with skyrocketing
disposal costs, the company instituted an innovative program providing incentives
to employees for ideas and efforts to reduce the use and disposal of hazardous was-
‘tes used.in the paint-manufacturing process. For each barrel of waste saved over
1986 amounts, the company contributed to a fund to be distributed among all
. employees. Employees chose to donate a portion of their incentive fund to two
local environmental groups: the Puget Sound Alliance and the Adopt-a-Stream
Foundation. The Puget Sound Alliance will use the money to educate and en-
courage other companies to reduce toxic waste, and the Adopt-a-Stream Founda-’
tion will use the funds to expand environmental education and stream enhancement
activities in King County.
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Appendix B:
Activities, Studies,
and Relsearch,r 1986-1987

This appendix includes capsule descriptions of a mixture of federal, state, local, and
private activities, studies, and research that have been conducted in the last few
years. The descriptions provide examples of the wide range of programs and ac-
tivities taking place around the Sound. These activities are too numerous to discuss
in total. The topics of these reports include issues relating to habitats and biological
resources of Puget Sound as well as to sources of contamination in the Sound and
the effects of this contamination. These and other studies are discussed in more
detail in the main body of this document. Over 80 papers on recent research and
studies were presented at the First Annual Meeting on Puget Sound Research held-
in Seattle on March 18-19, 1988. The proceedings from that conference (available
from the Authority) also provide a good ovemew of research currently being con-
ducted around the Sound.

Although there is no central repository for the studies discussed in the State of the
Sound Report, local public libraries may be able to locate many of these studies and
reports. Local libraries are connected through a statewide network with the
Washington State Library located in-Olympia. Other libraries that contain large col-
lections of technical information on Puget Sound include the University of
Washington library system, libraries of other colleges and universities around the
Sound, and the in-house libraries of local, state, and federal agencies. However,
many agency libraries (e.g., the U.S. Environmental protection Agency (EPA)
Region 10 library located in downtown Seattle and the National Oceanic and Atmos- -
pheric Administration (NOAA) library located on Sand Point Way in Seattle) do
not have lending policies so the reports must be reviewed on the premises.

‘Puget Sound Enviro‘nmental Atlas (Evans-Hamilton, Inc., 1987) '

Recognizing the need for an updated comprehenswe summary of Puget Sound en-
vironmental data, the U.S. Army Corps of Engineers (Corps), EPA, and the Puget
Sound Water Quality Authority (Authority) funded the development of the Puget
Sound Environmental Atlas. The atlas contains information on more than 40 topics
grouped into the five major categories of physical environment, natural resources,
human use patterns, pollution sources and data, and indicators of areas of concern.
Data collected from a wide variety of sources were subjected to quality assurance/
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quality control (QA/QC) procedures to ensure their accuracy. These data were
then computerized and depicted on maps of 12 Puget Sound regions, as well as on
enlarged maps of seven extensively sampled urban embayments. A narrative discus-
sion of the information included on the maps is also provided in the atlas, including
a discussion of data trends throughout the Sound. The atlas is intended to be used
by a wide variety of groups (including students, permit writers, and resource agency
personnel) who may need site-specific as well as Soundwide resource information.
The document is available for use at the local libraries, as well as at the Corps, EPA,
and Authority affices. Efforts are underway to develop the computer capability to
produce an updated atlas every few years. :

Puyallup River Estuary Wetlands Construction Project (Thom et al., 1987)

In 1985 and 1986 a 9.6-acre (3.8-hectare) wetland system was constructed by Univer-
sity of Washington Fisheries Research Institute scientists in the Puyallup Riveres-
' tuary near Lincoln Street (Tacoma) to mitigate for the filling of wetlands located
about one mile downstream.- Construction (funded by the Port of Tacoma) of the
wetlands included building a new dike to surround the system; rerouting of a buried
oil pipeline; excavation of fill material to form intertidal flats and channels;
transplanting sedge plants onto the flats; and breaching the dike to connect the
rivér to the wetlands. The construction project resulted in a mixture of wetland and
~_upland habitats designed to attract a variety of species including juvenile salmon,
shorebirds, waterfowl, raptors, and small mammals. The system appears to be suc-
cessfully providing rearing habitat for juvenile salmonids. In addition, shorebirds
and waterfowl have used the system in relatively high numbers to date (34 species
were observed during the spring and summer of 1986). The wetland.construction
project mitigates for the habitat loss in the natural system downstream because it is.
providing habitat for the species it was designed to support,

Puget Trough Coastal Wetlands Study (Knnze, 1984)

This study was conducted as part of the Washington Department of Natural Resour-
ces (DNR) Natural Heritage Program to evaluate the most significant coastal wet-
lands in the Puget Sound area that might be appropriate for inclusion in the
statewide system of estuarine sanctuaries. Sites were evaluated in terms of the
" quality, representation, and diversity of physical and biotic features using botanical
and ecological criteria. In addition, supplemental data on wildlife and land use his-
tory were used in the evaluation when available. A total of 19 sites were recom-
- mended for inclusion into the estuarine sanctuary system, including three in the San
Juan Islands, seven in the Hood Canal region, and four in southern Puget Sound.
The sanctuary system will help protect these fragile, diminishing coastal wetland sys-
tems, as well as provide an opportunity for resear'ch and education.

Harbor Seal Populations and Their Contributions to Fecal Coliform Pollu-
tion in Quilcene Bay (Calambokidis et al., 1987)

High concentrations of fecal coliform bacteria in northern Quilcene Bay have
- fesulted in the decertification of commercial shellfish beds there. This study
evaluated the potential contribution of harbor seals to fecal coliform bacteria con-
centrations in the bay. Up to 230 harbor seals were counted in Quilcene Bay,
though no dramatic seasonal variation in numbers was observed. A variety of bac-
. teria were found in samples of harbor seal feces, predominantly Bacillus sp. and Es-
cherichia coli. The pathogenic bacteria Salmonella and Yersinia were not found in
any samples. This study indicated that densities-of fecal coliform bacteria in the
feces of harbor seals are fairly high. Given the number of seals and their relatively
high defecation rates, concentrations of seals have the potential to be significant
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contributors to fecal coliform bacteria concentrations in Quilcene Bay. Potential
fecal coliform contributions by harbor seal populations in other parts of the Sound
have not been investigated.

Contaminant Transport from Elliott and Commencement Bays (Curletal,
1987) :

Major contaminant sotrces in Puget Sound are concentrated in urban embayments,
but the extent of dispersion of these contaminants is unknown. To begin to under-
stand contaminant transport processes better, NOAA conducted a study to deter-
mine whether contaminants could enter the main basin of Puget Sound from Elliott
and Commencement Bays. The approach involved mapping water properties (e.g.,
current, temperature, and salinity) and the contaminant loadings in suspended sedi-
ments. The study revealed that particles suspended in freshwater were the primary
sources of trace metals and toxic organic compounds in these bays. The Duwamish
West Waterway, Denny Way combined sewer overflow (CSO), and Harbor Island
were the three principal sources of high concentrations of metals in the surface layer
of Elliott Bay. However, no substantial point sources were identified for metals ob-
served in the freshwater layer of Commencement Bay, which were found in much
lower concentrations than metals in Elliott Bay surface water. .

Most of the contaminated suspended sediments remained in the thin freshwater
plume on the water’s surface and were transported to the main basin within about
five days from Elliott Bay and about two days from Commencement Bay. Rates of
resuspension and transport of bottom sediments were minimal in Commencement
Bay and near zero in'Elliott Bay. It is not known what percentage of the total fresh-
water sediment contaminant loading remains suspended in the surface layer versus
what percentage settles out in the embayments. However, the findings of this study
aresignificant because they show that contaminants found in the surface layer do
not remain in the bays but are transported into the main basin. '

Southern Puget Sound Water Quallty Assessment Study (URS Inc., 1985
1986)

Estimates of human population growth indicate that southern Puget Sound will be
one of the fastest growing areas in the Puget Sound area. The present population
and anticipated growth will put increasing demands on current wastewater systems.
URS Corporation prepared three reports for the Washington Department of Ecol-
ogy (Ecology) to provide a technical basis for deciding where to locate effluent out-
falls for wastewater treatment plants in southern Puget Sound. The first report -
established general guidelines for siting wastewater discharges based on dilution
potential and beneficial uses (recreational and commercial) of the Puget Sound
waters. The second report characterized the circulation and flushing of southern -
Puget Sound. The third report addressed anthropogenic (human-caused) pollutant
loads, water quality, and circulation in one area of southern Puget Sound known to
have ongoing water quality problems Budd Inlet.

Budd Inlet was found to expenence dissolved oxygen (DO) depletxon during late
summer and early fall. The severity of this problem is typically related to the
strength and duration of phytoplankton (algae) blooms and the subsequent DO -
depletion when the plankton die and decay. To a leSser extent, this seasonal oxygen
depletion is also caused by the poor flushing, lower DO concentrations, and high
sediment oxygen demand rates that occur naturally at this time of year. Nutrients in
the discharge from the LOTT (Lacey, Olympia, Tumwater, Thurston County) was-
tewater treatment plant near Olympia are believed to increase the intensity of these
phytoplankton blooms by 30 to 50 percent compared to normal levels. It was
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predicted that acceptable DO concentrations could be maintained if the increase in
intensity of algae blooms due to LOTT discharge was limited to no more than 10
percent over background conditions. This restriction could be met without reduc-
ing flow rate at the LOTT plant by removing at least 90 percent of the nutrient load
from April through October. Ecology issued a National Pollutant Discharge
Elimination System (NPDES) permit to the LOTT plant in September 1987 that re-
quires (among other things) 90 percent effluent nutrient removal by April 1, 1993.

Duwamish Head Baseline Study (Metro, 1986)

The Municipality of Metropolitan Seattle (Metro) was recently required to
eliminate discharges from the Renton Secondary Treatment Plant to the Duwamish
River by constructing an effluent transfer system and a 9,500-foot (2,879-meter)
long, 600-foot (183-meter) deep outfall in Elliott Bay. Prior to installing the out-
fall, Metro conducted an environmental baseline study to document existing physi-
cal, chemical, and biological conditions in the bay. The study objectives were to
document predischarge conditions at the outfall site, document existing levels of
contamination and potential pollution sources in shoreline areas near the sue, and
recommend a postdlscharge momtonng program.

Results of the study showed that a band of sediments at a water depth of 100 to 200
feet (30 to 61 meters) between Duwamish Head and Alki Point produced a toxic

" response in Microtox (a bioluminescent bacteria). The highest concentrations of oil
and grease in the sediment were found in the area where the new outfall was to be

- installed. The highest sediment concentrations of trace organic contaminants
(PCBs and PAHs) were detected near Four Mile Rock and Smith Cove. Shellfish
from four of six stations south of Alki Point and near West Point did not meet state
and federal bacterial standards for commercial shellfish. Bacterial contamination in
shellfish appeared to be related to bacterial levels in the sediment and not to bac-
terial levels in the water. Shellfish from Wing Point on Bainbridge Island had the
greatest frequency of high metal contamination, although no samples of shellfish ex-
ceeded U.S. Food and Drug Administration (FDA) "action” levels for metals.
Recommendations for a postdischarge monitoring included a "Red Flag System” to
identify adverse changes in the environment, and the addition of effluent -
biomonitoring to the existing NPDES treatment plan monitoring program. Metro
began discharging from the new outfall in March 1987.

Toxicant Reduction in the Denny Way Combined Sewer System (Romberg
et al., 1987)

Frequent wastewater discharges (50 per year) from the Denny Way CSO are a major
source of untreated sewage and stormwater to Elliott Bay. The purpose of the
Denny Way toxicant reduction program conducted by Metro was to identify and
reduce upstream toxicant sources in the Denny Way sewer system, thereby reducing
toxicant loading to Elliott Bay during storms. Sampling was conducted in the sewer

- system to identify chemicals and their sources and in offshore sediments to define
existing conditions. A total of 530 businesses were identified as potential toxicant
sources, but only a small portion had nonsanitary discharges. Better storage, organi-
zation, and labeling practices to prevent spills were recommended for 40 businesses.
Installation of pretreatment equipment produced improvements in discharge con-
centrations for two businesses. Street runoff appeared to be the major source of
PAHSs, and concentrations of organic pollutants were more variable than concentra-
tions of metals in offshore surface sediments. Ten projects were recommended to
reduce the loading of metals and organic chemicals to Elliott Bay from the Denny
Way CSO and to accelerate recovery of the offshore environment.
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Eagle Harbor Preliminary Inw}estigation (Tetra Tech, Inc., 1986b)

Eagle Harbor, a federal Superfund site, was evaluated in this EPA-funded study to
determine the type and extent.of sediment contamination in the harbor, and to re-
late sediment toxicity and water quality to abundances of and effects on bottom-
dwelling infauna (organisms living within the sediments). Of the toxic organic
contaminants, PAHs were the most frequently detected and at the highest concentra-
tions in the sediments. Total PAHs in three areas of Eagle Harbor (center of the
harbor, near the Wyckoff Company facility that produces creosote-treated lumber,
and near the state ferry maintenance terminal) exceeded 100 parts per million
(ppm) dry weight, with the highest concentration reaching 120 ppm. Concentra-
tions in surface sediments from reference areas in Puget Sound averaged 330 parts
per billion (ppb) dry weight. Subsurface sediment PAH concentrations reached
47,000 ppm (4.7 percent) dry weight in the center of Eagle Harbor. The PAHs came
from three sources: pure creosote oil, creosote contained in groundwater seepage,
and weathered creosote from treated pilings.

Other organic compounds were detected at much lower concentrations in the sedi-
ments of Eagle Harbor. Chlorinated compounds were detected near the Wyckoff
facility. Metals were detected near the ferry maintenance and passenger terminals;
the highest concentrations were observed for copper, lead, zinc, and mercury. Con-
centrations of six metals exceeded Puget Sound reference concentrations. A limited
study of the biological effects of all the above contaminants suggested that sediment’
contaminants are present at concentrations that can cause short- and long-term
reductions in the abundances of benthic infaunal populations. However, the exact
cause of the decreased infaunal abundances was not completely determined.

To address the various problems at this Superfund site, EPA has divided the cleanup
activities into two separate areas, the Wyckoff Company unit and the Eagle Harbor
unit. Cleanup measures being considered for the Wyckoff facility include 1) source
controls to ensure that facility operations do not contribute to further site con-
tamination; and 2) product recovery and groundwater cleanup activities to reduce
the movement of contaminated materials to the Sound. Cleanup activities in Eagle
Harbor include 1) initial chemical sampling of harbor sediments to determine the
locations of specific problem areas; 2) full-scale biological and chemical analyses at
problem areas; 3) analyses of clam tissué from Eagle Harbor beaches and sampling
of nearshore sediments; and 4) an evaluation of partiés that may be responsible for
the contamination in the harbor. Sediment sampling in the harbor was initiated in
March 1988; nearshore ﬁeldwork including clam tissue sampling is scheduled for
May 1988.

Development of Sediment Quahty Values for Puget Sound (Tetra Tech, Inc.,
1986a)

This report presents results of a joint effort between the Puget-Sound Dredged Dis--
posal Analysis (PSDDA) and EPA’s Puget Sound Estuary Program (PSEP) to
develop sediment quality values for Puget Sound. Sediment quality values represent
, - concentrations of chemical contaminants that are associated with adverse blologlcal
effects in sediments. These effects are assessed by sediment toxicity, which is deter-
mined by measuring amphipod mortality and oyster larvae abnormality, as well as a
depression in the abundance of benthic infauna. The sediment quality values are
recommended for the following uses: identifying areas that require further testing
of sediment quality; ranking potential problem areas; identifying problem chemicals
in sediment; identifying acceptable sediments for open-water disposal of dredged
material; and setting priorities for laboratory studies for determining cause-and-ef-
fect relationships between contaminants and biological effects.
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Users’ Manual for the Pollutant of Concern Matrix (Tetra Tech, Inc., 1986d) N

The users’ manual for the Poljutant of Concern Matrix describes how to access ex-
tensive information on 52 pollutants in Puget Sound. The information is tabulated
on a Lotus 1-2-3 worksheet consisting of a matrix or set of tables. Compounds were
included in the matrix on the basis, of high toxicity in laboratory studies, environ-
mental persistence, high potential to accumulate in aquatic organisms, existence of
known sources, high concentration in sediments, and widespread distribution in
Puget Sound. In tabular format, the following details are presented for each pol-
lutant:.

*  Table 1: 'Regulatory status; availability of analytical methods for water, sedi-
ment, and tissue; and generally attainable analytical detection limits.

Table 2: Drinking water standards; water quality criteria for freshwater aquatic
life, saltwater aquatic life, and human health effects; apparent effects thresholds
(i.e,, concentrations above which biological impacts are expected); state
dangerous waste designations; U.S. Food and Drug Administration action
levels for seafood; and other limits.

- Table 3: Specific types of municipal, industrial, nonpoint, and other sources of
contaminants. :

" Table 4: Presence and effects in sediment, water, wildlife, sea surface
microlayer, and fish/shellfish tissue. '

Table 5: Maxxmum, 90th percentile, medxan, and minimum concentrations in
* sediment, animal tissue, and water for both reference ("clean”) and non-
. reference areas. :

The study was funded by EPA. Although the two-year-old study is still very useful, it
is slowly becoming outdated as new chemicals of concern and importance are dis- -
covered in Puget-Sound and as the resuits of the ambient momtormg program be-
come available.

Recommended Protocols for Measuring Selected Environmental Variables
-in Puget Sound (Tetra Tech, Inc., 1986¢)

In the past, collection and laboratory analysis of Puget Sound environmental
samples were not standardized. The resulting differences-in methods have severely
limited comparisons of information collected. The objective of this EPA-sponsored
project was to provide and encourage the use of well-defined and consistent

" methods for environmental sampling and analysis for Puget Sound. Recommend-
ations for study design and data analysis were generally not included in the
protocols because these factors can vary widely, depending on study objectives.

"Recommendations for eight groups of variables were documented: station position-
ing; conventional sediment, physical, and chemical variables; concentrations of or-

' ganic compounds in sediment and tissueg; concentrations of trace. metals in
sediment and tissues; benthic infauna; sediment bieassays; pathology of fish livers;
and microbiological measurements of bacterial indicators and pathogens. Quahtﬂv
assurance/quality control procedures for collecting and analyzing environmental
samples were also included.

188



"Activities, Studies, and Research

PSDDA Draft Technical Appendix Disposal Site Selectlon Phase 1, Central

Puget Sound. (Kendall et al,, 1988)

This technical appendix to the- PSDDA phase 1 draft recommendation presents the'
information used to identify potential sites for unconfined open water disposal of
dredged material. Map overlays were prepared showing navigation activities, recrea-
tional uses, cultural sites, aquaculture facilities, utilities, scientific study areas, point
pollution sources, water intakes, shoreline land use designations, political boun- -
daries, dredging areas, fish/shellfish harvest areas, threatened and endangered
species, fish/shellfish habitat, wetlands, mudflats, vegetated shallows, bathymetry, .
sediment characteristics, and water currents (many of the overlays are included in
the Puget Sound Environmental Atlas). Field studies were then undertaken to obtain
additional information at potential sites. These included studies to confirm the
depositional nature of the central Puget Sound sites; studies of crab, shrimp, and
groundfish populations; and food web studies. A companion document specifies the
chemical and biological tests that dredged material would have to pass for uncon-
fined disposal.

The Urban Bay Toxncs Control Program Actlon Team Accomplishments
(Ecology, 1987d)

Inan effort to ameliorate the pollution of Puget Sound and improve the quality of
water and sediments, EPA and Ecology joined with other agencies and orgamzauons
in 1985 to develop and implement the Urban Bay Toxics Control Program. The
program’s methodology is based on earlier investigative work conducted by Metro
and Ecology. The program is designed to identify existing problems of toxic con-
tamination; identify known and suspected pollutant sources; outline procedures to
eliminate existing pollution problems; and identify agencies responsible for im-
plementing corrective actions in selected urban bays in Puget Sound. Four-member
action teams were selected by local and federal government agencies for Elliott Bay,
Commencement Bay, and Everett Harbor to provide the link between problem iden-

- tification and source control. An action team is currently being organized for Budd
. Inlet, and the city of Seattle has developed an action plan for the Lake Union/Ship

Canal/Shilshole area. Action plans and teams for Sinclair Inlet and Bellingham Bay
will be developed in the future if resources become available. The following sum-
maries outline actions taken since October 1985 in Elliott Bay, Commencement
Bay, Everett Harbor, and Budd Inlet.

Elliott Bay: Since November 1985 the action team for this site has made over-221 in-
spections at 124 locations ranging from active companies to abandoned sites

believed to be contributing pollutants to Elliott Bay. These site inspections

revealed 42 unpermitted (illegal) discharges and as a result of these investigations,
Ecology has issued 86 penalties totalling $44,200 in fines. Most of the priority
problem areas are located in the lower Duwamish River adjacent to Harbor Island.
Other areas include the Denny Way CSO and the Seattle waterfront near Madison
Street.

Commencement Bay: Over 425 potential pollutant sources have been identified
within Commencement Bay. Two members of the action team work on con- :
taminated sites and two members work on permitted industries, storm drains, and in-
spections. Since October 1985 the action team has conducted 134 inspections
resulting in 18 enforcement actions, $94,000 in penalty assessments, and nine permit
actions. The action team is negotiating with other potentially respon51ble com-
panies to achieve cleanup of contaminated sites.
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Everett Harbor: ‘The action team for this site was formed in March 1987. Field sam-
pling has been completed, and the results will be used to help identify priority
problem areas and to develop an action plan. Inspections by the action team and
source control activities are ongoing, and two penalties have been assessed for d1s-
chargmg untreated wastewater mto the city sewer system.

Budd Inlet: Ecology initiated an investigation to identify possible toxic problems in
the inlet, including PAHSs, heavy metals, and increases in nutrient and bacteria con-

centrations. A work group was organized by local and federal government agencies
to help form an action team for the area.

Studies of Sea-Surface Contamination in Puget Sound (Hardy et al., 1986)
{

NOAA-sponsored studies were conducted at the Battelle Pacxfic Northwest Marine

' Laboratory to determine: 1) what biota might be found in contact with the
microlayer in Puget Sound; 2) what contaminants might be present in the
microlayer; and 3) how toxic the microlayer might be (as measured by the effects on
the reproductive success of flatfish and the growth of trout cells). The sea-surface
microlayer (the upper 50 micrometers or 2 x 10" inches of the sea surface) is a- high-

ly effective collection area for a variety of organic and metal contaminants. The sea-" -

surface microlayer is also an important biological habitat, especially for eggs and
larvae of many fish and shellfish- / , ‘
Field surveys determined that invertebrate eggs and the egg and fry (young) of fish
are found in the surface layer and'may be exposed to microlayer contaminants,
Toxic compounds, bacteria, and planktonic organisms can be found at higher con-
centrations in the sea-surface microlayer than in water below the microlayer. In:
some cases PCB concentrations in the sea-surface microlayer exceeded water quality
criteria. About half the samples of fertilized flatfish eggs exposed in laboratory
bioassays to urban bay microlayer samples experienced decreases in the number of
hatched eggs and increases in larval abnormalities. In addition, urban bay sites - .
generally were found to contain lower concentrations of flatfish eggs during spawn-
ing season than rural sites, but this finding may be due to the effects of the fresh-
water lens that is present in the surface layer of the bays rather than to pollution
effects (Long, 1988a, pers. comm.). Human health effects from sea-surface
m1crolayer contammauon have not been studied.

Reconnaissance Survey of Eight Bays in Pnget Sound (Battelle Pacific
Northwest Marine Laboratory, 1986)

This two-year study was conducted for EPA to develop a better understanding of the
toxic contamination problems in the following four urban industrialized bays of
Puget Sound: Bellingham Bay, Port Gardner-Everett Harbor, the Four Mile Rock-
Elliott Bay dump site near Seattle, and Sinclair Inlet near Bremerton. Understand-
ing the contamination in these bays will aid in developing a basis for regulatory
action. Preliminary and detailed surveys were conducted in the four industrialized
bays and in four baseline (rural) embayments (Samish Bay in Skagit County, Case
Inlet in southern Puget Sound, Dabob Bay in Jefferson County, and Sequim Bay in
Clallam County). The baseline embayments were chosen to help establish sediment
and benthic characteristics in relatively unaffected areas.

For each urban bay, the report describes sediment chemistry and toxicity (measured -
by amphipod and oyster larval bioassays), numerically dominant benthic infauna,
and occurrence of fish and shellfish diseases. The urban bay stations (which were
generally selected near potentially affected areas) showed higher levels of sediment
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contamination and fish/shellfish disease than did stations in the baseline bays (which
were generally located in the ' middle of the bay).

The greatest impacts were found at stations in Port Gardner-Everett Harbor,
Sinclair Inlet, and Bellingham Bay. These three bays had the highest levels of me-
tals, PAHSs, PCBs, and sediment toxicity. The Four Mile Rock site was the least af-
fected of the urban bays in terms of sediment contamination and toxicity. Sequim
Bay was the least contaminated of the baseline bays, with Dabob Bay slightly less
pristine. Case Inlet and Samish Bay both showed some indication of degraded sedx- :
ment quality.

Characterizatlon of Spatlal and Temporal Trends in Water Quahty in Puget
.Sound (Tetra Tech, Inc., 1988a)

Along-term trénd analy51s of water quality was conducted for 14 sites in Puget

. Sound. The primary purpose of this EPA-sponsored study was to determine
whether changes in the ecology of the water column could be related to
anthropogenic (human-induced) influences. A secondary purpose of the study was
to determine if future monitoring programs should be redesigned for more efficient
detection of possible ecological changes. The study focused on the intensity of algal
blooms and nutrient concentrations. When the intensity of algal blooms increases,
water quality is degraded by increased turbidity and lowered dissolved oxygen (DO)
concentrations (which can cause fish kills ahd odor problems). :

~ Water quality variables analyzed in the study included salinity, water temperature,
and concentrations of dissolved oxygen, chlorophyll a; nitrate, and phosp'haté. Pol-
lutants analyzed included concentrations of fecal coliform bacteria (a measure of
sewage contamination) and sulfite waste liquor (a measure of pulp mill contamina-
tion). The data base for some sites extended back to 1932, although data for most |
sites extended only to the early 1950s. The population of the Puget Sound region
has more than doubled since 1932, which has probably caused an increase in
nutrient inputs. However, treatment requirements for wastewater discharges have
become more stringent, which may have moderated the effects of population growth.

There was no evidence of basinwide trends in intensity of algal blooms or degrada-
tion of water quality. Some regional trends in water quality appear to have been
driven by oceanographic factors. For example, in Hood Canal salinities declined
_while temperature and DO concentrations increased, even though anthropogenic in-
fluences have remained relatively low. Significant reductions in concentrations of
fecal coliform bacteria and sulfite waste liquor were noted in several areas (e.g., Port
Gardner at Everett, Bellingham Bay, and Oakland Bay near Shelton). These im-
provements generally coincided with 1mproved effluent treatment in these locations.
‘In addition, phosphate concentrations in six urban areas (but no rural areas) have in-
creased since 1973. The cause(s) of these increased phosphate concentrations is un-
known. This comparative study was hampered by the diversity of methods that have
“been used for field sampling and laboratory analyses. Intermittent and infrequent
sampling of the water, and changes-in the locations of sampling stations, also con-
strained the usefulness of existing data. The use of consistent sampling protocols at
established station locations’should alleviate some of these problems in future
monitoring programs, thus facilitating trend analyses in the future.

Compendium of Toxic Indicators in Less-Developed Areas of Puget Sound
(Tetra Tech, Inc., 1988b)

This EPA-funded study presents an assessment of toxic contamination in less-
developed areas of Puget Sound. Studies of toxic contamination are being con-
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ducted in contaminated urban areas including Commencement Bay, Elliott Bay,
Everett Harbor, Budd Inlet, and Lake Union/Ship Canal. Other studies are an-

~ ticipated for Sinclair Inlet and Bellingham Bay. However, less-developed areas may

also have toxic contamination from sources such as existing or historical industrial

facilities, military installations, and chemical spills. The compendium contains in-

formation to help determine which of the less-developed areas may be con-

taminated. :

Information was obtained from a wide variety of sources such as government
records, government and industrial réports, research papers, and interviews with
resource agency personnel and private citizens. The information was organized in a
"decision matrix," with a high, medium, or low priority for further study assigned to
each site. The next step in characterizing less-developed areas will be to more ¢
thoroughly investigate the literature on those aréas identified as having high
priority for further study. Based on these investigations, field surveys may be con-

. ducted to measure toxic chemicals dnd biological effects in the less-developed areas
]udged to be most severely degraded :

Potential Toxicant Exposure Among Consumers of Recreationally Caught
Fish from Urban Embayments of Puget Sound (Landolt et al., 1987)

. There is growing public concern regarding the safety of consuming seafood caught
in urban embayments of Puget Sound. A two-year study was conducted by NOAA
to estimate the amount of certain contaminants that recreational anglers might in-
gest by eating fish from urban bays in Puget Sound. The study focused on five main
elements: 1) what species people are fishing for, actually catching, and eating from
the urban bays; 2) the average ingestion rate of the typical consumer (fish
eaten/year); 3) the contaminant levels that are present in the tissue of the species
eaten; 4) the effects of cooking on tissue contaminant levels; and 5) average con-
taminant uptake rate (which is a factor of both typical ingestion rates and tissue con-
taminant levels). The study found that tissue from recreationally caught fish
generally contained low levels of metals (with the exception of arsenic) and organic.
compounds. Arsenic levels varied greatly among species and geographic locations
~ but were highest in squid and walleye pollock (particularly those collected from
Commencement Bay). Although generally present in low concentrations, PCBs
. were found in all of the recreationally caught fish from the urban bays. Cooking the
fish was found to reduce tissue levels of PCBs and other organic contaminants by 50
©. to 90 percent, but cooking had little or no effect on arsenic concentrations. Cooking
slightly increased concentrations of copper, cadmium, mercury, selenium, and zinc
and greatly increased concentrations of silver and lead. The study did not attempt
to assess the risk associated with eating fish from urban bays, but did provide és-
timates of contaminant doses being consumed by urban anglers.

Natlonal Status and Trends Program for Marine Environmental Quality
(NOAA, 1987) :

The National Status and Trends Program, initiated by NOAA in 1984, is evaluating

" the prevalence of toxic chemical contamination of the coastal environment of the
United States. The goals of the program are to assess the status and trends in con-
centrations of toxic chemicals and measures of biological effects. NOAA's approach
is to develop a systematic, historic record and to compare trends in the record with
each year’s worth of new data. Sampling of sediments and tissues of bivalve mol-
luscs and bottom-dwelling fish is performed at over 200 sites, 11 of which are.lo-
cated in Puget Sound. Because the focus of the program is nationwide and
representative sites are sampled around the country, no specific area is sampled as
thoroughly as might be done in a more regional study.
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Data are obtained on 24 chlorinated synthetic organic compounds (mostly pes-
ticides and PCBs), 19 PAHs, 17 elements (mostly metals), along with a suite of
biological variables (including incidence of histopathological disorders) and a num-
ber of measures of sediment physical characteristics. Preliminary results for the
Sound indicate that the highest concentrations of some contaminants were found at
sites in urban areas (e.g., PCBs, PAHs, and sewage indicators in Elliott and Com-
mencement Bays). The concentrations of other contaminants did not vary substan-
tially in the Sound (e.g., chromium). Highest contaminant concentrations were
found at selected sites in Boston Harbor and Raritan Bay on the east coast, in San
Diego Bay in southern California, and in Elliott Bay in Puget Sound. However, the
Four Mile Rock site located in Elliott Bay had the highest PAH concentranons of
any site in the country.

Neoplastic a'nd Other Diseases in Fish in Relation to toxic Chemicals: An
Overview (Malins et al., 1988) . '

Tlus report summarizes a five-year study conducted by the National Marine
Fisheries Service (NMFS) in Puget Sound on the following two issues: ‘the relation-
- ships among liver tumors in bottom-dwelling fish (primarily English sole) and the
concentrations of toxic chemicals in sediments and fish tissue. Liver tumors in bot-
tom fish appear to be correlated with exposure to or contaniination by certain toxic
substances. This problem is an emerging concern not only in Puget Sound, but also
in Boston Harbor, southern California, and the Great Lakes. In Puget Sound, liver
tumors were found most frequently in fish from Edgle Harbor (24 percent occur-
rence) and the Duwamish Waterway (17 percent occurrence). Significant correla-
tions were found between the prevalence of liver tumors and sediment
concentrations of aromatic hydrocarbons (e.g., PAHs). In addition, there were
higher concentrations of metabolic breakdown products from nitrogen-containing
aromatic compounds in fish livers containing tumors than in normal fish livers.

The report presents preliminary evidence on the cause of liver tumors and the route

of exposure. Fragments of aromatic hydrocarbon molecules bind to DNA in the

. cells of fish livers. The possible connection between these fragments and tumor
development is still being studied. One route of exposure occurs when fish take in

" PAHSs in their food. The food of English sole are small bottom-dwelling organisms,
and these organisms contain much higher concentrations of PAHS in contaminated
areas than in relatively uncontaminated areas. ‘

193



State of the Sound 1988 Report



Acronyms

AET--Apparent effects threshold
Authority--Puget Sound Water Quality Authority
BMP--Best management practice
BOD--Biochemical oxygen demand
" Corps--U.S. Army Corps of Engineers
CSO--Combined sewer overflow
DNR--Washington Department of Natural Resources
DSHS--Washington Department of Social énd Health Services
EAR--Elevanon above reference
Ecology--Washmgton Department of Ecology
" EIS--Environmental impact statement
EPA--U.S. Environmental Protection Agency
" FDA--U.S. Food and Drug Administration
. JAC--Washington Interagency Committee for Outdoor Recreanon '
IOSA--San Juan Islands Oil Spill Association
LOTT--Lacey, Olympia, Tumwater, Thurston County
Metro--Municibality of Metropolitan Seattle
MGD--Millions of gallons per day :
NCPDI--National Coastal Pollutant Discharge Inventory /
NMEFS--National Marine Fisheries Service
NOAA--National Oceanic and Atmospheric Administration
NPDES--National Pollutant Discharge Elimination System
NWI--National Wetland Inventory
OFM--Washington Office of Financial Management
PAH--Polycyclic aromatic hydrocarbon
 PCB--Polychlorinated biphenyl
PIE-Fund--Public Involvement/Education Fund
PNRBC--Pacific Northwest River Basins Commission
POTW.--Publicly-owned treatment works
PPB--Parts per billion
PPM--Parts per million
'PPT-Parts per thousand
_'PSAPCA--Puget Sound Air Pollution Control Agency
PSCOG--Puget Sound Council of Governments
PSDDA--Puget Sound Dredged Disposal Analysis
PSP--Paralytic shellfish poisoning
PSWQA--Puget Sound Water Quality Authority
QA/QC-Quality assurance/quality control
RCW--Revmed Code of Washington
SCs--U.S. Department of Agnculture Soil Conservanon Service
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SCORP--Statewide Comprehensive Outdoor Recreation Plan
SEPA--State Environmental Policy Act
- SMA--Shoreline Management Act
TBT--Tributyl tin
T/F/W--Timber/Fish/Wildlife
TSS--Total suspended solids
USCG--U.S. Coast Guard
USFS--U.S. Forest Service
WAC--Washington Administrative Code
WSDA--Washington State Department of Agriculture
WDF--Washington Department of Fisheries
WDTED--Washington Department of Trade and Economlc Development
WDW--Washington Department of Wildlife
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Glossary-_ SRR

ACUTE EFFECT ‘ .
Any toxic effect that is produced within a short period of time; generally 96 hours or less. Although the effect
most frequently considered is mortality, the end result of an acute effect could be any harmful biological ef-
fect. ' ' ' : ‘

\

AEROBIC ' '
Living, active, or occurring only in the presence of oxygen. . For example, soil mtcroorgamsms whtch degrade
sewage effluent from sepuc systems need oxygen in order to function.

Aquatic, nonflowering plants that lack roots and use ltght energy to convert lnorgamc nutrients such as
nitrogen and phosphorus into organic matter by photosynthesrs Common algae include single-celled
dinoflagellates, diatoms, seaweeds, and kelp. An algal bloom can occur when excessive nutrient levels and
other physical and. chemrcal condmons enable the algae to reproduce rapidly.. ‘

- AMBIENT MONITORING : .
Monitoring that is done to determme exrstmg envrronmental conditlons, contammant levels, rates, or specres
in the environment. L ) _ o

AMPHIPODS ‘
~Small shnmp-hke crustaceans such as sand fleas and related forrns Many live on the bottom (ie.,are ben-
thic) and feed on'algae and detritus.

[

ANADROMOUS FISH : ‘
Species, such as salmon, which hatch in fresh water, spend a large part of thetr ltves in the ocean and return
to fresh water rivers and streams to reproduce : .

ANTHROPOGENIC _
Effects or processes that are derived from human activity, as opposed to natural effects or processes that -
occur in the environment without human mterveutron. . . A

. APPARENT EFFECTS THRESHOLD (AET) :
The highest sediment concentration of an individual chemical contaminant which is not assocrated w1th ad- . .
verse biological effects. Samples with concentratrons of contammants above the AET have always shownad-
verse btologlcal effects : :

AQUACULTURE - ‘ ' ‘
The controlled cultlvatron and harvest of aquatic plants or animals (e. g edible marine algae, clams oysters,
-and salmon). :

AQUIFER - -
- The underground layer of rock or soil in Wthh groundwater resides. Aqutfers are replenished or recharged
by surface water percolatmg through soil. Wells are dnlled ‘into aquifers to extract water for human use.

AROMATIC
A chemical substance characterized by the presence of at least one benzene rmg These substances may have
- astrong smell and are often persrstent in the envrronment due to the stability of the benzene ring.

™
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BASELINE STUDY

A study that seeks to document the existing state of an environment to serve as a baseline agamst which fu-
ture changes are measured.

BENTHIC ORGANISMS ,
Organisms that live in or on the bottom of a body of water.

BEST MANAGEMENT PRACTICE (BMP)

' " A method, activity, maintenance procedure, or other management pracnce for reducing the amount of pollu-,
tion entering a water body. The term originated from the rules and regulations developed pursuant to Sec-
tion 208 of the federal Clean Water Act (40 CFR 130). N

BIOACCUMULATION :
The process by which a contaminant accumulates in the tissues of an organism. For example certain chemi-
cals in food eaten by a fish tend to accumulate in its liver and other tissues.

BIOASSAY
A test procedure that measures the response of hvmg plants, animals, or tissues t0 potential contaminants.
For example, marine worms have been exposed to the sediments of Puget Sound, and their responses have
been used to determine areas in the Sound where the sediments may be harmful to life.

BIOCHEMICAL OXYGEN DEMAND-(BOD)
The quantity of oxygen-demanding materials present in a sample as measured by a specific test. A major ob-
jective of conventional wastewater treatment is to reduce the biochemical oxygen demand so that the oxygen
content of the water body will not be significantly reduced. Although BOD is not a spec1ﬁc compound, it is
defined as a conventional pollutant under the federal Clean Water Act.

BIODEGRADATION
_The conversion of organic compounds into simpler compounds through biochemical activity. Toxic com-
pounds can sometimes be converted into nontoxic compounds through biodegradation. In some cases com-
plex compounds are first converted into intermediate substances that can be more toxic than the original
substance - :

- BIOMAGNIFICATION '
The process by which concentrations of contaminants increase (magnify) as they pass up the food web such
that each animal in the food web has higher tissue concentrations than did its food. For example, concentra-
tions of certain contaminants can increase as they are passed from plankton to herring to salmon to seals.

BIOTA
The animals, plants, and microbes that live in a partlcular locanon or reglon

BIOTRANSFORMATION ‘
The chemical transformation of substances by biological processes. Toxic chemicals ingested by fish may be
changed by chemical reactions into other chemicals in the fish. These new compounds may be harmless, or
they may be more toxic than the original contaminant. '

BIOTURBATION
Biological activity that disturbs and mixes surface and subsurface sedlments If subsurface sediments are con-
* taminated, the continual mixing with surface sediments may contaminate surface sediments as well. Even
after a contaminant is no longer entering the surface sediments, it may take a long time for contammauon to.
dxmmxsh because of this mixing. :

BIVALVE :
An aquatic invertebrate animal of the class Bivalvia. Bivalves, such as clams and oysters, have two shells (val-
ves) and most are filter feeders.

FY
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BOG

A wetland with poor drainage generally characterized by extensive peat deposits and acidic waters. Vegeta-
tion includes sedges, sphagnum moss, shrubs, and trees.

[

CARCINOGENIC
Capable of causing cancer.

CARNIVORE
An’organism, usually an animal, that feeds on animals or the flesh of animals.

CATEGORICAL INDUSTRY and CATEGORICAL STANDARDS
To deal with the tremendous number of individual industrial and commercial operatrons that may require
water pollution standards, EPA has established 34 industrial categories based on a standard industrial clas-
sification developed for tax purposes. Some examples are adhesives and sealants, explosives manufacturing,
ore mining, pulp and paperboard mills, and textile mills. As part of the settlement of a lawsuit, EPA iden-
tified 22 of these industrial categories for which federal pretreatment standards would be developed. An in-
dustry in an industrial category for which pretreatment standards have been set is referred to as a categorical
" industry, and the federal pretreatment standards are referred to as categorical standards

CERTIFIED SHELLFISH BED -
An area where commercial shellfish harvesting is approved by the Washmgton Department of Social and
Health Services (DSHS), based on measurements of fecal coliform bacteria in the overlying waters. Fecal
_coliform bacteria are used as an indicator of human health risk.

CHRONIC EFFECT ‘
Any toxic effect on an organism that results after exposure of long duratlon (often 1/10th of the life span or
more). The end result of a chronic effect can be death although the usual effects are sublethal (e.g., inhibited

reproduction or growth). These sublethal effects may be reflected by changes in the productivity and popula-
tion structure of the commumty _

CLEAN WATER ACT (CWA) .
Also known as the federal Water Pollution Control Act (33 US.C. 1251 et seq )-

'CLEANUP ACTIVITIES ' ‘
. Actions taken by a public agency or a private party to correct an envuonmental problem. Activities can in-
clude either the prevention of pollutron by the treatment or control of contaminants (for example, treatment
of wastewater before discharge), or the removal from the environment of contaminants introduced by past n
practices (for example, drggmg up and incinerating soil contammated with dioxin).

CODE OF FEDERAL REGULATIONS (CFR)

The compilation of federal regulations adopted by federal agencies through the rulemaking process For ex-
ample, pretreatment regulations are found in 40 CFR 403.

COLIFORM BACTERIA
A type: .of bacteria that is coil or helix shaped. Fecal coliform bactena are those coliform bacterra that are
found in the intestinal tracts of mammals. The presence of high numbers of fecal coliform bacteria in a water
body can indicate the recent release of untreated wastewater and/or the presence of animal feces. These or- -
ganisms may also indicate the presence of pathogens that are harmful to humans. High numbers of fecal
coliform bacteria theréfore limit beneficial uses such as swimming and shellfish harvesting.

COMBINED SEWER OVERFLOW (CSO)

A pipe that discharges untreated wastewater during storms from a sewer system that carries both sanitary was-
tewater and stormwater. The overflow occurs because the system does not have the capacrty to transport,
store, or treat the 1ncreased flow caused by stormwater runoff.
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COMBINED SEWER SYSTEM
A wastewater collection and treatment system where domestic and industrial wastewater is combined with
storm runoff. Although such a system does provide treatment of stormwater, in practice the systems may not
be able to handle major storm ﬂows As a result, untreated discharges from combined sewer-overflows may
occur.

CONTAMINANT
A substance that is not naturally present in the environment or is present in amounts that can, in sufﬁcnent
concentration, adversely affect the envu'onment

CONVENTIONAL POLLUTANT
Conventional pollutants as specified under the Clean Water Act are total suspended solids, fecal coliform bac-
teria, biochemical oxygen demand, pH, and oil and grease. Today a large number of nonconventional and
toxic contaminants are of concern in addition to the conventional contaminants.

COPEPOD
A type of herbivorous microscopic crustacean (subclass Copepoda) Copepods are very important in the food
chain bécause they are eaten by many fish or other organisms that are eventually <aten by fish. Calanoid and
cyclopoid copepods are pelagic and harpacucold copepods are benthic.

CUMULATIVE EFFECTS
The combined environmental impacts that accrue over time and space from a series of similar or related in-
dividual actions, contaminants, or projects. Although each action may seem to have a neghglble impact, the
combined effect can be severe.

DEPOSIT FEEDER ‘ '
Organisms that feed on organic material that is found on and in bottom sediments. Because they mgest sedi-
ments directly to extract the organic component, these organisms may concentrate toxic contaminants. :

DESORPTION
The movement of substances into solution from particles where they have been sorbed. Opposite of sorption.

DETENTION
The process of collectmg and holdmg back stormwateq for delayed release to recelvmg waters.

DETRITUS
Fragments of detached or broken down organic matter derived from the disintegration of animals and plants.

,DISCHARGE, DIRECT OR INDIRECT
The release of wastewater or contaminants to the environment. A direct discharge of wastewater flows direct-
ly into surface waters while an indirect discharge of wastewater enters a sewer system.

DISINFECTION ' .

The destruction of infectious agents such as bacteria or viruses. Most wastewater treatment plants use .
chlorine or bromine for disinfection.

DISPOSAL : .
Methods by which unwanted materials are relocated, contained, treated, or processed Unless contammants :
are converted to less harmful forms or removed from the material before disposal, they may be released agam

- . -into the environment.

DISSOLVED OXYGEN
Oxygen that is present (dlssolved) in water and therefore available for fish and other aquatic animals to use.
If the amount of dissolved oxygen in the water is too low, then aquatic animals may die. Wastewater and
naturally occurring organic matter contain oxygen-demanding substances that consume dissolved oxygen.
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DOMESTIC WASTEWATER (SEWAGE) :
Human-generated wastewater that flows from homes, busmesses, and industries.

DREDGING :
Any physrcal digging into the bottom sediment of a water body. Dredgmg can be done with mechanical or
hydraulic machines, and it changes the shape and form of the bottom. Drédging is routinely done in many

parts of Puget Sound in order to maintain navigation channels that would otherwise fill with sediment and
block ship passage. ‘

DRY WELL

A pit in the ground, often filled with gravel into whrch stormwater is routed. The dry well holds the runoff
untrl it percolates mto the ground. :

ECOSYSTEM .

A community of lrvmg orgamsms mteractmg wrth one another and with their physrcal environment, such as a
rain forest, pond, or estuary. Damage to any part of a complex system, such as Puget Sound, may affect the
whole. A system such as Puget Sound can also be thought of as the sum of many interconnected ecosystems
such as the rivers, wetlands, and bays. Ecosystem is thus a concept applied to communities of different scale,
signifying the interrelationships that must be considered.

EFFLUENT
The liquid that flows out of a facility or household into a water body or sewer system. For example, the
treated liquid discharged bya wastewater treatment plant is the plant’s effluent.

ELEVATION ABOVE REFERENCE (EAR)
The ratio between contaminant concentrations at a study site and a noncontammated reference site. The
value of the elevation above reference is not necessarily an mdlcatron of harm because the concentration of
contaminants that may cause harm is generally not known. :

ENVIRONMENTAL IMPACT STATEMENT (EIS)
A document that discusses the likely significant impacts of a development project or a planning proposal
ways to lessen the impacts, and alternatives to the project or proposal. EISs are required by the nauonal and
Washington state environmental pohcy acts.

EROSION

Wearing away of rock or soil by the gradual detachment of soil or rock fragments by water, wind, rce, and
other mechanical and chenucal forces

.
ESCAPEMENT

A fisheries management term for the number of anadromous fish which escape capture and reach spawnmg
grounds to reproduce.

ESTUARY
A coastal water body where ocean water is diluted by out-flowing fresh water. '

FECAL COLIFORM see COLIFORM BACTERIA

FECES _
Waste excreted from animals.

FILTER FEEDER _
An organism that feeds on microscopic food by filtering very large volumes of water. Because of the amount
of water filtered, these organisms may tend to concentrate toxins. Filter feeders that live on bottom sedi-
ments (e.g., clams and oysters) are particularly susceptible to contamination.
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FLOCCULATION
The aggregation of small suspended parttcles into a loose mass caused by jonic changes or changes in
“ solubility. Many contaminants dissolved or carried in fresh water change form through this process when the
fresh water enters the salt water of Puget Sound. Floccufation tends to accelerate the settling of particles.

FOREST PRACTICE
Any activity conducted on or directly pertaining to forest land related to growmg, harvestmg, or processing ‘
timber. Thesé activities include but are not limited to: road and trail construction, final and intermediate har-
vesting, precommercial thinning, reforestation, fertilization, prevention and suppression of disease and in-
sects, salvage of trees, and brush control. Forest practices are subject to regulatton by the Washmgton
Department of Natural Resources.

\

FULL-TIME EQUIVALENT (FTE) .
The work one person does in one year--used to estimate costs and people needed to perform certain actions,

FUNGICIDE '
A substance that destroys or inhibits growth of fungus.

GROUNDFISH
Fish (also known as bottomﬁsh) tharltve on or near the bottom of water bodxes for example, English sole.

GROUNDWATER
Underground water supphes stored in aquifers. Groundwater is created by rain which soaks into the ground
and flows down until it is collected at a point where the ground is not permeable. Groundwater then usually
flows laterally toward a river, lake, or the ocean. Wells tap the groundwater for our use. (See AQUIFER)

HABITAT e

The specific area or environment in which a particular type of plant or animal hves An orgamsm S habrtat

. must provide all of the basic requirements for life and should be free of harmful contaminants. Typical Puget
Sound habitats include beaches, marshes, rocky shores, the bottom sediments, intertidal mudflats, and the
water itself,

HAZARDOUS WASTE
Any solid, liquid, or gaseous substance whtch because of its source or measurable characteristics, is classified
under state or federal law as hazardous and is subject to special handling, shipping, storage, and disposal re-
qutrements Washington state law identifies two categories, dangerous and extremely hazardous. The latter
category is more hazardous and requtres greater precautlons

HEALTH RISK
- The risk or likelihood that human health will be adversely affected Estunatmg health risks is a complex and
inexact practice.

HEPATIC NEOPLASMS
Liver abnormalities in fish which may be caused by sublethal exposure to toxlc pollutants

HERBICIDE
A substance used to destroy or inhibit growth of vegetatron

HERBIVORE »
An organism that feeds on plant material.

HOLDING TANK
An enclosed container used as part of a sewage dlsposal system on a boat. The tank i is used to temporarily
store sewage for later pumpout at a marina pumpout facility. :

HYDROCARB ON
An organic compound composed of carbon and hydrogen for example, petroleum compounds
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HYDROLOGIC CYCLE
The continual cycling of water between the land, the sea, and the atmosphere through evaporatlon, condensa-
tion, precipitation, absorption into the soil, and stream runoff

IMPERVIOUS

A surface that cannot be easily penetrated. For instance, rain does not readtly penetrate asphalt or concrete
pavement.

INDUSTRIAL USER _
A commercial or industrial facility which discharges anything other than domestic waste to a sewage treat-
‘ment plant.” Industrial users may be subject to pretreatment requirements.

INSECTICIDE
. A substance, usually a chemical, that is used to kill insects.

INTERFERENCE '
A contaminant can interfere with the normal sewage treatment plant process by diminishing the efficrency of
the treatment process. For example, a toxic chemical can kill the beneficial bacteria in a treatment plant and
 interfere with the biological treatment process, thus causing the release of excesswely contaminated effluent.

INTERTIDAL AREA , » ‘ . '
The area between high and low tide levels. The alternate wetting and drying of this area makes it a transition
between land and water and creates special environmental conditions.

LAND USE
The way land is developed and used in terms of the types of activities allowed (agnculture, resrdences in-
dustries, etc.) and the size of buildings and structures permitted. Certain types of poilution problems are
often associated with particular land use practices, such as sedimentation from construction activities.

LEACHATE
Water or other liquid that has washed (leached) from a solid material, such as a layer of soil or debns
Leachate may contain contaminants such as organics or mineral salts. Rainwater that percolates througha
sanitary landfill and picks up contaminants is called the leachate from the landfill.

LIVEABOARD
Those using a boat, other than a houseboat, as a primary dwellmg

LOADING .
The total amount of material entering a system from all sources.

MARINE SANITATION DEVICE (MSD) '
A device installed on a boat to treat or hold sewage. Section 312 of the federal Clean Water Act requires all
vessels with installed toilets to have approved MSDs. Federal regulations describe three types of MSDs: Type
I and Type Il MSDs are treatment devices while Type III MSDs are holdmg tanks.

MARSH ' ) ' |
A wetland where the dominant vegetation is non-woody plants such as grasses and sedges as opposed toa
swamp where the dormnant vegetation is woody plants like trees.

MEAN ANNUAL FLOW :
The average amount of water that flows past a given point in one year.

MEAN HIGH WATER (MHW)
The average height (over many years) reached by the high tides.
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MEAN HIGHER HIGH WATER (MHHW)

The average height (over many years) reached by the hxgher of two hlgh tides each day. Puget Sound has two
high tides and two low tides each day.

METABOLISM.

. All chemical processes occurring within an orgamsm including both synthesxs and breakdown of organic
materials.

METALS
Metals are elements found in rocks and minerals that are naturally released to the environment by erosion, as
- well as generated by human activities. Certain metals, such as mercury, lead, nickel, zinc, and cadmium, are
of environmental concern because they are released to the environment in excessive amounts by human ac-
tivity. They are generally toxic to life at certain concentrations. Since metals are elements they do not break
down in the environment over time and can be incorporated into plant and animal tissue,

MICROLAYER, SEA-SURFACE MICROLAYER
The extremely thin (usually estimated as 50 microns) layer at the top of the water. Contammanon of this
~ layer is of concern because many contaminants such as oil, grease, organic toxicants, and pathogens are
buoyant in seawater and therefore may concentrate at much higher concentrations in the microlayer than in
the water column. The atmospheric deposition of toxicants into the microlayer is also of concern. These con-
taminant concentrations may pose a danger to fish eggs and other organisms that may come into contact with
the water surface. .

MICROORGANISMS
Microscopic organisms, (e.g., bacteria, viruses, and protozoans) that are not visible to the unaided eye Some
cause diseases in humans, animals, and plants; some are important because they are involved in breaking
down and stablhzmg sewage and solid waste.

. MONITOR :
. To systematically and repeatedly measure conditions in order to track changes. For example, dissolved
oxygen in a bay might be monitored over a penod of sevéral years in order to identify trends in concentration.

\

MUNICIPAL DISCHARGE ‘
Effluent from a municipal sewage treatment plant.

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES)
A part of the federal Clean Water Act, which requires point source dischargers to obtain discharge permits.

These permits are referred to as NPDES permits and are administered by thé Washington Department of
Ecology.

NONPOINT SOURCE POLLUTION _
Pollution that enters water from dispersed and uncontrolled sources (such as surface runoff) rather than
through pipes. Nonpoint sources (e.g., forest practices, agricultural practices, on-site sewage disposal, and
recreational boats) may contribute pathogens, suspended solids, and toxicants. While individual sour¢es may
seem insignificant, the cumulative effects of nonpoint source pollution can be significant.

NUTRIENTS :
Essenual chemicals needed by plants or animals for growth If other physical and chemical conditions are op-
timal, =xcessive amounts of nutrients can lead to degradation of water quality by promoting excessive growth,
accum:. :tion, and subsequent decay of plants, especially algae. Some nutrients can be toxlc to animals at.
high cc. entrations.

OMNIVORE '
An organism that feeds on both plant and animal tissue.
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ORGANOMETALLIC : ’
A molecule that is part orgamc (carbon based) and part metal. When a metal binds to an organic molecule it
often becomes chemically more available to organisms and therefore has a much greater toxlc effect (e.g.,
methyl mercury). :

OXYGEN-DEMANDING MATERIALS
Materials such as food waste and dead plant or ammal tissue that use up dissolved oxygen in the water when
they are degraded through chemical or biological processes. Biochemical oxygen demand (BOD) isa
~ measure of the amount of oxygen consumed when a substance degrades.

PARALYTIC SHELLFISH POISONING (PSP)
An illness, sometimes fatal to humans, caused by a neuro-toxin produced by a type of plankton called
Gonyaulax. During certain times of the year and at certain locations, these organisms proliferate in "blooms”
(sometimes called red tides) and can be concentrated by clams, mussels, and other bivalves. The nervous sys-
tem of shellfish is unaffected. Consumption of the shellfish can cause acute illness in humans and other mam-
mals. ) '

PARAMETER )
A quantifiable or measurable characteristic. For example, height, weight, sex, and hair color are all
parameters that can be determined for humans. Water quality parameters include temperature, pH, salinity,
~ dissolved oxygen concentrauon, and many others.

PATHOGEN 7
An agent such as a v1rus, bacterium, or fungus that can cause dlseases in humans. Pathogens can be present in
municipal, industrial, and nonpoint source discharges to the Sound. -

PELAGIC -
Associated with or living in the water column as opposed to the bottom or the shoreline.

PERCOLATE
To pass through a permeable substance. For instance, septic effluent and ramfall percolates throu gh soil.

PERCOLATION TEST
A test that measures the rate at which water can percolate into the soil at a particular location. The test invol-
ves digging a small test pit, filling it with water, and measuring how far the surface of the water drops over a
. given time period. Soil with a low percolatlon rate, as determined by the test, may be unsuitable for an on-
. sité sewage disposal system. :

PERSISTENT "
Compounds that are not readily degraded by physical, chemical, or biological processes.

PESTICIDE
A general term used to describe chemical substances that are used to destroy or control pest organisms. Pes--
ticides include herbicides, insecticides, algicides, fungicides, and others. Many of these substances are
manufactured and are not naturally found in the envu'onment Others, such as pyrethrum, are natural toxins
which are extracted from plants and animals.

pH ,
The degree of alkalinity or acidity of a solution. A pH of 7.0 indicates neutral water while a pH of 5.5 is acid.
A reading of 8.5 is alkaline or basic. The pH of water influences many of the types of chemical reactions that
will occur in it. For instance, a slight decrease in pH may greatly increase the toxicity of substances such as
cyanides, sulfides, and most metals. A slight increase may greatly increase the toxicity of pollutants such as
_ammonia. ‘

PHENOLS
Aromatic alcohols which are acidic and often toxic.
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PHOTOSYNTHESIS
The process by which plants use hght energy to make simple sugars and carbohydrates from carbon droxlde
and water.

PLANKTON

Small plants (phytoplankton) and animals (zooplankton) that are syspended in the water and either drift
with the currents or swim weakly. .

POINT SOURCE '
A source of pollutants from a single pomt of conveyance such as a pipe. For example, the dlscharge pipe
from a sewage treatment plant or a factory is a point source. ,

POLLUTANT .
A contaminant that adversely alters the physrcal chemlcal or biological properties of the envrronment The
term includes pathogens, toxic metals, carcinogens, oxygen-demanding materials, and all other harmful sub-
stances. - With reference to nonpoint sources, the term is sometimes used to apply to contaminants released in
low concentrations from many activities which collectively degrade water quality. As defined in the federal
Clean Water Act, pollutant means dredged spoil, solid waste, incinerator residue, sewage, garbage, sewage
sludge, munitions, chemical wastes, biological materials, radioactive materials, heat, wrecked or discarded
equlpment rock, sand, cellar dirt, and 1ndustr1al mumcrpal and agricultural waste discharged into water.

POLYCHLORINATED BIPHENYLS (PCBs)
' A group of manufactured chemicals including about 70 different but closely related compounds made up of
carbon, hydrogen, and chlorine. If released to the environment they persist for long periods of time and can
biomagnify in food chains because they have no natural usage in the food web. PCBs are suspected of causing
cancer in humans. PCBs arean example of an organic toxicant. : :

POLYCYCLIC or POLYNUCLEAR AROMATIC HYDROCARBON S (PAHs)
A class of complex organic compounds, some of which are persistent and cancer-causing. These compounds
are formed from the combustion of organic material and are ubiquitous in the environment. PAHs are com- -
monly formed by forest fires and by the combustion of gasoline and other petroleum products They often
reach the environment through atmospherlc fallout and highway runoff.

PRETREATMENT ) , )
The treatment of industrial wastewater to remove contaminants prior to discharge into municipal sewage sys-
tems. ' ' : '

.

PRIMARY PRODUCTION -
The productron of plant matter (plant tissues) from carbon dioxide and water through photosynth&srs By
comparison, secondary production is the production of animal tissue. Different plant communities are often
compared by measuring their rates of primary production.

PRIMARY TREATMENT ' :
A wastewater treatment method that uses settling, skimming, and chlonnauon to remove solids, floating
materials, and pathogens from wastewater. Primary treatment typically removes about 35 percent of BOD
and less than half of the metals and toxic organic substances.

PRIORITY POLLUTANTS
Substances listed by EPA under the federal Clean Water Act as toxic and having priority for regulatory con-
trols. The list currently includes metals (13), inorganic compounds (two), and a broad range of both natural
and artificial organic compounds (111). The list of priority pollutants includes some substances which are
not of immediate concern in Puget Sound, and it does not include all known harmful compounds.

PUGET SOUND, WATERS OF
As defined in RCW 90.70.005, all salt waters of the state of Washington inside the international boundary lme
between Washington and British Columbia, and lying east of 1230 24" west lohgitude (east of Port Angeles).
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PUGET SOUND WATER QUALITY AUTHORITY (AUTHORITY)
The state agency which is responsrble for development and oversight of the Puget Sound Water Quality
Management Plan.

REGULATORY FRAMEWORK

A particular set of laws, rules, procedures, and agencies designed to govern a parucular type of acuvrty or
solve a particular problem

RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)
' The federal law that classifies and regulates solid and hazardous waste.

RESPIRATION

The metabolic processes by which an organism uses- oxygen and releases carbon dioxide and other waste
products

REVISED CODE OF WASHINGTON (RCW) ‘
The compilation of the laws of the state of Washington published by the Statute Law Commlttee For ex-
ample, the law that created the Puget Sound Water Quality Authority is incorporated in the code as Chapter
90.70 RCW. '

RIPARIAN HABITAT
Terrestrial habitat adjacent to and associated with streams.

SALINITY : :
A measure of the quantity of dissolved salts in water. _ /

' SALMONID.
A fish of the family Salmonidae (as distinct from a salmonoid which is merely a fish that resembles a salmon).
Fish in this famlly include salmon and trout Most Puget Sound salmomds are anadromous

SANITARY WASTEWATER
Wastewater which includes domestic sewage and may contam pathogens Sanitary wastewater is not samtary.

SECONDARY TREATMENT
A wastewater treatment method that usually mvolves the addition of blologlcal treatment to the settling,
skimming, and disinfection provided by primary treatment. Secondary treatment may remove up to 90 per-
cent of BOD and significantly more metals and toxic organics than primary treatment.

SEDIMENT :
Material suspended in or settling to the bottom of a liquid, such as the sand and mud that make up much of
the shorelines and bottom of Puget Sound.

SEPARATED SEWER SYSTEM
A wastewater collection and treatment system where domestic and industrial wastewater is separated from
storm runoff. A separated system consists of independent sanitary wastewater and stormwater systems. The
stormwater is generally discharged directly into open water and the sanitary wastewater goes to a treatment
plant. '

SEPTAGE
The sludge and scum material that is pumped out of a septic tank.

SHELLFISH

An aquatic animal, such as a mollusc (clams and snails) or crustacean (crabs and shnmp), having a shell or
shell-like exoskeleton. ,
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SHELLFISH CONTAMINATION -
The contamination of certain bivalves (clams, mussels, oysters) which filter water to feed and tend to collect
or concentrate waterborne contaminants in their tissues. _

SHORELINE DEVELOPMENT
As regulated by the Shoreline Management Act (Chapter 90.58 RCW) the construction over water or within
a shoreline zone (generally 200 feet landward of the water) of structures such as buildings, piers, bulkheads,
and breakwaters, including environmental alterations such as dredging and filling, or any pro;ect which inter-
feres with public navigational rights on the surface waters.

SHORELINE MANAGEMENT ACT (SMA)
' The state law (90.58 RCW) that requires local governments to develop a shoreline master program, and re-
N quires permits for water and associated land uses. Many local governments promote the protection of wet-
lands, habitat, and water quality through their shoreline master program. | ;
SILL ' '
An underwater ridge created by glacial deposits that is relatively shallow compared to the rest of Puget
Sound. Sills separate the Sound into sub-basins and affect the overall water circulation in the Sound.

SLUDGE, WASTEWATER TREATMENT SLUDGE
Semi-solid matter resulting from the treatment of wastewater. Some of the contaminants (especially toxic me-
tals) that were in the wastewater remain in the sludge after treatment. The treated wastewater can be dis-
charged to the Sound, but the sludge must be disposed of elsewhere. Sludge is usually at least partially dried
‘before disposal and if relatively uncontaminated may be added to soil to increase plant growth.

SMELT
" A family of small fishes, some of which spawn on beaches and some of which are anadromous.
SMOLT :
A juvenile salmon or anadromous trout that is making its first descent to the sea from the fresh waters where
it was born ,
SOIL PERMEABILITY

The ease with which gases and liquids penetrate or pass through a layer of soil..

SOLE SOURCE AQUIFER
The single source of groundwater for human use in any one area. Areas with a sole source aquifer have no
other source of groundwater; any contamination of the aquifer could contaminate the entire water supply.

SOLUBLE -
Able to go into soluuon, especrally in water. Alcohol is very soluble in water whereas oil is not soluble in
water :

SORPTION , ‘ '
The combination of processes by which one material takes up and retains another. Includes absorption in
which the substance taken up goes into the other material and adsorption in which the substance taken up ad-
heres to the surfaces of solids or liquids with which they are in contact. In aquatlc systems many.chemicals
sorb to sediment particles and are transported by the pamcles

SOURCE CONTROL
A practice, method, or technology that is used to reduce polluuon froma source, for example, best manage-
ment practices or end-of-pipe treatment. »

SPECIES DIVERSITY ,
The number of species within a community of organisms. Areas of high diversity are characterized by a great
variety of species. A biological community with high diversity is better capable of wrthstandmg erivironmen-

. tal disturbances. Pollution tends to reduce biological diversity.
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STATE ENVIRONMENTAL POLICY ACT (SEPA) ‘
A state law (Chapter 43.21C RCW) that requires that state agencies and local governments consider environ- *
mental factors when making decisions on activities, such as development proposals over a certain size, and -

comprehensive plans. As part of this process, environmental impacts are documented and opportunmes for
public comment are provided. »

STORM DRAIN _ .
A system of gutters, pipes, or ditches used to carry stormwater from surrounding lands to streams, lakes, or
. Puget Sound. In practice storm drains carry a variety of substances such as sediments, metals, bacteria, oil,
and antifreeze which enter the system through runoff, deliberate dumpmg, or spills. This term also refers to
the end of the pipe where the stormwater is discharged.

STORMWATER
Water that is generated by rainfall and is often routed into drain systems in order to prevent flooding.

SUBTIDAL , , ' ‘ .
Below the ebb and flow of the tide. Used to refer to the marine environment below mean lower low tide:

SUSPENDED SOLIDS

Organic or inorganic particles that are suspended in and carried by the water. The term includes sand mud
and clay particles as well as solids in wastewater.

SWAMP
A wetland where the domrnant vegetation is composed of woody plants like trees, as opposed to a marsh
where the dominant vegetation is non-woody plants like grasses.

TECHNOLOGY- BASED STANDARDS - ‘
Technology-based effluent standards are developed by consrdermg the effluent qualrty that can be achxeved
‘using various process or treatment technologies, and the costs of those technologies, rather than basmg ef-
fluent standards on the environmental effects of different loadings of pollutants.

TERATOGENIC
Causing birth defects

TIMBER/FISH/WILDLIFE AGREEMENT (T/F/W) ,
An agreement between timber, fish, and wildlife interests that promotes the monitoring and protection of fish
and wildlife resources as an integral component of forestry management practices.

TOTAL SUSPENDED SOLIDS (TSS) : '
The weight of all sized particles that are suspended in water. TSS reduces light penetration in the water
column, can clog the gills of fish and invertebrates, and is often associated with toxic contaminants because or-
ganics and metals tend to bmd to partrcles

TOXIC
Poisonous, carcinogenic, or otherwise directly harmful to hfe

TOXIC SUBSTANCES AND TOXICANTS
Chemical substances such as pesticides, plastics, detergents, chlorme, and industrial wastes that are
poisonous, carcinogenic, or otherwise drrectly harmful to life.

TREATMENT : -
Chemical, brologrcal or mechanical procedures applied to an industrial or municipal drscharge or to other
sources of contamination to remove, reduce, or neutralize contaminants.
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TRIBUTYL TIN (TBT)
An organometallic additive of many marine antlfoulant paints used to prevent algal and barnacle growth
Tributyl tin is hlghly toxic to many marine organisms.

TURBIDITY ' C
A measure of the amount of material suspended in the water. Increasing the turbidity of the water decreases
the amount of light that penetrates the water column. High levels of turbidity are harmful to aquatic life.

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY (EPA) ‘
The federal agency which administers many federal environmental laws. EPA Region 10, which includes
Puget Sound, is headquartered in Seattle. :

UPLAND MANAGEMENT AREA
A mandatory unharvested area for wildlife use and protection in a for&st clearcut. These areas typically repre-
sent two percent or more of the clearcut area. This term originated from the Timber/Fish/Wildlife agreement.

VOLATILE
Can be readily vaporized at a relal: :ly low temperature.

WASHINGTON ADMINISTRATIVE CODE (WAC)
Contains all state regulations adopted by state agencies through the rulemaking process. For example, Chap-
ter 173-201 WAC contains water quality standards.

WASHINGTON DEPARTMENT OF ECOLOGY (ECOLOGY)
The state agency which is responsible for developing, implementing, and enforcing many environmental
protection laws and policies, including the state Clean Water Act and the Shoreline Management Act. Note
that the abbreviation DOE is confusing because the federal Department of Energy uses the same term. Ecol-
ogy is the preferred term for referring to the Department of Ecology.

P

WATER COLUMN :
: The water in a lake, estuary, or ocean which extends from the bottom sediments to the water surface. The
water column contains dissolved and particulate matter, and is the habitat for plankton, fish, and manne
mamimnals.

WATER TABLE . »
The upper surface of groundwater or the level below which the soil is saturated with water.

WATERSHED '
The geographic region within which water drams into a particular river, stream, or body of water. A water-
shed includes hills, bottom land, and the body of water into which the land drains. Watershed boundan&s are
defined by the ridges of separating watersheds.

WELLHEAD '
The immediate area around the top of a well. Contamination of the aquer may occur from surfaoe water if
the wellhead is not sealed to prevent flow down the well casing.

WETLANDS
Habitats where the influence of surface or groundwater has resulted in development of plant or animal com-.
munities adapted to aquatic or intermittently wet conditions. Wetlands include tidal flats, shallow subtidal
areas, swamps, marshes, wet meadows, bogs, and similar areas. Wetlands as defined by the Shoreline Manage-
ment Act include all land within 200 feet of the ordinary high water mark, floodways, and floodplain areas.

ZONING
To designate by ordmances areas of land reserved and regulated for different land uses.
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