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1 The 1992 Puget Sound Update is the third annual report of the Puget Sound 
Ambient Monitoring Program (PSAMP). It reports the results of sampling 

j undertaken in 1991, the most current year for which the data have under- 
I gone analysis and quality assurance tests. PSAMP is a comprehensive, 

long-term monitoring program designed to assess the health of Puget 
I Sound, its resources, and the impact of human activities on both. The pro- 

/ gram is a coordinated effort among six state and two federal agencies to 
measure sediment and water quality, population levels and contaminant 
concentrations in fish, shellfish, marine mammals, and birds, and the 

I 
amount and types of nearshore habitats within Puget Sound. 

PSAMP monitors ambient, or background, conditions in Puget Sound to 
evaluate the cumulative effects of contamination and habitat degradation. 
PSAMP is not designed to assess the effects of specific dischargers and so 
does not measure some of the most contaminated sites, which are located at 
nearshore areas in close proximity to pollution sources. These areas are 
monitored by other programs. PSAMP complements these programs by 
evaluating the degree to which the cumulative effects of numerous pollu- 
tion sources are transported away from their discharges, affecting offshore 
sediment and water quality. 

I The 1991 monitoring results provide further evidence of problems detected 
I , in the first two years of PSAMP sampling, point to some new potential 

problem areas, and provide evidence of water quality improvements, partic- 

, ularly in the quality of fresh water entering Puget Sound. 

I I 

Sediments. The 1991 sediment sampling results suggest that, with a few 

I exceptions, the high levels of sediment contamination in the nearshore areas 
I of urban bays and industrialized areas remain in the vicinity of their 

sources. While many nearshore areas exceed state sediment standards for 
metals and organic chemicals, Sinclair Inlet, Dyes Inlet, and Commencement 
Bay's City Waterway were the only ambient monitoring program sites that 
consistently violated state standards over the last three years. 

I Analyses of benthic communities at Sequim Bay suggest that an unidenti- 
I fied source of contamination is affecting this bay. Chemical analyses indi- 

cate that Sequim Bay had the highest levels of beta-coprostanol, a chemical 
I frequently associated with sewage effluents. Wastewater treatment plant 
I discharges, leaking septic systems, or waste from marinas are possible 

sources. 

Marine Water. Sampling of Puget Sound's marine waters indicates that sev- 
eral areas have problems with fecal coliform contamination. Ambient sta- 

i 

tions in Commencement Bay, Oakland Bay, and Possession Sound exhibited 
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high fecal coliform levels in the last two years of sampling. Budd Inlet and 
Nisqually Reach had lower readings this year than in the previous year. 
West Point's 1991 readings were high compared to 1990 data. 

Examination of the physical characteristics of the water column revealed a 
number of embayments that are susceptible to water quality problems due 
to stratification and poor mixing, which can lead to algal blooms and low 
dissolved oxygen levels. A number of semi-enclosed embayments, includ- 
ing most of Hood Canal and several south Sound bays, exhibited water col- 
umn stratification, nutrient depletion, and algal blooms. These areas may 
be sensitive to human sources of nutrient discharges, which can produce 
excessive algal blooms and associated water quality problems. 

Fish. English sole tissues sampled in 1991 revealed the presence of metals 
but few organic contaminants. Copper and mercury were found at levels 
comparable to 1989. Arsenic was found at slightly higher levels than in 
1989, while lead was was found at lower levels. However, differences in the 
average size of fish sampled in 1989 and 1991 affect the comparison of cont- 
aminant levels between the two years. Future sampling will determine 
whether observed changes are due to natural variation or real changes in 
exposure to contaminants. 

Evaluations of potential health impacts indicate that none of the contami- 
nant concentrations in English sole muscle tissues (the part consumed by 
humans and marine mammals) pose significant human health threats from 
regular consumption of Puget Sound fish. Contaminant levels did appear to 
be affecting the health of English sole within several urban bays, however. 
Analyses of liver tissues revealed high levels of liver abnormalities in Com- 
mencement Bay, Elliott Bay, and Eagle Harbor. 

Shellfish. Shellfish harvesting is regulated according to fecal coliform bacte- 
ria levels in marine water. High levels of fecal coliform have rendered 
many productive shellfish areas in Puget Sound unharvestable. The amount 
of shellfish acreage closed to harvest or threatened with closure because of 
bacterial contamination has increased dramatically in recent years. 1991 
PSAMP results indicate no improvementin fecal contamination of shellfish 
at Belfair County Park and at Dosewallips and Walker state parks, sites with 
historically high levels of fecal coliform. The results also suggest that Pen- 
rose Point-which has highly variable levels of fecal coliform and is present- 
ly open to recreational harvest-may be experiencing increased levels of 
contamination. To date, few beds closed to harvest have ever been 
reopened. 

Shellfish harvesting is also affected by naturally occurring marine biotoxins, 
one of which is PSP (paralytic shellfish poisoning). PSP remains a perennial 
threat to shellfish harvesting, yet the patterns of PSP outbreaks are largely 
unpredictable. PSP outbreaks were less frequent in 1991 than in previous 
years-only three sites (Sequim Bay, Agate Pass, and East Sound at Orcas 
Island) had PSP levels warranting closure. 

Contaminants, such as heavy metals, in marine sediments where shellfish 
grow can also influence shellfish harvestability. Contaminant concentra- 
tions in Puget Sound shellfish at the sites sampled for PSAMP were similar 
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to levels measured in the previous year and did not appear high enough to 
pose a threat to human health. The low levels may be due to the fact that 
shellfish sampling stations are located away from immediate sources of con- 
tamination. Shellfish living near pollutant discharges could have much 
higher levels. 

Marine Mammals. Results of 1991 marine mammal monitoring conducted by 
Cascadia Research in Puget Sound suggest that: 

There has been a decrease in the level of PCBs in harbor seals over the 
last 20 years. 
A disproportionately high number of the whales that enter Puget Sound 
die within several months, though data are too limited to determine if 
contaminants within the Sound are responsible. 
Harbor porpoises, once found throughout the Sound, are now limited to 
northern Puget Sound, possibly due to increasing disturbance from a 
growing human population. 

The Washington Department of Wildlife, which recently received funding 
for PSAMP activities, plans to enhance monitoring efforts by increasing the 
frequency and coverage of population censuses and by providing additional 
funds for monitoring contaminants in marine mammals. This should great- 
ly increase our knowledge of population sizes, movement patterns, and con- 
taminant levels in marine mammals. 

Birds. Eggshells from great blue herons and glaucous-winged gulls are sig- 
nificantly thinner when compared to eggshells measured in 1947. Eggshell 
thinning is often observed in birds exposed to pesticides. The cause of this 
thinning is not known, since none of the contaminants measured were 
found at levels associated with eggshell thinning. 

The U.S. Fish and Wildlife Service is initiating studies on contaminant levels 
in pigeon guillemots and surf scoters in Puget Sound. The results of these 
studies will be reported in future Updates. 

Nearshore Habitat. The Washington Department of Natural Resources (DNR) 
is in the first year of mapping the amount and types of nearshore habitat in 
Puget Sound. Nearshore habitats are highly productive areas that play cru- 
cial roles in nearly every element of the Puget Sound ecosystem. Puget 
Sound has suffered extensive losses of nearshore habitat. The DNR invento- 
ries will help to assess the extent of these losses and provide habitat maps 
valuable in addressing a number of resource management issues. 

Invasion by Spartina is a growing threat to nearshore habitats. This species 
of cordgrass is native to east coast estuaries where it is considered a desir- 
able part of the wetlands ecosystem. In the Puget Sound region, however, 
Spartina crowds out many native northwest plant and animal species and 
alters the physical characteristics of nearshore habitats. Spartina invasion is 
most advanced in Willapa Bay, but is also present in a number of Puget 
Sound sites. 
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Fresh Water. The rivers within the Puget Sound basin vary widely in water 
quality. Some, such as the Skagit, Nisqually, and Skokomish rivers, have 
excellent water quality and rarely violate state water quality standards. 
Others, such as the Sammamish and Puyallup rivers, are heavily degraded 
by human activities and regularly violate state standards. 

-1 
i 

Fecal coliform is the freshwater parameter that most frequently violated I 

state standards in Puget Sound rivers. Sources of fecal coliforml include 
sewage treatment plants, failing septic systems, combined sewer overflows, 
and runoff from agricultural activities. Temperature was the second most 
frequently violated standard. High temperatures in rivers often result when 

1 
streamside vegetation is cleared, exposing the water to more sunlight. 
Improved management practices in forestry, agriculture, and land develop- 
ment-the most frequent causes of streamside clearing-may be required to 

I 
reduce these violations. 

Pollution control efforts within the Puget Sound basin appear to be having a 
number of positive effects. Removal of the Renton treatment plant outfall 
from the Green River resulted in dramatic water quality improvements. In 
addition, a number of rivers showed significant improvements in water 
quality parameters over the last 10 years. Turbidity, which results from the 
erosion of uplands and stream banks, decreased significantly in a number of 
rivers. Decreases in turbidity may be the result of reduced soil disturbance 

i 
or improved retention of soil in disturbed areas, such as clearcuts and con- 
struction sites. Nutrients also decreased significantly in several rivers, 
which may be the result of improved agricultural practices which reduce 

I 
fertilizer runoff. 

Improvements in the water quality of rivers within the Puget Sound basin 
\ are probably having positive effects on the freshwater habitats, but it is not 

I 
known whether these improvements are reflected by an increase in the qual- 
ity of Puget Sound waters. Rapid population growth in the Puget Sound 
area over the last 10 years has dramatically increased pollutant inputs from 

1 
point and nonpoint sources. These increases have probably masked 
improvements in freshwater inputs. I 
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I WATER QUALITY PROBLEMS WITH IN  PUGET SOUND 
I 
1 .................*...........*..............*....................... 

In the Puget Sound region, our way of Iife and economic well-being hinge 
) on the health of the Sound. As the population of the region continues to 

grow, as more land is developed for urban uses, and as more resources are 
harvested to support a growing population, the quality of the basin's water 1 decreases. Increasing demands on the Sound's resources are resulting in 
overuse and abuse-the very lifestyle and activities supported by Puget 
Sound also threaten it. Unless we take steps to minimize the impacts of con- 
tinuing growth, the delicate balance on which Puget Sound's health 
depends, and around which we have built our lifestyles, is threatened. 

1 / Many natural components of Puget Sound already reflect the effects of poor 
planning and overuse. Forty percent of commercial shellfish bed acreage 
has been restricted from harvest because of fecal contamination. Three bays 

I within Puget Sound contain Superfund sites due to chemical contamination 
I 
1 of sediments from past industrial practices. Development of waterfront 

property has severely reduced the amount of nearshore habitat (salt marsh- 
es and kelp and eelgrass beds). These highly productive areas play impor- I tant roles in nearly every element of the Puget Sound ecosystem, so that 
losses of nearshore habitat have impacts throughout the Sound. Many 

I areas, such as the Puyallup, Duwamish, and Samish river deltas, have lost 
( nearly all of their nearshore habitat to development. 
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Monitoring Pugef Sound's health 

Environmental sampling and chemical analyses 
are expensive. Monitoring programs are 
inevitably faced with tradeoffs between compre- 
hensive coverage of the area they are trying to 
characterize-which requires many samples to 
accurately depict variations over space and 
time-ond budget limitations on the number of 
samples that can be collected. PSAMP scientists 
use different sompling schedules in on attempt to 
balance these factors. The different schedules 
include: 

Fixed stations, which are sampled every year. 
Fixed stotions are generally chosen to represent 
the averoge conditions within o given area. Thus 
they moy be centrally located within an embay- 
mentor located in a well mixed zone where lev- 
els of contamination tend to be uniform. Fixed 
stotions may also be chosen becouse they can 
provide vital information on a regular basis. An 
example of this occurs in sediment monitoring, 
where there are two fixed stations within Com- 
mencement Bay due to the high levels of sedi- 
ment contominotion there. 

Rotating stations, which are sets of stotions thot 
are sampled on a rotating basis. The Sound is 
divided into north, central, and south sections. 
Sampling is cycled between the sections, so that 
rotating stotions within each section are sampled 
for one year out of every three. In 1991, rotat- 
ing stations were located in north Puget Sound. 

Floating stations, which are stotions thot are 
sompled for a short period of time ond thot may 
or moy not be sampled agoin. These stations are 
generally used to answer specific, short-term 
questions, to provide more information for inter- 
preting the data from core and rotating stations, 
or to investigate emerging water quality prob- 
lems. Few floating stotions have been sampled 
by PSAMP due to funding constraints. 

A number of other problems are becoming increasingly critical. Several 
fisheries stocks are threatened. Many south Sound bays are experiencing 
water quality problems. Some bird populations may be stressed from the 
loss of nesting areas and chemical contamination. 

T H E  IMPORTANCE O F  MONITORING .............................................. 
It is important that we document the extent of water quality and habitat 
problems for several reasons: 

To identify the most serious problems, so that corrective actions can 

1 be focused effectively and efficiently. 

1 To evaluate the results of corrective programs. 

To identify emerging problems before they become critical, so that 
solutions are less expensive and difficult. 

To determine whether the health of Puget Sound is improving or 
declining over time. 

As the human population of the Puget Sound area continues to grow, 
increasing pressures will be placed on the Sound's resources. A comprehen- 
sive measure of the present health of the Sound is necessary to provide 
baseline data for evaluating the effects of future growth. It is important that 
these measures are repeated over time, so the data provide an accurate 
assessment of how conditions in the Sound are changing. The Authority 
developed the Puget Sound Ambient Monitoring Program (PSAMP) in 
response to these needs. 

WHAT IS PSAMP? ....................... 
PSAMP monitors elements of the Puget Sound ecosystem that might be 
affected by chemical contamination or physical destruction of habitat and 
resources. PSAMP is an ambient monitoring program-it is designed to 
assess the cumulative effects of human activities and natural biological and 
physical changes on the overall health of Puget Sound resources. It does not 
assess the effects of individual sources of contamination in localized areas. 
Thus many of the most contaminated sites in Puget Sound-industrial 
ports, municipal and industrial discharge sites, and the nearshore areas of 
urban bays-are not sampled by PSAMP. These sites are monitored by 
programs linked to permit requirements for dischargers and site-specific 
studies. Water quality conditions and potential sources of contamination in 
these areas are documented in the 1992 Statewide Water Quality Assessment 
(305(b) Report) (Ecology, 1992). PSAMP complements these sampling pro- 
grams by monitoring areas located away from individual sources and on a 
wider geographic scale. This type of monitoring provides information on 
how these individual sources interact to affect broader areas of the Sound. 

To provide a comprehensive evaluation of Puget Sound, PSAMP monitors 
eight major components of the natural environment: sediments, marine 
water column, freshwater inputs, nearshore habitat, fish, shellfish, birds, 
and marine mammals. Six agencies are charged with monitoring these com- 
ponents: the Washington state departments of Ecology, Fisheries, Health, 
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, Task 
Rat ionale 
f o r  Sampling Agency 

I 

Sediment quolity Site of contaminant buildup Ecology 

I 
Sediment chemistry 
Bioassoys 
Benthic invertebrates 

Marine woter column Water quality changes Ecology 
Long-term trends 
Known woter quality problems I Aloal orowih 

Fish Fish health ond human health Fisheries 
Tissue chemistry (bottomfish) assessment; accumulation of 1 Liver histopathology (bottomfish) contaminants in the ecosystem 
Tissue chemistry (cod, rockfish, 

salmon) ' Shellfish i Human health assessment; water Health i 
Abundance quality ossessment; accumulation Fisheries 
Bacterial contamination of contaminants in the ecosystem 
Tissue chemistry 
Paralytic shellfish poisoning I Birds 

Abundance 
Tissue chemistry 

Marine mommols 

Nearshore habitat 
Area and type 

/ Fresh Water 

Ecosystem indicator 

Ecosvstem indicator 

Wildlife & 
USMrS 

Wildlife 

Inventory and heolth of habitot Natural 
Resources 

Input of contaminants to Puget Sound Ecology 

Natural Resources, and Wildlife, and the U.S. Fish and Wildlife Service / (Table I). The Puget Sound Water Quality Authority coordinates the pro- 
gram and data management and produces reports of program results. 

' PSAMP collects data on each of the eight components using consistent meth- 
ods over time, as outlined in the Puget Sound Protocols and Guidelines (PSEP, 
1991). These data will be used to assess the condition of Puget Sound. As 
successive years of data are collected, PSAMP scientists will analyze 
whether conditions are improving or deteriorating in each component of the 
Puget Sound ecosystem. This will allow resource managers to focus correc- 

j tive actions where they are most needed, evaluate the effectiveness of cor- 

j rective actions already in place, and identify emerging problems so they can 
be addressed before they become serious and expensive to treat. 

( This report summarizes the results of 1991 sampling efforts contained in 
technical reports written by PSAMP implementing agencies and from other 
monitoring reports and programs. The technical reports contain more i detailed information about the specific monitoring program elements and 
are available from the implementing agencies (see Contact List, page 67). 
More extensive background about PSAMP and the Puget Sound ecosystem 
is provided in the first two Puget Sound Updates (PSWQA 1990,1991). The 
policies and status of environmental programs designed to protect Puget 
Sound are described in the Authority's 1992 State of the Sound Report and the 
1991 Pi~get Sound Water Quality Management Plan. 

Table I .  Description of 
full PSAMP design. 
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Other environmental sampling efforts under way within Puget Sound 
include: 

Puget Sound Dredged Disposal Analysis (PSDDA). This project collects data 
on the chemical composition and toxicity of sediments at dredged material 
disposal sites. 

Discharger monitoring in receiving waters. Some sewage treatment plants and 
industrial dischargers, as part of their discharge permit requirements, must 
monitor water and sediment quality in the water bodies to which they dis- 
charge. Metro (Municipality of Metropolitan Seattle) and LOTT (Lacey, 
Olympia, Tumwater, and Thurston County) wastewater treatment plants 

I 
conduct regular monitoring in the water bodies into which they discharge. 

National Status and Trends (NS&T). As part of a nationwide program, 
I 

NOAA (the National Oceanic and Atmospheric Administration) collects and 
analyzes bottomfish, sediment, and shellfish from several sites in Puget 
Sound once a year. NOAA investigators compare the results among regions 

I 
of the country. '1 
Comprehensive Environmental Response, Compensation, and Liability Act 
Program (CERCLA). The U.S. Environmental Protection Agency (EPA) col- 

I 
lects data as part of the evaluation and cleanup of hazardous materials at 
Superfund sites. I 
Washington Department of Ecology surveys. Ecology conducts intensive sur- 
veys of areas with conventional and toxic contamination problems in water 
and sediments. 1 
Washington Department of Health sampling. Health samples marine waters for 
fecal coliform bacteria to determine contamination of shellfish growing 
areas. 

I 
In addition, local health departments, environmental consulting firms, uni- 
versities, aquariums, environmental groups, and citizen groups participate 

1 
in efforts to measure environmental quality. These efforts vary widely in 
their monitoring methods, spatial coverage, and the time periods over 
which they are conducted. 

I 
PSAMP tracks the results of some of the larger programs, which are normal- : I 
ly reported in the annual Puget Sound Update. Many of these programs, 
such as PSDDA, NS&T, and CERCLA, however, did not have available data 
collected since the last Update. Results from these programs will be pre- 
sented in the 1993 Puget Sound Update. 
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B A C K G R O U N D  .................. 
Below the waters of Puget Sound, a mixture of sand, gravel, and mud- 
known as sediments-blankets the estuary floor. Sediments provide food 
and shelter for many marine plants and animals. Because these plants and 
animals often form the foundation of the marine food web, clean bottom 
sediments are essential to Puget Sound's entire ecosystem. 

Streams and rivers constantly wash new sediments from eroding shorelines 
and upland areas into the Sound. As these sediments settle to the estuary 
floor, pollutants in the water-particularly metals and organic chemicals- 
cling to the particles of sand and silt before currents can carry them out of 
the estuary. Particles washed into the Sound by stormwater runoff, com- 
bined sewer overflows, and other discharges are often already qontaminated 
with toxic chemicals. Consequently, many pollutants ultimately end up in 
the sand and mud below the Sound's surface. Because most sediments 
never leave the estuary, these contaminants are usually trapped on the 
Sound's bottom. Bottom-dwelling organisms, such as worms, shellfish, and 
bottomfish, absorb the contaminants as they live and feed in, on, or near the 
sediments. Other animals are exposed to contaminants when sediments are 
stirred up by dredging or by other animals as they feed or burrow, as the 
water in contact with the sediments becomes contaminated, or as they feed 
upon contaminated organisms within the sediments. 
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The Sediment Triad 

To accurately evaluate sediment quality, scien- 
tists use two biological measurements-toxicity 
tests and bioassessments-to complement 
chemistry tests. Scientists use all three for a 
comprehensive and accurate evaluation of sedi- 
ment quality, called the sediment triad (Chap- 
man & Long, 1983). 

While chemical measurements effectively identify 
which pollutants contaminate sediments, they 
possess limitations that biological methods can 
overcome. First, it is impossible to analyze a 
sample for every chemical in the environment, 
even if cost were not a factor. Second, chemical 
analyses cannot predict interactions thot may 
occur between chemicols. Two chemicols that 
ore relatively harmless by themselves may pro- 
duce toxic effects when combined. Third, some 
chemicals are extremely expensive and technical- 
ly difficult to quantify. Fourth, some chemicals, 
such as dioxin, produce toxic effects at or below 
levels which chemists can routinely detect. 

Biological tests overcome these limitations by 
evaluating the cumulative effect thot all chemi- 
cals within a sample or location hove on resident 
marine life. Toxicity tests expose sensitive organ- 
isms to sediments under controlled loboratory 
conditions. A relative measure of sediment toxic- 
ity is provided by comparing the sampling results 
of these organisms to the characteristics of 
organisms exposed to uncontaminated control 
sediments. 

Bioassessments evaluate the biological communi- 
ties found in sediments at o given site. Scientists 
can determine the effects of contamination in on 
area by the number and variety of benthic oni- 
mals present, taking into consideration the influ- 
ence of natural voriotions, such as depth, sedi- 
ment groin size or the amount of organic matter 
present. If the numbers of organisms are low or 
if a community that naturally favors abundant or 
diverse communities is dominated by only o few 
species, it is inferred that toxic contamination is 
responsible for these conditions. 

The disadvantage of biological methods is that 
biological systems naturally have wide variations. 
This makes i t  difficult to tell the difference 
between pollutant effects ond biological variabili- 
ty unrelated to pollution. 

Scientists consider the buildup of toxic contaminants in sediments a sign of 
environmental degradation resulting from human activities. It is important 
that we monitor sediments to track levels of contamination, assess how con- 
taminants affect resident organisms, and evaluate whether contamination is 
increasing or decreasing. 

S E D I M E N T  C O N T A M I N A T I O N  I N  P U G E T  S O U N D  ............................................................. 
Toxic compounds, including heavy metals and organic chemicals, pose the 
greatest threat to sediment quality in Puget Sound (PTI 1991a). Some heavy 
metals, such as lead, copper, and mercury, occur naturally in the environ- 
ment in low concentrations. Problems arise when discharges from munici- 
pal and industrial facilities, stormwater runoff, improper chemical handling 
procedures, and spills add high concentrations of metals that damage the 
Puget Sound ecosystem. Naturally occurring metals can also become more 
harmful when they come into contact with other chemicals in the sediments; 
the resulting compound is often more toxic than the original contaminant. 
When arsenic combines with oxygen, for example, inorganic arsenic-a 
human carcinogen-forms. 

Some organic compounds may also occur naturally, such as petroleum 
hydrocarbons. Others, such as PCBs (polychlorinated biphenyls) and DDT 
(dichloro diphenyl trichlorethane), are human-made compounds that occur 
in the marine environment solely as a result of industrial production. Dis- 
charges of toxic organic chemicals that result from human activities may 
greatly exceed the ability of the Sound to accommodate these products, 
resulting in harm to the marine environment. Highly toxic in small 
amounts, certain organic compounds threaten organisms because they 
bioaccumulate, meaning that they may increase in concentration as they are 
passed up the food web (Woodwell et al., 1967; Young et al., 1980). 

Washington state established Sediment Management Standards (WAC 173- 
204) in 1991 to protect sediment quality. These standards define maximum 
allowable concentrations of 47 metals and organic chemicals within sedi- 
ments in Puget Sound. The standards were derived through extensive 
analyses of field and laboratory studies of the toxic effects of chemicals on 
benthic (sediment-dwelling) organisms. 

P S A M P  S E D I M E N T  M O N I T O R I N G  D E S I G N  ..................................................... 
PSAMP scientists sample sediments located away from known pollution 
sources in order to obtain a comprehensive evaluation of changes in sedi- 
ment contamination over time. Many nearshore sites and urban bays are 
severely contaminated and fail state sediment standards for metals and 
organic chemicals (PSWQA, 1992b) (Figure 1). By design, PSAMP does not 
measure the conditions within some of these most seriously affected por- 
tions of the Sound-areas where stormwater runoff, sewage and industrial 
facilities, and other sources discharge into urban bays. PSAMP measures 
the cumulative effect of numerous sources and the degree to which they 
contaminate areas beyond their immediate point of entry into the Sound. 
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Programs such as EPA's Superfund Program and the Department of Ecolo- 

i 
gy's Urban Bay Action Program collect information about sediment quality 
at contaminated areas shown in Figure 1. They also identify areas for 
cleanup and monitor sediment quality at sites where cleanup has occurred, 

1 pollution sources have been reduced, or where contaminated sediments 
have been capped with clean sediments. Areas within Elliott Bay, Com- 
mencement Bay, and Eagle Harbor, for example, have been declared Super- 
fund sites by EPA because of high levels of toxic chemicals in their sedi- 

I ments. 

1 Reference. PSWQA, 1992b 

Figure I .  Severe organic and metal contamina- 
tion of sediments in nearshore areas and urban 
bays is monitored by programs other than 
PSAM P. 

S E D I M E N T  Q U A L I T Y  1 1  



PSAMP requires three tests that measure the quality of surface marine 
sediments: chemical analyses of the concentrations of heavy metals and 
organic chemicals in the sediment sample, toxicity tests to evaluate the toxic 
effects of contaminated sediments on laboratory organisms, and bioassess- 
ments to identify the numbers and types of animals (benthic invertebrates) 
in the sediment. The combined results of these tests provide an overall 
measure of sediment quality (see Sediment Triad, page 10, for details). 

Figure 2. PSAM P sediment sampling stations. 

-- 

Reference: Striplin eta/., in prep. 
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Scientists sample only surface sediments (the top two centimeters) to focus 
on the most recent contamination. Each sediment sample is processed and 
shipped to laboratories for analyses of toxic chemicals, toxicity tests, and 
counts of benthic invertebrates. 

1 Ecology scientists collect surface sediments at 48 stations throughout Puget 
I 

Sound each year (Figure 2). Thirty-four of these are fixed stations that are 

, sampled each year. The remaining 14 are rotating stations that are sampled 
/ once every three years (see Monitoring Puget Sound's health, page 6, for a ' description of station types). 1991 rotating stations were located in northern 

Puget Sound. Most samples were collected at stations where water was 
approximately 20 meters deep; a few were collected from the deep basins of I the Sound (approximately 100 to 250 meters deep). 

1 1 R E S U L T S  OF 1 9 9 1  SEDIMENT CHEMISTRY ...................................................... 
Ecology scientists found measurable levels of toxic metals at all PSAMP 
sites in 1991 (Striplin et al., in preparation). Mercury was the only metal 
that exceeded state sediment standards (under the state standards, mercury 
cannot exceed 0.41 parts per million). Mercury levels exceeded state stan- 

, dards at three sites-Sinclair Inlet (0.74 ppm), Dyes Inlet (0.54 ppm), and 
I ' Port Gardner (0.48 ppm). Sinclair and Dyes inlets also had high mercury 

levels in 1989 and 1990 (Figure 3), indicating a chronic mercury contamina- 
1 tion problem. Although Port 

Gardner had low levels of mer- 
cury in previous years, the 1991 
level was almost 10 times the 
average of the previous two 
years. Future sampling will 
determine whether the high 
levels reflect an isolated hot 
spot or whether the contamina- 
tion is widespread and new 
sources of mercury caused the 
dramatic increase. Mercury 
contamination can result from 
discharges from a wide range 
of industrial processes, includ- 
ing the manufacture of chlorine 
and sodium hydroxide, which 
are used by paper mills (Bothn- 

. A  * 

er, 1973); metals processing; 
mining and ore production; Reference: Strinlin et nl in nren .......... ....... , . .  r .  . . 

and from the disposal of indus- 
trial and domestic products, such as thermometers and batteries. In its 
organic form, mercury is highly toxic to aquatic organisms and can damage 
the brain, kidneys, and developing fetuses in humans. 

Figure 3. PSAMP sites where concentrations of 
mercury violated state standards in 1991. 

Mercury 

l . O i  

0 J 
Concentrotion 

(ppm dry weight) 

1989 
1990 
1991 

- State Sediment Standard (.41 ppm) 

I All other metals were well below state sediment standards. Lead levels, 
I though below state standards, were elevated in some urban and industrial- 

ized bays. In Elliott Bay, Sinclair Inlet, and Dyes Inlet, lead levels were two 
) to three times higher than concentrations at other sites. Lead has a wide 
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Figure 4. PAH levels in City Waterway (tom- 
mencement Bay). 

I 
I I 

1989 1990 1991 

Year 
Reference: StripIin et  ol., in prep. 

variety of sources, including batteries, auto emissions, and leaded gasoline. 
Lead is a common component of urban and highway runoff. No other met- 
als appeared to have elevated concentrations at urban or industrial sites. 

Ecology scientists found toxic organic contaminants at all 48 PSAMP sites. 
None, however, exceeded state sediment standard levels. PAH (polynu- 
clear aromatic hydrocarbon) levels were noticeably lower at Commence- 
ment Bay's City Waterway than in previous years, when they were mea- 
sured in excess of state sediment standards (Figure 4). Scientists have 
defined two types of PAHs. The first, LPAHs (low molecular weight 
PAHs), are found in high concentrations in petroleum fuel and oil, and in 
wood preservative products such as creosote. The second, HPAHs (high 
molecular weight PAHs), are produced during the combustion of petroleum 
products. The effects of human exposure to PAHs are not well understood, 
however they are believed to cause cancer and to produce immunological 
and reproductive effects (PTI, 1991a). Sediment standards for organic 
chemicals are defined relative to the amount of organic carbon within sedi- 
ments, to better predict biological effects. LPAH levels at City Waterway 
measured 201 ppm on an organic carbon basis in 1991 compared to the 521 
ppm average of the previous two years. The state sediment standard for 
LPAHs is 370 ppm on an organic carbon basis. HPAHs measured 500 
ppm, compared to an average of 1,279 ppm for 1989 and 1990. The state 
standard for HPAHs is 960 ppm. These lower levels at City Waterway may 
reflect either actual decreases in PAH contamination or sampling variabili- 
ty. Because PAHs are measured on an organic carbon basis, measurements 
may vary widely due to fluctuations in the amount of organic carbon within 
the sediments. 

Despite apparent PAH decreases, analyses of other organic compounds 
indicate that City Waterway has the most serious organic contamination 
problem of the sites sampled. Of the 66 organic compounds analyzed at 
PSAMP locations, one-third of these (23) had their highest concentrations in 
City Waterway sediments. 
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R E S U L T S  OF 1 9 9 1  S E D I M E N T  B I O L O G Y  ................................................... 
Bioassessments-the evaluation of benthic communities-during 1991 
showed a connection between low species diversity and sediment contami- 
nation, especially at Sequim Bay, which is located along the Strait of Juan de 
Fuca. 

Sequim Bay's biological community is characteristic of contaminated sedi- 
ment conditions. Its benthic species diversity is the lowest of all PSAMP 
sites sampled-only three species were found in the sediment samples at 
Sequim Bay. This is less than one-tenth of the diversity measured in Com- 
mencement Bay, which had the second lowest diversity. 

Chemical analyses of Sequim Bay's sediments support the link between low 
species diversity and contamination. The bay has the highest concentration 
of beta-coprostanol(800 pg/kg), a chemical produced by the bacterial 
breakdown of cholesterol in mammals. Beta-coprostanol is not generally 
toxic by itself, but it is frequently associated with sewage effluent and pollu- 
tion from nonpoint sources such as leaking septic systems, and is therefore 
indicative of pollutant inputs (Murtaugh & Bunch, 1967; Kirchmer, 1971). 
Since this was the first year for which Sequim Bay was sampled, conclusions 
cannot yet be drawn (the Sequim Bay monitoring site is a rotating station). 
Results from the chemical and bioassessment analyses point to possible con- 
tamination by a sewage source, such as runoff from failing septic tanks, 
untreated discharges from boats, or a municipal sewage outfall. However, 
sampling by the departments 
of Health and Ecology does not 
indicate high levels of fecal col- 
iform bacteria or low levels of 
dissolved oxygen in the water 
column, both of which usually 
occur at sites contaminated 
with untreated sewage. 
PSAMP scientists will conduct 
more intensive analyses during 
1993 in an attempt to identify 
the sources of the observed 
biological effects. 

The highest values for beta- 
coprostanol from the previous 
two years occurred at Blair/ 
Sitcum Waterway in Com- 
mencement Bay, which is adja- 
cent to one of Tacoma's sewage 
outfalls (Figure 5). The level of 
beta-coprostanol has decreased 
dramatically during the three 
years of sampling at 
Blair/Sitcum Waterway. This 
may be due to improvements 
in wastewater treatment or Reference: Striplin et ol., in prep. 

Figure 5. Concentrations of beta-coprosfanol in 
PSAMP sediment samples. 

0 
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Figure 6. Diversity levels at contami- 
nated PSAMP sediment sampling sites. 
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reductions in the number of com- 
bined sewer overflows. 

The biological communities at this 
-7 

site also reflect contaminated sedi- I 
ment conditions. The Blair/Sitcum 
Waterway has one of the lowest 

1 
diversity values in Puget Sound, yet 
it also has the highest abundance 
(total number of individual ani- 
mals=1,694 ind./m2) of all the sites. 

1 
This condition frequently occurs in 
areas affected by organic enrich- 
ment, from sources such as sewage 

1 
outfalls. Poor water or sediment 
quality resulting from sewage dis- 
charges creates conditions unfavor- 

1 
able to most marine life, allowing a 
few species which can tolerate 
organic enrichment to dominate. 

Such species (including certain species of marine worms and mollusks) 
often utilize organic matter as a food source, especially near sewage outfalls 
where high levels of organic matter support large populations. Blair/ 
Sitcum Waterway's four most abundant species are all pollution-tolerant. 

Three PSAMP sites showed statistically significant increases in the diversity 
of benthic organisms over the last three years of sampling: Eagle Harbor, 
Elliott Bay, and City Waterway in Commencement Bay (Figure 6). These 
contaminated sediment sites have low diversity values and are dominated 
by pollution-tolerant organisms. The rise in diversity is due to increases in 
the number of species found at each site and to decreases in the abundance 
of the pollution-tolerant species that dominate these sites. While the 
increase in diversity has been small, it does indicate that biological commu- 
nities may be improving, possibly in response to cleanup efforts at each site. 

Although biological tests help to provide answers that chemical tests can 
not, the limitations inherent in biological methods were evident in 1991 toxi- 
city tests. Contaminated sediments showed few significant differences in 
toxicity when compared to uncontaminated control samples, due in part to 
the high variability of the results and the limited sample size. Sediments 
from several sites had significantly higher mortality rates, but when the 
effect of sediment grain size was accounted for (some species have a higher 
mortality rate when sediment grain size is small) the PSAMP station just 
outside of Oak Harbor was the only site with statistically significant toxicity 
levels. It is possible that this is a result unrelated to toxic contaminants. 
The chemistry test results do not point to any obvious cause for this toxicity, 
since the levels of measured contaminants were not high. 



1 B A C K G R O U N D  

The marine water column, which includes water from bottom sediments to 
1 the water surface, is a vital part of the Puget Sound ecosystem. Within the 
I water column grow microscopic free-floating algae, known as phytoplank- 

ton, which provide an energy base which fuels much of the Sound's ecosys- 
1 tem. Through photosynthesis, phytoplankton convert the sun's energy into 
1 food for other marine life. 

' Puget Sound's water column is among the most productive in the world. 
I Birds, fish, marine mammals, and humans all find abundant food in the 

Sound's waters. The quality of the water column is crucial because of its 
central role in so many of the Sound's activities. Water quality degradation 
has widespread detrimental effects on the Sound's ecology and on our ability 
to use its resources and take advantage of its recreational opportunities. 

, The physical characteristics of Puget Sound-and of toxicants-make it 
more difficult for pollution to affect the water column than other parts of the 
basin, such as sediments and shellfish beds. Many toxic chemicals bind to 1 particles, which settle out of the water and onto the basin floor. The pollu- 
tants that remain in Puget Sound's open waters are diluted by the tidal 

, exchange of water within the basin and with the Pacific Ocean via the Strait 
; of Juan de Fuca. For this reason, Puget Sound's open waters do not experi- 
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How fecal coliform bacteria 
are monitored 

PSAMP fecol coliform monitoring sites ore located 
away from nearshore discharge sites in order to 
assess overoll, ambient bocteriol contominotion in 
Puget Sound. The Washington Department of 
Ecology collects one sample a month at eoch site 
for an estimate of bacterial contomination. 
Because only one sample o month connot accu- 
rotely ossess fecol contominotion, Ecology does 
not use PSAMP data to determine oreos that vio- 
late state standards for fecol coliform bacteria. 
Additionally, fecal coliform measurements vary 
greotly and require 15 or more replicote samples 
ot each site for occurate estimotes. Such inten- 
sive sampling would greatly inerease the cost of 
the Puget Sound Ambient Monitoring Program. 
The Washington Department of Health conducts 
more detailed sampling of nearshore oreos in 
conjunction with shellfish growing woters anoly- 
ses. If Ecology's monthly sompling indicotes that 
a site hos consistently high readings, the Deport- 
ment of Heolth conducts more intensive sampling 
in the vicinity. 

Ecology investigators sampled water column conditions at 13 core stations 
and 15 north Sound rotating stations in 1990 and 1991 (Figure 7). The 
results described in this report include 12 months of sampling that overlap 
two calendar years (Ecology schedules its sampling based on a water year, 
which runs from October of one year to the following September). 

FECAL C O N T A M I N A T I O N  O F  P U G E T  S O U N D  W A T E R S  ................................................................... 
Fecal coliform bacteria, which originate from human and animal waste, 
pose an increasing threat to the use of Puget Sound's resources. While these 
bacteria are generally not harmful, they indicate the possible presence of 
other pathogens, such as bacteria and viruses which can cause diseases such 
as typhoid, cholera, and hepatitis in humans. Fecal bacteria are monitored 
because they are easier and less expensive to measure than the pathogens 
with which they are associated. Fecal coliform bacteria usually appear 
when human or animal waste is improperly managed and discharged into 
the water. Fecal coliform bacteria also appear when large amounts of 
marine mammal feces are present, in places such as harbor seal haulout 
sites. Fecal bacteria and their related pathogens can render Puget Sound 
resources, such as shellfish, unacceptable for human consumption. 

ence large-scale algal blooms, fish kills, beach closures, and fisheries bans 
that occur in many estuaries around the world. 

However, Puget Sound's marine water column is not immune to the effects 
of pollution. Semi-enclosed bays (such as Oakland Bay in the south Sound) 
are easily degraded because water exchange is limited in those areas. High- 
ly polluted industrial areas (such as Commencement Bay) and areas where 
nonpoint sources of pollution are prominent (such as parts of Hood Canal) 
are experiencing water quality degradation. 

P S A M P  W A T E R  C O L U M N  M O N I T O R I N G  D E S I G N  ............................................................. 
PSAMP scientists measure several variables in the water column to deter- 
mine the quality of water and its susceptibility to potential problems. Tem- 
perature and salinity help scientists evaluate water column stability and the 
movement of water and dissolved contaminants. Dissolved nutrients and 
oxygen-essential for plant and animal life-provide information necessary 
to determine whether excess nutrients, such as nitrates, nitrites, and ammo- 
nia, are present. Chlorophyll a and phaeopigment levels (two pigments 
contained in algal cells) indicate the concentration of living and dead algae. 
Fecal coliform bacteria are monitored to detect fecal contamination which 
may include pathogens from human and other animal wastes (PSWQA, 
1988). PSAMP investigators measure these water quality variables at sta- 
tions in the open basins and in urban and rural bays and inlets to ascertain 
conditions throughout the Sound. Toxic contaminants, such as heavy met- 
als and organics, are not sampled in the water column since they generally 
bind to sediments and thus are present in very low concentrations in the 
water column (except in extreme cases, such as near an industrial discharge 
point). 
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In the past, Puget Sound's largest source of fecal contamination came from 

/ municipal sewage discharges. Improved treatment technologies, the chlori- 
1 nation of sewage, and the enforcement of discharge permits have signifi- 

cantly decreased bacterial contamination from sewage (Tetra Tech, 1988). 
With the exception of combined sewer overflows during heavy rains and 
mechanical breakdowns, municipal and industrial sources seldom cause 
severe fecal contamination problems (Tetra Tech, 1988). However fecal con- 

/ I tamination is still a problem. The bacteria now originate from a variety of 

Figure 7. PSAMP marine water column som- 
pling sites. 

OLYMPIA ,%-. -.-, :.:.c.z, <., 
\ % I 1 Reference: lonzen 8 Eisner, 1992 
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Table 2. Violations of state 
fecal coliform standards in 
Puget Sound. 

smaller sources that are more difficult to control, mainly because they 
involve the dispersed, daily activities of a growing population. Sources 
such as urban stormwater runoff, poorly managed animal wastes, sewer 
overflows, discharges of untreated waste from boats and marinas, and fail- 

1 
ing septic systems contribute to the Sound's increasing fecal contamination 
problem. The most serious fecal contamination usually occurs after heavy 
rains, when high levels of runoff carry bacteria from agricultural and urban 

1- 
areas and upland septic systems to the Sound. I 
FECAL C O L I F O R M  I N  1 9 9 0 - 1 9 9 1  P S A M P  STAT IONS 

High fecal coliform readings were measured at Possession Sound, Com- I 
mencement Bay, and Oakland Bay stations during the 1990-1991 PSAMP 
monitoring (Table 2). These sites, which also had high counts in 1989 and 
1990, may have chronic problems from fecal contamination sources, such as 
stormwater runoff and combined sewer overflows in Commencement Bay 

I 
and Possession Sound, and failing septic systems or other nonpoint sources 
of pollution in Oakland Bay. Contamination at other PSAMP stations var- 
ied from previous years. Levels measured in the main basin, near the West 

I 
Point sewage treatment plant outfall, were higher than in 1989-1990. Budd 
Inlet and Nisqually Reach, which had several high readings in 1989-1990, 
exhibited lower fecal coliform levels in 1990-1991. 

'1 
ALGAL BLOOMS I N  PUGET S O U N D  ............................................ 
Nutrients, such as nitrates, nitrites, ammonia, and phosphate compounds, 
are a normal and necessary part of the Puget sound ecosystem. under cer- 
tain conditions, excess nutrients can enhance the growth of phytoplankton, 
resulting in excessive algal blooms. When these blooms die, they decom- 
pose and deplete dissolved oxygen, causing water quality problems, espe- 
cially in the slow moving waters of semi-enclosed bays. Phytoplankton also 

1990 Water Year 1991 Water Year 
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deplete oxygen from the water at night when they switch from photosyn- 
1 thesis, which produces oxygen, to respiration, which consumes oxygen. 
I Low levels of dissolved oxygen can harm aquatic life and, under severe con- 

ditions, result in fish kills and foul odors from decomposing plants and ani- 
, mals. 

Phytoplankton require three conditions to flourish: a stable water column, 
abundant sunlight, and a sufficient supply of nutrients. Scientists track 
these conditions carefully to identify areas that are susceptible to uncon- 
trolled algal blooms caused by excess nutrients. These three conditions are 

, generally controlled by nature, although excess nutrient levels can often be 
I traced to human activities. Sewage, failing septic systems, and runoff from 

animal waste and fertilizer on lawns and farms add excess nutrients to the 
, water. 
I 

Seasonal variations in sunlight, the depth of phytoplankton within the water 
column, and water clarity affect the amount of sunlight phytoplankton 
receive. Day length and the intensity of sunlight are greatest at the summer 
solstice (around June 21) and least at the winter solstice (around December 
21). In certain estuaries, algal populations may reflect these variations, 
reaching their highest abundance at the summer solstice, as has been shown 
for the main basin of Puget Sound (Anderson et al., 1984). Algal popula- 

, tions tend to bloom more often when the availability of sunlight is higher; in 1 late spring, summer, and early fall. In highly stratified bays, blooms may 
occur as early in the year as January (Copping, 1982). 

1 Human activities greatly influence the third condition necessary for phyto- 
plankton growth-nutrients. Puget Sound is a very productive area that 
naturally supports abundant populations of phytoplankton. Nutrients are 

1 supplied to support this productivity by the mixing of nutrient-rich bottom 
I waters with surface waters and through the flows of fresh water from rivers 

and streams into Puget Sound. Nitrogen compounds in sewage discharges 
I and fertilizer runoff from lawns and farms greatly add to the natural supply 

of nutrients, which can lead to excessive algal blooms and related water 
quality problems. Once an algal bloom begins, phytoplankton may grow so 
rapidly that even high levels of nutrients in the water column are depleted. 
Scientists look for nutrient depletion as evidence of algal activity and possi- 
ble sensitivity to additional nutrient inputs from human activities. 

I 

I 

Monitoring the Sound's waters 

I In a stable water column, bottom water does not mix with surface water. 
This condition-stratification-favors algae growth because phytoplankton 

I can remain near the surface where sunlight is most abundant. A deep, well- 
: mixed water column, on the other hand, constantly circulates phytoplank- 

ton below the sunlit layers so that less growth occurs. Stratification usually 
occurs in areas with minimal flushing and when less saline fresh water 
overlays denser salt water (salinity stratification) or warmer water overlays 
colder, denser water (thermal stratification). Semi-enclosed bays generally 
exhibit stratification during the summer. 

Sompling woter ot different times provides a 
complete picture of the dynamics and woter qual- 
ity problems within the marine woter column. 
Three different sompling schedules provide a 
fairly complete characterization of the quality of 
the Sound's woter column. 

Long-term monitoring. This involves sompling at 
a limited number of open woter stations once a 
month to evaluate long-term woter quality 
trends. Because the open basin stotions repre- 
sent background woter quolity conditions in 
Puget Sound, they are located away from shore- 
lines, often in mid-channel and oway from the 
influence of known pollution sources. 

Seosonol monitoring. Many localized water quol- 
ity problems occur on short time scales and ore 
best detected through seasonal monitoring, which 
involves intense sompling during times of the 
year when woter quality problems are most likely 
to develop. Algal blooms may develop ond sub- 
side in less than a month. Fecal coliform bacteria 
may thrive ofter o storm event, but die off within 
a week. While these problems may be of short 
duration, their effects can persist for some time. 
Because frequent monitoring is expensive, sam- 
pling is focused on the most likely times for prob- 
lems to develop, and on a few select boys eoch 
year. Seosonol monitoring began in the spring of 
1992 at Budd, Sinclair, and Dyes inlets. Results 
of these studies will be available in the next 
Puget Sound Update. 

Solstice Monitoring. The third component of 
woter column monitoring--solstice monitor- 
ing-estimates the omount of phytoplonkton 
produced within eoch bay sampled. Analyzing 
dissolved nutrients, algal biomass (chlorophyll), 
sunlight (incident radiation), and phytoplankton 
species composition for two weeks before and 
ofter the winter and summer solstices (around 
December 21 and June 21) may help predict the 
maximum and minimum amount of algae that 
can be expected in a given areo (Anderson eta/., 
1984). Armed with such information, managers 
can take long-term source control octions, such as 
amending wastewater permits or relocating poor- 
ly sited discharges. Solstice monitoring is sched- 
uled to begin the winter of 1992-1 993. 
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Table 3. Surface nutrient (NO,NO,I depletion 
in Puget Sound. 

1 9 9 0 - 1  9 9 1  WATER COLUMN CONDITIONS ....................................................... 
Stratification. The most noticeable stratification occurred in the 1990-1991 
Hood Canal stations, due primarily to the confined nature of this water 
body, its great depth, and freshwater inputs. Hood Canal exhibited salinity 
stratification for much of the year and thermal stratification during the sum- 
mer months. The north Hood Canal station at Bangor showed only weak 
stratification, probably due to greater mixing with waters from the Strait of 
Juan de Fuca. Many south Sound bays were also stratified. Budd, Carr, and 
Case inlets were thermally stratified during the summer. Salinity stratifica- 
tion appeared in Budd Inlet and Oakland Bay during the winter and spring, 
presumably as a result of higher freshwater discharges during heavy rains. 

Bays fed by large rivers often display salinity stratification, particularly in 
the winter and spring when flows of fresh water are highest. In summer, 
when rainfall is low, salinity stratification may weaken or disappear. Com- 
mencement Bay, Skagit Bay, Possession Sound, and Nisqually Reach exhib- 
ited salinity stratification through part or all of the 1990 winter and 1991 
spring. Some areas, such as Commencement Bay and Possession Sound, 
were thermally and salinity stratified in summer. Most of the stations locat- 
ed in the main basin, in open areas of north Sound, or in areas with strong 
tidal currents showed little or no stratification. Tacoma Narrows, East Pas- 

Nutrients depleted ( .040 or less mg/l NOTN03) in months with 0. No nutrient depletion in months without 0. 

Reference: lonzen & Eisner, 1992 
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sage, West Point, Admiralty Inlet, the Straits of Georgia, and the Strait of 1 Juan de Fuca (near Port Angeles) did not appear to stratify in 1991. 

Nutrient Depletion. Ecology scientists look for nutrient depletion as a sign of 
algal activity and to identify areas that may be sensitive to additional nutri- 
ent inputs. Because algal growth can be limited by low nutrient levels, phy- 
toplankton in nutrient depleted areas rapidly use up any additional nutri- 
ents that result from human activities. If the nutrient supply is great 
enough, this may cause excessive blooms. 

Nitrogen was depleted at over half the Puget Sound stations sampled dur- 
ing the 1991 water year (Table 3). Possession Sound, Saratoga Passage, 
Hood Canal, Discovery Bay, and several south Sound bays were depleted 
for the greatest periods of time. Depletion typically occurred during the ' summer months, when phytoplankton growth was greatest. 

I 

Algal Blooms. Ecology scientists found elevated chlorophyll a concentrations 
I indicative of algal blooms at several stations throughout the Sound (Table 
I 

4). Many south Sound bays displayed elevated chlorophyll a concentrations 
during the summer. Algal blooms were detected in Budd, Carr, and Case 
inlets and at Dana Passage and Nisqually Reach. Oakland Bay was the only I south Sound station without a noticeable summer algal bloom, though it is 
probable that blooms occurred between monthly samples or at depths not 

I , 

1 = >5 pg/l chlorophyll a. Algal blooms not detected at time of sampling in months without 0. 

Reference: Janzen & Eisner, 1992 

Table 4. Algal blooms in Puget Sound during 
1 99 1 PSAM P monitoring. 
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sampled. High chlorophyll a concentrations were measured in Hood Canal 
at King Spit near the mouth of Hood Canal, at Sister's Point near the Great 
Bend, and in Lynch Cove. These results indicate that Hood Canal is suscep- 
tible to algal blooms. Algal blooms also appeared in East Sound at Orcas 
Island, in Discovery Bay, and in some open water locations, including the 
main basin near West Point, Admiralty Inlet near Point No Point, and East 
Passage. 
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1 B A C K G R O U N D  .................. 
Fish provide us with more than a profitable fishing industry and steady 

1 food supply-they also provide valuable information about the health of 
Puget Sound. More than 220 different types of fish spawn, live, and feed in 
the sediment, nearshore marshes, fresh waters, and open waters of Puget ' Sound. The health of these fish reflects the condition of their habitats. The 
poor health of many of the Sound's fish indicates that problems exist. Fish- 
eries biologists see the effects of pollution reflected as tumors and reproduc- 

I tive problems among fish. Anglers notice there are fewer fish to be caught, 
mainly due to habitat degradation and destruction and to overfishing. 

I Documenting the extent of these problems, and their underlying causes, is 
not easy. Fish populations undergo natural variations from year to year 
based on such factors as rainfall, water temperature, weather patterns, 
abundance of food, and losses to predation. Human activities also affect 

1 fish populations. Sedimentation and stormwater runoff caused by forestry, 
agriculture, and development activities degrade and destroy streamside and 

I nearshore habitat. Dams and other structures block fish passage to spawn- 
I 
1 ing and feeding grounds. Pollutants in the water and sediments may cause 

fish tumors and reproductive problems. Overfishing can drastically reduce 
I fish populations. There is also evidence that as wild stocks of salmon dwin- 
I dle, they are gradually replaced by growing numbers of hatchery-reared 



salmon. Hatchery-reared fish may be less adapted to local conditions than 
the wild salmon which naturally occur there (Hindar et al., 1991). The 
increasing proportion of hatchery-reared fish may result in weakened stocks 
with lower genetic diversity. 

I 
Indian tribes and the Washington Department of Fisheries (Fisheries) work 
together to protect and manage fish populations while allowing for a rea- 
sonable harvest by commercial fishermen and recreational anglers. Their 

I 
efforts to determine the cause of declines in fish populations are often hin- 
dered by a lack of conclusive information, leaving them with no choice but 
to close fisheries, reduce seasons, and limit the number of commercial fish- 

I 
ing licenses. These actions respond to the problem but do not address the 
underlying causes. Effective protection of fish will require more informa- 
tion on the status and health of Puget Sound fish stocks and habitats, and on 

1 
the levels of contaminants found in fish tissue. .I 
Although differing methods of catching and sampling fish and changing 
natural conditions make it difficult to determine long-term trends in fish 
stocks, recent results indicate that the condition of some marine fish popula- 
tions is declining. For example, declining lingcod and walleye pollock pop- 
ulations have joined the ranks of other stocks considered to be in poor con- 
dition. Only flatfish and dogfish populations appear to be healthy (Table 5) 
(Schmitt, 1990, personal communication). 

Table 5. Current stock abundance and recent Species Condition* Trend* ................................................................................ trends for the major groundfish species in Puget 
Sound. Flatfish Healthy Stable 

Pacific Cod Law Declining 

Pacific Whitina Low Stable 

Sunoerch Law Stable 

Walleye Pollock Low Stable 

Lingcod Low Declining 

Rockfish Unknown Unknown 

Dogfish Healthy Declining 

HeolthpFish populations for which there are no serious resourte conservation concerns. Localized population depletions 
may occur, but the overall population is in good condition. Harvest regulations are designed to maintain these populations. I 
L o w F s h  populattom for which there are tonservation concerns. Harvest regulat~ons are designed to rebuild these populations. 1 
Healthy populations with declining trends-Fish populations which are presently healthy, but for which recent declines in abun- 
dance merit closer attention. Conservation measures and harvest regulations may be netessary in the near future to maintain 
these stocks in healthy condition. 

* Stock conditions ond trends ore bosed on the best profession01 judgement of fisheries experts, using long-term resdts o f  
commercial ond recreotionul cotches ond populotion assessments. 

P S A M P  F l S H  M O N I T O R I N G  ................................... 
In order to provide an overall measure of the health of Puget Sound fish, 
PSAMP scientists collect information not systematically gathered by other 
groups. This includes contaminant levels in fish, the effects of contaminants 
on fish, and the potential effects on humans who eat fish (PSWQA, 1988). 

I 
The Department of Fisheries, tribes, fishing organizations, and others collect 
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I English sole, a type of flatfish that lives on the Sound's bottom, are moni- 
tored for several indicators of contamination because they live in contact 
with sediments and may accumulate toxics. PSAMP scientists examine 
English sole for certain liver conditions as a measure of the health of the 
fish. Tissue contaminant levels are measured to assess the accumulation of 
pollutants in the marine food web. Scientists also examine the threat to 1 human health from eating English sole (PSWQA, 1988). 

1 

To provide a broad overview of fish contamination, PSAMP investigators 1 also measure contaminants in five other types of fish that are caught recre- 
ationally and commercially. The species monitored are copper and quill- 
back rockfish, chinook and coho salmon, and Pacific cod. Each of these fish 

I feed on different organisms, and thus provide information about different 
pathways by which contaminants accumulate. 

information on the population levels of marine and anadromous fish in 
Puget Sound. The designers of PSAMP chose not to duplicate these efforts, 
so fish abundance data are not collected by the Puget Sound Ambient Moni- 

I toring Program. 
I 

Rockfish, which can live for more than 30 years, generally confine them- / selves to one area of the Sound and can provide information about localized 
accumulation of toxic chemicals. The longevity of rockfish ensures that con- 
taminants known to accumulate in fish will tend to show up in their muscle 
tissues. Contaminants in Pacific cod-shorter-lived fish which swim 
throughout the basin but do not migrate into the open ocean-reflect condi- 

) tions that the fish may encounter throughout the Sound rather than in a 
I localized area. In past studies, Pacific cod were found to contain higher lev- 

els of arsenic and PCBs (polychlorinated biphenyls) than other Puget Sound 
fish (Landolt et al., 1987). Salmon, which migrate to the open ocean and 
may accumulate contaminants from sources outside of Puget Sound, are 
monitored because of their recreational and commercial value. 

I , 9 9 1  P I A M P  F I S H  M O N I T O R I N G  ...,*..*....*...... * . , * ~ t . " . . * I . * . * I . * " S * * *  

1 
Many of the nine fixed stations and seven rotating stations sampled in 1991 
were located in or near urban bays (Fisheries, in preparation) (Figure 8). 
Fisheries examined the English sole for parasites and other obvious health 
problems, such as fin erosion, and noted their length, weight, sex, and 
reproductive maturity. Chemists analyzed muscle tissue for arsenic, copper, 
lead, and mercury contamination, and for many organic compounds, includ- 
ing PCBs and pesticides, which have been found at elevated levels in past 
Puget Sound studies (Malins et al., 1982). 

, , 

Bottom fish liver analysis 

I PSAMP funding did not permit the sampling of salmon and Pacific cod in 
. 1991. Rockfish were sampled from five different locations throughout Puget 

Sound in November and December 1991. The results are not presently 
I available, but will be reported in the next Puget Sound Update. This Update 
I summarizes results from the 1991 English sole survey. This year's results 

are compared to 1989 data because funding constraints prohibited sampling 
1 English sole in 1990. 

Fish pathologists generally examine the liver far 
signs of toxic effects because the liver detoxifies 
chemicals before they can damage more sensi- 
tive organs like the heart and brain. The liver 
accumulates toxic material and is commonly the 
site of earliest detectable disease. 

The most common types of English sole liver 
lesions associated with contaminants in Puget 
Sound are: megalocytic hepatosis (enlarged liver 
cells); foci of cellular alteratian(pre-tumors), 
where abnormal cells grow rapidly, generally in 
fish at least a year old; and tumors (benign and 
malignant) in fish at least three years old. Scien- 
tists believe that many of these abnormalities are 
linked to one another (Myers et at., 1987). 

Scientists refer to the percentage of fish sampled 
which show each of these conditions as the 
prevalence of each type of liver abnormality. 

PAHs-derivatives of petroleum and combus- 
tion-are most frequently linked to fish liver dis- 
ease. Mony types of liver lesions constitute liver 
disease and many of the lesions seem to be fore- 
runners of cancerous tumors. The effect of liver 
disease on fish is being investigated. 



Figure 8. 1991 PSAMP fish monitoring stations. 

Fixed Stations 

Rotating Stations 

RESULTS OF 1 9 9 1  E N G L I S H  SOLE A N A L Y S I S  ........................................................... 
1 

English sole sampled in 1991 were generally larger in size than 1989 fish. 
This complicates statistical comparisons of contaminant levels between 
years because toxic concentrations may increase with the size of a fish. For 
this reason, differences in contaminant levels between the two years should 
be interpreted with caution. PSAMP investigators will conduct statistical 

I 
1 

I OLYMPIA 

Reference: Fisheries, in prep 



analyses of the English sole data that factor out the effect of size. This will 
I allow them to determine whether observed differences in contaminant levels 

I I 
are due to natural variation or actual changes in tissue contaminant levels. 

/ Metals. Fisheries scientists found low levels of arsenic, copper, lead, and 

j mercury in English sole muscle tissue at most of the 1991 PSAMP stations. 
English sole tissue contained levels of copper and mercury similar to those 
found in 1989 (Fisheries, in preparation). The levels of arsenic were higher / in 1991 for nearly every station sampled in both years. This may be partly 
due to the larger size of sole sampled in 1991. In addition, scientists quali- 
fied many of the 1989 arsenic values as estimated, so that direct compar- 

I isons with 1991 values can only be qualitative (values are qualified as esti- 
mated when there is high variability in sampling results). Ongoing sam- 
pling will allow PSAMP investigators to determine whether arsenic levels in 

/ bottomfish are changing over time. Arsenic levels varied considerably from 
site to site, though they did not appear to be correlated with arsenic accu- 
mulation in the bottom sediments at these sites. 

I 
Overall, lead levels in English sole were lower in 1991 than in 1989 (Figure 
9). The significance of this decrease is unknown because contaminant con- 

/ centrations can vary naturally over time. It will take several years of sam- 
I 
I pling to establish baseline data necessary to determine whether lead levels 

are changing significantly over time at a particular site. This is especially 

I true since lead levels measured in the past two years of sampling are near 
the sampling equipment's lower limit of detection, which makes quantifica- 
tion of the actual values very difficult (see Chemical detection limits, page 30). 

1 Toxic Organics. PCB levels in English sole tissue appeared to vary depend- 
ing on the location of the sampling station and nearby land uses. PCBs were 

1 not detected in English sole at any of the rural sites (Strait of Georgia, 
Saratoga Passage, and Hood Canal). The highest PCB levels occurred in 
English sole from urban or industrial areas, such as Eagle Harbor, Elliott 
Bay, Sinclair Inlet, and Commencement Bay. Urban and industrial fixed sta- 

1 tions sampled in 1989 reflected similar levels of contamination. PCB values 
from both years are qualified as estimates, so that comparisons between the 

Shoik of Bellin horn Discovery Port Port Hood Elliott Sincloir Commencemeot Budd 
Georgio ~or%or Boy Townsend Gordner Conol Boy Inlet Boy Inlet 

Figure 9. Leud levels in Puget Sound 
English sole. 

.I989 

.I991 
ND=no leod detected 



Chemical detection limits 

Detection limits ore the smallest level at which a 
chemical con be measured by on analysis. Detec- 
tion limits vary with the type of contaminont, the 
nature of the sample, and the type of analytical 
methodology and instrumentation used. The reli- 
ability of a chemicol measurement improves as 
contominont concentrations increase above the 
detection limit. Near detection limits, the pres- 
ence of a contaminont may be obscured by o 
complex mixture of chemicals or by electronic 
interference from the analytical instrument. To 
minimize the effects of these factors, scientists 
try to use methods that will detect the presence 
of chemicals five to 10 times lower than regula- 
tory levels for each chemical. 

Special analyses may be required to measure 
chemicals which are toxic at very low levels. For 
instonce, the EPA woter quality criterion for PCBs 
is 0.03 ppm for the protection of marine organ- 
isms. However, routine analytical methods may 
only be able to detect PCBs down to 0.1 ppm, so 
thot more specialized methods are used for PCB 
analysis. 

Scientists ore able to achieve lower detection lim- 
its through continual improvements in analytical 
instrumentation. For example, scientists at Ecolo- 
gy's Monchester Laboratory recently developed 
methods for anolyzing mercury thot reduce detec- 
tion limits for this chemical by over an order of 
magnitude. Previous detection limits were 
50-200 nonograms/l (ng/l); Ecology scientists 
con now detect mercury concentrations as low as 
<5 ng/l. 

years can only be qualitative. Low levels of PCBs were present in English 
sole from four of the five less urbanized sites (Port Townsend, Port Gardner, 
Shilshole Bay, and Budd Inlet). Outer Bellingham Bay was the only site 
near an urban area that recorded no PCBs in any of the samples. 

In the past, PCBs were used as coolants and lubricants in electrical equip- 
ment. Manufacture of PCBs was banned in 1977, but because these carcino- 
genic compounds are persistant and bioaccumulate, they are still found in 
fish tissue and sediments (PTI, 1991a). 

After investigating contaminants in English sole tissue, Washington Depart- 
ment of Health investigators concluded that the level of contaminants found 
at the sampled locations pose no significant health threat to people that eat 
English sole from Puget Sound (DOH, in preparation a). Health investiga- 
tors base their evaluations on a subsistence level consumption rate of 20 fish 
meals per month. 

R E S U L T S  O F  P S A M P  B O T T O M F I S H  L I V E R  A N A L Y S I S  .........................................**......,..*...,,.....,... 
Several types of liver abnormalities were found in the 1991 PSAMP bottom- 
fish samples. The prevalence of liver disease in English sole appeared to 
vary with the degree of urbanization. The percentage of fish with liver 
abnormalities from stations in urbanized areas ranged from low (3.3 percent 
at Sinclair Inlet) to very high (23.3 percent at Commencement Bay, 26.9 per- 
cent at Elliot Bay, and 36.7 percent at Eagle Harbor) (Figure 10). Sole from 
some of the less urbanized sites (outer Bellingham Bay and outer Budd 
Inlet) showed no evidence of liver disease. Other sites near urban areas 
(Port Townsend, Shilshole Bay, and Port Gardner) had low to moderate lev- 
els of liver disease (three to eight percent of the fish sampled). English sole 
from the non-urban stations-Hood Canal, East Sound off Orcas Island, 
Birch Point, Outer Birch Bay, MacArthur Bank, and the Strait of Georgia- 
had little or no incidence of liver disease (less than 3.5 percent of the fish 
sampled). A number of other studies revealed that fish living in the open 
areas of the Sound rarely suffer from liver disease (Malins et al., 1984; 
Crecelius et al., 1989; PTI, 1991b), while those in urbanized areas, such as 
Eagle Harbor and the Duwamish waterways adjoining Elliott Bay, had the 
highest prevalence of liver disease (McCain et al., 1988). 

The prevalence of liver disease in English sole sampled from nine of the 10 
fixed sites in 1991 was similar to that in 1989. Liver disease occurrences in 
English sole from one fixed station, Discovery Bay, appeared to increase 
more than 13 percent between 1989 and 1991. This could be due to the fact 
that fish sampled in 1991 were older-6.1 years on average compared to 3.3 
years in 1989. In addition, fewer fish were sampled in 1991 because Fish- 
eries scientists had difficulty finding sole at this site (14 were sampled in 
1991; 60 in 1989). This may have resulted in a sampling bias, producing an 
artificially high estimate of liver abnormalities. 
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Figure 10. Percentage of English sole sampled 
during 1989 and 1991 with liver lesions. 

1 1 Reference: Fisheries, in prep. 





From commercial oyster operations to weekend clam diggers and tribal har- 1 vests, few scenes sum up the abundance of Puget Sound's resources like 
I tidelands teeming with healthy shellfish. But signs warning of contamina- 

tion along once unpolluted shellfish beaches are all too frequent reminders 
i of the fragility of those resources. 

I ! 

We take pride in the fact that Washington is the nation's leading oyster pro- 
ducer. Yet we have only to look at the fate of the previous two leaders- 
Louisiana and Chesapeake Bay-to realize the precarious position we hold. 
Oysters from both areas have been devastated by disease, contamination, 
overharvesting, and excess nutrients. There are signs of similar threats in 1 Washington. Fecal contamination has already claimed 40 percent of Puget 
Sound's commercial shellfish beds (PSWQA, 1992b). Half of these restric- 

1 tions occurred over the past decade. Within the last five years, classified 

; commercial harvest restrictions in Washington state have been among the 
largest in the nation (Table 6) (NOAA, 1991). The dramatic increase in har- 

1 vest restrictions is due to increasing pollution from a growing population 
j and to the fact that more extensive shellfish monitoring over the past decade 

is revealing the extent of a problem that has existed for some time. In both 
I cases, pollution remains a serious threat to Washington's shellfish resource. 

S H E L L F I S H  3 3  



Table 6. Washington state commercial shellfish 
downgrades since 1981. 

3 4  S H E L L F I S H  

S H E L L F I S H  C O N T A M I N A N T S  .................................... 
There are three types of threats to public health from consuming contami- 

1 
nated shellfish: pathogens (disease-causing organisms such as bacteria and 
viruses), PSP (paralytic shellfish poisoning), and chemical contamination. i 
Pathogens originate from human and animal waste that enters the water 
through stormwater runoff from urban, rural, and agricultural lands, 
municipal sewage, improper waste discharges from boats, and failing septic 

I 
systems. Fecal coliform bacteria are used as an indicator of the risk of dis- 
ease-causing bacteria and viruses in shellfish growing waters. Pathogens 1 

Downgrade Acres 
Growing Area Year Classification Affected Reason 

Burley Lagoon 1981 Restricted 480 Rural Nonpoint 

Minter Bay 1982 Prohibited 93 Rural Nonpoint 

Penn Cove 1983 Prohibited 500 Sewaae Treatment Plant 
. I 

Lower Eld Inlet 1983 Conditionally Approved 600 Rural Nonpoint 

North Quilcene Bay 1984 Prohibited 200 Rural Nonpoint ' 1  
Henderson Inlet 1984 Conditionallv Aooroved 300 Rural Nonaoint 

Henderson Inlet 1985 Prohibited 163 Rural Nonpoint 
SouthSkagitBay 1986 Restricted 2,900 Rural/Agricultural Nonpoint 

Port Susan 1987 Restricted 6,100 Agricultural Nonpoint 
Sewage Treatment Plants 

1 
Dosewallips Tidelands 1987 Restricted 180 Marine Mammals (Seals) 

Oakland Bay 1987 Restricted 820 Urban Point and Nonpoint 
(Uoaroded to conditionallv aaoroved 19871 

I 
Lynch Cove 1987 Prohibited 630 Rural/Urban Nonpoint 

Duckabush Tidelands 1988 Restricted 210 Rural Nonpoint 

Droyton Harbor 1988 Prohibited 500 Rural Nonpoint 
I 

North Skagit Bay 1989 Restricted 2,500 Rural Nonpoint 

Bay Center 1989 Restricted 100 Rural Nonpoint 
(Uoaraded to conditionallv aoaroved in 1992) 

I 
Liberty Bay 1991 Restricted 260 Rural/Urban Nonpoint 

North Bay (Case Inlet) 1991 Prohibited 1,387 Rural Nonpoint 
(Most of the bay upgraded to conditionally approved in 1992; 
a portion upgraded to restricted in 1992) 

Sequim Bay 1992 Prohibited 200 Sewage Treatment Plant 

Sequim Bay 1992 Conditionally Approved 2,800 Sewage Treatment Plant 

Nissuollv Reach 1992 Conditionollv Aooroved 520 Rural Nonooint 

ApprovekDept. of Health surveys indicated that contaminonts are not present in dangerous concentrations. Fecal coliform bac- 
teria cannot exceed a geometric mean most probable number (MPN) of 14 per 100 ml; ondnot more than 10 percent of the . 
samples can exceed a MPN of 43 per 100 ml. 

I 
londitionolly ApprovekAn approved oreo that is subject to intermittent, but predictable microbiological contamination from pre- 
dictable seasonal or weather-related pollution events. 

RestrictelClf water quality of a commercial growing oreo does not meet the standard for an opproved classification, the area 
may be classified as restricted if the fecal coliform concentration does not exceed a geometric mean MPN of 88 per 100 ml, ond 
if not more than 10 percent of the sample exceed on MPN of 260 per 100 ml. Shellfish harvested from restricted areas connot 
be marketed directly, but must be relayed to an opproved growing area for controlled purification. 

ProhibitekDept. of Health surveys indicate that contaminonts are present in dangerous concentrations. Growing oreos adjacent 
to sewage treatment plants and other persistent, unpredictable sources are classified as prohibited. Shellfish from prohibited 
oreos cannot be marketed. 

Reference: DOH, 199 l 



and particles through their bodies as they feed. Shellfish that filter and 
1 accumulate concentrations of the plankton Alexandrium catenella may cause 
1 PSP. The naturally occurring nerve toxin in this plankton can be fatal to 

humans and other species, but does not harm the shellfish. 

Figure I I.  PSAMP scientists monitor selected 
Puget Sound shellfish beaches for PSP, bacterial 
and chemical contamination, and abundance. 

i a . ". "- 
QLKMP'A KI < -  \ -'. 

'b. 

I Reference: DOH, in prep. b 
I 
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O Bacterial sampling sites 

Chemistry sampling sites 
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Puget Sound shellfish 

Two types of shellfish are regularly harvested 
from Puyet Sound beaches: bivalve molluscs, 
such as clams, oysters, and mussels, and crus- 
taceans, such as shrimp and crabs. Crustaceans 
move along the Sound's bottom, consuming 
plants, animals, and debris or capturing free- 
swimming and floating animals from the water 
column. Bivalve molluscs, on the other hand, 
spend most of their adult lives in one locotion 
within the sediments. Bivalves filter enormous 
quantities of water to extract tiny particles of 
plankton and debris which provide them with 
nourishment. 

PSAMP shellfish monitoring focuses on bivalve 
molluscs for several reasons: 

1. The large amount of water and sediments 
filtered by bivalves places them at greater risk 
to several types of contamination. 

2. Because they are stationary, the degree of 
contamination can be attributed to sources pre 
sent at the site from which they are collected. 

3. Bivalve molluscs are recreationolly harvested 
to an equal or greater extent than crustoceans. 
Since commercially harvested shellfish are close- 
ly monitored by the Department of Health, 
PSAMP monitoring focuses on beoches and 
shellfish which are harvested recreationally. 

Figure 12. Puget Sound beoches with high 
levels of fecal coliform bacteria in clam 
tissue. 
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3000 - 
2500- 
2000- 
1500- 
1000 - 
500 - 

0 - 
Geometric Meon MPW 

(230=Fecol Coliform Alert) 

a Fa11 89 1 Fall 90 a Winter 89 Winter 90 
I Spring 90 Spring 91 

Summer 90 1 Fall 91 

3 6  S H E L L F I S H  

P S A M P  S H E L L F I S H  M O N I T O R I N G  ........................................... 
Department of Health scientists regularly monitor commercial shellfish and 
growing waters to protect public health. Since the 1950s, Health officials 
have restricted or closed commercial beds in many parts of the Sound. 

Under PSAMP, Health officials monitor shellfish tissue, not water samples, 
for bacterial and chemical contamination at selected beaches throughout 
Puget Sound (Figure 11). Many of these sites are at state or county beaches. 

1 
PSAMP scientists collect native littleneck clams, manila clams, butter clams, 
or blue mussels every three months to measure fecal coliform levels and 
annually in May for chemical analysis. 1 
Commercial shellfish harvest is prohibited in areas close to storm drains, 
sewage treatment plant outfalls, industrial outfalls, and marinas. This 
includes the entire eastern shore of Puget Sound from Tacoma to Everett, as 

I 
well as other areas of the Sound. These discharges may also contaminate 
many recreational beaches. Shellfish monitoring under PSAMP and other 
Puget Sound programs helps deter shellfish harvesting at recreational 

I 
beaches when a public health threat exists. 

Every other week, for six months of the year, citizens help Health officials 
1 1  

sample shellfish for PSP at more than 100 commercial and recreational 
beaches in Puget Sound. The rest of the year, from October through March, 
samples are collected once a month at most sites. PSAMP investigators 
track monitoring results at 16 of these sites throughout the year in an effort 

I 
to characterize PSP patterns and trends, which are currently unpredictable. I 
The Washington Department of Fisheries annually surveys clam popula- 
tions on public beaches to estimate their abundance. Fisheries scientists 

estimate the population of I 

-- 

Reference: DOH, in prep. b 

clams at each site by calculat- 
ing the average number of 
clams found in one square 
foot samples and multiplying 
this by the total area surveyed 
for each beach. A minimum 
of eight samples per acre are 

I 
taken at each beach. As part 
of the annual shellfish popula- J 
tion abundance analysis, Fish- 
eries also estimates the num- - 
ber of clams large enough to 
harvest-clams must measure 
at least one and a half inches 

I 
in length to be legally harvest- ] 
ed. Harvest levels are then set 
to prevent overharvesting of 
shellfish so that enough adult 
shellfish remain to maintain 
the population. PSAMP scien- 
tists track the results of abun- 



dance surveys from 10 beaches as one measure of the abundance of the 

, j shellfish resource. These beaches are located around the Sound, in state 
I I parks that are popular recreational harvest locations. 

While overharvesting affects shellfish populations, natural factors also cause 
population variations among sites and years. Habitat suitability, reproduc- 
tive success, and changes in temperature and current patterns (such as 
occurs in El NiAo years) directly influence the abundance of shellfish. As 
more data become available, scientists will assess shellfish abundance and 
evaluate whether populations are stable, improving, or declining over time. 

, B A C T E R I A L  C O N T A M I N A T I O N  I N  1 9 9 1  .................................................. 
The selected recreational beaches monitored in Puget Sound during the win- 
ter, spring, and fall of 1991 fell into two distinct groups: beaches with low 
levels of fecal contamination and beaches with high levels of fecal contami- 

I nation. Low levels of fecal coliform showed up in the tissues of shellfish in 
all but three beaches. Geometric means ranged from 0 to 230 MPN (MPN, 
or most probable number, is an estimate of the number of fecal coliform bac- 
teria present within a shellfish sample, based on geometric means.) (DOH, 
in preparation b). Shellfish contamination at the remaining three beaches 
was consistently higher and generally exceeded the state standard (230 
organisms/100ml) for commercial shellfish harvesting (DOH, in prepara- 
tion b). 

The three highly contaminated beaches in 1991-Belfair State Park near 
Lynch Cove in Hood Canal, Walker County Park near Shelton in the south 
Sound, and Dosewallips State Park along Hood Canal-exhibited high fecal 
coliform levels in past PSAMP surveys as well, which signals chronic bacter- 
ial problems (Figure 12). The geometric means of fecal coliform at the cont- 
aminated beaches ranged from 334 to 7,733 MPN at Belfair State Park; 1,873 
to 3,018 MPN at Walker County Park; and 128 to 11,064 MPN colonies at 
Dosewallips State Park (DOH, in preparation b). 

Fecal coliform levels at Penrose Point State Park, along Carr Inlet, were once 
again highly variable, ranging from 34 to 1,962 MPN, with an 1991 annual 
mean of 151 MPN. These values are considerably higher than the annual 
mean of 30 MPN in 1990. While the annual means are not high enough to 
restrict harvesting in this park, occasional high levels of fecal coliform may 
present a temporary health threat. Levels of contamination will be watched 
closely in future years to determine if coliforrn levels continue to increase. 

Extensive monitoring of commercial shellfish waters has resulted in harvest- 
ing restrictions at a significant portion of the state's shellfish beds. Health 
officials do not generally close recreational shellfish beds, but instead post 
warning signs on recreational beaches that exceed commercial standards. 
However, severe fecal contamination detected by PSAMP at Belfair and 
Dosewallips state parks prompted closure of these beaches to recreational 
shellfish harvesting. Seals are suspected as the major source of fecal col- 
iform bacteria in some areas, such as Dosewallips State Park, which is locat- 
ed along Hood Canal. 

Citizen monitoring efforts 

PSAMP created a citizen's monitoring program to 
promote public education and involvement in 
monitoring the environmental quality of Puget 
Sound. Citizen volunteers help reduce monitor- 
ing costs, allowing PSAMP agencies to collect 
data that are otherwise beyond the scope of their 
budgets. 

Funded by the Authority's Public Involvement 
and Education Fund (PIE Fund), this program 
began in June 1988. Since then, citizens have 
helped PSAMP investigators map neanhore habi- 
tat, dig clam samples for bacterial, chemical, and 
PSP analysis, and catch rockfish, salmon, and 
Pacific cod for tissue chemical analysis. Citizen 
volunteers hove made their largest contribution 
to PSAMP by collecting shellfish samples. The 
Authority helps fund two citizen groups-Adopt- 
a-Beach and Chautauqua Northwest-to provide 
and manage volunteers far sample collection and 
other PSAMP tasks. Without their help, many 
recreational beaches throughout the Sound 
would not have been monitored for PSP, fecal 
coliform, or chemical contamination. 

All PSAMP citizen monitoring is coordinated by 
staff at one of the state agencies participating in 
the program. Authority and agency staff provide 
training, equipment, and supervision, as well as 
follow-up reports to citizens. 

Expansion of the citizen's monitoring program in 
the near future will add waterfowl and bird 
counts, marine mammal counts, and marine 
woter column sampling to the citizen monitoring 
activities. Individuals or groups interested in 
becoming involved in volunteer activities or any 
aspect of the citizen's monitoring program are 
encouraged to contact the Authority's citizen 
monitoring coordinator (see the contact list at 
the end of this report). 
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Figure 13. Concentrations of arsenic and 
cadmium at 1991 PSAMP shellfish stations. 
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Domoic acid in shellfish 

In November 1991, Health officials cut short the 
recreational razor clam season along Washing- 
ton's Pacific coast after 11 people became ill 
from eating clams containing domoic ocid, a nat- 
urally occurring shellfish toxin. Investigators 
found that the toxin was also present in the tis- 
sues of Dungeness crab, resulting in the delayed 
opening of commercial Dungeness crab fishing 
during December 1991 and January 1992. 

Domoic acid can cause intestinal problems, men- 
tal confusion and, in some coses, death. Shell- 
fish can accumulate the toxin by feeding on 
microscopic, single-celled algae (Nitzschio pun- 
gens is thought to be responsible) known to pro- 
duce domoic acid. 

To dote, domoic acid has not been detected in 
Puget Sound crab or shellfish populations at lev- 
els that resulted in the 1991 Pacific Coast clo- 
sures. Health officials plan to regularly monitor 
shellfish from the coastal estuaries, Strait of Juan 
de Fuco, and Puget Sound for domoic ocid. 
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OL~MPIA Park 

Reference: DOH, in prep. b 

Organic contaminants were detected at level 
(DOH, in preparation b). 

CHEMICAL 
CONTAMINATION I N  1 9 9 1  ................................. 
Shellfish from all 10 PSAMP 
beaches monitored in May 
1991 showed low levels of 
toxic metals and barely 
detectable levels of organic 
contaminants. Chemists ana- 
lyzed shellfish tissues for six 
metals (arsenic, cadmium, 
copper, mercury, lead, and 
zinc) and almost a hundred 
organic contaminants, includ- 
ing pesticides and PCBs 
(polychlorinated biphenyls). 
Many of these contaminants 
are known to be harmful in 
certain concentrations to 
humans, animals, and plants. 
Low levels of metals, similar 
to amounts detected in 1990, 
were found in shellfish tissue 
from all 10 PSAMP beaches, 
as illustrated by Figure 13, 
which shows arsenic and cad- 
mium contamination. The 
levels of all the metals were 
well below levels that are 
dangerous to human health. 
too low to accurately quantify 

After examination of chemical contaminants in shellfish tissue, Health 
investigators concluded that they pose little threat to the health of people 
consuming shellfish from Puget Sound. Their evaluations are based on a 
subsistence level consumption rate of 20 shellfish meals per month. 

PARALYTIC SHELLFISH P O I S O N I N G  I N  1 9 9 1  .......................................................... 
Shellfish from three of the 16 PSAMP beaches sampled in 1991 had enough 
PSP in their tissues to warrant closing beaches temporarily to public shell- 
fish harvesting (DOH, in preparation b). This is considerably fewer beaches 
than were closed in past years. Since 1985, on average, half of the 16 beach- 
es monitored by PSAMP have been closed at least once during the year. 
Sequim Bay exceeded PSP standards in March 1991. Consistently high toxin 
levels closed Point Bolin, south of Agate Pass, from late February to the end 
of May. Ship Bay in East Sound (Orcas Island) was affected by high levels 
of PSP in May and June, with the highest levels of PSP measured in 1991 
during September. 



- ~i;th Spencer ~ o m o n o  
Boy Spit Island 

Reference: Fisheries, in prep. 
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Fort Bywoter 
Flogler Pork 

Manila Littleneck Clams 
Native littleneck Clams 

~ o t i o t h  ~ o k h  ~ot lb t th  ~en iore  
West DNRLondr Eost Point 

I During 1991 sampling, Fisheries found the highest density of native little- 
' neck clams at Sequim Bay, followed by Camano Island, Fort Flagler, and 

Spencer Spit. These four beaches also had the highest densities over the last 
1 four years (Fisheries, in preparation) (Figure 14). 

The highest density of Manila clams in 1991 occurred at Dosewallips State 

1 Park, where the population was nearly five times denser than the next most 
I concentrated populations at Bywater Bay. The high density of Manila clams 

at Dosewallips could be the result of harvest restrictions at this park due to 
I fecal contamination, and of the suitable substrate and high natural setting 
I rate on the Dosewallips flats. Following Bywater Bay, the next most densely 

populated beaches were Birch Bay, Saltwater State Park, and Potlatch. 
I These beaches also had high average densities over the last four years. 

Figure 14. 1991 Manila and native littleneck 
clam densities (of clams > 1.5 inches) at 1 1 
PSAMP beaches. 
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I BACKGROUND 
1 .................. 

Once appreciated more for their harvestable, economic assets than their aes- 
thetic values, marine mammals have become potent symbols of Puget 
Sound's beauty. Although changes in our attitude toward these animals 
helped bring about laws making it illegal to kill or otherwise harm them, 

1 humans remain a threat to marine mammals. Damage once inflicted by har- 
poons is today caused indirectly by the activities of our growing human 
population. 

I 
1 Eight species of marine mammals are common to Puget Sound. Four are 

resident (harbor seal, Dall's porpoise, harbor porpoise, and orca whale), 

1 while the remaining four are migrants that spend extended periods within 
I Puget Sound (Minke whale, California sea lion, Stellar sea lion, and gray 

whale). An additional 19 species of whales, seals, and porpoises are occa- 
sional, rare, or accidental visitors. 

1 

THREATS T O  MARINE MAMMALS 

I Because they are larger than most Puget Sound inhabitants, it is easy to 
assume that marine mammals might be more resistant to the effects of pol- 
lution. But marine mammals rely on clean water and undisturbed habitat 
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for their well-being and are sensitive to environmental degradation. Poor 
water quality and degraded habitat cause stress in marine mammals. This is 
reflected by shifts in feeding and pupping territories and by high levels of 

i 
I 

toxic contaminants in blubber and internal organs. Population patterns in 
some marine mammals have also been linked to human activities. Califor- 
nia sea lion populations, for example, are attracted to areas where dams and 
locks block the passage of fish and provide sea lions with an easy source of 
food. I 
It is possible that some population and territorial shifts are part of a natural 
cycle, but evidence indicates that many of the changes occurring in marine 
mammals are linked to human activities. Commercial and recreational fish- 

I 

ing can alter the food supply of marine mammals or result in incidental 
i 

mortality through entanglement in commercial fishing nets. Shoreline 
developments can degrade and destroy marine mammal habitats. Toxic 
chemicals contaminate the plants and animals upon which seals, sea lions, 
porpoises, and whales feed, and build up in marine mammal tissues. 

1 
PSAMP MARINE MAMMAL MONITORING DESIGN ............................................................... 

I 
Monitoring marine mammals provides important information about the 
passage of contaminants through the Puget Sound food web. As consumers 

I 
of large numbers of marine animals, marine mammals may be early indica- 
tors of potential problems associated with a heavy diet of Puget Sound 
organisms. And because they resemble humans physiologically, marine 

I 
mammals may provide information on potential health problems which 
may result from eating contaminated Puget Sound seafood. 

I 
I 

PSAMP monitors the abundance and reproduction of marine mammals and 
tracks chemicals in their tissues (PSWQA, 1988) to assess the status of and 
changes in marine mammal populations. Monitoring resident animals may 
tell scientists how much contamination the animals accumulate from eating 
seafood in Puget Sound. The results of these monitoring efforts can provide 
information about the effects of contaminants, habitat loss, and other threats 
to marine mammal populations. 

The Washington Department of Wildlife (Wildlife) first received funding for 
PSAMP monitoring activities in 1991. Initial efforts focused on analyzing 
past data to determine optimal times and locations for obtaining population 
estimates of various marine mammals. The results of these analyses will be 
used to design the sampling plan for a number of marine mammal species, 
such as gray whales, harbor porpoises, and harbor seals. In addition to 
research conducted by Wildlife officials, Cascadia Research, an independent 
non-profit research organization, has conducted extensive monitoring of 
contaminants in marine mammals and the status of marine mammal popu- 
lations in Puget Sound. 

Beginning in 1992, Cascadia Research will receive PSAMP funding to docu- 
ment gray whale occurrences in Puget Sound. Biologists need this informa- 
tion to estimate how many whales are in Puget Sound, their movement pat- 
terns, how long they stay in the Sound, and the proportion that die while 

J 
there. The National Marine Fisheries Service analyzes whales that die with- 1 
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1 
in the Sound for tissue contaminants. Using individual markings to identify 

/ whales, scientists can check past sightings to determine whether whales that 
I died spent prolonged periods feeding in areas of potential contamination. 

In a recent EPA funded study, Cascadia Research scientists compared tissue I from harbor seal pups at Smith Island in the Strait of Juan de Fuca and at 
Gertrude Island in south Sound to evaluate contamination differences 
between north and south Sound seals (Calambokidis et al., 1991). Harbor / seal pups from Gertrude Island had significantly higher levels of PCBs than 
Smith Island pups (Figure 15). This may reflect higher PCB concentrations 
in south Sound waters, which are more polluted by industrial discharges 

) and have limited water exchange. The level of DDE (a breakdown product 
I of the pesticide DDT) found in pups did not differ between the north and 

south Sound locations. Few other pesticides were detected. 

I 
In contrast, the levels of two metals sampled-lead and silver-were signifi- 
cantly greater in Smith Island pups than in pups from Gertrude Island. 
Other metal levels (aluminum, arsenic, cadmium, copper, mercury, nickel, 1 selenium, and zinc) did not differ significantly between the two areas. 
There is no apparent reason for the higher levels of lead and silver in north 
Sound pups, since Smith Island is in a well-flushed area removed from cont- 
aminant sources. Smith Island may be exposed to contamination from the 
Fraser River in British Columbia. 

Compared to past studies in north and south Sound, 1991 Smith Island and I Gertrude Island data indicate a substantial decline in PCBs since 1972. The 
1977 ban on PCB production probably accounts for this decline. DDE also 

I declined significantly over the same time period at Gertrude Island (Calam- 

1 I bokidis et al., 1992b). 

I I 
I I I I I I 

1 SO 100 SO 0 5 10 15 20 
Metals (p/kg) PCBs (maJkg) / Refe[e"ce: bIambokidi5 et ol. 1991 

G R A Y  W H A L E S  ................... 
1 Monitoring conducted by Cascadia Research resulted in the individual iden- 

tification of gray whales sighted within Puget Sound in 1991. Scientists 

Figure I5. Concentrations of PC&, lead, 
and silver contaminants in harbor seal 
tissue. 

I Smith lslond 
Gertrude lslond 
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sighted 17 different whales on 75 occasions-seven of these were seen more 
than once (Calambokidis et al., 1992a). The presence of two whales that 
were also seen in previous years provided evidence that gray whales often 
return to the same sites each year (Calambokidis et al., 1992a). One whale 
was sighted 17 different times over 112 days in a number of south Sound 
locations and in Port Susan, suggesting widespread foraging throughout the 
Sound. Three of the whales later died within Puget Sound. 

The proportion of gray whales that died-three of the 17 sighted-is high 
for a long-lived animal, particularly considering that these were adults, 
which generally suffer lower mortality rates than juveniles. Only three 
whales were documented spending extended periods in south Sound in 
1991, and two of these were later found dead. Data from previous research 
is limited, but also indicate higher than expected mortality in whales sight- 
ed in south Sound (Calambokidis et al., 1992a). More research is needed to 
determine whether gray whales in poor health tend to migrate towards 
south Sound, or whether conditions in south Sound induce higher mortality 
rates. 

H A R B O R  P O R P O I S E  ......................... 
Cascadia Research and the National Marine Mammal Laboratory conducted 
aerial surveys of harbor porpoises over coastal Washington and Oregon in 
1991. This study revealed low numbers of harbor porpoises in Puget Sound 
(Calambokidis et al., 199213). An estimated 3,000 porpoises live within the 
Sound, almost exclusively within the Strait of Juan de Fuca and around the 
San Juan Islands. For unknown reasons, no porpoises were spotted in cen- 
tral or south Sound. Historical reports indicate that porpoises frequented 
the lower Sound during the 1940s. Disturbances from increased boat traffic 
and increased pollution, as well as deaths due to entanglement in fish nets 
are cited as reasons for the lack of harbor porpoise populations in south 
Sound (Calambokidis, personal communication). 
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BACKGROUND .................. 
Puget Sound's rocky islands, sandy beaches, wetlands, and forests are ideal 
habitats for a wide variety of birds. These seasonal and year-round resi- 
dents include waterfowl (geese, swans, and diving and dabbling ducks), 
marine birds (gulls, auklets, puffins, pigeon guillemots, and herons), shore 
birds (sandpipers, snipe, plovers, and killdeer), and raptors (eagles, hawks, 
and osprey). 

Many human activities are making Puget Sound less than ideal for these res- 
ident and migratory birds. Oil spills, hunting, and entanglement in marine 
debris and fishing gear are obvious threats to birds. Even more serious, but 
less obvious, are the indirect threats related to growth and development- 
the contamination and reduction of food supplies and the degradation and 
destruction of critical habitat. 

The best way to track the effects of human activities on birds is through year- 
round population and health estimates. Without this information, wildlife 
managers cannot effectively protect Puget Sound bird populations. The 
analysis of toxic chemicals in birds provides information on the accumula- 
tion of contaminants through the food web. By monitoring bird species 
which rely on different food sources, scientists gain information about differ- 
ent pollutant pathways and food web links through the ecosystem. 
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P S A M P  B I R D  M O N I T O R I N G  ................................... 
Past surveys conducted by the Washington Department of Wildlife primari- 
ly collected information to support the management of waterfowl harvest. 
PSAMP investigators will begin initial surveys for waterfowl and marine 
birds in the winter of 1992. Their goal is to get accurate estimates of the 
population of major Puget Sound bird species, including those not targeted 
by hunters (PSWQA, 1988). PSAMP also will focus on monitoring the 
health of Puget Sound birds, mainly through measurements of reproductive 
success and the accumulation of toxic chemicals in bird tissues. 

In conjunction with PSAMP, the U.S. Fish and Wildlife Service (USFWS) 
plans to monitor contaminants in pigeon guillemots. Because pigeon guille- 
mot populations may be limited by the amount of nesting habitat available, 
USFWS is placing nesting boxes at various locations throughout Puget 
Sound. As these nest boxes are gradually colonized, scientists can easily 
access the birds for sampling. Strategically placed nesting locations will 
allow USFWS to observe prey items fed to the young, providing scientists 
with some indication of how contaminants move through the food web. 
The number of chicks produced and their growth rate will also be moni- 
tored. 

USFWS will use radio telemetry to track movements of the migratory surf 
scoter during the 1992 winter. If the results of this study indicate that surf 
scoters feed primarily within Puget Sound while overwintering in this area, 
USFWS will sample scoters for contaminants in the fall, as they arrive in 
Puget Sound, and again in the spring to obtain information on the concen- 
tration of contaminants accumulated while feeding in the Sound. Research 
scientists have found that contaminants in western grebes and surf scoters 
increased significantly while overwintering in Commencement Bay (Henny 
et al., 1991). 

C O N T A M I N A N T S  I N  PUGET S O U N D  B I R D S  ...................................................... 
Scientists have examined the eggs from five species of Puget Sound birds to 
determine whether a connection exists between contaminant levels in the 
eggs and thinning eggshells. Declines in many bird populations have been 
traced to eggshells which are so thin that they break before young birds 
hatch. Pesticides, particularly DDT, are known to cause eggshell thinning 
(Hickey and Anderson, 1968; Risebrough et al., 1970). 

When scientists compared the thicknesses of eggshells from 1947 and 1991, 
they found significant thinning in great blue heron eggs from 1991 (Speich 
et al., in press). The degree of thinning was greatest in eggs collected in 
northern Puget Sound. Eggshells sampled near March Point were 13 per- 
cent thinner in 1991, and eggshells from Samish Island were 12 percent thin- 
ner. These sites are located in agricultural areas, where pesticide use would 
presumably be highest. Eggshells from glaucous-winged gulls also exhibit- 
ed significant thinning at two urban sites, Seattle (10 percent) and Tacoma 
(nine percent), and at Shelton (eight percent). Double-crested and pelagic 
cormorant eggs and pigeon guillemot eggs showed no significant thinning. 
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Reference: Speich eta/., in press 

Scientists found the greatest PCB concentrations in heron and gull eggs from 
Seattle and Tacoma (Figure 16). DDT in the eggs of both species was also 
highest at Seattle. The levels of DDT observed in this study were below lev- 
els found to cause reproductive problems in similar studies (Henny et al., 
1984). PCBs in eggs collected near urban sites were above levels reported to 
cause reproductive problems in some species (Bush et al., 1974), although 
signs of reproductive problems (eggshell breaking or flaking, low hatching 
success) were not evident in this study. Although the degree of eggshell 
thinning was not high enough to cause eggs to break, heron eggs at Samish 
Island and March Point were within five percent of levels that cause repro- 
ductive failure in California herons (Faber et al., 1972). 

Researchers believe that the observed eggshell thinning may be due to expo- 
sure of the adults to pesticides, which may not be reflected by concentra- 

Figure 16. Concentrations of PCB and DDT in 
heron and gull eggs. 

01 
Concentration 

(pdgraml  
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tions within the egg. Eggshell thinning might also be caused by exposure of 
the birds to chemicals not measured in the study. 

FUTURE P S A M P  B I R D  M O N I T O R I N G  .............................................. 
More information is needed on the population sizes of several Puget Sound 

I 

species. Population estimates are regularly calculated for waterfowl popu- 
lations because of their recreational importance and for bald eagles because ' 

of their threatened status. Similar information is lacking for a number of 
other species such as great blue herons, whose populations may be declin- 

I 
ing. Without such baseline information it is difficult to evaluate the effects 
of human activities on Puget Sound bird populations. As part of PSAMP, 
the Washington Department of Wildlife will begin assessing bird popula- 

1 
tions in 1992. 

More programs are also needed to study the accumulation and effects of 
I 

contaminants on Puget Sound birds. A number of past studies indicate that 
contamination of birds from Puget Sound sources may be considerable 
(Henny et al., 1990,1991), and that this contamination may physically affect 

1 
the birds (Speich et al., in press). The U.S. Fish and Wildlife Service is begin- 
ning programs that will facilitate the sampling of contaminants in Puget 
Sound birds. 

I 
1 
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1 B A C K G R O U N D  
i . . . . . . I . . . . . . . . 

Nearshore habitats-kelp beds, eelgrass meadows, salt marshes and wet- 
lands, beaches, and mudflats-are vital to the health of Puget Sound. They 
provide spawning, rearing, and feeding grounds for many marine animals 
and refuge for juvenile and adult fish, birds, and shellfish. Nearshore habi- 

I 
I tats protect the shoreline from erosion and filter pollutants from the water 

column. They can also reduce flooding by retaining stormwater during 
high flow periods. 

1 
Most of Puget Sound's recreational and commercial~activities rely on 
nearshore habitats. Shellfish are grown and harvested on predominantly 
unvegetated mudflats. Many economically important fish release their eggs 
on mudflats or within the beds of eelgrass, kelp, and algae that line the 
shore. When these eggs hatch, the vulnerable larvae and juveniles seek 
refuge from predators in kelp and eelgrass beds and in salt marshes. Water- 
fowl and other birds, such as herons, feed within salt marshes and kelp and 
eelgrass beds. Birds also use the emergent nearshore vegetation for refuge 
and habitat. Beaches provide summer recreation for Puget Sound residents 
and tourists, and kelp beds are valued for the diving opportunities they pro- 
vide. 
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T H R E A T S  T O  N E A R S H O R E  H A B I T A T S  ............................................... 
The location of nearshore habitats-at the boundary between land and 

I 

water-places them in conflict with many human activities. As we take 
advantage of the commercial, recreational, and aesthetic benefits of Puget 
Sound, we often damage the nearshore and waterfront areas through con- I 
struction and habitat alteration. Salt marsh losses depict the toll our activi- 
ties are taking on Puget Sound's nearshore habitat (Figure 17). Activities 
which diminish the quality and quantity of nearshore habitat include: I 

Dredging channels for boat access. 

Filling wetlands for nearshore development projects. 

Constructing seawalls and bulkheads, which alter nearshore habitat. 

Dumping debris on beaches. 

Land clearing, logging, and other upland activities which promote 
erosion and increase the rate of sedimentation onto nearshore habitats. 1 
Introducing invasive plant species, such as Spartina, which dramatically 

I 

alter the type of nearshore habitats. 1 
The rapid rate of population growth predicted for the Puget Sound area will 

I 

place increasing pressures on nearshore habitat. It is important that we 
track the effects of growth on these fragile areas over time by monitoring the 
types and acreage of nearshore habitat. I 

Figure 17. Changes in salt murshes in 
major river deltas. 

Lummi Delta 
92% lost 

Nooksack Delto 
9% gained 

Somish Delta 
98% lost 

Ska it Delto 
!5% lost 

Stillaguamish Delto 
20% gained 

Dungeness Delto 
No change 

Snohomish Delta 
74% lost 

Duwamish Delta 
99% lost 

Skokomish Delta 
33% lost 

Puyallu Delta 
101% lost 

Nisquall Delta 
2 i %  lost 

Reference: Bortleson et a/., 1980; Hutchinson, 1988 

N E A R S H O R E  
H A B I T A T  R E S T O R A T I O N  ............................... 
While there are a number of 
regulations that protect 
nearshore habitat, significant 
losses still occur. Scientists 
estimate that 144 acres of 
nearshore estuarine habitat 
are lost each year in the state 
of Washington (Canning and 
Stevens, 1989), with over half 
the losses occurring in Puget 
Sound. A number of 
nearshore areas are already 
severely damaged by habitat 
losses, so that even if no fur- 
ther habitat losses were to 
occur, the valuable functions 
provided by these habitats 
(such as flood and erosion 
control, feeding and rearing 
grounds) would still be great- 
ly impaired. 
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In the face of increasing population growth and its associated activities 
(such as shoreline development, channel dredging, and bulkhead construc- 
tion), it is important that we develop the skills and knowledge to rehabili- 
tate degraded nearshore habitat and replace habitats which have been 
entirely lost. Habitat restoration is an evolving science which faces a num- 
ber of technical difficulties. Even if all the appropriate steps are taken (for 
example, care is taken to mimic the soils, hydrology, vegetation, and ani- 
mals normally found at a given habitat type), the end result may not replace 
the valuable functions associated with the natural habitat. Scientists are 
hopeful that continuing efforts will improve the success of these projects. 

Habitat restoration projects in Commencement Bay and on Jetty Island in 
Port Gardner were described in the 1991 Puget Sound Update. More recently, 
the Army Corps of Engineers, EPA, USFWS, and NOAA have been working 
together under the Coastal America program to restore and enhance 
nearshore habitat along the Duwamish River estuary in Seattle. These agen- 
cies have identified several sites along the Duwamish for restoration efforts. 
Habitat will be restored and enhanced by removing large salvage debris 
present at many sites (including derelict boats and barges), removing fill 
and regrading nearshore areas to intertidal elevation, providing substrates 
suitable for establishing nearshore vegetation, building protective berms, 
and planting appropriate native species in the intertidal areas and adjacent 
upland areas. The project will provide public access and education at these 
sites, with walkways and interpretive signs describing the importance of 
these habitats and their inhabitants. 

An important element of these demonstration restoration projects is a com- 
mitment to long-term habitat monitoring. Both the physical and biological 
characteristics of intertidal areas will be studied over 10 years following pro- 
ject completion. Physical site monitoring will include topographic and 
bathymetric surveys, as well as analyses of sediment characteristics and 
water quality. The agencies will also monitor biological characteristics such 
as emergent vegetation, sediment algae, benthic invertebrate populations, 
and fish and bird populations. These efforts should provide a greater 
unders!anding of the effectiveness of habitat restoration techniques in the 
urban environment. The results of these projects may be reported in future 
editions of the Puget Sound Update. 

P S A M P  I N V E S T I G A T I O N S  I N T O  N E A R S H O R E  H A B I T A T  

Protection of estuarine nearshore areas presents a challenge to natural 
resource managers who lack good information on the existing amounts, ' types, and functions of these habitats. A comprehensive inventory of 
nearshore habitat resources would help managers make coherent plans to 
protect the most critical of these habitats. 

I 
I The Washington Department of Natural Resources (DNR) received funding 

in 1991 to survey and map Puget Sound's 1,200 miles of shoreline. One- I third of the Sound will be surveyed each year, with the first surveys con- 
' ducted in the summer of 1992. DNR scientists will survey nearshore areas 

using an aircraft equipped with a remote sensing device known as a multi- 
spectral scanner. This scanner records 11 wavelengths of light, covering the 
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ultraviolet, visible, and infrared portions of the spectrum. This advanced 
technology allows scientists to differentiate between habitat types that could 

! not be distinguished from normal aerial photographs-for example, sand 
and mud substrates or areas vegetated by different species of kelp. 

With this technology, DNR scientists can produce habitat maps accurate to 
within several meters, a precision that has only recently become possible. 
This accuracy is achieved by storing satellite locational coordinates with 
each scanner reading. 

1 9 9 1  N E A R S H O R E  H A B I T A T  M O N I T O R I N G  R E S U L T S  ................................................................... 
Much of the recent work in the Sound's nearshore habitats focuses on the 
invasion of three exotic species of cordgrass: Spartina alterniflora (smooth 
cordgrass), S. patens (saltmeadow cordgrass), and S. anglica (common cord- 
grass). Uncontrolled Spartina growth could alter the nature of nearshore 

I 
habitat, affecting wildlife, fisheries, geology, native vegetation, and hydrolo- 
gy (Mumford et al., 1991). ' 1  
In Washington, Spartina currently grows in Puget Sound, Grays Harbor, and 
in Willapa Bay. The invasion is most advanced at Willapa Bay where Sparti- I 
na alterniflora forms dense, monotypic stands cut by deep channels. Cord- 
grass spreads rapidly-it now covers 2,500 acres-approximately eight per- ) 

cent-of the intertidal area of Willapa Bay. This is 850 acres more than in 
1 

1988. Left unchecked, Spartina may cover most of the bay's 30,000 acres by 
2010 (DNR, 1992). 

Spartina alterniflora is the dominant native species of the lower salt marshes j 

along the Atlantic seaboard and Gulf Coast of the United States. S. alterni- 
flora takes hold on substrates, such as cobble, sand, and silt, in waters where I 
salinity can range from fresh water to marine salt water. S. alterniflora came ' 
to Willapa Bay around 1894, presumably with oyster seed (DNR, 1992). S. 
patens and S. anglica are also found in the Puget Sound region. 

Researchers report that the transition of Pacific Northwest intertidal areas to 
i 

Spartina-dominated salt marshes results in: 

Trapped sediments. Spartina plants can capture up to 15 cm (six inches) of 
new sediments annually, causing a rapid rise in the level of tideflats and, 

1 
eventually, the loss of intertidal acreage to salt marshes. This has severe 
implications for flood control and watershed drainage. 1 
Altered habitat. The raised islands formed by Spartina stands force tidal 
waters into smaller channels between the stands. This increases the speed 
of currents and deepens channels through erosion. The raised islands and 
deepened channels are no longer suitable habitat for many species typically 
found in the intertidal zone. These include juvenile fish, some shellfish, 
migratory waterfowl, and eelgrasses (Mumford et al., 1991). I 
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S P A R T I N A  I N  P U G E T  S O U N D  
I .................................... 

I All three species of invasive cordgrass currently grow in Puget Sound (Fig- 

l 
ure 18). Stands of Spartina are not as advanced in the Sound as they are in 

; Willapa Bay. Spartina alterniflora is present at Kala Point, Thorndyke Bay, 
Sequim Bay, and Padilla Bay. S.  anglica grows at Triangle Cove, Skagit Bay, 

I and Port Susan on and around Camano Island, and Deer Lagoon and Cultus 
Bay on Whidbey Island. S. patens is present at the Dosewallips River. 

C O N T R O L L I N G  S P A R T I N A  I N  P U G E T  S O U N D  ......................................................... 
The Department of Natural Resources is the coordinating agency charged 

I 

I with finding solutions to the state's Spartina problems. To this end DNR 
and Pacific County (where Willapa Bay is located) established the Spartina 
Working Group in 1989. Its members represent state, federal, and local 
agencies, and interested private parties. The group has issued reports sum- 

1 marizing information about Spartina and its control or eradication (DNR, 
1 

1992). DNR has recently hired a Spartina coordinator to facilitate intera- 
gency efforts. 

I 

Efforts to control Spartina 
include mechanical and chemi- 

1 cal methods of containment 
I and eradication. Mechanical 

means of controlling cordgrass 
include mowing, burning, dik- 
ing, or flooding stands, and 
covering with black plastic. 

j The only herbicide currently 
1 licensed for use in estuarine 

environments is RodeoTM. 

i DNR sprayed areas infested 
j with Spartina in Willapa Bay 

during the summer of 1992. 

, Preliminary work is under 1 I 

I way to determine the feasibili- 
1 , ty of biological controls, such 

as insects, for Spartina. 
Research to determine the 
effectiveness of biological con- ' trols for Spartina may take 
between five and 10 years 
(DNR, 1992). 

Reference: DNR, 1992 

Figure 18. Distribution of Spartina in 
Washington as of December 1991. 

A Sportino potens 

Sportino o/ternifloro 

Sportina townsendii/anglico 
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! BACKGROUND 
1 .................. 

Fresh water flows into Puget Sound from an extensive network of lakes, 

I rivers, and streams. This freshwater network is an important resource for 
I all of Puget Sound's populations. Humans use rivers and lakes for boating, 

fishing, and swimming. Wildlife find habitat, spawning, and feeding areas 
I in the basin's fresh waters. Humans also rely on fresh water as a source of 
I drinking water, in some cases with little treatment prior to use. 

1 PROBLEMS W I T H I N  FRESH WATER 
! ............................................. 
I Some freshwater streams travel over 100 miles on their way to the Sound, 

j picking up pollution and sediment along the way. Thus even distant activi- 
ties can affect Puget Sound's water quality-pollution from industrial and 
stormwater discharges, forestry and farming runoff, improper disposal of 

/ household hazardous wastes, and other activities eventually make their way 
I into the Sound. 

1 In addition to polluting Puget Sound, human activities can also degrade 
freshwater habitats. Poor farming and forestry practices increase erosion, 
sending excess sediments into the water and threatening fish-particularly 

/ salmon whose spawning areas become clogged with sediments. Clearing of 
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streamside vegetation, which increases the river's exposure to sunlight, can 
raise the temperature of rivers, endangering salmon and trout, which are 
sensitive to temperature increases. Sewage plants, industrial facilities, sep- 
tic systems, and stormwater runoff may discharge harmful chemicals or bac- 
teria into the water, endangering drinking supplies, swimming areas, and 
habitat. Developed areas, such as buildings, parking lots, and roads, pre- 
vent rain and surface water from seeping into the soil, a natural process 
which slows the flow of runoff and filters pollutants before they reach fresh- 
water resources. Instead, water rapidly runs off developed surfaces, collect- 
ing oil, metals, and other contaminants, and drains into rivers and lakes. 
The increased flow of runoff from developed areas causes flooding prob- 
lems and erodes natural stream channels. 

PSAMP F R E S H W A T E R  M O N I T O R I N G  D E S I G N  ......................................................*.. 
PSAMP managers monitor the quality of freshwater rivers and streams 
mainly to determine how they affect the Sound's water and sediment quali- 
ty, habitat, and biological populations. This is done by sampling fresh 
water at fixed stations near the mouths of the 10 major rivers that enter 
Puget Sound: the Nooksack, Skagit, Sammamish, Stillaguamish, Snohomish, 
Cedar, Green-Duwamish, Puyallup, Nisqually, and Skokomish rivers (Fig- 
ure 19). Sampling these rivers at their point of entry into Puget Sound 
allows scientists to estimate the effects of upstream pollution on the Sound's 
water quality. 

Scientists also collect monthly samples at upstream locations for comparison 
with the river mouth stations. These upstream locations provide informa- 
tion on natural background conditions within streams. Comparison with 
downstream stations provides information on the amount of pollution con- 
tributed along the length of the river. Present funding levels allow for 
monthly sampling at only two upstream stations: the Skagit River at Mar- 
blemount and the Green River near Kanasket. In addition, samples from 
rotating stations within the freshwater monitoring area are used to monitor 
the river mouths not sampled within the fixed station network, to sample 
tributaries to rivers with fixed stations, and to focus sampling on rivers and 
streams with known water quality problems. These stations are sampled 
every three years. 

Freshwater stations are sampled for conventional water quality variables, 
including temperature, dissolved oxygen, nutrients, pH, suspended sedi- 
ment, and fecal coliform bacteria. The results for each stream, creek, and 
river segment are compared to state standards. Future sampling may also 
monitor metals and toxic organic contaminants, such as pesticides. 

Ecology has been sampling fresh water monthly since 1970. Under PSAMP, 
the design of Ecology's freshwater sampling program was modified to bet- 
ter reflect the goals of the ambient monitoring program. However, many of 
the elements of Ecology's old program remained unaffected, providing a 
long history of data that can be analyzed to determine long-term trends in 
water quality. 
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I leference: Hopkins, in press 

1 9 9 1  P S A M P  F R E S H W A T E R  R E S U L T S  ................................................ 
1 Analysis of Ecology's data from the past 10 years of river basin monitoring 

shows significant trends in the quality of Puget Sound's freshwater 
1 resources (Hopkins, in press). In addition, this long-term data record allow 
I researchers to determine whether the results for each parameter sampled 

during 1991 were higher, lower, or within the range of what is expected 
based on 10 year averages. The results of these analyses for each river basil 1 follow. 

Figure 19. 1991 PSAMP freshwater 
sampling stations. 
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N O O K S A C K  R I V E R  A T  B R E N N A N  .......................................... 
The Nooksack River has high levels of suspended solids, turbidity, and 
nutrients. The high levels of solids and turbidity are probably due to large 
amounts of glacial till (unconsolidated clay, sand, and gravel deposited by 
glaciers) within this watershed. The high nutrient levels, however, may be 
caused by agricultural practices and other human activities within the 
watershed. The Nooksack River also has problems with high levels of fecal 
coliform bacteria, which regularly violate water quality standards. 

From 1979 to 1990 there were 
two highly significant trends 
in water quality. Turbidity 
decreased 2.2 percent per 
year, while pH increased at a 
rate of 0.3 percent per year. 
Although it is difficult to 
determine the causes and 

effects of these trends, both may be positive changes. The increase in pH 
means that the stream is becoming less acidic; the decrease in turbidity may 
reflect improved forestry, agricultural, or development practices which 
decrease levels of erosion and runoff. 

Values for each parameter measured in 1991 were similar to values seen 
over the past 11 years. The only violation of water quality standards 
occurred in fecal coliform levels in February (800 organisms/100 ml) and 
September (220 organisms/100 ml). The state standard for fecal coliform 
levels is 200 organisms/100 ml. 

S K A G I T  R I V E R  A T  M O U N T  V E R N O N  .............................................. 
Skagit River's water quality at Mount Vernon is excellent. There have been 
no violations of water quality standards in the past 10 years while sampling 
at this station. Data from the last 10 years show highly significant decreases 
in turbidity, ammonia, and nitrates. Turbidity decreased by an average of 
7.4 percent each year. The decreases in nitrates and ammonia are difficult to 
quantify since the levels measured are close to the detection limit (the mini- 
mum level at which chemists can detect a chemical). These trends may 
point to the successful control of nonpoint pollution, which is often the 
source of nutrients and turbidity. 

Temperature, flow, 
and suspended 
solids measured in 
1991 were generally 
higher than the 10 
year average, while 
dissolved oxygen, 
pH, and nitrates 

were generally below average. Despite the overall decreasing trend, turbid- 
ity in 1991 was higher than the 10 year average. 

58 F R E S H  W A T E R  



Shellfish beds in Skagit Bay are presently closed to commercial harvest due 
1 to fecal contamination. The lack of fecal coliform violations at the Skagit ' River station at Mount Vernon suggests that Skagit Bay's contamination is 

not due to far upstream sources. Sources along Skagit Bay or below Mount 

i Vernon on the Skagit River, where dairy farms are numerous, are most like- 
I ly responsible. 

................................................... S T l L l A G U A M l S H  R I V E R  NEAR S I L V A N A  

The Stillaguamish River violat- 
ed water quality standards on 1 five sampling dates in 1991. 
Temperatures exceeded the 

I standard of 18°C in July 
i 

(18.9"C) and August (20.B°C). 
The Stillaguamish River violat- 
ed the fecal coliform standard 1 in December (340 organisms/100 ml), February (230 organisms/100 ml), 
and September (680 organisms/100 ml). Most of the river's violations over 

/ the past 10 years have been for temperature and fecal coliform. Tempera- 

1 ture violations are probably the result of forestry or development practices 
which involve the removal of streamside vegetation, increasing stream and 
rivgr exposure to sunlight and resulting in higher temperatures. 

' Turbidity decreased significantly over the 10 year period, at a rate of 2.3 
percent annually. Temperature appeared to be the only parameter in 1991 

I I that measured higher than the 10 year average. 

S N O H O M I S H  R I V E R  AT S N O H O M I S H  

' I The Snohomish River frequent- 
ly violates temperature and 
fecal coliform standards, 
though other water quality 

1 parameters usually meet water 
/ quality standards. Tempera- 

ture was the only parameter to 
I violate standards in 1991. The 

1 August temperature of 21.2T was among the highest temperatures record- 
ed in over 30 years of sampling at this station. 

1 A number of significant water quality improvements occurred in the Sno- 
I 

homish River over the last 10 years. Each year, on average, fecal coliform 
levels fell 1.6 percent, nitrates decreased 1.8 percent, and turbidity I decreased 2.5 percent. If these trends continue, fecal coliform contamination 
will become less of a problem and result in fewer violations of the standard. 

C 

The reasons for these improvements are not presently known, but it may be 

I due to the implementation of best management practices at dairy farms, 
I which are numerous along the Snohomish. High temperature, however, 

continues to be a problem. Over the last 10 years, half the July and August 

/ temperatures exceeded water quality standards. 
1 
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For 1991, pH and fecal coliform levels were below normal (which accounts 
for the lack of violations of the fecal coliform standard), while suspended 
solids in the water ranged above the 10 year average. 

SAM.MAMISH RIVER A T  B O T H E L L  ........................................... 
The Sammamish River's poor water quality is reflected by a number of the 
measured parameters. The river regularly violates standards for tempera- 
ture and dissolved oxygen in the summer and fecal coliform throughout the 
year. Over the last six years it had the highest average temperature and 
fecal coliform levels, the second highest nutrient levels, and the second low- 
est oxygen levels of the rivers sampled. 

Despite these violations, the last 10 years of data indicate that a number of 
parameters are improving. There have been significant decreases in turbidi- 
ty (8.7 percent per year), fecal coliform (2.2 percent), and nitrates (1.6 per- 

I 
cent), while pH has increased (0.2 percent). However, no improvements in ' . 

temperature and dissolved oxygen-two important parameters which affect 1 
fish health-are apparent. 

The 1991 monitoring results 
deviated from the 10 year 
averages. Turbidity, fecal 

I 
coliform, phosphorus, 
ammonia, dissolved oxygen, ' 

and suspended solids were 

i 
below average, while 
nitrates, flow, pH, conduc- 1 

tivity, and temperature were above average. The Sammamish River violat- 
ed water quality on nine sampling dates in 1991, more than any other river 
measured by PSAMP. The river exceeded fecal coliform standards in six 
months of the year, the temperature standard in July (20.8"C) and August 

' I 
(20.2"C), and the dissolved oxygen standard (>8.0 mg/l) in July (7.9 mg/l). 

C E D A R  RIVER A T  RENTON 
I 

The Cedar River generally 
has good water quality, 
although it occasionally vio- 
lates standards for high tem- 
perature and pH, and more 

I 
frequently for fecal coliform 
during the fall and winter 
months. No water quality 

violations were observed during 1991, however. No significant trends in 
water quality were detected over the last 10 years. 
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G R E E N  R I V E R  AT T U K W l l A  

The Green River's water quali- 
ty-the poorest of the major 
rivers monitored-was previ- 
ously degraded by sewage 
from the Renton treatment 
plant which discharged into 
the Green River until 1987 
(Hopkins, in press). In 1987, 
the Renton treatment plant 
was expanded and modern- 
ized and its outfall was moved 
to the Duwamish River head in Elliott Bay. After relocation of the outfall, a ! number of water quality parameters significantly improved in the river. 
Comparing data collected before and after relocation of the outfall, the 
river's temperature is 4.4 percent cooler, there is 13.3 percent less turbidity, 
ammonia levels are down 76.3 percent, phosphorus is 48.4 percent lower, 
and nitrates have decreased 13.9 percent since relocation. Dissolved oxygen 
(6.3 percent) and pH (1.4 percent) increased significantly. These changes 
represent marked improvements over previous conditions. 

The Green River fixed station was originally located at Allantown in order 
to evaluate the effects of the outfall on river water quality. Recently the sta- 
tion was moved upstream to Tukwila to eliminate the effects of tidal inflow. 
Three violations of water quality standards occurred at the new station dur- 
ing 1991. Temperature exceeded state standards in July (18.7"C) and August 
(19.9"C). Fecal coliform levels exceeded the standard in February (870 
organisms/100 ml). The data record at the new station is not long enough 
to support trend analyses. 

....................................... P U Y A L L U P  R I V E R  AT T A C O M A  

Puyallup River water quality is 
poor compared to most other 
major rivers, with high levels 
of fecal coliform, suspended 
solids, turbidity, and nutrients. 1 Between May and October of 
1991, fecal coliform levels vio- 
lated state standards at five 
sampling times. 

During 1991 monitoring, only / flow levels appeared to be higher than normal in comparison to the past 10 
years. Temperature is the only parameter showing a significant trend over 
the past 10 years, decreasing 1.4 percent annually. Fecal coliform levels do 
not appear to be decreasing, suggesting that bacterial contamination will 
continue to be a problem in the future, resulting in regular violations of the 
state standard unless better source controls are implemented. 

! 
F R E S H  W A T E R  6 1  



N I S Q U A L L Y  R I V E R  A T  N I S Q U A L L Y  ............................................ 

6 2  F R E S H  W A T E R  

The Nisqually River has excellent water quality and has rarely exceeded 
water quality standards over the last 10 years. The results from 1991 sam- 
pling indicate that water quality conditions are similar to conditions over 
that period. 

Significant increases in pH (0.4 
percent per year) and nitrates 
(2.0 percent) occurred over the 
last 10 years. The level of 
nitrates is presently low, but 
the increasing levels and the 

I 
magnitude of that trend sug- 
gest thkt more sources of 

runoff may be affecting the river and should be monitored closely in future 
I 

years. Decreasing trends in turbidity (1.8 percent per year), fecal coliform 
(0.1 percent), and ammonia (4.9 percent) were also evident. 1 
The shellfish beds at Nisqually Reach were recently downgraded to condi- 
tionally approved. The infrequent fecal coliform violations and the small 
decreasing trend in fecal coliform levels over the past 10 years suggest that 
this closure may not be due to upstream sources on the Nisqually River. 

S K O K O M I S H  R I V E R  N E A R  P O T L A T C H  

The Skokomish River rarely 
violates state water quality 
standards. There was one 
atypical violation in 1991. In 
March, pH was measured at 
6.3-lower than the state 
standard of 6.5-8.5 pH units. 
This was the only violation 

of the pH standard in the last eight years for this river. The reason for this 
violation is not known. The Skokomish River did not exhibit any significant 
trends in water quality variables over the past eight years. 
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L I S T  

1 / If you would like more information about the Puget Sound Ambient Moni- 
toring Program, please contact the following: 

Adopt-a-Beach I Ken Pritchard 
(206) 624-6013 (Seattle) 

% s 

I 

Chautauqua Northwest 
Jane Hardy 
(286) 223-1378 (Seattle) 

I Overall PSAMP Program, Marine Mammal and 
Puget Sound Update, Bird Abundance 

I Data Management Washington Department of Wildlife 1 Puget Sound Water Quality Dave Nysewander 
Authority (206) 664-9348 
P.O. BOX 40900 I Olympia WA 98504-0900 Contaminants in Birds 

Chris Prescott U.S. Fish and Wildlife Service 

(206) 493-9410 or Mary Mahaffy 

" 1 1-800-54-SOUND (206) 753-9440 
I 

Sediments Estuarine Nearshore Habitat 
Washington Department of Ecology Washington De~tartment 

/ Pete Striplin Natural Resources 

(206) 586-5995 Tom Mumford 
(206) 902-1079 

1 Marine Water Column ' Washington Department of Ecology Fresh Water 
Carol Janzen Washington Department of Ecology / (206) 586-5495 Brad Hopkins 

(206) 753-2819 
' Fish 

Washington Department of Fisheries Human Effects I Sandie O'Neill Washington Department of Health 

(206) 902-2843 Glen Patrick 
(206) 753-1930 

1 Shellfish 
Washington Department of Health 
Bob Woolrich 1 (206) 753-5957 

If you are interested in knowing more about citizen monitoring, please con- / tact the following: 

Puget Sound Water Quality 
Authority 
Chris Prescott 
(206) 493-9300 (Olympia) or 
1-800-54-SOUND 
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