












































































































































































































































































































































































































































































































































































STUDENT PAPERS 

GRAY WHALES: DEATH AND DEMENTIA, 
THE ALUMINUM CONNECTION! 
Peg Nielsen 1 

ABSTRACT 

In 1984, a necropsy of an immature California grey whale recovered off the 
coast of Port Angeles, Washington revealed the presence of heavy metals, 
including aluminum oxide, pesticides and other chemical contaminants. 
Despite the fact that aluminum has been implicated in Alzheimer's disease 
and ALS in humans, in February, 1990, the EPA removed non-fibrous alumi­
num oxide from its list of toxic chemicals under section 313 of SARA at the 
recommendation of industry and industry associations. 

In the spring of 1990 there were eight known beachings and deaths of grey 
whales in and near Puget Sound. These whales displayed uncharacteristic 
wandering behavior similar to that shown by the 1984 immature. There has 
been only limited scientific follow-through on suggestions that aluminum 
oxide may contribute to the apparent disorientation of these bottom-feeding 
marine mammals. 

Several professional reports on the subject are examined, as well as data from 
recent necropsies, studies of the pollution in urban embayments of Puget 
Sound, and interviews with marine mammal researchers, a laboratory pa­
thologist and EPA personnel. Conclusions concerning the role of aluminum in 
the deaths of the whales are presented. 

1 Political Science Department, UniversityofWashington; 1413 N 200th #E2, 
Seattle, WA 98133 
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PATCH ECOLOGY OF ZOSTERA MARINA 

LoAnn M. Hallum 1 

ABSTRACT 

Current policies concerning land management practices are partially derived 
from l~ndscape ecology. Urban development and, more commonly, park and 
refuge design may include the principles of matrix, corridors, patches, patch 
size and edge effects. Shorelines are not necessarily viewed with the same 
connectivity, resulting in isolated management plans. Landscape ecology 
may provide a framework to develop contiguous management plans for 
shoreline areas. 

Mitigation and restoration projects on shorelines typically do not include 
patch morphology orconnectivitywithin the matrix. ZosteraMarinahas often 
been involved in shoreline development plans and was chosen for a patch 
ecology study. The concept of patches and how they function due to their 
morphology is basic to landscape ecology. Several parameters, including 
above and below ground biomass, volatile solids, sediment particle analysis, 
and infauna, were measured along a transect which extended from the center 
of the patch to its edge to ascertain possible edge effects and differences 
among patch sizes. These measurements were also extended into the sur­
roundingunvegetated areas. The unvegetated area, which appears to have no 
change with distance from the patch, is distinct from the interior of the patch. 
The patch size does seem to influence the internal distribution of the param­
eters mentioned. This information may help to refine prevailing strategies 
addressing the survival of target species in shoreline development projects. 

1 Fisheries Research Institute, UniversityofWashington WH-10, Seattle, WA 98195 
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INFLUENCE OF HABITAT CHARACTERISTICS ON 
THE WATERFOWL USAGE OF PONDS: A CASE STUDY 
IN SEATTLE, WASHINGTON 

Kristina G.H. Inu 1.2 

INTRODUCTION 

The Union Bay Research Natural Area, located on the eastern side of the 
University of Washington, Seattle, encompasses the Montlake Fill, a former 
landfill of refuse and dirt (Fig. 1). The reclaimed wetland is now composed of 
diverse habitats including marshes, ponds, woodlands, grasslands and 
shrublands. A draft management proposal submitted to the Union Bay advi­
sory committee in 1987 identifies research, teaching and public service as 
three essential uses for the research area (Hunn, 1987). Further, the proposal 
suggests that a potentially high species richness would enhance the ecological 
value of the area and thus encourage scientific, educational and community 
usage. 

The objective of this study is to ideritifythe physical and biological character­
istics of the pond habitats which influence the diversity and abundance of 
waterfowl using the area. This knowledge could then be used to direct 
management of the ponds to maximize waterfowl diversity on the Montlake 
Fill to increase its value to science, teaching and community enjoyment. 

STUDY AREA AND METHODS 

The Montlake Fill was part ofLake Washington until1916 when the level of the 
lake was lowered following its connection to Puget Sound. The lake level 
dropped nine feet and a marsh emerged in this area. In the early twenties, the 
City of Seattle began using the area for a land fill and continued to do so until 
1965. By 1971, the area was filled with rubble and earth and final grading and 
seeding was accomplished. The Montlake Fill is under the management of the 
Center for Urban Horticulture, UniversityofWashington. Of the five ponds on 
the Montlake Fill, two are permanent. The others are ephemeral, drying 
completely in the late summer and filling up in late autumn. Plant, animal, 
and waterbird species are present in this area despite the ephemeral condi­
tions. This phenomena suggests diverse food resources are present. 

1 Co-winner of the award for Best Student Presentation at Puget Sound Research '91. 
2 Biology Teaching Masters Degree Program, University ofWashington, 

Seattle, WA 98105 
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A L 
1 

Figure 1. 
MAP OF THE FIVE PONDS ON THE MONTLAKE FILL, part of the Union Bay Research 
Natural Area along the western shore of Lake Washington, Seattle (from the Washington 
Ornithological Society Newsletter No. 3 October, 1989). 
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I censused the waterfowl on the five ponds of the Montlake Fill from 2 April to 
12 May 1990 for a total of twenty-one days. The characteristics I identified and 
examined for the five ponds are pond perimeter, area, shoreline development, 
shoreline vegetation height and water chemistry. Shoreline development is 
the relationship between perimeter and area used to describe the irregularity 
of the shape of the pond: i.e., a shoreline development of 1 denotes a perfect 
circlewithnoirregularityofshape. Highernumbersreflecthigherirregularity. 

Percent tall vegetative cover was determined by estimating the amount of 
shoreline dominated (50% or more) by tall (greater than 50 em in height) 
vegetative cover compared to the overall perimeter of the pond. Percent 
purple loosestrife (Lythrum salicaria) a tall, dense vegetation type, was deter­
mined bymeasuringthe amount of shoreline dominated by purple loosestrife 
compared to the overall perimeter of the pond. The same method was used for 
determining percent woody vegetation. These two values overlap for two 
ponds because sections of the shoreline had equal amounts ofloosestrife and 
woody vegetation. 

Water samples which I took near the pond's surface in the early morning on 16 
May 1990, were analyzed for dissolved oxygen (DO), nitrate, nitrite, total 
nitrogen (TN), soluble reactive phosphate (SRP), total phosphorus (TP), con­
ductance and alkalinity according to standard methods (Standard Methods 
for the Examination ofWaterand Wastewater, 1985). In the field I measured 
pH and temperature on 11 May using a Beckman electronic pH meter and a 
standard thermometer. 

RESULTS AND DISCUSSION 

Observed Waterfowl Species 

Eight different species of dabbling waterfowl and six different species of diving 
waterfowl were observed. I classified the Canada Goose (Branta canadensis) 
and American Coot (Fulica americana) as waterfowl. I also observed several 
species of shorebirds. The number of waterfowl species seen on a single pond 
on a given day ranged from zero to eleven. Over the twenty-one day period the 
daily average number of species of waterfowl observed on a particular pond 
ranged from 7.1 (Pond 2) to 1.8 (Pond 5). Paulson (1976) has indicated that this 
diverse list of species seen within a brief time period is unique around the 
Seattle area. The daily average number of waterfowl on a pond ranged from 
112.2 (Pond 2) to 5.6 (Pond 5). Shorebirds were observed more often on ponds 
2 and 3 which had continuous areas of open sho~eline. 

Pearson's simple correlation (r) was calculated between the species richness 
(daily average number of waterfowl species) and the habitat characteristics. I 
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also determined the correlation coefficient between the species density and 
biological and chemical characteristics of the ponds. 

Physical Characteristics Of Ponds 

My study shows a strong positive correlation (r = +0.89) between the species 
richness and the surface area (Fig. 2a). These results appear to agree with data 
on pond area from other researchers (Rumble & Flake, 1983; Godin & Joyner, 
1981; Patterson, 1976). The larger ponds have higher species richness of 
waterfowl, perhaps because the larger area will allow for a greater variety of 
food resources. Availability of food was the most important factor in deter­
miningthe pattern of distribution of the waterfowl (Courcelles &Bedard, 1979; 
Maitland, 1978). The larger ponds also provide security from humans and 
dogs. Burger (1981) observed that when ducks were disturbed by human 
activity they flew to the center of the pond. I had similar observations. 

Shoreline development (SD) also had a strong positive correlation (r = +0.84) 
with waterfowl species richness (Fig. 2b). The perimeter also had a strong 
positive correlation (r = +0.97) with waterfowl species richness (Fig. 2c). 
Nilsson & Nilsson (1978) and Patterson (1976) found similar relationships. 
The irregularity of shoreline increases the shore length, allows for more 
vegetative growth, and also creates small bays and extensions of land which 
offer calmer, more protected habitat (Patterson, 1976). While pond size can be 
important, I believe that SD and increased pond perimeter are more impor­
tant for waterfowl species richness because they allow for a diversity in habitat 
as well as in food resources. Waterfowl behaviors such as feeding, loafing, 
hiding and nesting require different habitats depending on the species. There­
fore, if one pond were able to offer a diversity of habitats, a diversity of 
waterfowl would be attracted. 

High SD is a good indicator of extensive shallows where waterfowl vegetative 
food sources could accumulate and form dense patches which would be easily 
accessible to the birds (Mack & Flake, 1980; Nilsson & Nilsson, 1978). This 
growth of submersed vegetation provides a suitable habitat for aquatic 
macroinvertebrates which is also an important food source for waterfowl 
(Murkin & Kadlec, 1986; Krapu et al., 1983; Ringelman & Longcore, 1982), 
especially as a protein source for young. 

Since area has such a strong correlation with species diversity, it was elimi­
nated as a primary variable when analyzing the other habitat characteristics. 
Instead, for further analyses, I used species density, which is the species 
richness per unit of pond area (1000m2). 
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Figure2. 
RELATIONSHIP BETWEEN SPECIES RICHNESS AND PHYSICAL CHARACTERISTICS 
OF THE PONDS ON THE MONTLAKE FILL, SEATTLE, WASHINGTON, DURING 
SPRING 7 990. 

Vegetative Characteristics Of Ponds 

300 

The most abundant forms of pond shoreline cover on ponds 1 and 4 included 
dense stands of purple loosestrife (a herbaceous species) intermingled with 
woody vegetation, primarilywillow(Salix) and cottonwoods (Populus). Pond 
2 was three-quarters enclosed by tall dense stands of the exotic purple 
loosestrife. The sections of shoreline with no cover were a mixture of mud and 
low growing grasses. Ponds 3 and 5 had predominantly low vegetative 
cover,such as grass with small sections of tall vegetation. The vegetation on 
Pond 3 was the most diverse and richest in native species. It consisted of sedge 
(Scirpus validus) (a herbaceous native species), spike rush (Eleocharis) with a 
scattering of dock (Rumex), bitter nightshade (Solanum dulcamara), saltmarsh 
sandspurry (Spergularia), cudweed (Gnaphalium), a variety of sunflower 
(Artemisia) species and small cottonwoods. The sedge and bitter nightshade 
were located in two groves in the center of the pond. 

A strong negative correlation exists between species density and percent tall 
vegetative cover (r = -0.86; Fig. 3a) and percent purple loosestrife (r = -0.86; 
Fig. 3b). The dominant vegetation on ponds 1, 2 and 4 was purple loosestrife. 
These three ponds with abundant tall shoreline plants have significantly lower 
species density of waterfowl than ponds 3 and 5 which have small amounts of 
tall vegetative cover and little to no purple loosestrife. In fact the vegetative 
cover on Pond 3 consisted of diverse low growing species, the native sedge and 
spike rush being dominant, both of which have seeds edible to waterfowl. 
Pond 5 has reed canarygrass; its seeds also may be a food source for waterfowl 
(L. Storm, personal communication). 
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Loosestrife's invasive nature and dense stands also prevent other vegetation, 
particularly nutritional vegetation, from growing. Studies in Thompson et al. 
(1987) suggest that loosestrife's invasive nature is partially responsible for the 
decline of bulrush and dwarf spikerush in areas of the United States. It is the 
diversity of edible vegetation which attracts waterfowl species. Gjersing 
(1975) and Kaminski & Prince (1984) found waterfowl preferred ponds having 
an abundance of emergent edible vegetation. On my research site the pre­
dominant vegetative type is purple loosestrife which is inedible by waterfowl. 
Therefore a limiting factor on habitat quality and, subsequently, on waterfowl 
species diversity on the Montlake Fill ponds, is the abundance of tightly 
packed purple loosestrife which dominates vegetative areas and displaces 
native waterfowl food plants (Thompson et al., 1987). 

The structure of surrounding vegetation can influence waterfowl usage of a 
pond as many researchers have observed. The extreme height of the vegeta­
tioncouldinterferewiththeflightlandingpattemsofthebirds(Probert, 1989), 
which might suggest that tall vegetation around ponds should be minimized. 
Unlike the enclosed ponds (ponds 1 and 4), the open ponds (3 and 5) provide 
loafing sites with an unobstructed view to spot predators, a characteristic 
which ducks prefer (Keith, 1961). 

Pond 1 and 4 had abundant woody vegetation and had lower species density 
and numbers. Similar results were found by Rumble & Flake (1983) and 
Kaminski & Prince (1984). Trees produce leaf litter which, when decomposed 
by bacteria, consume oxygen which could be used by other vegetation (Kabisch 
& Hemmerling, 1982) and also produce ammonium salts, phosphates and 
other nutrients (Thompson & Coldrey, 1984) which could lead to eutrophica­
tion of the water. This creates poor conditions for aquatic vegetative growth, 
except for weeds such as purple loosestrife which flourish. 

Water Quality Of Ponds 

Eutrophication of a water source indicates that with increased productivity 
there is a reduction in the ability of the organisms to metabolize and adapt to 
changes in the system (Wetzel, 1983). Nitrogen and phosphorus are consid­
ered to be the principal limiting nutrients for primary production. All ponds 
were very high in TP, all over 100 ug/L. The concentration of TN and TP was 
highest on Pond 5, 54 72 and 785 ug/L respectively. Pond 2 was second highest 
with almost half the concentration of TN and TP as Pond 5. Pond 4 had the 
lowest concentration of TN and TP, 939 and 114 ug/L respectively. Although 
these ponds are classified as hypereutrophic by Wetzel (1983), they still 
support a diversity of waterfowl. I found a positive correlation between 
nitrogen and phosphorus levels and species density (r = +0.88, +0.86), inferring 
that high primaryproductivityis associated with high species density. Nilsson 
& Nilsson (1978) and Murphy et al. (1984) found the same pattern. 
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Figure3. 
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RELATIONSHIP BETWEEN SPECIES DENSITY AND THE AMOUNT OF TALL 
VEGETATION AND PURPLE LOOSESTRIFE SURROUNDING THE PONDS OF THE 
MONTLAKE FILL, SEATTLE, WASHINGTON, DURING SPRING 1990. 

An increase in alkalinity indicates an increase in productivity of the pond. 
Conductivity measures the resistance of a solution to electrical flow. The 
higher the salinity the lower the resistance (high conductivity), creating con­
ditions usually intolerable to a number of waterfowl food plants. Alkalinity 
and conductivity had a moderate positive correlation to the species density 
(r = +0. 7 4, +0. 78). However, this was not significant enough to allow any clear 
conclusions, suggesting that for this study these characteristics are not appro­
priate indicators of species density of waterfowl. 

There is no significant correlation between species density of waterfowl and 
the remaining water quality characteristics: nitrite, nitrate, SRP and DO. The 
pH and temperature were fairly constant (ranging from 6.82 to 7. 77 and 11.2 
to 13.0° C) between ponds, and therefore probably do not influence species 
richness or density of waterfowl on these ponds. I believe that water quality 
is probably not a reliable characteristic to use in identifying attractive water­
fowl habitat on the Montlake Fill, unless the concentrations of nutrients are so 
high that eutrophic conditions occur. 
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CONCLUSIONS AND MANAGEMENT IMPLICATIONS 

Based on the results of this study, ponds with a large surface area or a long 
perimeter or high shoreline development attract a diversity of waterfowl 
species. Vegetation consisting of diverse and edible species also aid in attract­
ing a diversity and increased abundance of waterfowl. Water quality charac­
teristics, particularly total nitrogen and total phosphorus, are useful in deter­
mining the primary productivity level (of phytoplankton) of the pond. How­
ever, physical characteristics of the ponds and vegetative structure and plant 
types appear to be more reliable characteristics to use in identifying preferred 
waterfowl habitats on the Montlake Fill. 

The correlations determined in my study suggest strong relationships be­
tween species richness of waterfowl and certain pond characteristics. These 
relationships and patterns could be used as a base for possible management 
strategies. Other studies (Krapu et al., 1983; Bellrose, 1979) showed that the 
number of ponds was positively related to species richness and numbers of 
waterfowl. Theirresultsimplythatno pond should be eliminated. Instead, the 
ponds should be altered to prpvide optimum attractive habitat for the water­
fowl to maximize species richness. For the existing ponds, alterations could 
include: (1) removing the dense monospecific non-edible stands of exotic 
purple loosestrife to allow the development and growth of diverse native 
plants, including submergent and emergent waterfowl food plants (However, 
known methods to control purple loosestrife are complex and not always 
effective [Thompson et al., 1987]. Further research on control methods are 
needed.); and (2) the nutrient levels could be managed and monitored to 
maintain optimal productivity of the ponds. 

If additional ponds are created, two essential characteristics appear to be 
desirable. Firstly, maximizing the amount of shallow water areas available for 
the production of submersed and emersed edible vegetation would increase 
production of aquatic animals which are another essential food source for 
waterfowl. This could be done by reshaping the ponds, i.e., altering and 
increasing the shoreline. Secondly, resources also could be maximized by 
creating large ponds which provide extra area for more shoreline vegetation to 
attract more waterfowl species. 
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EVALUATION OF THE SCANNING ELECTRON MICROSCOPE 
AND X-RA V MICROANAL VSIS IN THE DETECTION OF HEA VV 
METALS IN MYTILUS EDULIS 

Thomas Ole Skjervold 1 

INTRODUCTION 

Fifteen years ago the Bay Mussel, Mytilusedulis, was proposed as a good watch 
species for monitoring global water quality (Goldberg, 1975). Sedentary as 
adults, nearly catholic in distribution, and fairly nondiscriminating as filter 
feeders, they effectively provide a "time-integrated value of the biologically 
available metals at their particular location" (Ritz, et al., 1982). Several recent 
studies have shown M. edulis absorbs some bioavailable heavy metals at 
nearly linear rates dependent on ambient concentrations (Young'& Folsom, 
1967; Schultz-Blades, 1974; Bayne, 1976; Harris, et al., 1979; Davies & Pirie, 
1980; Sutherland & Major, 1981; Ritzet al., 1982; George, 1983; Elliott et al., 
1985). These studies, as well as others (Graham, 1972; Thomson, 1979; Jensen 
et al., 1981), have used digestions of soft tissues and spectroscopic analysis to 
determine concentrations of heavy metals in the mussels. This method can 
provide reliable quantitative data, but is time consuming procedurally. Re­
cent increases in the availability of scanning electron microscopes (SEM) 
equipped withmultichannelx-raydetectors provide a potentially quick quali­
tative, if not quantitative, evaluation of heavy metal conditions, if such can be 
discerned from the analysis of mussel shells. 

MATERIALS AND METHODS 

Mytilus edulis specimens from five· different locations and four different 
littoral levels were collected to provide a variety of potential exposures to 
heavy metal pollutants. The Evergreen State College (TESC) is located be­
tween Eld and Budd Inlets, (Washington State, USA), each of which experience 
markedly distinct pollution conditions. A municipal sewage outfall empties 
into Budd Inlet (Lacey, Olympia, Tumwater and Thurston County [LOTI] 
wastewater treatment facility). By contrast, Eld Inlet has commercial oyster 
beds close to the mussel collection site in this study. From the TESC beach (on 
Eld Inlet) individuals were collected from the highest, lowest and intermediate 
intertidal levels within the Mytilusrange. In Budd Inlet collections were made 
from the floats of the City of Olympia, Percival Landing dock and adjacent 
pilings (high littoral), and three locations close to the sewage outfall near KGY 
Radio (AM 1240, N. Washington Street): the old Olympia Marina floats, the 
tideflats north of KGY, and the tidetlats east of KGY and adjacent to the 

1 Matter and Motion Program, The Evergreen State College, Olympia, WA 98505 
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Cascade Pole site which have been designated by the Washington State 
Department of Ecology a toxic waste cleanup site. 

These collections were regarded as eight distinct sample groups. In the lab 
these specimens were washed in fresh water and lightly scrubbed to remove 
the heaviest surface contamination. Subsequently mussels were opened by 
cutting the posterior abductor muscle and the kidneys were excised and 
placed in a solution of 2.5% glutaraldehyde and filtered seawater (Hayat, 
1986). Remaining soft tissue was discarded and the shells were again washed 
and scrubbed in deionized water. They were then drip dried for a brief period 
and placed in a desiccator overnight to complete drying. Shell fragments of 
less than 1 em square, including a portion of shell from the growth edge, were 
later glued with colloidal graphite to aluminum stages. One shell fragment 
was glued to a carbon stage and two of the samples were carbon coated to 
improve SEM imaging and provide comparative data on x-ray analysis. Other 
samples from the same shells were embedded in an epoxy resin in recesses 
drilled into the tops of aluminum stages and then ground and polished to a 
very smooth surface (a 0.25 micron polishing paste was used in the final step). 
Cross sectional slices from four of the kidney tissues (one from Eld Inlet, three 
from the sites closest to KGY Radio) were prepared for SEM viewing. (This 
involved an ethanol dehydration followed by critical point drying with C0-2 
[Samdri-PVf-33), and finally coating the samples with carbon [Technics 
Hummer II; Argon atm, 200 millitorr, 20 milliamps, 3.5 min].) All four kidney 
samples were glued to the same aluminum stage to allow quick comparative 
evaluation. 

Specimens were first imaged using an Amray 1810 scanning electron micro­
scope at an accelerating voltage of 10 eV and low magnification ( 100 x) so that 
regions for microanalysis could be selected. Stage tops were oriented at an 
approximate 45 degree angle to provide an optimal backscattering coef­
ficient. During spectra acquisition magnifications on the order of 1200x were 
used in conjunction with accelerating voltages of 30 eV, resulting in count 
rates under 1000 cps, (Reimer, 1985). A Kevex Delta Class Analyzer (model 
4405) running Quantex (ver. 5.07) was used for data acquisition and analysis. 
This allowed spectrum samples of a uniform integral value, (integral= 500,000; 
i.e. total area [in points] under the spectral curve), making rough quantitative 
analysis possible. 

RESULTS 

The Quantex software allows variable sensitivity and automatic identification 
of principle spectral features (emission lines/escape peaks). By Gaussian 
analysis at a specified peak to background ratio, frequency response data are 
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compared to library standards. This produces a "best guess" list of quantifi­
able statistical certainty. Spectra files may be compared to one another by 
chi-square analysis. 

Analysis of surface features of rough shell fragments revealed that at a peak to 
background ratio (P /B) of 0. 75, elements which could be identified were 
calcium, silicon, sulfur, chlorine, sodium, potassium and phosphorous. Low­
ering the P /B to 0.5 allowed iron, zinc and magnesium to be identified. Chi­
square comparisons of the spectra files for shells from the various sites showed 
no statistically significant differences between sites, though individual spec­
tra sometimes varied widely. Polished shell fragments showed a greater con­
sistency from sample to sample and also revealed no significant differences 
between samples from the various sites. 

Kidney sample analysis revealed a very similar elemental mixture to that of the 
shell samples. The relative quantities of the elements varied (for example, the 
kidneys had less calcium), but there were no other elements reliably identi­
fled. Again there were no statistically significant differences between the sites. 

DISCUSSION 

Initially the x-ray spectra indicated an extremely high concentration of 
aluminum. As recent analysis of brain and liver tissue from gray whales 
(Eschrichtius robustus) grounded in Puget Sound revealed abnormally high 
concentrations of aluminum (Gorlick, 1990), this finding caused some excite­
ment until it was realized that in the case of my work the high aluminum 
reading was an instrument artifact. An element of the microscope's focusing 
apparatus was misaligned, causing the machinery to detect a portion of itself. 
A slight adjustment corrected this problem. Unfortunately there are other less 
tractable artifacts generated by the process of x-ray microanalysis which 
ultimately limit the potential of present systems to determine trace metal 
concentrations. Much of this artifact generation has to do with the physics of 
the electron beam/ specimen interaction. 

Energy dispersive x-ray microanalysis uses a highly focused electron beam to 
bombard a small area on the surface of a specimen. Immediately beneath this 
limited two dimensional area, a much larger three dimensional volume of 
tissue (often described as "onion-shaped") interacts with the electron beam. 
When individual atoms have high energy electrons pass through their elec­
tron clouds, electrons normally associated with a given atom may be knocked 
away from that atom. If this happens to an electron of the atom's "inner shell", 
an electron from a higher energy, outer shell assumes the position of the 
lost electron. Energy in the form of an x-ray is released as a result, and the 
energy of this x-ray is characteristic of the particular element which lost the 
electron. Through the use of a multi-channel x-ray detector, an spectral 
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profile of the analyzed substance is generated. This may subsequently be 
compared to library standards to determine elemental makeup of the sub­
stance. Complicating this process, electron beam/specimen interactions are 
not limited to the generation ofx-rays. Electrons passing close to the nucleus 
may be effected by its positive charge and release a Bremsstrahlung energy, or 
electrons may be scattered either elastically or inelastically and may ulti­
mately leave the specimen as backscattered, secondary or auger electrons. 
These differing responses to the initial electron beam carry varying amounts 
of information and the most elaborate of microanalysis machines may use a 
combination of detectors to increase the analysis accuracy. More common 
today is the x-ray detector which suffers this problem: if x-rays are not 
generated close to the surface of the specimen, x-rays and scattered electrons 
may continue, albeit with less energy as a result of the initial reaction, and 
interact with other atoms within the specimen. This causes signal noise and 
artifacts which lessen the potential sensitivity of the detector (Reimer, 1985). 

Much can be done in specimen preparation to mitigate problems inherent in 
x-ray microanalysis. To control the distance the average x-ray must travel to 
exit the specimen, the surface of the specimen can be polished flat. Also the 
sample can be sliced very thin to limit the interaction volume of the electron 
beam within the specimen. In the case ofsoft tissue samples such consider­
ationsrequirethe specimen to be either frozen or resin embedded (Russ, 1980; 
Panessa-Warren, 1983). 

As all electron microscopy must be performed in a vacuum, water must be 
removed from the specimen before examination. Osmotic fixatives such as 
the glutaraldehyde used in this study may cause leaching of certain elements 
from the tissue. Also stains which may be required to identify specific or­
ganelles may well disrupt the chemistry of the specimen. Tissue smears 
followed by air drying of the sample have been used successfully (Mor­
gan,1984) but may not be suitable in many cases due to the ion translocation 
which occurs during slow drying (Morgan, 1985). 

With careful specimen preparation and spectral analysis, energy dispersive x­
ray microanalysis may be able to detect trace metals in concentrations as low 
as 100 ppm (Morgan, 1985). Heavy metals have been observed to be concen­
trated in tertiary lysosomes of the kidney (Sutherland & Major, 1980; George, 
1983; Chassard-Bouchaud & Hallegot, 1984). In Mytilusedulisthese storage 
organelles occupy some 20% of the kidney cell volume (George, 1983) and may 
have concentrations of metals several times higher than elsewhere in the 
organism (Sutherland & Major, 1980). Therefore x-ray microanalysis is suffi­
cient to determine the presence of iron and zinc, as these naturally occur in 
concentrations somewhat qigherthan 100 ppm. However other heavy metals 
may be considered to be present in elevated amounts at levels of less than 1 
ppm (Davies & Pirie, 1980), so that energy dispersive x-ray microanalysisis not 
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suitable for detecting pollution problems which may in fact be causing changes 
in Mytilus edulis tissues. Another type of x-ray detector, the wavelength 
dispersive analyzer, has detection limits 10-50 times lower than the energy 
dispersive variety (Morgan, 1985), though this increase in sensitivity is insuf­
ficient for the proposed application. 

Advances in technology of energy dispersive x-ray microanalysis equipment 
may one day be sufficient to allow meaningful detection of trace amounts of 
heavy metals, though today the mechanism does not exist. Practical consid­
erations of specimen preparation also present prohibitive hurdles. 
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EFFECTIVE NONPOINT SOURCE PUBLIC EDUCATION 
AND OUTREACH: A REVIEW AND EVALUATION OF 
SELECTED PROGRAMS 

ClareRyan 1 

ABSTRACT 

Nonpoint source (NPS) pollution has been identified as the principal remain­
ing cause of water quality problems throughout the United States. Regulation 
and control of NPS pollution is difficult because of the diffuse nature of the 
problem. As a result, public education is recognized as an essential element 
of an effective NPS control program. 

Several successful NPS related public education and outreach programs are 
being planned and implemented in EPA Region 10 (Alaska, Idaho, Oregon and 
Washington). The objectives of this research are to document and review 
selected programs in Region 10, and to provide a reference document for state 
and local governments and other groups regarding the development and 
implementation of successful NPS public education and outreach programs. 
Specific Puget Sound area initiatives evaluated include programs underway in 
the Johnson Creek and Clearwater River areas, the Burley-Minter Clean Water 
Project, and the Puget Sound FARM Project and the Associated General 
Contractors Project, both Puget Sound Water Quality Authority Public In­
volvement in Education Fund projects. 

Documentation was accomplished through review of existing literature, phone 
interviews and personal visits to project areas. Program evaluations were 
conducted, consisting of a subjective assessment of the effectiveness of the 
program in general as well as the specific educational techniques employed. 
The study concludes with a recommended framework for evaluation of NPS 
public education and outreach programs. 

Many of the educational techniques identified as effective are common to 
several of the programs, regardless of the target audience or type of NPS 
pollution. These techniques have been identified as "keys" to success and 
represent what educators see as the most crucial elements of success for their 
particular educational efforts. Several of the more common successful tech­
niques include strategic framing of the problem, provision of complete infor­
mation and adequate technical assistance, frequent personal contacts, finan­
cial incentives, peer education, interagency coordination, timing consider­
ations, local and individual autonomy, and participatory events. 

1 The University of Michigan, School of Natural Resources, Dana Building, 430 E. 
University, Ann Arbor, Ml48109-1115 
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The recommended frameworkforevaluationofprograms includes examining 
program elements such as goals, objectives and criteria, program scope, 
voluntary versus mandatory, funding, monitoring, educational strategy, tim­
ing, and other socioeconomic impacts. 
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PUGET SOUND NONPOINT POLLUTION MANAGEMENT 
AS A PROBLEM IN WATER QUALITY GOVERNANCE 

EricShott 1 

Puget Sound faces nonpoint threats from agriculture and forest practices, 
failed on-site sewage disposal systems, urban runoff, domestic and wild 
animal wastes, and marinas and recreational boating (Puget Sound Water 
Quality Authority [PSWQA], 1986a). Numerous efforts have been made to 
address nonpoint source problems in Puget Sound over the years. For ex­
ample, the first such planning effort was outlined by the Washington Depart­
ment of Ecology (DOE) in 1981 under the state's Section 208 non point source 
management program (DOE, 1981). 

This paper analyzes the evolution of rural non point source pollution manage­
ment in Puget Sound from 1980-1990 using an assessment strategy developed 
by Leschine et al. ( 1991, this volume). The biogeophysical nature of non point 
source pollution indicates that effective nonpoint source management re­
quires the cooperation of a large number of individual land owners, each of 
whom is contributing a small amount to the total pollution problem. The 
necessity for group action to achieve management goals gives nonpoint 
source management the characteristics of a public good. Consideration of the 
institutional arrangements that determined the management of this public 
good problem leads to important inferences as to how and why programs 
evolved. Moreover, the effectiveness of the different decision making and 
management structures that have addressed various aspects of the problem at 
different institutional levels can be assessed. 

The entities involved at the "constitutional", "collective choice," and "opera­
tional" institutional levels can be evaluated in terms of decision making 
structure, geographic scope, functional scope, and size (Leschine et al., 1991, 
this volume). Different types of decision making strategies (computational, 
collegial judgement, and bargaining) can be used, depending upon what is 
known about the causes of a problem and the level of agreement on decision 
outcomes. For various reasons, management entities may choose decision 
strategies that do not "fit" the problem they are addressing. Setbacks or 
ineffective approaches may result. 

If the geographic scope of the agency (or interagency arrangement) is much 
larger or smaller than the size of the non point problem area, inattention to the 
problem may occur. Also, if a source of nonpoint pollution cannot be ad­
dressed, the functional scope is incomplete and results will be limited. Finally, 
the size of agencies or arrangements may affect access to decision makers, 
data collection, and internal management (Bish et al., 1975). 

1 School ofMarine Affairs, UniversityofWashington, Seattle, WA 98195 
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Federal, state, and local agencies in Puget Sound have made and are making 
many attempts to address the nonpoint source pollution problem there. 
These efforts involve changes at all three levels of institutional arrangements 
noted above. New decision making structures, geographic and functional 
scopes, and sizes have emerged. Many of these changes are the result of 
feedback between, and internal to, the institutional levels (Leschine et al., 
1991, this volume). 

THE EARLY 1980s 

In the early 1980s the governance structure in Puget Sound was just beginning 
to address rural nonpoint source problems. Although the basics of this type of 
pollution were well understood, the institutional arrangements in place had 
evolved to deal with other issues, such as point sources and preventing the loss 
of good crop growing soils. The focus was on state-wide programs to address 
various sources of nonpoint source pollution. The state Department of 
Ecology took the lead for Clean Water Act section 208 efforts. But federal208 
funding was terminated in 1981 (PSWQA, 1986a). 

The DOE first addressed nonpoirit source problems and Puget Sound as a 
region in 1981 when it proposed a water quality plan, the Puget Sound 
Sensitive Area Study (PSSAS). Sensitive areas would be identified by available 
data and a management plan would be written. The PSSAS was never fully 
implemented, due mainly to the aforementioned lack of federal funds after 
1981. 

Statewide, DOE's work on rural nonpoint sources used a decision making 
strategy already familiar: the internal computation that resulted in National 
Pollution Discharge and Elimination System (NPDES) permits. The Dairy 
Waste Management Plan mandated that dairies with over 200 mature animals 
without "Best Management Practices" (BMPs) would need to obtain a NPDES 
permit from DOE (DOE, 1981). According to a 1986 PSWQA evaluation, the 
plan, while well conceived, suffered in implementation from lack of adequate 
staffing (PSWQA, 1986a). DOE also provided its technical expertise to the 
Forest Practice Board's water quality efforts, and urban stormwaterrunoffwas 
eventually put under a NPDES system as well (DOE, 1981). 

In dryland agriculture, DOE recognized that a NPDES type management 
system would not work. In bargaining among DOE, the Washington Conser­
vation Commission, and water quality committees composed mainly of farm­
ers, it was determined that conservation districts would act as management 
agencies for dryland agricultural operations. · The state was relying on an 
almost completely voluntary BMP program in this area with little state-wide 
oversight. DOE provided regulatory investigations and enforcement only at 
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the request of a conservation district (DOE, 1981). Some agricultural sources, 
such as noncommercial farms, were not included in the regulatory effort. 
Again, the cut off of federal Section 208 funding in 1981 further hindered these 
non point source programs (PSWQA, 1986a). 

Notwithstanding the DOE state-wide NPDES and supporting technical study 
efforts (many of which were desperately needed), the Shorelands program at 
DOE began developing a different approach to handle non point source prob­
lems. The closure of six Puget Sound commercial shellfish beds had alerted 
DOE to nonpoint problems (PSWQA, 1986a). Shorelands developed a pilot 
basin planning approach to address bacterial problems at commercial shell­
fish beds that focussed on on-site sewage systems and agriculture. The first 
pilot project would take place in the Burley Minter watershed. DOE expected 
to expand the program after evaluation of the first effort (Shigenaka, 1987). 

Residential on:-site systems in the early 1980s were mainly under the jurisdic­
tion of local health departments who follow state Board of Health Regula­
tions. The Washington Department of Health (DOH, part of the Department 
of Social and Health Services [DSHS] until the late 1980s) provided oversight. 
But updates to state regulations in 1983 exempted most systems installed 
before 1979, resulting in a gap in regulatory coverage. Moreover, there was no 
state wide maintenance plan for single family dwellings in the early 1980s 
(PSWQA, 1986a). 

In the early 1980s the Puget Sound Water Quality Authority (PSWQA) acted in 
the role of assessor and commentator only. In its 1984 report the Authority 
outlined the nonpoint source problem and noted the lack of a systematic 
approach focusing on water quality. PSWQA also recommended that regula­
tions be applied more strongly against toxic pollutants, that Shorelands' basin 
planning program be applied more expansively and extensively, and that 
more technical assistance to localities be provided (PSWQA, 1984). 

THE MID 1980s 

In the mid 1980s, Puget Sound became the special focus of many water quality 
programs. In the nonpoint source area, DOE Shorelands' basin planning 
effort had resulted in problems in the decision making processes used. The 
counties and DOE relied on a technical advisory committee and a consultant 
to put together-a management plan (Hansen, 1989). The resulting draft of 
sample ordinances had the support of the counties and DOE. When watershed 
residents learned of the proposed regulations to on-site systems and agricul­
ture, a "firestorm" of citizen protest occurred (Shigenaka, 1987). What fol­
lowed was the creation of a citizens review committee that involved the public 
much more directly and early in the decision making process (Shigenaka, 
1987). 
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Meanwhile, the state legislature responded to the Shellfish Protection Strategy 
by funding more Shorelands basin planning and creating the Shellfish Protec­
tion Program (McKamey, 1987). The new law left it up to localities to decide 
upon the creation of "Shellfish protection districts" and to find funding to 
facilitate nonpoint source planning (Chapter 90.72 RCW). No districts were 
established. With more funding, Shorelands had received 11 applications and 
funded seven shellfish basin planning projec-ts by 1986. Similar to the above, 
DOE let the localities decide if they needed the program (PSWQA, 1986a). DOE 
and local governments had learned from the Burley Minter experience, and 
local citizens became much more involved in these basin planning efforts 
(PSWQA, 1986a). However, Shorelands was addressing only bacterial con­
tamination of commercial beds. EPA and DSHS moved to expand the cover­
age of the shellfish policy by investigating the chemical contamination of 
shellfish beds in 1986 (PSWQA, 1986a). 

In the mid 1980s public concern and environmental activists had pushed the 
legislature to act on Puget Sound water quality problems. PSWQA was granted 
planning power (although the exact extent of its authority remained unclear). 
The Authority began preliminary efforts at overall water quality plannin~ 
including nonpoint source pollution. PSWQA recognized the value and limi­
tations of DOE Shorelands' basin planning and expanded upon it. A more 
comprehensive approach was outlined. All localities in Puget Sound were to 
prepare nonpoint source management plans under the same management 
program with state oversight. The Burley Minter experience had also affected 
the Authority's approach (Hansen, 1989). Watershed planning would involve 
all concerned and affected citizens. 

However, funding for the nonpoint effort remained uncertain. PSWQA noted 
that the amount of funding available would affect deadlines outlined in the 
plan (PSWQA, 1986b). Money was sought from the Centennial Clean Water 
Fund (Cigarette tax), and local government general funds (PSWQA, 1986b). 

THE LATE 1980s 

In cooperation with DOE, DOH, and DOA, PSWQA began to fill in the details 
of the nonpoint source management effort. Basically, PSWQA adopted an 
approach that can be described as a mix between collegial judgement and 
bargaining. The process involved substantial comment from affected parties, 
but did not directly involve them in decision making. This approach ran into 
problems when it tried to write specific regulations without direct participa­
tion from those to be regulated. Mandatory stream fencing and animal density 
controls were suggested (Hansen, 1989). The agricultural community com­
plained both to PSWQA and the state legislature. Several state legislators 
wrote letters to the Authority in support of the old voluntary 208 program 
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(Rayburn to PSWQA, 1987; Hanson to PSWQA, 1987). PSWQA held several 
meetings with agricultural interests, and backed off of mandatory stream 
fencing (Hansen, 1989). Section 208 farm plans would satisfy in most cases 
(WAC 400-12). 

The result of the planning effort was WAC 400-12 (Local Planning and Man­
agement of Nonpoint Source Pollution), a new and innovative approach to 
non point source management that was more consistent with the precepts of 
good institutional design implied by public choice theory than previous 
efforts. Each level of government is asked to do what it does best. Localities 
use data familiar to them (time and place information) to prioritize water­
sheds and identify the most serious nonpoint sources. Locals then develop 
management plans for the problem sources in high priority watersheds. DOE 
coordinates all aspects of the program Sound-wide and provides its technical 
expertise to localities to help with data collection and interpretation. Other 
agencies provide their technical expertise as well, in the form of a technical 
support team headed by DOE. Watershed management committees involving 
all those affected by nonpoint source planning are created to write the man­
agement plans (PSWQA, 1990). 

Thus, the approach is Sound-wide and the geographic scope matches the size 
of the problem. The decision making process that will result in management 
plans is not one dominated by internal computation (the way DOE's attempt 
to use the NPDES permit system was), but more one of bargaining and 
negotiation that involves critical participants in Watershed Action Commit­
tees (that construct the management plans). Because all possible nonpoint 
sources must be investigated, the focus is on providing complete functional 
coverage. This is furthered by requiring statements of concurrence between 
the watershed management committee and any governmental agencies that 
will be asked to participate in a management plan (WAC 400-12). It has also 
been recognized that the watershed plans must be coordinated with other 
programs such as the Timber, Fish and Wildlife agreement (T IF IW) and DOE's 
ground water program, and with new on-site regulations that may be enacted 
by the State Board of Health (PSWQA, 1990). 

Under WAC 400-12, watershed ranking has taken place. Also, 12 early action 
watershed plans begun before the completion ofWAC 400-12 are complete, or 
almost so. These plans do not need to follow the letter of the rule, but its intent 
(PSWQA, 1990). Funding for implementation of these and later plans is in 
question. Most of the money being used is from the Centennial Clean Water 
Fund, but it will not be sufficient to provide all the funding needed (PSWQA, 
1990). The Authorityisencouragingwatershed lead agencies to apply for other 
types of state and federal funding that are available. Both PSWQAand DOE are 
in the process of looking for ways to secure federal funding for the plans 
(PSWQA, 1990). 
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CONCLUSIONS 

What began mainly as a single agency, computational decision making struc­
ture in the early 1980s evolved into a multi-agency negotiated bargaining 
arrangement better able to address the problem by the late 1980s. In many 
instances, feedback as to the shortcomings of old programs resulted in new 
institutional arrangements to address nonpoint pollution. 

Initial efforts, led mainly by DOE, established a pattern of computational 
decision making or collegial judgement, as evidenced by the Dairy Waste 
Management Plan and early Shellfish Protection Strategy planning. Later 
efforts, led mainly by PSWQA, show a reliance on collegial judgement and 
negotiated bargaining among affected parties. Hansen notes that the "wis­
dom" of the technical committee and technical expertise of the consultant did 
not produce a workable solution in the Burley Minter case, while the PSWQA 
approach has been much more acceptable to affected parties (Hansen, 1989). 

Moreover, in the early 1980s the nonpoint source management approach had 
problems in its geographic and functional scope. The size of the lead agency 
played a role as well. Geographic scope problems could be seen in numerous 
efforts. The program for dryland agriculture and shellfish initiatives left the 
decision to plan up to localities. There were many local efforts more indepen­
dent ofDOE as well. The problem with these approaches is the lack of a Sound­
wide focus, given the information available on Sound-wide nonpoint prob­
lems. Small local entities have neither the ability to collect and analyze this 
type of information nor the "need" to respond to other localities outside their 
jurisdictions that may be affected bypollutiontheygenerate (Bishetal., 1975). 

Unlike localities, DOE does have the size and technical expertise necessary to 
collect Sound-wide data and coordinate management efforts (such as water­
shed ranking). However, its large size implies that interest groups may have 
better communication with the agency than individuals (Bish et al., 1975). 
Also, with a geographic scope larger than Puget Sound, other problems will 
compete for scant time and resources. 

Functional scope problems included the partial and complete gaps in non point 
sources addressed. In the early 1980s, noncommercial farms and on-site 
systems built before 1979 suffered from lack of attention. By the late 1980s it 
was clear that redressing the functional scope issue would require coopera­
tion among PSWQA, DOE, DOH, and DOA to write the WAC, and numerous 
other agencies to concur with local management plans. 

The constitutional level decision to create PSWQA established an agency that 
was better able to address Puget Sound problems than the DOE as it then 
existed, because its geographic scope excluded other problem areas. Other 

715 



PUGET SOUND RESEARCH '91 

characteristics, such as its functional scope (planning only) and size (small, 
implying better access for citizens) enabled the Authority, in concert with 
other state and local agencies, to create a more comprehensive non point 
source program. 

The complexity of nonpoint source problems results in situations where 
different agencies and decision strategies will be more or less appropriate, 
given the nature of the specific problem being addressed. Attempting to 
broadly apply one type of decision process can result in snags such as occurred 
at Burley Minter or with stream fencing. Leaving localities to "go it alone" 
emphasizes the weaknesses of localities implied by collective choice theory, 
while ignoring the strengths oflarger agencies, given the same analysis. At the 
other extreme, complete program control by a single state agency can ignore 
local strengths and emphasize the weaknesses of a larger agency. · 

Finally, funding is a problem that has not been ad~quately addressed by the 
current non point source planning effort. While· funding is controlled at 
various institutional levels, the highest levels administer the largest amounts. 
Funding requests for watershed plans compete with many other interests a tall 
levels. Proposals to generate new revenue specific to the watershed manage­
ment effort may become simply another tax increase that individuals reject 
locally or state wide. These funding problems must be resolved for successful 
implementation. 
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THE EFFECTIVENESS OF STORMWATER MANAGEMENT POLICIES 
IN PROTECTING STREAMS 

DeeAnn Kirkpatrick 1.2 

INTRODUCTION 

Unmanaged stormwater runoff entering streams can have a number of ad­
verse effects on stream systems. Local governments in Washington State are 
responsible for managing storm water runoff within their jurisdictions, result­
ing in a wide variety of stormwater management policies and programs. 
Whether these policies and programs are effective, particularly in protecting 
natural fish communities and fish habitat, is the focus of this paper. 

The stormwater programs of five local government jurisdictions, two state 
programs (one presently being drafted and one recently adopted), and a 
recently adopted federal program were examined. Experts in the storm water 
management and fisheries fields provided information on the necessary 
elements of effective storm water policy and effective methods of addressing 
these elements. This information was used to judge the overall effectiveness 
of the eight case-study programs in addressing the full range of stream protec­
tion concerns. 

STORMWATER IMPACTS ON STREAMS 

Impacts of unmanaged storm water runoff that affect stream quality include: 
increased flooding, channel erosion and alteration of the streambed particle 
size composition; reduced base flow, alteration of the character and volume of 
energy inputs to the stream; increased entry of toxic substances such as heavy 
metals, pesticides, oil, detergents, and other pollutants to the stream; elevated 
nutrient inputs to the stream; and alteration of the natural stream tempera­
ture regime (Klein, 1979). These changes can degrade instream physical 
habitat as the num her of pools decrease, riparian vegetation and large woody 
debris are removed by increased stream flows and volumes, and large volumes 
of sediment degrade spawning gravels. The cumulative impactofthesechanges 
is a decrease in the number and diversity of fish (Scott, 1982; Ragan and 
Dietemann, 1975) and aquatic invertebrates (Pedersen, 1981; Richey, 1982). 

1 Winner of the award for Best Student Research at Puget Sound Resmrch '91. 
2 School ofMarine Affairs, UniversityofWashington HF-05, Seattle, WA 98195 
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STORMWATER MANAGEMENT 

To maintain healthy stream ecosystems, stormwater programs must manage 
the causes of these impacts. The scientific literature (Schueler, 1987, and 
others) suggests six elements that must be managed to prevent or diminish 
these impacts: peak discharge, stormflow volume, groundwater recharge, 
stream bank erosion, water quality, and instream and riparian habitat. 

Peak discharge and storm volume must be controlled to prevent flooding, 
erosion, water quality and habitat damage. Groundwater recharge must be 
provided to maintain summer stream flows. Managing stream bank erosion, 
limiting pollutant inputs, and maintaining habitat are also important. 

DELPHI TECHNIQUE METHODS AND RESULTS 

While the scientific literature provides some information on management 
elements needed to maintain streams, the literature does not provide infor­
mation on the best methods for addressing each of these elements. To collect 
further information, the Delphi Technique (Delbecq, 1975) was used as a 
means of aggregating judgements of individuals to reach consensus on these 
storm water management .issues. Through the use of two carefully designed 
sequential questionnaires, a systematic solicitation and collaboration of 
judgements of fifteen panel members was accomplished. The panel mem­
bers included experts from either the storm water management and/ or fisher­
ies fields from throughout the Puget Sound area. Their responses were 
reviewed and statistically summarized, forming the basis for determining 
important stormwater management elements and effective methods of 
addressing these elements in order to protect fish and fish habitat. 

The panel listed the following elements, in order of priority, as necessary for 
inclusion in an effective storm water management program: 

1. Habitat protection 
2. Peak discharge control 
3. Development-related erosion control 
4. Base flow protection 
5. Riparian zone protection 
6. Pollution source controls 
7. Streambankerosion control 
8. Flow volume control 

In addition, the panel chose stormwater management methods that effec­
tively address the elements listed above. Theychoserequiringriparian buffers 
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that are based on the physical and biological factors of the site, as well as 
requiring maintenance of instream habitat, as the most effective methods of 
providing habitat protection. For controlling peak discharge, they chose 
requiring duplication of pre-development infiltration. Requiring infiltration 
where site conditions are favorable was chosen as the most effective method 
for providing groundwater recharge (or base flow protection). For managing 
stream bank erosion, requiring preservation of wetlands and other natural 
drainage features and requiring maintenance of pre-development peak flows 
and durations were considered the most effective methods. And for maintain­
ing water quality, requiring wet ponds, swales and erosion control were 
chosen as the most effective methods. 

PROGRAM EVALUATION 

To examine storm water policies, program evaluation was conducted using a 
multiple-case study approach (Yin, 1981). Policy inputs, orin other words, the 
standards, regulations, guidelines, or ordinances that the programs utilized to 
implement stormwater management, were examined. The following eight 
programs were chosen as case studies for this research: 

• U.S. Environmental Protection Agency (EPA) (National Pollutant Discharge 
Elimination System Permit) 

• Puget Sound Water Quality Authority (PSWQA) Stormwater Plan to be 
implemented by the Washington State Department of Ecology (DOE) 

• Washington State Department of Fisheries (WDF) Stormwater Guidelines 
• King County 
• Snohomish County 
• City of Bellevue 
• City of Mountlake Terrace 
• City of Lynnwood 

The three agency programs (EPA, PSWQA/DOE, and WDF) were chosen for 
study because they set guidelines for local governments. King, Snohomish, 
Bellevue, and Mountlake Terrace were chosen because they are among the 
most well-developed and comprehensive programs in the Puget Sound area. 
As a contrast, the city of Lynnwood, a relatively new program, was also 
examined. 

Table 1 summarizes whether the eight programs addressed the most impor­
tant storm water management elements by using the methods considered to 
be the most effective by the Delphi Panel experts. Under the program heading 
on the right, thefirstnumberrepresentshowmanyprogramsrequired the use 
of this specific method. 
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Table 1. 
OVERALL PROGRAM EVALUATION 

Element 

Habitat 

Peak Flows 

Groundwater 

Streambank Erosion 

Pollutant Removal 

Effecti\le Methods 

• maintain riparian buffers 
• base buffers on site fadors 
• maintain instream habitat 

• duplicate pre-development infiltration 

• infiltration where possible 

• preserve wetlands 
• maintain pre-development flows 

• wet ponds and swales 
• erosion control 

Program 

3of8 
Oof8 
Oof8 

Oof8 

1 of8 

4of8 
·oof8 

1 of8 
5 of8 

The table shows that the eight programs overall did not do very well in 
addressing the most important stormwater management elements with the 
most effective storm water management methods. Only three of the five local 
government programs required riparian buffers. None of the three agency 
programs required buffers, although DOE and WDF may require buffers on a 
case-by case basis, largely depending on the current regulations of the local 
government. None of the programs required a buffer that was determined by 
the physical and biological factors of the site, which the Delphi Panel over­
whelmingly chose as the best method for determining effective buffers. 

Maintainingin-streamhabitatisth~primaryfocusofWDF'sHabitatProgram, 
although no state-wide regulations exist which provide for this requirement. 
Maintenance of in-stream habitat under WDF's authority is determined on a 
case-by-case basis. None of the other programs require maintenance of in­
stream habitat, although three local programs have set guidelines for stream 
rehabilitation. 

To manage peak discharge, most programs required controlling discharge of 
one or two specific design storms, or controlling discharge to a specific pre­
development level. No programs required duplicating pre-development 
infiltration. 

To promote groundwater recharge, only one state program required the use of 
infiltration, although infiltration is encouraged by two local government 
programs and one state program. Infiltration is discouraged by one local 
government and not mentioned as a part of three other programs. 

Controlling streambank erosion by preserving wetlands is required by four 
local governments. The two state programs encouraged preservation of 
wetlands, but do not have the authority to require it, except in the case where 
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other state, federal or local regulations for preserving wetlands apply to a 
specific site. Controlling stream bank erosion by maintaining pre-develop­
ment flows and durations was not required by any of the programs. 

To limit pollutants, five programs had specific requirements for erosion 
control, and one program had specific requirements for wet ponds and swales. 
The other programs encouraged the use of general Best Management Prac­
tices (BMP's) to protect water quality. 

According to the Delphi Panel results, none of the eight programs will be very 
effective in protecting and maintaining streams in a manner that sustains fish 
habitat and fish resources (Kirkpatrick, 1990). This is somewhat surprising 
since at least some of these programs are widely considered to be the most 
well-developed and comprehensive programs in the Puget Sound area. 

RECOMMENDATIONS AND CONCLUSIONS 

Until better information on effective stormwater management is available, 
the consensus professional judgements of the Delphi Panel experts should 
guide storm water managers in designing and implementing stormwaterman­
agement programs that protect fish and fish habitat. Incorporating the 
methods listed in Table 1 into new or existing storm water programs is recom­
mended wherever and whenever possible. 

An appropriate conclusion for this paper is to paraphrase what one panel 
member wrote when asked about the elements most lacking in stormwater 
programs: 

All storm water programs start out with a rainfall event and end up down­
stream. To protect fish and fish habitat you need to start in streams and 
work upslope. This is completely opposite of how drainage engineers 
analyze storm water problems. Fish and fish habitat are probably the most 
sensitive components to protect with a storm water program. The key is to 
protect the hydrologic processes which form fish habitat and apply BMP's 
to maintain water quality. How this is done is the question. Fish habitat 
needs to be a priority in stormwater management, not a result. 
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SEWAGE SLUDGE, VALUABLE RESOURCE OR 
COMMUNITY PROBLEMJ 

William A. Beck1 

INTRODUCTION 

Between six and seven million tons of dry sewage sludge are generated each 
year in the U.S. This sludge is rich in nitrogen (N), phosphorous (P) and 
potassium (K). However, concern that nitrates and contaminants in the sludge 
could leach into groundwater or enter food chains has limited its use. 

In 1985 the Municipality of Metropolitan Seattle (Metro) generated 65,000 
tons of dewatered sludge. Metro's sludge is sold for fertilizing Christmas tree 
farms and timber plantations, as a soil conditioner, and for mixing with 
sawdust to make compost. Metro has purchased land in southeast King 
County near Cumberland to provide an additional opportunity for profitable 
sludge use. The Concerned Citizens of Cumberland (CCC) have raised a 
number of issues that have forced Metro to prepare a site-specific Draft 
Environmental Impact Statement (DEIS) for its proposed sludge operation. 

In this paper I will address technical and nontechnical factors that bear on 
Metro's plans and recommend an approach that minimizes the impact on 
Cumberland of sludge application. The principal technical factors relate to 
sludge's effectiveness as a fertilizer, and to possible hazards from contamina­
tion of ground water and forest food chains and from accident~] spillage. I will 
also respond to the most significant issues raised by the CCC, including the 
perceived burdening of the rural community with urban waste. 

BACKGROUND 

According to Burd (1986), "Sludge disposal has been an issue in the Western 
world since at least 1857, when sanitation authorities in England first pro­
posed sewage treatment." He goes on to report that as early as 1909, sewage 
sludge was used to fertilize vegetable farms around Baltimore, Maryland. 
"The odors in the vicinity of the sewage lagoons are very offensive but as far as 
is known they have not had an unfavorable affect on the health of those living 
on the farms. However the nuisance from the flies was considerable." That 
may have been an effective use of sludge but it is hardly one that would 
be acceptable today. 

1 University of Washington, Environmental Science and Political Science; 19215 Lake 
Francis Road, Maple Valley, WA 98038 
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Fradkin et al. (1988) note that approximately 6.2 million dry metric tons of 
wastewater sludge are generated each year, or 26 kilograms (kg) per person. 
Scarpino et al. (1988) estimate it was "almost seven million metric tons dry 
weight in 1982. By the year 2000, production is expected to nearly double." 

Bastian (1986) estimated that "total reuse of the nutrients in the organic wastes 
from 150 million Americans on central sewage disposal systems, another 50 
million on septic tanks, and 87,000 industrial plants could provide 1.4 million 
tons N, 0.3 million tons P and 0.6 million tons K or about $9_50 million worth of 
nutrients currently supplied by commercial fertilizer sources." 

There are a variety of reasons why sludge is not used more, but one of the most 
important is concern about pathogens, heavy metals, hazardous organic 
compounds and nitrates that are present. These substances contaminate the 
site where sludge is deposited and can enter surface and ground water or food 
chains through uptake by primary producers. 

Metro generates dewatered sludge at its West Point treatment plant (WPTP) 
and Renton treatment plant (RTP) from processing residential and industrial 
sewage and stormwater in the greater Seattle area, including much of east and 
southeast King County. Metro also provides for disposal of septic tank solids 
and leachate from the Cedar Hills and Hobart land fills. Sludge will be trucked 
to the site near Cumberland where it is mixed with water and sprayed on the 
trees from a spray vehicle. The sprayed sludge cakes when it dries, but washes 
to the ground at the first rain. 

TECHNICAL CONSIDERATIONS 

General Effects on Flora and Fauna 

"Current studies in the Pacific Northwest with Douglas-fir indicate that the 
growth response from sludge is at least twice as great and lasts twice as long as 
when this species is fertilized with urea· ... " (Cole and Henry, 1986). The exact 
response depends on the tree species, its age, and the sludge source. Table 1 
shows that the response of the Douglas-fir to municipal sewage sludge is 
extremely fayorable. Tree mortality, while higher than the control stand, is 
relatively low (Table 2). 

Growth of understory vegetation is greatly accelerated, and grass and under­
story herbaceous species have higher protein levels, causing preferential 
grazing by large herbivores. For Italian rye grass, the crude protein level 
increased between 160 and 176%. Elevated N levels were also found in seven 
understory plants found in Douglas-fir forests. The level of P was also in­
creased. Another factor, in vitro digestibility, was found to increase in some 
species in low quality sites (Cole and Henry, 1986). 
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Table 1. 
FIRST YEAR DIAMETER/HEIGHT RESPONSE TO SLUDGE AMENDMENTS(% growth 
compared with control) (after Cole and Henry, 1986). 

Treatments 

Tacoma • ## 
Muni CZPri BCPri CZSec 

Species Sludge Sludge Sludge Sludge 

Hybrid cottonwood 17/14 -17/-18 3/-2 87/45 
Douglas-fir 116/42 -11/14 6/16 300/100 
Noble fir 66/77 -54/-9 -35/15 91/58 
White pine 5/86 -40/14 -16/-21 26/59 
Average 51/55 -31/0 -11/2 126/66 

• Crown Zellerbach; # Boise Cascade 

Table 2. 
PERCENT MORTALITY OF 4 SPECIES OF TREES fREA TED WITH SLUDGE (after Cole 
and Henry, 1986) 

Treatments 

Tacoma 
Control Muni CZPri BCPri CZSec 

Species (Sand) Sludge Sludge Sludge Sludge 

Hybrid cottonwood 6 16 0 3 34 
Douglas-fir 3 9 3 0 16 
Noble fir 25 16 3 3 28 
White pine 3 9 0 0 19 

Anderson (1985) found that does foraging on sludge amended areas recruited 
to the six month age class more fawns than a control group of does foraging on 
non sludge amended vegetation (Table 3). The increased fawn recruitment 
was believed primarily due to the increased protein level of Italian rye grass 
and also to the browse available to the experimental does. The crude protein 
consumption was estimated to be219g/dayfortheexperimentaldoesand 113 
g/ day for the control does during the forb/ shrub dominant season. 

Sludge application to forest areas can affect soil fauna. Nutrients and heavy 
metals are concentrated in the foliage of trees and recycled when the leaves 
drop, thereby increasing the concentration of these substances in the organic 
ped. Several species of mesofauna (size range from 100 mm to 1 em) were 
investigated by comparing a control area to areas exposed to three different 
sludge applications (MacConnell et al., 1986). The investigators found that the 
response varied between species, sludge types, sludge application rates, and 
season of the year when the sample was taken (Table 4). In almost all cases the 
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total number ofmesofauna increased, but in several cases the number of mites 
was reduced by almost one half. ' 

Table3. 
FAWN RECRUITMENT IN EXPERIMENTAL AND CONTROL AREAS (after Anderson, 
1985). 

Years Group No. of Does Fawns/Doe (Avg.) 

1979-80 Experimental 7 2.0 
Control 5 1.4 

1980-81 Experimental 4 1.75 
Control 4 0.75 

Table 4. 
MESOFAUNA RESPONSE TO FOUR SLUDGE TREATMENTS (after MacConnell eta/., 
1986). 

Treatment 

Augusta Augusta Aiken 
Control 400kgN/ha 800kgN/ha 630kgN/ha 

Sample 1 (April 20, 1982) 
Mites 100% 80% 50% 145% 
Coli umbria 100% 95% 70% 210o/o 
Total mesofauna 100% 95% 115% 180% 

Sample 2 (Nov. 4, 1982) 
Mites 100% 55o/o 40% 145% 
Coli umbria 100% 90% 60% 130% 
Total mesofauna 100% 120% 110% 130% 

Sample 3 (May 19, 1983) 
Mites 100% 100% 65% 220% 
Coli umbria 100% 120% 140% 180% 
Total mesofauna 100% 135% 150% 200% 

Fate of Contaminants 

Even an incomplete listing of sewage contaminants is daunting. Fortunately, 
many are in relatively low concentration, are reduced in the sludge treatment 
process, or are reduced in a relatively short time by normal biological or 
physical processes once the sludge has been spread. However, ground water 
can be contaminated, forest vegetation can take up contaminants, and chil­
dren who eat dirt can ingest contaminants directly. 

The principal threats to groundwater are leached nitrates and heavy metals 
like cadmium (Cd), and sludge borne pathogens. Vegetative uptakes of Cd, 
polyaromatic hydrocarbons (PAH)s and poly-chlorinated bipheynls (PCB)s 
are the main concerns. 
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Sludge contains 30,000-50,000 milligrams per kilogram (mg/kg) ofN; the EPA 
guideline for the maximum level of nitrates in drinking water is 10 mg/kg. 
Nitrates formed over time from N in the sludge limit the rate at which sludge 
can be applied. To limit leaching, it is necessary that volitization, denitrifica­
tion, soil storage and plant uptake be equivalent to the application rate. TheN 
uptake by forests is dependent upon a number of factors, including the forest 
species, the age of the trees, and the region of the country (Table 5). In the 
Pacific Northwest, when N addition with sludge application in forests is 
limited to 400. kgN /hectare-year, significant leaching of nitrate below the 
rooting zone can be avoided (Brockway et al., 1986). It is significant to note that 
the total N content of the RTP sludge (6.64%) is almost twice that of the West 
Point treatment plant (WPTP) sludge (3.71 %) (florentine, 1989), thus reduc­
ing by about one half the maximum allowable application rate. 

Table 5. 
NITROGEN UPTAKE RATES OF VARIOUS FORESTS RECEIVING 
SLUDGE APPLICATIONS (after Brockway eta/., 1986). 

Species 

Douglas-fir 
Douglas-fir 

Age 
(years) 

young stands 
55 

Uptake Rate 
(kg/ha-yr) 

up to 225 
90 

Reference 

Cole and Henry, 1983 
ibid. 

The survival times of pathogens in sludge amended soil is a function of many 
factors including temperature, pH, sunlight, organic matter, and antagonistic 
soil microflora. The half-life (in hours) of fecal coliforms, salmonella and 
viruses varies from a few hours to a few hundred hours (Table 6) (Sorber and 
Moore, 1986). Once pathogens reach ground water, their inactivation rate is 
reduced; however, groundwater travel is quite slow, ranging from 1.5 meters 
per year (m/yr) to 150 m/yr, so significant additional die-off of organisms will 
occur. This points out the criticalness of the distance to surface discharge or 
well location from the area where sludge is spread, and the necessity of buffer 
zones of 15 to 60 m from stream locations (Cole and Henry, 1986). 

Table 6. 
HALF-LIFE FOR SELECTED MICROORGANISMS IN SOIL SYSTEMS (after Reddy eta/., 
1981) 

Half-life (hours) Number of 

Microorganism Minimum Average Maximum Observations 

Fecal coliform 1.8 20.9 237.6 46 
Salmonella sp. 2.4 37.1 184.8 16 
Shigella sp. 22.5 24.5 26.8 3 
Viruses 4.5 11.5 415.9 11 
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In comparison to the WPTP sludge, the number of pathogens in the RPT sludge 
was down from a factor of three to a factor of ten (Florentino, 1989). This 
reflects the increased effectiveness of secondary treatment and the desirabil­
ity of using RTP sludge at Cumberland instead ofWPTP sludge. 

For Cd, one of the heavy metals of most concern, the range in sludge is 1-3,400 
mg/kg, with 10 mg/kg an average in the absence of heavy industrial contami­
nation; the EPA guideline for drinking water is 0.01 mg/kg (Zasoski and 
Edmonds, 1986). 

Leaching of Cd and other metals does not appear to be a problem at sludge 
application rates that do not exceed nitrate leaching limits. "Even though Cd 
and other metals can be leached through forest soils treated with sludge and 
wastewater, concentrations in leachates are very low and often similar or 
below native levels at other sites. These levels are typically 1/2 to 1/3 of the 
EPA guideline of0.01 mg/1 for drinking water" (Zasoski and Edmonds, 1986). 

Investigating Cd bioaccumulation by browsers, Anderson (1983) reported 
that as of 1981, when the sludge amendment experiment had been underway 
for four years, no significant heavy metal accumulations had been found in 
deer repository organs. Serologic and hematologic levels were all within 
normal ranges also. 

Haufler and West (1986) investigated the same problem by performing bioas­
says on small mammals. There was an increase in the level of Cd, especially in 
insectivores where kidney levels to 200 ppm were noted. No· kidney, liver or 
testis lesions were noted in these animals, however, and there were no observ­
able effects on populations from these metal accumulations. 

Human Health Risks 

In 1988 Cd levels in Metro sludge were below the guideline of25 mg/kg dry for 
"high quality sludge" suitable for use on food chain crops per USEPA, USFDA 
and USDA regulations. The average for the WPTP sludge was 22.32 mg/kg and 
forRTP 11.84 mg/kg (Florentino, 1989). 

Munger (1986) performed a risk analysis to determine the conditions under 
which forest sludge application could increase life-time cancer risk by 1/ 
100,000 from PCBs. The increased in~e required to reach this risk level was 
204 nanograms per day (ng/day) for a 70 kg person. This equates to consump­
tion of 1000 g per day of blackberries or other edible forest plants. Intake of 
deer fat should be held to 20 g/ day and children who eat dirt should be limited 
to 10 g/day. 

Munger's estimates were based on a total PCB concentration in the sludge of 
slightly over 1 mg/kg. The Metro (1988) data are limited to WPTP, where the 
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concentration was about 1.15 mg/kg. Therefore the estimated consumption 
should be reduced about 15% to maintain the same risk level. 

Utilizing the same risk criterion, Munger's (1986) study of benzo(a)pyrene 
(BaP), a common carcinogenic PAH, would limit intake to 61 ng/ day. Intake of 
sludge grown blackberries should be limited to 100 g/dayfor 6 to 12 months 
following sludge application. Children who eat more than 60 g/ day of dirt 
would exceed the 11100,000 risk threshold. 

The BaP concentration in sludge for the above risk estimate by Mungerwas2 .. 6 
mg/kg, almost an order of magnitude higher than the WPTP level of 0.29 mg/ 
kg. BaP was not detected in the RTP sludge (Florentino, 1989). 

To control the input of potentially hazardous substances, Metro has a permit­
ting process that imposes effluent limits and monitoring requirements. These 
permits are required not only by industrial firms that discharge wastewater 
into the Metro system but also by other governmental bodies. The King 
County Solid Waste Division, for example, requires a permit for the discharge 
of leachate from the Cedar Hills and Hobart landfills. 

Another issue raised by the CCC is whether or not sludge is hazardous waste. 
"What would be the consequences of an accident that spilled sludge on the 
roadway where children wait for the school bus?" they asked. Metro contends 
that its waste is not hazardous. Metro has 

"analyzed its sludge according to the Washington State Department of 
Ecology and federal Resource Conservation and Recovery Act's Extraction 
Procedures (EP) Toxicity and the Toxicity Characteristics Leaching Proce­
dures (TCLP) being developed by the United States Environmental Pro­
tection Agency (USEPA). Analysis of the WPTP and RTP extracts using 
thes~ procedures reveals that Metro's sludge is well below the hazardous 
waste criteria and is thus not considered a hazardous waste." (Florentino, 
1989) 

NONTECHNICAL CONSIDERATIONS 

Alternate Disposal Options, and Equity 

A variety of disposal methods for sewage sludge other than use as a fertilizer 
have been employed, including ocean disposal, incineration, and deposition 
in landfills. Ocean disposal, a low cost approach, was widely used until the 
seventies when Federal Regulations limited it in the interest of conserving 
resources and protecting the environment. A 1977 Amendment (PL 95-153) to 
The Marine Protection, Research and Sanctuaries Act" effectively established 
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December31, 1981, as thedeadlineforterminatingoceandumpingof'sewage 
sludges'" (Bastian~ 1986). 

Little benefit is gained from the nutrients in sludge if it is placed in landfills or 
incinerated. In the latter case capture by stack scrubbers and eventual landfill 
disposal ofheavymetals in fly and bottom ash would be required. Also, careful 
maintenance of combustion temperature at not less than 1450 degrees K. is 
required to insure that PCBs don't form dibenzofurans or dibenzodioxins, 
extremely toxic carcinogens (Nelson et al., 1988). 

The equity issue raised by the CCC is interesting, for it shows the failure to 
recognize the dependence of even Cumberland residents on Metro. Item #33 
on their list asked, "Why do country people who have septic tanks get the 
Seattle Sewage dumped on them? Why not leave Seattle Sewage in Seattle?" 
The originator of the question apparently does not know that when his or her 
septic tank is pumped, the solids from the tank must be safely disposed of; they 
are probably taken to Metro's RTP. 

CONCLUSIONS AND RECOMMENDATIONS 

It appears that the answer to the question posed in the title of this paper as to 
whether sewage sludge is a valuable resource or a community problem is that 
it is both. It clearly is a valuable resource and it can be a community problem 
unless the program is carefully managed. 

Sewage sludge can be safely applied without jeopardizing groundwater qual­
ity or introducing dangerous amounts of hazardous substances into forest 
food chains, as long as adequate precautions are taken to control the rate and 
time of deposition. Also, access to the site must be restricted for a year after 
sludge application, particularly to children who might eat dirt. Limits on deer 
fat intake should also be provided to hunters. 

As a further safeguard, Metro should only use RTP sludge at Cumberland until 
secondary treatment is added to the WPTP. The higher N of the RTP sludge will 
reduce the application rate by about 50%, since nitrate leaching into the 
ground is the limiting factor. This reduced application rate will in turn reduce 
the loading of heavy metals, pathogens, and organic compounds, already 
generally low compared to levels used in the risk analysis and low in RTP 
sludge compared to WPTP sludge. Metro's control of contaminant input 
should allow this favorable condition to continue. 

There are substantial uncertainties remaining, however, particularly With 
regard to groundwater contamination. Because of this uncertainty Metro 
should manage the sludge application process as an experiment and be 
prepared for surprises. The Adaptive Management process advocated by Lee 

731 



PUGET SOUND RESEARCH '91 

and Lawrence (1986) is well suited for projects where significant uncertainty 
is present and where there is the opportunity to learn and improve as an 
operation proceeds. 

Test wells to monitor ground water and detect any contamination movement 
would be essential, along with a backup plan to provide safe water should 
contamination occur. Until data are available, it is recommended that the 
criteria from the Washington Department of Ecology's (WDOE) Proposed· 
Dangerous Waste Management Facilities Siting Regulations be applied. These 
criteria include siting "one-fourth mile from surface water, dwellings and 
wells" (WDOE, 1990). Finally, regular meetings with the community can build 
confidence and allow Metro to pursue its sludge project with minimum 
resistance from the community. 

A good model for community confidence building is the Cedar Hills Citizens 
Review Committee (CRC). CRC was set up by court order in response to legal 
action by a neighborhood coalition. It consists of three members of the Solid 
Waste Division, three citizens and an appointed chair, Dr. Jerry Ongerth of the 
University of Washington Department of Environmental Health. It has been 
so effective in defusing community concerns about the Cedar Hills landfill 
that meetings, originally held monthly, are now semimonthly. 

A group of this sort would allow CCC members to meet regularly with Metro 
personnel to defuse emotions, build confidence and investigate concerns. 
During the initial stages of the sewage sludge disposal program, this process 
would be especially useful in resolving the questions that will arise and would 
assist Metro in responding to them in a timely way. 
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MANNED AIRCRAFT SAMPLING: ANIONS IN THE PUGET 
SOUND ATMOSPHERE DURING COMMUTE HOURS 

Nathan D. Carlson 1.2, LouisA Figueroa 2 and William H. ZOller2 

SUMMARY 

For several hours each day, aircraft patrol the Puget Sound region's highly­
traveled expressways informing listeners of the traffic conditions (Mark Carlson, 
Metro Traffic Control, pers. comm.). This arrangement affords a unique, 
inexpensive method to assess integrated, urban air quality. In this work, 
sampling packs were attached to a traffic-watch airplane to access air quality 
in the Puget Sound Region. Analysis for trace metals by instrumental neutron 
activation has yet to be completed, but anions from both the gas and particu­
late phases are reported. 

INTRODUCTION 

Past research has shown that regional pollution aerosols have characteristic 
signatures which can be tracked to remote regions as far as several thousand 
kilometers down wind (Rahn and Lowenthal, 1984). Thus, if chemical signa­
tures of urban areas can be characterized, the accuracy of pollution source 
studies may increase. For example, to assess whether the Puget Sound region 
affects the .air chemistry on the coast, as measured by University of Washing­
ton researchers at a remote sampling site on the Olympic Peninsula (Cheeka 
Peak)3, it would be useful to be able to characterize Seattle's chemical signa­
ture-the ratios of common elements and pollutants in its air. Aircraft sam­
pling is the ideal method to determine a region's integrated chemical signa­
ture, b_ut is very expensive. 

However, major metropolitan districts are often serviced by airborne traffic 
reporters who survey and report on the condition of our roadways during 
commute hours. Thus, an opportunity exists for inexpensive, daily air quality 
monitoring and chemistry assessment. In the study reported here, sampling 
packs were attached to a traffic-watch airplane which traveled along Seattle's 
most heavily used freeways. Gas and particulate phase anion data and 
preliminary trace metal data are reported. 

1 Co-winner of the award for Best Student Presentation at Puget Sound Research !11. 
2 DepartmentofChemistry, UniversityofWashington,Seattle, WA98195 · 
3 Current research undertaken by Professor William H. Zoller and others in the 

Department of Chemistry, Oceanography, and Atmospheric Sciences. 
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Project Advantages And Disadvantages 

The advantages of this project design are many. First, the average hourly 
rental of a small aircraft with pilot is $80 per hour. Arrangements may be made 
to split the cost with the traffic-watch company or the time may be donated, 
as it was in this work. The route of the plane covers a large area of Interstate 
5, I -90, 405, and 520, and extends from Tacoma to the south, to Everett to the 
north and Bellevue to the east. The average altitude is 1500 ft (457.2 m), close 
enough to the ground to be affected by fresh pollution. Aircraft samples 
integrate the entire area. 

The disadvantages of this method include the fact that one must receive FAA 
approval. -·?A custom clamp had to be designed to hold the filter packs on the 
plane. In addition, weather limits flights. The cloud ceiling must be greater 
than 2000 ft before the plane will fly for traffic watch. On average during the 
rainy Seattle winter, the plane flies three times weekly (Mark Carlson, Metro 
Traffic Control, pers. comm.). 

The purpose of this project is to see if this type of sampling in the Seattle area 
is effective for ambient air chemical characterization. 

METHODOLOGY 

lsokinetic Sampling 

A five-filter cartridge using 47mm Whatman treated filters and a teflon parti­
cle filter pack is combined with a custom designed cone to assure isokinetic 
sampling at the average aircraft velocity (Figure 1). Biases toward large or 
small particles are eliminated by pumping the air in just as fast as. it is 
encountered by the tip of the cone. The cone opening's size is based on 
average airspeed and pump flow. Airspeeds tend to average 110 mph but can 
go as low as 90 mph and as high as 120 during the sampling flight. Our pump, 
on a fully charged battery, draws 1.86 ft/min. 

Filter cartridges are labeled A-E, where A is a teflon particle filter, and B-E are 
LiOH treated filters to collect acidic species in the gas phase. Filter A is closest 
to the incoming air. 

Loading And Unloading Procedures 

For each sam piing flight, two identical filter packs are loaded on a clean bench 
at the University of Washington. All loading and unloading implements and 
all surfaces are cleaned with 95% EtOH to assure cleanliness upon loading and 
to eliminate cross- contamination upon unloading. Filter packs that have 
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been loaded and then immediately unloaded and analyzed show integrity of 
the clean bench procedures. Previous studies back up this claim . 1 

Collection Cone 
To Pump 

P<~rticle Treated <B - E) 

Figure 1. 
47MM FILTER PACK. 

Filter Pack Transportation 

Loaded treated filter packs are transported in double poly- ethylene zip-lock 
bags. Blank studies show that treatment and loading in a clean bench are not 
significant sources of contamination. A "trip blank" where the pack is loaded 
and put into a bag, brought along on the trip and returned unopened assures 
that transport is not a major source of handler contamination (Table 1). 

Field Blank Technique 

Once the bagged filter packs have been transported to the airplane, one pack 
is taken out of the bag, hooked up to a hose connected to the diaphragm pump 
and left for approximately 1 minute. It is then removed from the strut and 
replaced in the bag. This is the "field blank" which is subtracted from the 
actual sample, assuming handling contamination remains constant between 
the filter packs (Table 1). 

Preparation For Sampling 

First, the filter holder is clamped to the strut and the hose is either clamped or 
taped along the length of the strut. The pump end of the hose is fed through 
the window and placed into the back seat. It is taped securely to the door in at 

1 Numerous undergraduates and graduate students have conducted blank studies on 
our clean bench procedure. These are on file with Professor William H. Zoller, 
Department of Chemistty, University ofWashington. 
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Table 1: 
BLANK VALUES, ALL PHASES (PPB) 

Blank Name [CI·] [NOx] [SOx] 

LiOH Treatment 9 +0.3 

Clean Bench 91.00 + 0.65 226.00 + 0.11 67.00 + 0.90 

Trip Blank 342.0 + 1.6 43.00 + 0.10 

Field Blanks: 

6/21/90 M 103 122 615 
6/26/90 p 206 148 101 
6/28/90 M 558 126 1965 
6/29/90 p 383 515 1617 
7/10/90 P&M 443 235 170 
7/20/90 P&M 183 316 73 

MEAN: 312 243 756 

N -" denotes none detected 
M indicates morning flight 
P indicates afternoon flight 
P&M denotes same filter pack used on both afternoon and morning flights 

least three places with duct tape. Then the inner handle of the window is tied 
to the handle of the door with light-weave rope or string. One must tape the 
remaining crack inside and outside the window. The pump is placed next to a 
24 amp, 12 volt rechargeable, gel-sealed battery on the back seat of the plane. 
Both pump and battery are secured with duct tape and the seat belt. 

Complete recharging of the battery is possible with a commercially available 
charger. Six hours at 6 amps or overnight at 2 amps is adequate to fully 
recharge the cells. There is plenty of time between morning and afternoon 
flights to recharge the battery. 

The final step, attaching the filter pack to the hose and clamping it in the 
holder,occursjustasthereporteriswalkingoutfromtheterminaltotheplane. 
At this point, preparation is complete. 

Sampling Protocol 

The pump is left off until the plane reaches 1000 ft regardless of location. At 
1000 ft, the pump is turned on, the time, direction of flight, location, airspeed, 
and altitude are recorded. Additional entries are made whenever changes in 
direction of flight or of altitude, or any event which may influence the data 
(clouds, plumes, etc) occur. When landing, the pump is turned off at 1000 ft. 
Mter taxiing to the terminal, the filter pack is quickly returned to the double 
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polyethylene bags and the apparatus swiftly removed from the airplane. The 
morning flights last about 2.5 hours, while the afternoon flights are close to 1.5 
hours long. See Table 2 for a list of volumes for each flight in this study. 

RESULTS 

Analysis For Acidic Anions 

Acidic species-sulfate, nitrate, and chloride-are analyzed on a Dionex Ion 
Chromatography Column using prepared standards. Half particle and whole 
treated filter papers are extracted with 5-10 mL of de-ionized water, ultra­
sonicated for 30 min, and centrifuged for 10 min. New, sterile injection 
syringes are used for each sample. 

Figure 2a shows a distribution of anion over the filters B-D. That we get a true 
decrease across the pack assures that this method is quantitative for gas phase 
species. Occasionally different distributions over the pack are found (see 
Figure 2b). In this case, air has been forced from the back of the filter pack in 
the reverse direction, perhaps because of a rapid pressure change when the 
pump is turned off and on. If there is a 2a-type distribution, filters B-D are 
integrated. This distribution of species on the filters shows that this method 
is quantitative for the species in question (see figure 2b and 2c for additional 
possibilities). In each case, filters D and E, respectively, are ignored in the 
calculation. In all cases, blank values for the appropriate filters are subtracted 
from the sample filters. 

The breakdown of the analyte by phase is shown in Table 2. Note that the 
amount of aerosol phase material is generally small compared to the gas 
phase. Note also that on 6/28/90 there is an extremely high pulse of gaseous 
SOx, and on 6/29/90, we find a pulse of aerosol SOx. 

See Table 2 and Figures 3 and 4 for graphic information pertaining to concen­
trations and phases of anions detected, and weather at the time of sampling. 

Preliminary Trace Metal Data 

Three test filters were irradiated with thermal neutrons at the Los Alamos 
National Laboratory in Los Alamos, New Mexico. Instrumental neutron acti­
vation analysis of these filters shows Na, W, Br, AI, Mn, Sb, and As. Once 
gamma spectroscopy of standard reference materials is completed, the con­
centrations of these elements can be found. 
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Concentrat l on 

B c 0 E 
Filter 

Concentrat !on 

B c 0 E 
Filter 

Concentrat !on 

B c 0 E 
Filter 

Figure2. 
POSSIBLE ANION DISTRIBUTIONS. 
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Table2: 
ANION CONCENTRATION BY PHASE 

All concentrations in ngtm3 .±..1 a 

Sample Volume [Cl"] [NOz} [SOz} 

(m3) Aerosol Gas Aerosol Gas Aerosol Gas 

6/21/90 M 5.50 45.92±..32 710.5±.4.9 171.6±.1.2 1559±.11 409.0±.1.6 429.2.tJ.7 
'I> Aerosol 6.07'1> 9.9'1> 48'1. 

6/26/90 p 3.69 916.0±.6.9 108.8±.1.2 3211±.3 7 346.5±.3.0 2320±.20 
'I> Aerosol 0'1> 3.3'1> 13'1> 

6/28/90 M 5.66 1018±.13 972±.13 133.0±.1.7 464.9±S.9 581.6±.9.5 13920±.240 
'I> Aerosol 51'1> 22'1> 4.0'1> 

6/29/90 p 8.02 165.7±.6.6 2570±.1 00 1508.0±.9.3 5815±.365 
% Aerosol 0'1> 6.1'1> 20.6'1> 

7/10/90 P &. M 17.13 23.78±..11 212.61±..95 44.19±..233 106.24±.-56 424.7±.1.6 3404±.13 
% Aerosol 10'1> 29'1> 11'1> 

7/20/90 P & M 11.06 706.6±.1.9 350.00±..95 660.0±.6.0..,. 192.0±.2.1 366.60±..98 2283.0±.8. 7 
'I> Aerosol 67% 77'1> 14'1> 

u ____ n 
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Figure3. 
SEATTLE AIR CHEMISTRY: GAS PHASE CONCENTRATIONS. 
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SEATTLE AIR CHEMISTRY: AEROSOL PHASE CONCENTRATIONS. 

CONCLUSIONS AND DISCUSSION 

First, from the limited amount of data it appears that concentrations of acidic 
species vary from day to day and from morning to afternoon. From the 
meteorological data recorded, rain seems to wash out the acidic gases and the 
particles (Figs. 3 and 4). Also, in at least one case, there is a pulse of particulate 
SOx following an increase in gas phase SOx. It is expected that over time gas 
phase pollution will react with a salt or some other material to form an 
insoluble particle. Thus, this study suggests that this is occurring. More data 
are necessary to characterize the particular mechanisms of particle formation 
that are illustrated in this data set. 

The study shows that this method of aircraft sampling may be a very effective 
way to monitor and characterize pollution in the ambient air in a metropol­
itan area. More research is needed,including comparisons with ground 
stations, to assess the usefulness of this method. Since cost-containment is 
such an important aspect of environmental monitoring, effective use of exist­
ing resources is a key. Investigators in other parts must establish contacts with 
the traffic reporting community to take advantage of this unique opportunity 
for air quality monitoring. 
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PUGET SOUND CURRICULUM EXCHANGE 

INTRODUCTION 

Paula Cullenberg1, Ann Butler2 and Laurie Usher' 

The Puget Sound Curriculum Exchange was a session for teachers and envi­
ronmental educators at Puget Sound Research 191. The purpose of the ex­
change was to give teachers the opportunity to share curricula, course activity 
ideas, and resources related to water quality monitoring, marine science, 
watershed ecology, oceanography, environmental decision-making, fish and 
shellfish. Teachers were also encouraged to attend the entire conference and 
to interact with scientists studying Puget Sound. 

The Curriculum Exchange was a valuable opportunity for teachers to share 
innovative class projects with fellow educators as well as to obtain curricula 
and activity ideas from state agencies and environmental organizations. 

Environmental education has become a professional and personal priority for 
teachers. The Curriculum Exchange addressed the need for educators to 
network for project ideas and resources and illustrated the importance of 
including educators in the overall effort to protect Puget Sound. 

1 Washington Sea Grant Program, University ofWashington, 9 Federal Building, 
Shelton, WA 98584 

2 Mason County Cooperative Extension, 9 Federal Building, Shelton, WA 98584 
3 WSU Cooperative Extension, Room216, 921 Lakeridge Dr. SW, Olympia, Wa98502 
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TEACHER PRESENTATIONS 

Alonda Schutzmann 

Steilacoom High School 
54Sentinal 
Steilacoom, WA 98388 
(206) 588-1885 

Alonda's biology classes at Steilacoom High School participate in water~ 
quality civic projects in cooperation with the city council and its "Clean 
Water Community". The project was originally funded by a PIE" grant in 
1987 and is now sponsored by the City of Steilacoom. Students in 9-12th 
grade participate in the school/community partnership of testing surface 
and well water, providing useful data to the city. 

The program includes study of water resources in Steilacoom. Students 
take field trips in the local watershed to explore where water comes from 
and impacts on water quality. In class speakers present information to the 
students on how water quality can be preserved and improved, and on the 
natural cycle of water. 

Karen Lippy 

North Mason High School 
Box167 
Belfair, WA 98528 
(206) 275-2811 

North Mason School District recently inherited a 70-acre parcel of land 
including a salt marsh, an alder creek swamp, and fresh water ponds. 
Funded by a state 21st Century grant, teachers are integrating the wet­
lands and environmental issues across the K-12 curriculum. 

Funds have been used to purchase materials to establish a wetlands and 
environmental curriculum library, materials for the school district's librar­
ies, field equipment, and to create a master plan for developing the wet­
lands into a nature center open to the public. Inservices have been offered 
to teachers in wetlands and freshwater ecology. 

Teachers have begun to use the wetlands as teaching tools in subjects such 
as English, art, and science, as well as in development of appreciation of the 
environment. Middle school students are publishing "The Watchful Eye", 
a newspaper focusing on environmental issues. High school biology stu­
dents travel to the wetlands monthly for plant and ecological studies. A 
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team of high school students is performing water quality tests and 
macroinvertebrate bioassessment on the fresh water areas in and leading 
to the site. 

Darrell Hanberg 

Tenino Middle School 
Tenino, VVA 98589 
(206) 264-2663 

Darrell's middle school science classes have been networking water quality 
monitoring data internationally via comput~r through Project Green at the 
University of Michigan. Project Green is a computer bulletin board linking 
water quality data from 25 countries. Science students at Tenino Middle 
School participate in periodic sampling of water quality on the Chehalis 
River. Students are trained in sampling techniques, water quality param­
eters, and analysis of their results. 

Currently nine schools are sampling water as part of the education phase of 
the Chehalis River Plan. Students, sampling water quality on the Chehalis 
River, are able to call up comparative data from such places as the Rhine 
River in Germany. Hanberg's ultimate goal is to establish a local Puget 
Sound bulletin board of student-collected data from all over the Sound. 

Paul larson 

Garfield High School 
400 23rdAvenue 

Seattle, VVA 98122 

(206) 281-6536 

Garfield High School students are working with elementary students to 
monitor water quality in coordination with the Drainage and Wastewater 
Utility of the City of Seattle. High school students teach elementary stu­
dents to sample stream waters, then analyze the data themselves. 

Harlan Kredit 

Lynden Christian High School 
Lynden, VVA 98264 
(206) 354-3221 

The advanced biology class at Lynden Christian High School operates a 
coho salmon hatchery. Kredit's students participate in all phases of the 
hatchery process-hatching eggs, feeding and maintaining the fish and 
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water quality of their environment, and releasing the salmon in nearby 
creeks. 

Students also work on habitat protection projects including stream clean­
ups and restoration, stream sampling, water quality testing and habitat 
surveys. Competed projects included construction of a pond, tree planting, 
and stenciling 400 storm drains. The hatchery has been in operation for 
nine years, releasing over one hundred thousand coho smolts each year 
into Fishtrap Creek and the Nooksack River. The hatchery is currently 
funded by local service clubs and the Washington Department ofFisheries. 
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CURRICULUM INSERVICE PRESENTATIONS 

Puget Sound Project 

Jim Kolb and Tom Armentrout 
Poulsbo Marine Science Center 
17771 Fjord Drive NE 
Poulsbo, WA 98370 
(206) 799-5549 

The Puget Sound Project is an integrated curriculum focusing on the 
science and social issues which will determine the future of Puget Sound. 
Designed to foster a "Puget Sound Ethic", the curriculum provides the 
information base and decision making skills necessary for developing a 
personal commitment to Puget Sound. 

Through the Puget Sound Project curriculum, students analyze environ­
mental problems, from industrial discharges and nonpoint pollution to 
shellfish protection and household hazardous waste. They examine the pro 
and con arguments of interest groups and explore possible side effects of 
solutions to environmental problems. Finally, they learn to make long­
term life style decisions which maintain a proper balance between the 
natural system and the human system functions ofPuget Sound. Program 
elements are problem-focused and oriented to decision-making. 

Active involvement with the marine environment at a local level, coupled 
with general knowledge of the dynamics ofPuget Sound as a whole, results 
in the changes in attitude and behavior necessary to develop a personal 
commitment that leads to the protection of Puget Sound as a unique 
treasure. 

Multi-disciplinary Puget Sound curricula are available at the elementary, 
middle-junior, and high school levels. Stressing the relationships between 
the ecology, economy, and society of Puget Sound, the materials provide 
teachers with a readily useable, activity-oriented approach to teaching 
about the Sound. 
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Stream Scene: Watersheds, Wildlife and People 

Bill Hastie 
Oregon Department of Fish and Wildlife, Office of Public Affairs 
Box 59 
Portland, OR 97207 
(503) 229-5400 

This curriculum was produced by the Watershed Education Project, a part 
of the Oregon Department of Fish and Wildlife's Aquatic Education Pro­
gram. The Stream Scene is a comprehensive curriculum package designed 
to bring watershed awareness into schools and communities. The book's 
format will guide the user from awareness to action as the study of water­
sheds progresses. 

The Stream Scene is written primarily for use with grades 6-12, but most 
activities can be adapted for younger students. Its active learning style is 
valuable in earth science, biology, geology, chemistry, physical science, 
forestry, agriculture, outdoor school, social studies, and other classes. The 
focus is on an overall view of watersheds, leading the reader from the broad 
spectrum of watershed systems, riparian areas, and their component parts 
to the specific nature of streams and the aquatic life they support. 

This 300-page guide is divided into several units related to watershed 
management. Each unit contains background information for the teacher, 
activities for use with students, a bibliography, and a list of related exten­
sions. The book is complete with a five-part appendices of useful informa­
tion, including a glossary of bold terms found throughout the guide. 
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CU~RICULUM FAIR 

The following presented materials on additional curricula: 

Padilla Bay National Estuarine Research Reserve 

(Alex Alexander; 1043 Bayview-Edison Road, Mt. Vernon, WA 98273) 

Display of various research and education programs; Level 1&2 Estuary 
Curricula- K-8 

Snake Lake Nature Center 

(Tom Weathers; 1919 S. Tyler, Tacoma, WA 98405; (206) 591-6437) 

Self-contained 3rd and 4th grade wetlands curriculum; 19 in-school pro­
grams; outdoor adventures; interpretive center; 54-acre wetlands park 

Seattle Aquarium 

(Belinda Chin; 1483 Alaskan Way, Pier 59, Seattle, WA 98101; (206) 591-
6437) 

Curriculum on a variety of marine topics: Pre-school through high school; 
Get Wet Kit sample (rental) 

Washington State Office of Environmental Education 

(RikkaCecil; 17011 MeridianAvenueN.,Seattle, WA98123; (206) 542-7671) 

Catalog of environmental education materials; posters, curriculum 

Northwest Association of Marine Educators, (NAME) 

(Doug Emery, Issaquah Middle School, Issaquah, WA 98027; (206) 392-
0830) 

Information on NAME, their summer conference, and bi-monthly publica­
tion: Clearing 

Metro-Water Resources 

(Chuck Dolan; MS-81, 8212ndAvenue, Seattle, WA98104-1598; (206) 684-
2065) 

Grant program information; volunteer and school projects in water quality 
improvement 

753 



PUGET SOUND RESEARCH '91 

Pure Sound Society 

(Brad Wetmore; P.O. Box 526, Vashon Island, WA 98070; (206) 463-5607) 

Marine science workshops and classroom afloat 

Water and Vashon's Ecosystem, (WAVE) 

(Susie Kalhom and lisa Jones; Vashon Island School District, 20424 Vashon 
Highway S.W., Vashon, WA 98070; (206) 463-2121) 

Examples of curriculum materials: Salmon, aquatic birds, waste water 
disposal, drinking water /groundwater 

Adopt -a-Stream 

(Kate O'Laughlin, Box 5558, Everett, WA 98201; (206 388-3313, ext. 2587) 

Information and map of workshops throughout the state; salmon cos­
tumes; Adopt-a-Stream/wetland curriculum 

Earth Corps, Metrocenter YMCA 

(Nan Little; 909 4th Avenue, Seattle, WA 98104; (206) 382-5013) 

Earth Corps manual; Adopt-a-Tree; Coast Week Fun Book; Volunteer Re­
sources guide; t-shirts 

Project Learning Tree 

(BarbMcGregor;711 Capita1Way,Suite608,0lympia, WA98501; (206) 352-
1500) 

Representative samples of the 9 curricula/workshops, including the new 
"Indians and Environment" 

Department of Ecology 

(Rhonda Hunter; PV-11, Olympia, WA 98504-8711; (206) 459-6147) 

Away with Waste & Discover Wetlands curriculum; posters; Ecology mate­
rials directory; wetlands video 

Poulsbo Marine Science Center 

(Jim Kolb and Tom Armentrout; 17771 Fjord Avenue, Poulsbo, WA 98370; 
(206) 779-5549) 

Display examples of three guides for Puget Sound Project curriculum 
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Marine Science Afloat 

(Tom Schaeffer; 4707 9th Street N.E., Seattle, WA 98105; (206) 779-5549) 

Marine science afloat with students; video of boat trips 

Pacific Science Center 

(Barb Williams; 200 2nd Avenue N., Seattle, WA 98109; (206) 443-2899) 

Orca curriculum materials; salmon kits, water tape 

Hatfield Marine Science Center 

(Vicki Osis; 2030 S. Marine Science Drive, Newport, OR 97365-5296; (503) 
867-0100) 

Information and display on the Oregon State University's Masters Degree 
Program with emphasis in marine studies 
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POSTER ABSTRACTS 

REMEDIAL ACTION IN PUGET SOUND WATESHEDS: NONPOINT 
POLLUTION AND CONTAMINATION OF SHELLFISH BEDS 
Timothy A. Determan 1 

Puget Sound presently produces about 16 million pounds of bivalve ~hellfish, 
including oysters, clams and mussels, for recreational and commercial use. 
This bountiful harvest is threatened by nonpoint source pollution from rap­
idly developing Puget Sound watersheds. Since 1984, the Department of 
Ecology has awarded grants to local governments to addressnonpoint sources 
through remedial action and watershed planning. Rural watersheds undergo­
ing high rates of urbanization were targeted. Failed on-site waste disposal 
systems were located and repaired. Rural residents were encouraged to de­
velop and use best management practices to control the export of nonpoint 
pollutants from their lands. A review of these activities shows that success fell 
well below original expectations. Reasons for this outcome are given and ways 
of improving effectiveness are suggested. 

1 Shorelands Program, Washington State Department of Ecology, PV -11, Olympia, WA 
98504 
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A REVIEW OF RISKS AND REGULATION OF PERSISTENT 
CONTAMINANTS IN THE AQUATIC ECOSYSTEM 

David H. Monroe 1 

The aquatic bioaccumulation of persistent hazardous chemicals has been a 
major human health and ecological problem for many decades. Government 
regulations restricting the production and discharge of persistent chemicals 
have yet to solve this complex problem. Although the insecticide DDT was 
banned from use in 1973, and PCB production was banned in 1976, these 
compounds continue to threaten wildlife populations and human health in 
the Pacific Northwest. Chlorinated dibenzo-dioxins and furans, primarily 
from pulp mill effluents, have been found to accumulate to significant levels 
in bottom sediments, fish, and wildlife from the Columbia River to Prince 
Rupert. Due to the low water solubility of these compounds, aquatic sedi­
ments serve as the major sink and a persistent source of the chemicals. The 
impacts of extensive persistent chemical contamination in the Northwest 
have been noted in declining reproductive success in bald eagle and blue 
heron populations, chronic effects in bottom fish, and significant human 
health risks from the consumption of contaminated seafood. 

Improvements in the regulation of contaminant discharges and the manage­
ment of contaminated sediments in the aquatic environment are needed to 
address these problems. Current regulation of pollutant discharge and con­
taminated sediments focuses on acute toxicity, virtually ignoring the environ­
mental and human health risks of persistent chemicals. Continuation of this 
trend is likely to result in a further decline in the quality of marine and 
freshwater ecosystems. 

This report will review pertinent literature, data, and current regulations. 
Included is a discussion of current research needs for determining the rela­
tionships between discharges into the aquatic environment, sediment con­
taminant levels, and bioaccumulation in the food chain, and related ecologic/ 
human health risks. Such research can serve as a foundation on which to 
design more appropriate discharge limits, acceptable sediment contaminant 
levels, and seafood quality guidelines. 

1 Monroe Toxicology Professionals, 1254 W. Pioneer Way, Suite 142, Oak Harbor, WA 
98277 
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A NUMERICAL MODEL FOR THE DISTRIBUTION OF TIDAL 
CURRENTS IN PUGET SOUND IN TWO HORIZONTAL 
DIMENSIONS 

Cynthia Cudaback and]. William Lavelle 1 

Knowing how tidal currents in Puget Sound vary laterally on small spatial 
scales and at any time is of value to those involved in navigation and pollution 
transport studies. A model that provides this information should be inexpen­
sive to run, allow superimposition of several tidal components, and should 
recreate measured tidal velocities and heights. 

A linearized, one-dimensional channel model, well calibrated with measure­
ments in Puget Sound, was the precursor to the model introduced here. This 
two-dimensional model uses linearized hydrodynamic equations with bot­
tom friction and Coriolis force to predict vertically averaged tidal currents and 
tidal heights. The shape of the basin is determined from real bathymetric data 
on a 457 x 309 meter grid. The model was run both at the resolution of the 
bathymetric data and at half that resolution. Boundary transport conditions 
are obtained from the earlier one-dimensional model. 

Calculations of the distribution of tidal currents have been made for a region 
between Point Wells and The Narrows and compared to measurements in that 
area. Plots of the model results provide a visual perspective on the tidal 
patterns in the main basin and allow closer examination of areas of special 
interest such as channel branches, headlands and urban embayments. 

1 NOM/Pacific Marine Environmental Laboratory, 7600 Sand Point WayNE, Seattle, 
WA 98115 
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WSU BEACH WATCHER VOLUNTEER TRAINING PROGRAM 

Donald B. Meehan 1 

There are many ways to change the way people act and think regarding Puget 
Sound waters. One technique which is being tested in Island County, Wash­
ington, is the WSUBeach Watchers Program. Volunteers are selected based on 
their record of public service and interest in protecting Puget Sound waters. 
They are then extensively trained by qualified, non -biased instructors. Prior 
to being accepted into the program, volunteers must agree to participate in 
public education activities for a minimum of 50 hours during the first year 
following training and to adopt and monitor a section of beach of their 
choosing. 

The WSU Beach Watcher program has reached more than 10,000 people, 
provides data to the Marine Debris Survey, PSP program, Low Tide Survey and 
Marine Beached Bird Survey, and has developed procedures for volunteer 
monitoring of beaches for changes in quality. Participants in the program 
have developed a radio show called Beach Talk, and are reaching out to 
schools to be included as a part of the curriculum. The cost effectiveness of this 
type of program is over 3 dollars for every one invested. 

1 WSU Cooperative Extension, P.O. Box 500, Coupeville, WA 98239 
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NOXIOUS PHYTOPLANKTON AND SALMON AQUACULTURE 
IN PUGET SOUND 

]ames R Postel 1, Karl Banse 1, Rita Horner 1, Frieda B. Taub 2 and John E. 
Rensel2 

Worldwide, the occurrence of noxious and toxic blooms of phytoplankton is 
increasing. Blooms of toxic dinoflagellates that cause paralytic shellfish 
poisoning have long been a problem in Puget Sound, but algal blooms that kill 
pen-reared salmonids have been known for only 20 years. 

In countries where marine fish farms are common (e.g., Japan, Norway, and 
Scotland), flagellates and dinoflagellates are the main phytoplankton groups 
that are reported to cause fish kills. In Puget Sound, however, fish distress or 
death has often been the first indication of the presence of the diatom 
Chaetoceros convolutus, or a closely related species, C. concavicomis, that do 
not have to be present in high numbers (blooms) to kill fish. Our original 
proposal was directed toward their effects on pen-reared Atlantic salmon. 

However, in Puget Sound in the last year alone, Heterosigma akashiwo, a 
flagellate which has been a major problem in British Columbia and in most 
marine fish farming countries in the past, has caused more than $6 million in 
fish losses . As a result, our investigations have expanded to include this 
organism. 

The ecological conditions that lead to noxious blooms and the physiological 
mechanisms by which they kill fish are unknown and need to be studied in the 
field and laboratory. Fish growers need to know how to anticipate these events 
and what mitigating measures they might use to alleviate their effects. little 
research leading to timely prediction has been done anywhere to answer 
these questions. 

1 UniversityofWashington, School of Oceanography, WB-10, Seattle, WA98195 
2 University ofWashington, School of Fisheries, Seattle, WA 98195 
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CIRCULATION IN ADMIRALTY INLET AND THE MAIN BASIN: 
NUMERICAL MODEL RESULTS 

]. William Lavelle and B.D. Cokelet1 

A hydrodynamical model has been used to study the circulation of water 
within PugetSound. The model allows the computation of changes in subtidal 
currents and salinities with changes in distance into the estuary, depth, and 
time. Model results were compared to measurements taken in the Sound from 
December 1983 to March 1984. The comparison shows that the model 
incorporates the important circulation features of this estuary. 

Circulation, the movement of water after tidal motions have been set aside, 
determines the renewal time of water in the estuary and has an important 
influence on the pathways of contaminants. In Puget Sound, circulation 
depends on anum her of factors, including salinity variations at the entrance 
to the Sound near Port Townsend, vertical mixing of water in Admiralty Inlet, 
fresh water runoff from the rivers, and the strength and direction of winds. 
Density intrusions are one important process which episodically influences 
main basin circulation- under certain conditions, denser, more oceanic water 
makes its way along the bottom of Admiralty Inlet and passes into the interior 
basin. These conditions include a density difference across the length of the 
Inlet exceeding -1.3 o I oo, and little in the way of fresh water discharge that 
could be mixed downward in the Inlet to dilute the salinity of the intruding 
water. A synthesis of model results on circulation during the study period 
takes the form of an animation. 

1 NOM/Pacific Marine Environmental Laboratory, 7600 Sand Point WayNE, Seattle, 
WA98115 
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PROTECTING WATER QUALITY THROUGH COMMUNITY 
EDUCATION: THE EXTENSION MODEL 

L Katherine Baril 1, Kate Benkert1, jim Bolger2 and Paula Cullenberg2 

Public education and technical assistance have been identified by planners, 
legislators and the Puget Sound Water Quality Authority as essential to the 
protection of Puget Sound from non point source pollution. A resource team 
of four water quality specialists from Washington State University Coopera­
tive Extension and the University of Washington Sea Grant Program are 
developing a model extension education program in Jefferson, Kitsap and 
Mason counties. This team makes up the regional field agent model identified 
in the education and public involvement action plan of the 1991 Puget Sound 
Water Quality Management Plan. The field agent model increases public 
awareness and involvement in water quality issues by linking research univer­
sities to local government and citizen's groups. The future expansion and 
placement of the water quality field agents in other Puget Sound counties is 
contingent upon the success of this model program. 

Programs, workshops and informational materials are developed and coordi­
nated by the resource team to encompass a variety of water quality topics. 
Wetlands, non-point source pollution, shoreline development, groundwater 
and the importance of clean water for commercial and recreational shellfish 
harvesting are some of the topics addressed. Field agents work with local 
governments, tribal planners, watershed management committees, boaters, 
shellfish users, school systems and the general public. The problems encoun­
tered in defining and addressing the regional education needs of a large and 
diverse constituency are presented, as are recommendations for facilitating 
future program development by water quality field agents in other regions. 
Examples of demonstrated successes and future program activities are high­
lighted. 

1 WSU Cooperative Extension for Mason County, 9 Federal Bullding, Shelton, WA 
98584 

2 Washington Sea Grant Program, University ofWashington, Seattle, WA 98195 
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A SUCCESSFUL APPROACH TO POINT AND NONPOINT WATER 
POLLUTION CONTROL: THE URBAN BAY ACTION PROGRAM 

Debbie Munt 1 

The U.S. Environmental Protection Agency and the Washington Department 
of Ecology identified chemical contamination ofPuget Sound as a high prior­
ityproblem in 1983. This setthefoundation for the urban bay action program, 
a unique, cross-programmatic approach to controlling contamination of 
urban bays around Puget Sound. Urban bays typically are receiving waters for 
various wastes related to human activities in and near coastal cities.· Sources 
of urban bay contamination can include industrial facilities, stormwater 
runoff, combined sewer overflows, boats, marinas, and landfills. 

Currently there are seven urban bay action teams (UBATs) in Puget Sound at 
various stages of implementation: Commencement Bay, Elliott Bay, Everett 
Harbor, Lake Union, Bellingham Bay, Sinclair and Dyes Inlets, and Budd Inlet. 
The objectives of each of these teams are to identify historical and ongoing 
sources of contamination, and to identify and prioritize problem areas and 
sources for corrective action. This basic information is used to generate an 
action plan which guides the activities of the action teams. Citizen advisory 
committees and industries also guide development of the action plans. The 
action teams are comprised of staff from various federal, state and local 
agencies and tribes that share common shoreline, sediment and water quality 
concerns. This coordination provides a common forum for public agencies, 
privateindustriesandinformedcitizenstoaddress pollution problems. UBATs 
create an efficient regulatory and management network and enhance the 
effectiveness of existing regulatory programs. 

The poster provide~ a more in-depth look at the program objectives and 
accomplishments iri each urban bay. 

Prepared by the Washington State Urban Bay Action Team Coordinators: Dan 
Cargill, Kevin Godbout, Fran Solomon, Deborah Munt, Martha Turvey, Bar­
bara Trejo, Dave Nazy, Lucy Pebles and Melanie Vorass. 

1 Department of Ecology, NW Regional Office, 4350 150thAvenue NE, Redmond, WA 
98502 
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STILLAGUAMISH RIVER VOLUNTEER WATER QUALITY 
MONITORING PROJECT 

Kathy Thornburgh and Kit Paulsen1 

In June of 1989, the Tulalip Tribes began a two-year project to monitor water 
quality in the lower Stillaguamish River and Port Susan. The project was 
contracted through the DepartmentofEcologyusingCentennial Clean Water 
Funds. The objectives of the monitoring program include: 

1) Establishabaselinewaterqualitymonitoringprogramforselectedmainstem 
and tributary sites to evaluate water quality effects from rural housing, 
hobby farms, and commercial agricultural land uses. 

2) Monitor baseline levels of water quality variables on selected marine sites 
over time to assess riverine bacterial contributions to northern Port Susan. 

3) Provide public education on water quality problems and solutions by 
presenting educational programs and trainingvolunteers to assistin sample 
collection and laboratory analysis. 

4) Institute a set of quality control guidelines and procedures which meet 
established laboratory and field protocols. Determine if significant differ­
ences exist between laboratory tests conducted by staff and trained volun­
teers. 

The poster presentation includes information on the sampling design of the 
study which consists of a factorial, randomized block design that allows 
comparisons between locations, years, seasons, and land use impacts. The 
poster includes pictorial information on land use impacts and volunteer 
involvement. Quality control assessments and analysis of storm sampling 
data are presented graphically. 

1 Tulalip Fisheries Department, 10610 Waterworks Road, Marysville, WA 98270 
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LANDER SEPARATION PROJECT INDUSTRIAL INVENTORY AND 
SOURCE CONTROL 

Christie]. True 1 

The Lander Separation Project is part of Metro's Combined Sewer Overflow 
(CSO) Plan to reduce the amount of CSOs by 75 percent, systemwide, by the 
year 2005. By separating stormwater from sanitary sewers, this project will 
create a new storm water discharge to the Duwamish River from an industrial/ 
commercial area. As part of Metro's storm water mitigation program, Metro's 
Industrial Waste Section conducted a one year source control project in the 
Lander drainage basin to determine the sources of specific contaminants 
entering the new stormwater discharge. 

Metro identified and inspected a total of 152 businesses that were potential 
sources of pollutants. Metro staff located illegal connections and connections 
of industrial wastes to storm sewers. A combination of educational programs, 
on site inspections, and compliance schedules induced more than 50 busi­
nesses to change their waste disposal practices. 

Metro was able to significantly reduce pollutant loadings to both the storm 
and sanitary sewers in the Lander drainage basin, thus reducing the potential 
water quality effects that the new stormwater discharge could have on the 
Duwamish River and Elliott Bay. 

This project's success demonstrates that source control is an effective means 
of mitigating stormwater impacts on receiving waters and of reducing pollut­
ant loadings to the sanitary sewer by having businesses control and treat their 
wastes. 

1 METRO Comprehensive Planning Division, 322 West Ewing, Seattle, WA 98119 
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MONITORING THE EFFECTS OF NONPOINT SOURCE 
POLLUTION ON BOG ECOSYSTEMS 

Sarah S. Cooke 1 and Michele Stevens2 

The Puget Sound lowlands in Washington State are predominantly glacial in 
origin. Coupled with a glacial terrain, the wet climate has produced an ideal 
environment for the development of wetlands. The area is also marked by 
intense urban growth. Of the many wetland types common to this area, 
Sphagnum/ Ledum bogs are the most sensitive to any form of disturbance, 
especially that resulting from construction activity and urban stormwater 
runoff. It is important, therefore, to document the occurrence and signifi­
cance of changes in some of the bogs that are currently being affected by 
urbanization, so that future disturbances to other bog systems can be mini­
mized. 

One large bog and one small bog, both very old and both affected by urban 
development, were chosen for study. Monitoring began two years ago, and is 
expected to continue for another five years. The monitoring study consists of 
surveys of the vegetation's species composition, percent cover, and distribu­
tion, the spread of invasive species such as Typha and Potentilla, hydrology, 
water quality, soils, and animal inhabitants. It is apparent that some immedi­
ate changes in vegetation species composition and percent cover are occur­
ring as a result of urban storm water inputs into some of wetland habitats. The 
effects of these inputs on bog degradation will be discussed. 

1 UniversityofWashington, College of Forest Resources, AR-lO, Seattle, WA98195 
2 Washington State Department of Ecology, Olympia, WA 98504 
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CYTOCHROME P-450 AS A BIOINDICATOR OF CONTAMINANT 
EXPOSURE AND EFFECTS IN THREE SPECIES OF FLATFISH FROM 
PUGETSOUND 

S. Denise Connor, Tracy K. Collier, Bich-Thuy Le Eberhart, and Usha Varanasi 1 

Puget Sound is a large marine and estuarine ecosystem, comprising a variety 
of habitats having different levels of environmental contamination. For this 
reason it provides scientists with a good 'field laboratory' -for testing and 
validation of bioindicators of contaminant exposure and effects in fish. The 
cytochrome P-450 system is one of the earliest and most sensitive indicators 
of contaminant exposure and effects. This system responds to .. a variety of 
different types of contaminants, including aromatic hydrocarbons, polychlo­
rinated biphenyls, and dioxins, all compounds of interest in the Puget Sound 
Basin and environs. 

We have tested the ability of the cytochrome P-450 system to discriminate 
different levels of exposure in flatfish from Puget Sound. Three species 
(English sole, rock sole, and starry flounder) were sampled from several sites, 
and at several times of the year. Cytochrome P-450 was measured by three 
different methods in subcellular liver fractions from these fish. Our results 
show that this system is very useful in assessing exposure of these species at all 
times of the year. 

~ 

These results validate the use of the cytochrome P-450 system in monitoring 
studies of the effects of pollution on marine fish. However, the results also 
showed that a single measure such as this should not be relied upon exclu­
sively to assess exposure and effects, and that a combination of analyses 
should be employed. 

1 Environmental Consetvation Division, Northwest Fisheries Center, NOM/NMFS, 
2725 Mondake Blvd East, Seattle, WA 98112 
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EFFECTS OF CONTAMINANT EXPOSURE ON REPRODUCTION IN 
PUGET SOUND FLATFISH: RESEARCH IN PROGRESS 
Lyndal L Johnson, Sean Sol, Greg Nelson, Edmundo Casillas, and Usha 
Varanasi 1 

Since 1987, the Environmental Conservation Division of NOAA/NMFS has 
been evaluating the reproductive success of selected teleost fish in · Puget 
Sound, Washington. Results of our previous studies show reduced reproduc­
tive success in the English sole (Parophrys vetulus) from contaminated areas 
ofPuget Sound. Among the effects observed are inhibition of oocyte develop­
ment, inhibition of spawning, and depressed plasma estradiol level. 

We have now expanded our research program to look at other species that may 
be at risk, and to evaluate additional elements of the reproductive process 
that could be affected by contaminants. Several studies have been initiated: 
1) effects of contaminant exposure on ovarian development and spawning 
success in rock sole (Lepidopsetta bilineata), 2) contaminant-related effects 
on fecundity and egg size in English sole, and 3) development of an in vitro 
bioassay system to examine effects of contaminant exposure on estradiol 
production by ovaries. 

Preliminary results from studies with rock sole show no clear differences 
between fish from Yukon Harbor (reference site) and Eagle Harbor (contami­
nated site) in gonadosomatic indices, proportion of maturing females, or 
plasma estradiol levels. However, in a laboratory spawning experiment, rock 
sole from Eagle Harbor took significantly longer to spawn than fish from 
Sinclair Inlet, Yukon Harbor or University Point, and had lower fertilization 
success and smaller eggs. Egg weight appears to be lower in English sole from 
contaminated sites as well. Results of the bioassay system are promising; in 
vitro estradiol production by ovarian tissue fragments from English sole 
captured at contaminated sites is lower than ovarian estradiol production in 
sole from uncontaminated sites. These findings suggest that reduced plasma 
estradiol levels in fish exposed to contaminants may be due at least in part to 
decreased ovarian estradiol production. 

1 Environmental ConseiVation Division, Northwest Fisheries Center, NOM/NMFS, 
2725 Montlake Blvd East, Seattle, WA 98112 
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AN ANALYSIS OF THE RELATIONSHIP BETWEEN A SAND­
DOLLAR EMBRYO ELUTRIATEASSAY AND SEDIMENT 
CONTAMINANTS FROM STATIONS IN AN URBAN EMBAYMENT 
OF PUGET SOUND, WASHINGTON 

]amesP. Meador 1, BrianD. Ross 2,PaulA. DinneP, and Susan]. Picquelle 4 

A sand-dollar embryo test was used to assess the toxicity of contaminants in 
sediment elutriate samples from PugetSound, Washington. Asynoptic chemi­
cal data set ofprioritypollutants was reduced and subjected to combinatorial 
clustering which grouped stations by the amount of chemicals present. Clus­
tering was done for metals and organic compounds together and separately. 
Analysis of variance revealed that the embryo test was able to predict the 
group of stations considered least contaminated by organic chemicals but not 
for metals, although copper and lead could not be excluded due to confound­
ing effects. The results generally support the additivity hypothesis of toxicity, 
in that as total contamination increased, toxicity increased. Due to a possible 
change in redox conditions or the release ofbio-organically bound metals, it 
was concluded that the elutriate test may not be appropriate for assessment of 
metal contaminants associated with sediment. A concentration-response 
relationship between embryo abnormality and the degree of elutriate dilution 
was observed which demonstrates that serial dilutions of an elutriate should 
be tested to properly characterize a sediment's toxicity. 

1 Environmental Conservation Division, Northwest Fisheries Center, NOM/NMFS, 
2725 Montlake Blvd East, Seattle, WA 98112 

2 U.S. Environmental Protection Agency, Seattle, WA98101 
3 UniversityofWashington Fisheries Research Institute, Seattle, WA 98195 
4 NOM/National Marine Fisheries Service RACE Division, 7600 Sand Point WayNE, 

Seattle, WA98115. 
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TOXICOPATHIC HEPATIC LESIONS IN JUVENILES OF THREE 
SPECIES OF FLATFISH FROM PUGET SOUND: RELATIONSHIPS 
WITH INDICES OF CONTAMINANT EXPOSURE 

Mark.S. Myers, O.Paul Olson, Lynda/. L Johnson, Carla.S. Stehr, Ken.R. 
Carrasco, and Tom Hom1 

Liver neoplasms are rarely detected in young wild fish; consequently, other 
liver lesions that occur prior to neoplasms must be considered as potential 
biomarkers of contaminant exposure effects in monitoring studies where 
target fish specimens are juveniles or subadults. Also, some investigators have 
argued that effects of contaminant exposure are more reliably assessed and 
interpreted in juvenile fish that have not yet migrated extensively. 

We have addressed these issues by histologically examining juveniles/sub­
adults of English sole, rock sole, and starry flounder captured from eight sites 
in Puget Sound, and by measuring fluorescent aromatic compounds (FACs) in 
bile, as well as other chemical and biochemical indices of contaminant expo-

- sure. Neoplastic and preneoplastic focal lesions were detected at very low 
prevalences, whereas much higher prevalences of several types of degenera­
tive lesions were detected in all three species. High prevalences of a unique 
lesion type characterized by severe hydropic degeneration ofhepatocytes and 
biliary epithelial cells were detected in rock sole and starry flounder from 
contaminated sites. These lesion types have been experimentally induced in 
fish by exposure to various toxicants, and/or have been associated with 
contaminant exposure and the process of liver neoplasia in adult fish. 

Prevalences of these earlier biomarkers were significantly higher at the more 
contaminated sites compared to the less contaminated sites. Moreover, 
prevalences of most lesion types in all three species were significantly corre­
lated with mean bile FACs levels at the sites, in agreement with the results of 
previous studies utilizing adults. These findings further support the utility of 
certain _liver lesions other than neoplasms as early indicators of biological 
damage in juvenile as well as adult fish exposed to xenobiotics in the marine 
environment. 

1 NOM/National Marine Fisheries Service RACE Division, 7600 Sand Point WayNE, 
Seattle, WA 98115 

m 



PUGET SOUND RESEARCH '91 

THE METABOLISM OF XENOBIOTICS BY ISOLATED 
HEPATOCYTES OF ENGLISH SOLE (PAROPHRYS VETULUS) 
Marc Nishimoto, john E Stein, GladysK Yanagida, and Usha Varanasi 1 

English sole from polluted sites within Puget Sound are susceptible to 
hepatocarcinogenesis which is associated with exposure to polycyclic aro­
matic hydrocarbon, as demonstrated by extensive field and laboratory stud­
ies. Isolated hepatocytes offish have been used to study processes believed to 
be involved in xenobiotic-induced hepatocarcinogenesis, because the cells 
are biochemically similar to the intact liver. Therefore, we evaluated isolated 
hepatocytes from English sole as a useful surrogate for the in vivo metabolism 
of xenobiotics as an aid in identifyingmechanism (s) oft oxic effects in liver due 
to xenobiotic exposure. 

Hepatocytes we~e isolated from English sole after perfusion of liver with 
collagenase and hyaluronidase in Ca+2-free buffer. Viable cells were incu­
bated with 3H-BaP under an 0 2:C02 atmosphere at either 10 or 17°C for 24 hrs 
in Waymouth MB 752/1 medium supplemented with sodium bicarbonate. 
The BaPmetabolites present in the medium were analyzed by reversed-phase 
HPLC and ion-pair liquid chromatography, whereas the cells were analyzed 
for the formation ofBaP-DNA adducts. The major organic solvent-soluble 
metabolite formed by English sole hepatocytes was the unconjugated BaP-
9,10-dihydrodiol. The major metabolites released by b-glucuronidase and 
arylsulfatase hydrolysis of the remaining aqueous phase were BaP-7,8-
dihydrodiol, 3-hydroxyBaP and 1-hydroxyBaP. Analysis of the BaP-DNA 
adducts by 32P-postlabeling revealed that a major adduct arising from the 
metabolism ofBaP is derived from the 7,8-dihydrodiol-9,10-epoxideBaP. 

The results of these initial studies show that isolated English sole hepatocytes 
biotransform BaP to metabolites similar to those identified in English sole 
exposed to BaP in vivo. Thus a system is established for studying in detail the 
early steps in the toxicity and carcinogenicity of chemical contaminants in 
benthic fish from Puget Sound. 

1 NOM/National Marine Fisheries Service RACE Division, 7600 Sand Point WayNE, 
Seattle, WA 98115 
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DNA-XENOBIOTIC ADDUCTS AS A BIOINDICATOR OF 
EXPOSURE TO GENOTOXIC COMPOUNDS IN FISH SPECIES 
FROM PUGET SOUND 

William L Reichert, John E. Stein, Gladys K. Yanagida, Usha Varanasi 1 

The binding of a chemical carcinogen to DNA is believed to be an essential 
early step in the process of chemical carcinogenesis. Thus DNA-xenobiotic 
adducts have received considerable attention as potential bioindicators of 
exposure to genotoxic compounds. In contaminated environments organ­
isms are exposed to complex mixtures of genotoxic compounds, some of 
which have not been identified. The 32P-postlabeling assay shows particular 
promise for measuring DNA-xenobiotic adducts in feral fish because it can 
detect with high sensitivity a wide range of xenobiotics bound to DNA. We 
have used this assay for assessing DNA damage by bulky aromatic com­
pounds, such as polycyclic aromatic hydrocarbons, in three Puget Sound 
benthic fish species from sites ranging from highly contaminated to minimally 
contaminated. We also have conducted laboratory studies on the persistence 
ofDNA-xenobiotic adducts in English sole. , 

Overall, the results of these studies using the 32P-postlabeling assay have 
shown that: 1) bulky hydrophobic aromatic compounds of human origin 
appear to be the major ad ducts present in DNA offish from contaminated sites 
ofPugetSound, whereas these ad ducts are generally not present in DNA offish 
from reference sites; 2) the levels of DNA ad ducts generally reflected contami­
nant levels at a site; and 3) DNA-xenobiotic adducts are persistent and not 
readily removed from hepatic DNA of English sole. Thus, the results of these 
studies showthatthemeasurement ofDNA-xenobiotic ad ducts usingthe32P­
postlabeling assay provides information on the long-term exposure history of 
benthic fish in Puget Sound to genotoxic compounds, and demonstrate the 
usefulness of the 32P-postlabeling assay as a tool in studies monitoring the 
effects of chemical contaminants on fish of Puget Sound. 

1 NOM/National Marine Fisheries Service RACE Division, 7600 Sand Point WayNE, 
Seattle, WA98115 
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SEVERE HYDROPIC DEGENERATION IN THE LIVER OF ROCK 
SOLE AND STARRY FLOUNDER FROM CONTAMINATED AREAS 
OF PUGET SOUND 

Carla Stehr, Lyndal Johnson, and Mark Myers 1 

Anon-neoplastic, vacuolated liver condition described here as severe hydropic 
degeneration (SHD) of hepatic parenchymal cells, has been observed in rock 
sole and starry flounder living in contaminated areas of Puget Sound. This 
lesion is of interest because a similar contaminant-related, vacuolar liver 
condition occurs in winter flounder from the east coast of the U. S. With light 
microscopy, SHD in rock sole and starry flounder is evident as large, intra­
cellular vacuoles that do not contain either lipid or glycogen. Vacuolated cells 
are scattered throughout the liver, either individually or in aggregates some­
times resembling tubules. Pyknotic nuclei are often apparent against one 
edge of the vacuole. Electron microscopy reveals that the vacuoles occur in 
both hepatocytes and biliary epithelial cells. The nuclear cisternae is greatly 
dilated and the resulting vacuole is bordered by the RER of the outer nuclear 
membrane. The vacuole often fills the entire cell leaving only a thin rim of 
cytoplasm. In less severely affected cells, other portions of the RER cisternae 
may be dilated as well. 

This lesion is noteworthy because: 1) membrane damage is apparent in both 
hepatocytes and biliary epithelial cells; 2) as in winter flounder, SHD seems to 
be an indicator of contaminant exposure in rock sole and starry flounder; 3) 
SHD does not occur in English sole, which to date is the species showing the 
highest prevalence of contaminate-associated liver lesions in Puget Sound. 

1 NOM/National Marine Fisheries Service RACE Division, 7600 Sand Point WayNE, 
Seattle, WA 98115 
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LIPID ANALYSIS CONSIDERATIONS FOR BIOACCUMULATION 
MODELING 

Robert C Randall 1
, Henry Lee II 1, Robert]. Ozretich 1 and Judy Pelletier2 

Current pollutant bioaccumulation models use total lipid concentrations to 
normalize organism tissue residues. Review of the lipid data base, however, 
reveals wide variations in reported lipid concentrations for the same organ­
ism, resulting in equally wide variations in bioaccumulation model predic­
tions. The large lipid deviations appear to be caused, for the most part, by the 
use of different lipid extraction methods. 

It is a common mistake to believe that total lipid analyses are easy and not 
particularly solvent dependent. In fact, "total lipid" residues are combina­
tions of perhaps hundreds of specific lipid or lipid-like compounds whose 
solubilities are dependent on the choice of extraction solvent. Analysis prob­
lems are not only limited to choice of solvent, however. Decomposition of 
solvents may change their lipid extraction capabilities. Lipids can also oxidize, 
break down at elevated temperatures, and decompose from exposure to light 
and pH shifts. Finally, preliminary results show that the analyses might be 
dependent on sample size. 

Considering the multitude of problems involved in lipid analyses, we submit 
that standardization to a specific method of analysis is essential for comparing 
normalized bioaccumulation data. We recommend a modified Bligh-Dyer 
technique as an interim standard. This standard would require modelers to 
provide the factor /factors needed to convert their method results to Bligh­
Dyerresults, but would not require modelers to change over to the Bligh-Dyer 
method. We further recommend that lipid results be reported such that 
conversion is possible between wet and dry bases. 

1 US Environmental Protection Agency, Narragansett Environmental Research 
Laboratory, Hatfield Marine Science Center, Newport OR 97365 

2 American Scientific International, Inc, Hatfield Marine Science Center, Newport OR 
07365 
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SPARTINA IN WASHINGTON: A THREAT TO THE ESTUARINE 
ECOSYSTEM 

BarbaraAberle 1 and Thomas F. Mumford,]r 2 

Intertidal areas of Washington, Oregon, California and British Columbia are 
currently being invaded by three exotic species of cordgrass: Spartina 
alternijlora, S.patens, and S.townsendiilanglica. These plants form dense, 
monotypic stands that colonize tideflats and displace high intertidal salt 
marsh. If left uncontrolled, these areas will ultimately consist of broad marsh 
flats cut by narrow, deep channels. The result is massive habitat alteration, 
with ramifications for wildlife, fisheries, geology, and hydrology. 

The objectives of the research were to determin,e the extent of Spartina 
infestation in Washington, the ramifications of its spread if left unchecked, 
what control methods have been employed elsewhere, and courses of action 
to recommend for its control. Aerial photographs ofWillapa Bay from 1963, 
1970 and 1988 were photo-interpreted and the resulting Spartina coverage 
entered into a GIS. An extensive literature review and worldwide interviews of 
Spartina experts and researchers were made. 

The photo-interpretation indicates that the Spartinaareas that could be seen 
expanded from 4.7 ha in 1963, to 30 ha in 1970, to 444 ha in 1988. Field 
observation show that S. anglica is widespread in Port Susan, Skagit Bay and 
the west and south sides ofWhidbey Islands. As a result of the literature review 
and interviews, we recommend that a regional Spartina Coordinating Com­
mittee and a State Spartina Task Force be established, and that a state-level 
coordinator and staff be hired to set up long-term and short-term Spartina 
research and control programs. Educational programs and intensive research 
on Spartina biology and ecology in Washington should be begun, and an 
inventory and mapping program designed. 

1 Washington State Department of Ecology, Olympia, WA 98504 
2 Washington Department of Natural Resources, Division of Aquatic Lands, Olympia, 

WA98504 
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A HABITAT CLASSIFICATION SYSTEM FOR WASHINGTON 
WATERS: THE SEARCH FOR A COMMON LANGUAGE 
Megan N. Dethier 1 

Marine and estuarine scientists, resource managers, planners, and others in 
Washington State have had no common language for discussing and studying 
saltwater habitat types. Some agencies have used the wetland classification 
scheme of Cowardin et al., but a lack of ecological realism in this scheme and 
a tendency for each group to modify it has reduced its usefulness. 

The Washington Natural Heritage Program (DNR) funded the creation of a 
new habitat classification scheme, based on Cowardin to maximize compat­
ibility, as a first step in an attempt to establish marine and estuarine preserves 
in the state. Data on abundances and quality of different habitat types are 
needed before decisions can be made on the types and locations of preserves 
needed. The new scheme is based on substrate type (rock, gravel, etc.), energy 
(waves and currents), depth, and salinities. Different combinations of these 
physical parameters define habitat types that are characterized by distinct 
suites of plants and animals. A first attempt at listing these diagnostic species 
is presented. These habitat definitions should prove of use not only to 
preserve designers but to agencies (e.g., in habitat mapping), consulting firms, 
academic scientists, county planners, and others who need to discuss the 
presence of, or impacts on, different marine and estuarine habitats on our 
shoreline. 

1 University ofWashington, Friday Harbor Labs and Institute for Environmental 
Studies, Friday Harbor WA 98250 
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KELP INVENTORY FOR THE STRAITS OF JUAN DE FUCA AND 
THE OUTER COAST OF WASHINGTON, 1989-90 
Thomas F. Mumford, ]r1 and Bob VanWagenen 2 

Floating kelp beds consisting of Macrocystis integrifolia (giant kelp) and 
Nereocystis luetkeana (bull kelp) stretch along 313 kilometers (about 12%) of 
the coast ofPuget Sound and the Strait ofJuan de Fuca. These multi-canopied 
beds are made up of rich, diverse communities and provide critical habitat for 
many important commercial and sport fish and invertebrate species, includ­
ing juvenile and adult salmon, rockfish, herring, lingcod, and abalone and 
crab. All floating kelp beds are located on state-owned aquatic lands. The beds 
of N. luetkeana and M. integrifolia in Washington have been poorly mapped. 
The only complete statewide mapping was done in 1912-15 by Rigg and 
Cameron, with updates done in 1977 by Albright (DoE Coastal Zone Atlas). 
These maps do not include the outer coast. 

This study's purpose was to map the floating kelp beds of the Straits ofJuan de 
Fuca and outer coast of Washington using photo-interpretation of color 
infrared aerial photographs. Photography was obtained on October 14-15, 
1989. Images were photo-interpreted and kelp beds mapped on 1:12,000 base 
maps derived from USGS 7 .5' quads. The extent of the beds was digitized and 
incorporated into a GIS data base using ARC/INFO software. 

The results have produced the most comprehensive inventory of kelp beds in 
these areas since 1915. The inventory will allow better management and 
protection of these resources and the fisheries and marine mammals that 
depend upon them. It will also serve as a baseline for determining future 
changes in distribution and abundance. 

1 Washington Department of Natural Resources, Division of Aquatic Lands, Olympia, 
WA98504 

2 Ecoscan, Inc., P.O. Box 1046, Freedom, CA 95019 
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A GEOGRAPHIC INFORMATION SYSTEM FOR THE DIVISION OF 
AQUATIC LANDS, DEPARTMENT OF NATURAL RESOURCES 

Daniel Saul, Thomas F. Mumford, Jr., and Elizabeth Calvert 1 

The Division of Aquatic Lands of the Department ofNatural Resources (DNR) 
manages the underwater lands deeded to Washington State by the federal 
government at statehood. Hand-drawn maps created at the time of statehood 
are currently the only record of public aquatic land ownership. These maps 
are difficult to use and update and arevulnerableto damage or destruction. All 
data entry and retrieval must be done by hand. More importantly, the maps 
can only be used to track ownership use authorizations- they are difficult to 
use in conjunction with other environmental, land use, or improvement 
information. This severely hinders their use in making land management 
decisions regarding the state-owned aquatic land base. 

In order to improve the information base for making land management 
decisions, the division is undertaking a project to prototype a Geographic 
Information System (GIS) for aquatic land management. Test sites at Port 
Townsend, WillapaBay, and Moses Lake were selected for prototype develop­
ment. For each test site, the original public ownership maps are being 
digitized and attributed with tabular ownership data. Another layer will 
record current and historic uses, such as leases, right of ways, and resource 
extractions. Data layers on such themes as aquatic resources, shorelines, land 
uses, bathymetry, and aquatic pollution are being developed for use in con­
junction with the aquatic ownership data. The data layers underdevelopment 
will be designed to be compatible with existing and planned data within the 
upland DNR GIS. 

The goals of the project are to determine what products the GIS needs to 
produce, to design the data layers, and to estimate the resources necessary for 
implementation. 

1 Washington State Department of Natural Resources, Division of Aquatic Lands, 
Olympia, WA 98504 
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A LESSON PLAN FOR THE HEALTH RISK IN AQUATIC 
RECREATION OF PUGET SOUND BEACHES: HISTORICAL 
PERSPECTIVES TO DEVELOP AESTHETICS 

Bonnie Orme 1 

Objective: For today' sand tomorrow's choices, are the state's economic trade 
benefits in harmony with the human health risks in Puget Sound recreation? 

Aesthetics, our philosophy that deals with beauty and the beautiful, is really 
why we have sensed a stewardship for Puget Sound. It can't be weighed or 
measured by science. It can't be legislated or litigated, but it is the public's 
preference, and is priceless. Our water and sediment laws and criteria have 
tried to find a balance for economic benefits, and environmental ethics. 
Historically Puget Sound has relieved the stress and depression aquatic 
recreationalists suffered in their economic pursuits. What is the value of joy, 
and play? We elect those who govern for public safety with "negligible risk". 

Unfortunately, prior Puget Sound Protocols are so mired in data deficiencies 
and definitional discrepancies that it's impossible to predict accurately what 
would happen to folks and fish. "Risk management" is a political ball game. 
While policymakers, advised by biased administrators, engage in verbal exer­
cises worthy of medieval scholastics, the public is left trying to understand the 
big picture, often without the basic tool to do so. Exposure criteria must assess 
concerns for not only consumption of chemically contaminated seafood, but 
sunbathers' dermal exposure to contaminated sediments, swimmers', boat­
ers', and fishermen's exposure to contaminated water, and residents' to 
contaminated fumes from improper hazardous waste treatment, and trans­
port. Using a matrix of health-based selection criteria, I will present a simple 
lesson plan to guide tomorrow's decision makers to avoid historical flaws. 

1 1949 Perkins Lane West, Seattle, WA 98199 
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INCREMEMENTAL MODELING FOR EVALUATING TRANSPORT 
PATHS OF EAGLE HARBOR SEDIMENTS 

Bradley K Paulson and Steven L DaCosta 1 

Understanding the physical processes within Puget Sound estuarine systems 
is important in evaluating the fate and transport of natural substances and 
man-made contaminants in sediments and the overlying water column. An 
incremental or phased modeling approach was used to evaluate the transport 
paths of sediment within and on the boundaries of Eagle Harbor, a small, 
semi-enclosed embayment located on the eastern side ofBainbridge Island in 
central Puget Sound. Because of the number of driving forces and the degree 
of spatial and temporal variability involved, a set of models was selected to 
describe the long-term, net behavior of this complex system. An incremental 
modeling approach is one in which a set of models is used and the results are 
then superimposed on each other. 

Our approach involved the application of models which predict spatial and 
temporal variability of local current velocity fields generated in response to 
tidal, surface wind stress, and vessel propeller action. Models were also 
developed to predict along-the-shore transport, seiches, and influences from 
riverine sources. A set of criteria that evaluates the potential for sediment 
transport and deposition was developed and integrated into the overall design 
of the study. 

Once developed, the models simulating transport dynamics in Eagle Harbor 
were used in two complementary ways. First, model results were compared 
with hypothesized transport paths, sources, and sinks of contaminated mate­
rial derived from sources other than the models. Second, conclusions were 
drawn from the model results about the transport paths, sources and sinks, 
and were compared with indications from other sources ofinformation. Thus, 
the set of models was used both to investigate existing indications about the 
fate and transport of contaminants, and to provide new insight and informa­
tion about these processes. 

1 CH2M Hill, Inc., Applied Sciences Department, P.O. Box 91500, Bellewe, WA 98009-
2050 
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HUMAN DISTURBANCES OF HARBOR SEALS AT HAUL-OUT 
SITES IN PUGET SOUND 

John Calambokidis,]osephR Evenson, Gretchen H. Steiger, YousefFarhoum, 
and Molly Knox 1 

Harbor seals generally rest, give birth, and nurse young at haul-out areas. The 
potential impact of increasing disturbances from human activities on harbor 
seals has been a concern in a number of areas. Seal dis~bance at sites were 
monitored in Puget Sound, Hood Canal, and northern Washington inland 
waters, with the major effort focused on Henderson Inlet in Puget Sound. 
Disturbances were caused primarily by the close approach of small boats at 
most sites. 

The highest rates of disturbance were seen at Henderson Inlet, a log-boom 
haul-out site where a majority ofboaters came to the site to observe the seals. 
The number of seals disturbed varied by haul-out habitat and the cause of 
disturbance. Disturbance rates at Henderson Inlet varied by season, year, 
time of day, and day of week, reflecting the factors that influence boating 
activity. 

The impacts of disturbance may include: interruption of rest, resulting in 
lower fitness and health, interference with nursing of young and a concomi­
tant reduction in their health, separation of mother and pups, resulting in 
starvation and death of pups, and abandonment of haul-out areas. Higher 
rates of disturbances in July of 1990 at Henderson Inlet prompted the initia­
tion of a program consisting of sign posting, publishing a newspaper article, 
placing a float-line around the perimeter of the site, and enforcement of the 
Marine Mammal Protection Act. A dramatic decrease in disturbance occurred 
as a result of these actions. 

1 Cascadia Research, 218112 W. Fourth Ave., Olympia, WA 98501 
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A CULTURAL PRESERVATION MOVEMENT, THE CARVING AND 
VOYAGING OF NATIVE AMERICAN CANOES FOR THE 1989 
WASHINGTON STATE CENTENNIAL 

Leslie Lincoln 1 

This presentation of the Centennial "Native Canoe Project" combines a his­
toric perspective gathered from explorers' journals, ethnographic descrip­
tions, artifacts and photo archives with a contemporary Native perspective 
gathered from oral history and participant fieldwork. Transcribed testimonies 
communicate Native American understandings. 

The Coast Salish Natives of Puget Sound continue to express an attitude of 
stewardship for our coastal region. Their desire to bring back canoeing 
traditions which were disrupted during the last century relates to water quality 
preservation and coastal management efforts. Reclaiming access to landing 
beaches and forest resources are important issues. 

Leaders from the Centennial Commission, National Forests and Tribal Coun­
cils cooperated to renew carving, voyaging and racing skills. Seventeen 
Western Washington tribes participated in the culminating Centennial event, 
the "Paddle to Seattle." Fleets of canoes from the Pacific Coast and Canada 
and thousands of support crew and spectators gathered at more than twenty 
encampments held on traditional landing beach sites. 

Widespread enthusiasm for the return of the canoes reflect their vital role in 
Indian life; in fact, they carry important values for the wider public. Individu­
als were radiant with pride to have overcome a century of obstacles, to have 
crafted paddles and launched and traveled in new canoes, to have gathered 
cedar bark and learned to weave, and to have instilled an interest in youth to 
participate in their own heritage. Many regained a positive ethnic identity. 
Racing and voyaging are effective, culturally relevant alternatives to drug and 
alcohol abuse. Community support revived ancient ways and where neces­
sary created appropriate new institutions to replace those that had been lost. 
The graceful cedar dugout is a symbol of revitalized Native American culture 
and is of significance to marine-oriented Puget Sound research. 

1 UniversityofBritishColumbia, P.O. Box 1449, Port Townsend, WA98368 
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BENEFICIAL USE OF DREDGED MATERIAL FOR SALT MARSH 
DEVELOPMENT AT JETTY ISLAND, EVERETT, WASHINGTON 

Hiram Arden 1 and justine Smith 2 

The Jetty Island project in Everett, Washington, is the first project by the 
Seattle District Corps of Engineers and the Port of Everett which has used 
clean, dredged sand for habitat development. The western shore of Jetty 
Island is a dynamic environment subject to wave erosion. In conjunction with 
1989 river depth maintenance, a plan was proposed to construct along the 
west shore of the island a protective berm that would shelter about 19 acres of 
mudflat. 

Following interagency coordination and baseline studies, 323,000 cubic yards 
of material were used to construct a 1,800 foot long protective berm. Pilot plots 
of a number of species of salt marsh plants were planted in spring 1990 in the 
protected embayment, and based on recently obtained results, final planting 
is scheduled for spring 1991. 

1 U.S. Army Corps of Engineers, Seattle District, P.O. Box C-3755, Seattle, WA 98125-
2255 

2 U.S. Environmental Protection Agency, Region 10, 1200 Sixth Avenue, Seattle, WA 
98101 

786 



POSTER ABSTRACTS 

PUGET SOUND NEARSHORE HABITAT INVENTORY PROTOCOL 

Thomas F.Mumford, Jr.,]. Anne Shaffer, Daniel Saul, Allison Bailey, and 
Elimbeth Calvert 1 

Nearshore wetland habitats serve a number of ecological, economic and 
research functions, including nesting, breeding or refuge areas for wildlife, 
fisheries, food web support, sediment trapping, and nutrient cycling. Infor­
mation regarding the distribution, type, and functions of wetland habitats is 
critical for making good management decisions. Local, state and federal 
regulatory and proprietary agencies require this information in planning, 
zoning, leasing permitting and preservation activities. 

Estuarine and marine habitats have been poorly or incompletely inventoried. 
Existing inventories of Washington shorelines include the Department of 
Ecology's Coastal Zone Atlas, PSWQA's Puget Sound Atlas, and the US Fish & 
Wildlife· Service's National Wetland Inventory maps. All suffer from outdated 
information, inadequate resolution, or inaccurate information, especially in 
subtidal regions. 

EPA's Region 10 Estuary Program and Environmental Monitoring Systems 
Lab and the Washington State Department of Natural Resources have jointly 
funded a research program to determine the most cost- and program-effective 
methods of inventorying marine and estuarine habitats ofPuget Sound, and 
to routinely monitor the distribution and types of marine and estuarine 
habitats ofPuget Sound. New remote sensing data of nearshore habitats at six 
test sites in Puget Sound were acquired at a tidal level of1 ft. or less during July I 
August using both color infrared photographyatthree scales (1:6,000, 1:12,000, 
1:24,000) and an aircraft-based, multispectral scanner at a minimum resolu­
tion of 5 m. We compared spatial and classification accuracy of these two 
methods, developed ground truthing protocols, verified remote sensing data 
with simultaneous ground truthing, and analyzed the design, feasibility and 
costs of using a GIS system to store, analyze, and display information. 

Our recommendations for best methods of data acquisition, analysis, and 
classification are provided. 

1 Washington Department of Natural Resources, Division of Aquatic Lands, Olympia, 
WA98504 
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NATIONAL MARINE SANCTUARIES: A FEDERAL PROGRAM TO 
PREVENT HABITAT DEGRADATION AND TO PROMOTE 
RESEARCH 

Fred Felleman 1 

The National Marine Sanctuary Program came into existence in 1972 as a 
result of the passage of the federal Marine Protection, Research, and Sanctu­
ariesAct (MPRSA), but it has remained a small and poorlyunderstood division 
of the National Oceanic and Atmospheric Administration (NOM) ever since. 
Until1988 only seven examples of the United States' diverse marine habitats 
had been afforded the enhanced protection associated with Sanctuary status. 
These few sites also have benefitted from the resulting coordination of the 
various agencies responsible for their management, from federally funded 
research aimed at improving management practices, and from enhanced 
public awareness of the need to abide by current laws. Moreover, new regula­
tions have been imposed which the public identified as needed to fill gaps in 
the existing regulatory system. Because each sanctuary is created to fit the 
needs of a specific region, however, there is still much confusion concerning 
what the designation of a new sanctuary will mean. 

During the last reauthorization of the MPRSA, Congress for the first time 
directed NOM to designate new sanctuaries, including the Olympic Coast of 
Washington State (by June 1990), and to review the possibility of designating 
the waters of Juan de Fuca Strait and surrounding the San Juan Islands as a 
sanctuary by March 1991. In addition, NOM was directed to give priority to 
funding research in sanctuaries and to assure that funds recovered from 
damages to a sanctuary be directed to restoring sanctuary resources. 

The purpose of this presentation is to clarify the mandate and evaluate the 
accomplishments of the Sanctuary Program with specific examples from 
management plans and research programs of existing sanctuaries. In addi­
tion, the process and issues being addressed in the review of the Olympic 
Coast and Northern Puget Sound proposals, including research, manage­
ment, and enforcement, will be discussed. 

1 W.A.V.E., 4007 Latona Avenue NE, Seattle, WA 98105 
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EFFECTIVENESS OF VARIOUS SURFACE WATER MANAGEMENT 
TOOLS IN A RAPIDLY URBANIZING DRAINAGE BASIN 

Bruce Barker, Margaret Moorehead, Derek B. Booth, Robert Fuerstenberg, and 
Richard E. Thomas 1 

A basin management program is recommended for the Soos Creek basin, a 
rapidlyurbanizingwatershed with diverse salmonid habitat. Using a continu­
ous hydrologic model, field studies, and empirical data, the effectiveness of 
various management tools is predicted with greater certainty than previously 
possible. The recommended program will substantially reduce, but not 
eliminate, development-related flow increases. 

Maintaining stable stream channels and high-quality habitat through control 
of development-related flow increases is an objective of the management 
program. Potential flow control measures include regional detention ponds, 
onsite detention requirements, floodplain development limits, clearing lim­
its, and land-use controls. The effectiveness of these measures varies. For 
example, regional detention ponds provide only localized flow control. Of 
thirteen regional ponds evaluated, only six ponds reduce flows downstream 
by more than nine percent. Because most of the Soos Creek basin has not yet 
been urbanized, controls on new development are the most effective ways to 
control flow increases. Sub-basin, specific on-site detention standards limit 
peak flow increases to 12 percent in less sensitive reaches and maintain flow 
peaks and long-term durations in erosion- and habitat-sensitive reaches. 
Under recommended floodplain development limits, peak flows in a sample 
reach are about 30 percent lower than under federal floodplain standards. 
When clearing is limited to 80 percent or less of the site in low density areas, 
peak flows can be reduced by 26 percent. 

Lowering of zoned land-use densities provides substantial flow benefits. On 
a sample commercial site, stream flows with a two-year return frequency are 
predicted to be more than three times higher than from a medium -density (1 
to 3 units/acre) residential subdivision. Even relatively small density differ­
ences can significantly affect flows. Erosion-causing 2-year flows occur be­
tween 30 and 1000 percent more often at densities of one unit per 2.5 acres, 
compared to densities of one unit per five acres. 

1 King County Surface Water Management Division, 730 Dexter Horton Building, 
Seattle, WA 98104 
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THE PUGET SOUND WETLANDS AND STORMWATER 
MANAGEMENT RESEARCH PROGRAM: RESULTS TO DATE AND 
THEIR IMPLICATIONS 

Richard R Homer 1, Klaus 0. Richter 1, Amanda L Azous 1, Eric C Stockdale 1, 

Sarah S. Cooke 2
, and Lorin E. Reinelt3 

In 1986 the Puget Sound Wetlands and Stormwater Management Research 
Program began to perform research on the short- and long-term impacts of 
urban stormwater on the region's freshwater wetlands and on the transport 
and fate of pollutants discharged to those wetlands. The goal of the program 
is to improve the management of both urban wetlands and the storm runoff 
that affects them either incidentally or through drainage management ac­
tions. The program has completed an initial survey and the first three years of 
a long-term investigation of wetland ecological change, and the implications 
of any such change, as urbanization proceeds. 

The research primarily involves comparisons of hydrology, water quality, 
soils, and plant and animal communities before and after urbanization, as 
well as between wetlands affected (treatment sites} and unaffected (control 
sites) by urbanization. While results are available only through the first stages 
of urbanization around treatment wetlands, key findings from our studies 
include: (1) regional wetlands exhibit one of four characteristic hydrologic 
patterns that, if changed, will affect the resident plant and animal communi­
ties; (2) water quality characteristics are generally quite variable, but means 
and ranges identified under different conditions provide a basis for indicating 
deterioration and setting criteria to prevent it; (3) heavy metals have rarely 
exceeded accepted water quality limits, but accumulation in soils and, to a 
lesser extent, in plant tissue is determined by their relative concentrations in 
water; (4) one year after urbanization began, treatment sites overall exhibited 
greater shifts in plant species presence and cover than did control wetlands; 
and (5) certain amphibians have well defined water depth requirements for 
breeding that are vulnerable to hydrologic change. 

The research results have been applied to develop preliminary guidelines for 
managing urban hydrology in conjunction with wetlands. Incorporated in a 
computer-based model, these guidelines will be refined as more data become 
available. 

1 Environmental Engineering and Science Program, UniversityofWashington, FX-10, 
King County Resource Planning, Seattle, WA 98195 

2 UniversityofWashington College of Forest Resources, AR-10, Seattle, WA 98103 
3 King County Conservation District, 935 Powell Avenue SW, Renton, WA 98055 
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EPA REGION 10'S URBAN PESTICIDE/FERTILIZER INITIATIVE 

Karl H. Arne 1 

The improper home and yard use or overuse of pesticides and fertilizers can 
lead to environmental hazards. Runoff can carry pesticides and fertilizers to 
aquatic environments, both surface and groundwater. Birds and other non­
target animals have been killed because of ingesting pesticides applied to 
lawns or gardens, and residential over-application, or ~pplication in the 
wrong conditions, of fertilizers are common. In addition, pesticide use can 
result in a significant potential for human exposure. 

State and federal pesticide program resources are directed mainly at agricul­
tural and commercial uses. Few education, surveillance, or enforcement 
resources are expended in urban settings. In the Seattle area, neither the 
Cooperative Extension Service nor the local health departments have signifi­
cant resources to devote to alternative home pest management, proper yard 
and garden fertilization procedures, and training programs. As a result, when 
faced with pest control or garden problems, homeowners may opt for chemi­
cal control applied either by themselves or by a professional pest control 
company, because they are not aware of alternative management possibili­
ties. 

To address the problems associated with pesticide and fertilizer use in urban 
areas, EPA Region 10 has begun work on an Urban Pesticide/Fertilizer Initia­
tive. The goals of this project are to inform urban users about environmental 
problems of pesticide and fertilizer use and to promote pest control and 
fertilization practices that are environmentally sound. This will be done by 
collecting information on alternative pest control and fertilization methods 
and making it available to extension offices, pest control officers, and the 
general public. 

1 U.S. Environmental Protection Agency, Region 10, Seattle, WA 98101 
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MICROBIAL DEGRADATION OF TOXICANTS: HOPE FOR PUGET 
SOUND SEDIMENTS? 

Russell P. Herwig and ]ames T. Staley 1 

Puget Sound has several sediment sites that contain elevated concentrations 
of toxicants including heavy metals, pentachlorophenol, polychlorinated hi­
phenyls (PCBs), and polycyclic aromatic hydrocarbons (PAHs). Previous 
research about toxicants in PugetSound has been directed toward (I) learning 
the distribution of toxicants in the water, sediments and biota; (2) evaluating 
the toxicity contained in marine waters and sediments using a variety of 
bioassays; and (3) determining the community structure at sample sites. The 
goal of this study is to examine the biodegradation of toxicants in Puget Sound 
and the microorganisms responsible for this degradation. 

At one time many toxicants were thought to be totally resistant to biological 
degradation. However, in recent years various investigators have described 
both mixed and pure cultures of microorganisms capable of transforming 
many of these compounds, often into harmless products. Nationally, several 
environmental microbiology studies have examined contaminated ground­
water and terrestrial soil sites, but little work is being done on the degradation 
of toxicants in the marine environment. The physical, chemical, and biologi­
cal properties of marine environments suggest that the microorganisms ca­
pable of toxicant degradation in Puget Sound will be different from microor­
ganisms found in non-marine sites. 

Our laboratory has recently begun to examine the degradation ofPAHs and 
pentachlorophenol in Puget Sound, and we will isolate marine microorgan­
isms that contribute to this activity. In our presentation, we summarize the 
literature on the microbiology of toxicant degradation with regard to those 
compounds contaminating Puget Sound and also outline our Puget Sound 
research procedures. The long-term goal of our research group is to under­
stand the biological degradation of toxicants in PugetSound and to participate 
in the development of methods for the in situ bio-remediation of toxic sites 
found in Puget Sound. 

1 UniversityofWashington, DepartmentofMicrobiology, Seattle, WA 98195 
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THE ENVIRONMENTAL VALUE OF CULTURAL RESOURCES, 
ARCHEOLOGY, AND HISTORY IN CONTEMPORARY PUGET 
SOUND NATURAL RESOURCES MANAGEMENT 

David G. Rice 1 

It is not commonly understood that cultural (archeological and historical) 
resources are as valuable a source of information regarding past environ­
ments and climates as they are regarding prehistoric and historic human 
activities. In fact, one of the major weaknesses in contemporary, applied 
ecological studies is the lack of time depth in the historical record of key 
environmental information, especially hydrology and flood events, cata­
strophic events such as earthquakes and volcanic eruptions, regional patterns 
of delta building and estuary siltation, and changes in regional biological 
resources. 

Prehistoric archeological sites along the Puget Sound littoral have the poten­
tial to contribute important information about changes in micro-environ­
ments within the region, especially over the last 3,000 years. In addition, 
cultural resources of the early historic period may be valuable in describing 
local/regional environmental conditions and changes in those conditions 
during the historic period. Indeed, archeologists and historians have special 
environmental expertise and a legitimate and appropriate role in working 
with biologists and wetland ecologists to assess baseline conditions for past 
environmental settings as well as for reconstruction of environmental condi­
tions from the historic record. 

This presentation illustrates some of the applications of this kind of informa­
tion to contemporary environmental studies important to the effective man­
agement ofPuget Sound, such as patterns of habitat preservation and degra­
dation, and harbor pollution effects. Finally, studies are recommended which 
would make better use of archeologists and historians, and of the cultural 
resources which exist, in historical environmental studies in the Puget Sound 
region. 

1 U.S. Army Corps of Engineers, Seattle District, Box C-3755, Seattle, WA 98124-2255 
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CONTROL AND PREVENTION OF PARTICULATE POLLUTION IN 
PUGET SOUND AQUATIC SYSTEMS 

M. Pat Wennekens 1 

Particulate pollution is the most ubiquitous, widespread and serious form of 
pollution impacting Puget Sound aquatic systems. The term "particulate 
pollution," as contrasted to "sediment pollution," serves to underscore the 
fact that a wide array of particles contributes to the physical and toxological 
degrada- tion of Puget Sound aquatic environments. The term "sediment" 
commonly alludes to deposited material, and wastewater engineering terms 
such as "total suspended solids, "settleable solids", and "turbidity," refer to 
the physical presence of various concentrations of (fine), usually suspended 
inorganic and organic particles. Methods of the control and prevention of 
particulate pollution will differ, however, depending on which of two physi­
cally and hydro-geochemically distinct sets of particles are being dealt with: 
a) Particles ranging in size from boulders to sands which move along the 

bottom by sliding, rolling and saltation (hops and jumps) and which induce 
"bedload" pollution, and 

b) Fine to ultra-fine, inorganic/organic, pollutant- carrying particles which 
are clay- to colloid-sized, surface active, comparatively slow to settle, and 
which induce "suspensoid" pollution. 

"Bedload" pollution is primarily physical, usually localized, relatively long­
lasting and slow to flush. "Supensoid" pollution is the most serious form of 
particulate pollution, due to its pollutant-binding properties and the relative 
ease with which its fine particles are broad casted. 

Control and prevention of particulate pollution obviously rest with strict and 
aggresive "zero discharge" source control. "Zero Discharge" is not an altruis­
tic utopia but a necessity. Prevention rather than promoting "acceptable 
levels of pollution" must become the norm of regulatory practices. 

1 Olympic Environmental Council, Hydro-Phyta Geoscience, 399 Norman Street, 
Sequim, WA 93382 
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DISTRIBUTION OF HABITATS AND SUMMER STANDING CROP 
OF SEAGRASSES AND MACROALGAE IN PADILLA BAY, 
WASHINGTON, 1989 

Douglas A Bulthuis 1 

The channels, seagrass and macroalgae beds, and intertidal flats in Padilla Bay 
were mapped during the summer of 1989. Seagrasses, principally Zostera 
marina L., provided the most important habitat, coveringabout2300 hectares 
of the total 3900 hectares in the Padilla Bay National Estuarine Research 
Reserve. Zostera japonica Aschers. & Graebn. was distributed higher in the 
intertidal than Z marina and covered about 250 hectares. Reported from 
Padilla Bay for the first time, the seagrass Ruppia maritima is widely but very 
sparsely distributed over about 100 hectares. Large accumulations of Ulva 
and Enteromorpha covered about 70 hectares in the southern part of Padilla 
Bay. Density of Zostera marina ranged up to 441 shoots/m2 and of Z japonica 
up to 1095 shoots/m2• The standing crop of seagrasses ranged from 12 to 103 
g dry weight/m2 at 13 seagrass covered sites at which macroalgae biomass 
ranged from less than 1 to 190 g dryweight/m2• Within one Ulva-covered site, 
the macroalgae standing crop averaged 526 g dry weight/m2• 

The sediments in most ofPadillaBayare sandy, with silt and clay the dominant 
particle size only in the southeastern corner. The seagrass beds in the bay are 
one of the largest, continuous beds of seagrass in Washington State and along 
the Pacific Coast of North America. 

1 Padilla Bay National Estuarine Research Reserve, Washington State Deptartment of 
Ecology, 1043 BayView-Edison Road, Mount Vernon, WA 98273 
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GETTING THE MESSAGE OUT: THE CITY OF SEATTLE'S 
VOLUNTEER STORM DRAIN STENCILING PROJECT 
JennieS. Goldberg1 

The illegal dumping of used motor oil and other hazardous materials into 
storm drainage systems continues to be a major source of nonpoint source 
pollution to Seattle's creeks and lakes and to Puget Sound. Often it occurs 
because people do not understand the connection between storm drains and 
the receiving waters. Effective education efforts can increase public aware­
ness and lead to a change in behavior. 

The Storm Drain Stenciling Project involves organizing volunteers to paint the 
message, "DUMP NO WASTE ... DRAINS TO STREAM (or LAKE or BAY)", on the 
street next to storm drain inlets. This "hands-on" form of activity is an effective 
education tool because it provides individuals an opportunity to do some­
thing to protect clean water and encourages responsible stewardship of our 
city's waterways. Stenciling next to storm drain inlets alerts passers-by to the 
fate of run-off water and the materials carried with it from buildings and 
streets. The message is highlyvisible and discourages would-be dumpers from 
polluting. 

Participation by volunteers is enhanced by making it easy for individuals and 
businesses to stencil neighborhood inlets. The city provides all the materials 
needed: paint, traffic safety vests and flags, gloves, stencils, street use permit, 
drainage maps of the area and information sheets. These "kits" are loaned to 
individuals, businesses, groups or schools free of charge. 

Stenciling activities compliment and reinforce other on-going water quality 
education efforts currently conducted by Seattle's Drainage and Wastewater 
Utility, such as distribution of written materials. Other benefits to the city 
include an increased public awareness that assists in its efforts to reduce 
pollutants in storm drain discharges and reduces the costs related to cleaning 
catch basins and storm drain lines. 

1 City of Seattle Drainage and Wastewater Utility, 710 Second Avenue, Room 660, 
Seattle, WA 98104 
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RESPONSE OF JUVENILE PACIFIC SALMON (ONCORHYNCHUS 
SPP.) TO PILE DRIVING OPERATIONS IN PUGET SOUND 
SHORELINE WATERS 

]ames]. Anderson 1, Robert DonneUy1, Blake E. Feist1, Mike Macauley2, Robert 
T. Miyamoto 2, and Mark Stoermer2 

Current regulations prohibit pile driving activities in Puget Sound waters from 
March 15 to June 15 each year. However, the rationale that migrating juvenile 
Pacific salmon (Oncorhynchus spp.) might be driven towards deeper water in 
order to avoid the disturbance created by pile driving activities has yet to be 
supported by solid evidence. An understanding of the effect of pile driving on 
pink and chum salmon ecology near construction sites in Puget Sound is 
essential if we are to effectively balance our environmental and industrial 
needs. 

A pilot study was initiated to assess the potential effects of pile driving on 
juvenile salmonid ecology. The behavior and distributions of juvenile pink 
and chum salmon, with and without pile driving activities, at the Everett 
Homeport site (near the mouth of the Snohomish River) was monitored daily 
during the closure period. School size, frequency, and general behavior were 
recorded. In addition, length, weight, and stomach contents were measured, 
the underwater acoustic environment was characterized, and tides, weather 
and salinity were recorded. 

Preliminary results indicate that pile driving has subtle effects on salmon 
behavior and school size. Environmental factors are being determined. 

1 University ofWashington, Fisheries Research Institute, Seattle, WA 98195 
2 University ofWashington, Applied Physics Laboratory, Seattle, WA 98195 
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IMPACT OF PURPLE LOOSESTRIFE ON WATERFOWL HABITAT 
AT MONTLAKE FILL, UNIVERSITY OF WASHINGTON 

Estella Leopold 1, Kristina Lau 2, and Michael Pollack' 

Purple loosestrife (Lythrum salicaria, Lythraceae) is a tall aquatic and exotic 
weed which has invaded certain local wetlands in the Seattle area during the 
last 10 years. We hypothesize that loosestrife competes with and displaces 
native aquatic plant species that supply natural food and habitat for water­
fowl. The Montlake Fill (a former landfill) has four small ponds, of which two 
are dominated by dense strands of purple loosestrife, one is partially invaded, 
and one pond has no loosestrife. 

Observations of waterfowl use of the ponds made during the months of April 
and May 1990, for a total of 21 days, tended to confirm the hypothesis that the 
usage of ponds by waterfowl is lower on habitats invaded by purple loosestrife 
than on ponds dominated by native wetland plant communities. 

1 Department of Botany, University of Washington, Seattle, WA 98504 
2 Biology Teaching Program, University ofWashington, Seattle, WA 98504 
3 College of Forest Resources, University ofWashington, Seattle, WA 98504 
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GRAY WHALE FEEDING ON CALLIANASSA SHRIMP IN BENTHIC 
INTERTIDAL HABITATS IN PUGETSOUND 

Winner of the award for Be.st Student Poster at Puget Sound Research '91 

Laurie A. Weitkamp 1 

Initial observations and documentation of gray whales (Eschrichtuis robustus) 
feeding on intertidal sandflats dominated by ghost shrimp (Callianassa 
californiensis) were made in June 1990 in Puget Sound. The whales created 
large feeding pits at an elevation of -0.7 to-2.4 ft. MLLW, along 12 miles of sand 
beacheswithhighghostshrimpdensities(250/m2). Thefeedingpitsaveraged 
2.9 m long, 1.6 m wide, with an area of3. 7m2

• Observations indicated that only 
one-fifth of the ghost shrimp biomass found outside the pits (1058 g/m2

) 

remained in the sediments inside them (218 g/m2), suggesting an average of 
3.1 kg shrimp had been removed from each pit. 

Although pit dimensions are comparable to those reported for gray whales 
feeding in other habitats, the biomass available to whales feeding on ghost 
shrimp is2 to 6.5 times greater than that from other benthic resources from the 
outer coast ofNorthAmerica and the Bering and Chukchi Seas. This apparent 
consumption of ghost shrimp suggests an increasing exploitation of benthic 
resources in the North Pacific by the expanding gray whale population, 
possibly indicative of its former role in structuring estuarine and coastal 
benthic communities. 

1 Fisheries Research Institute, UniversityofWashington, WH-10, Seattle, WA 98195 
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THE EFFECTS OF LANDFILL LEACHATE FROM PADILLA BAY ON 
THE ABUNDANCE OF HARPACTICOID COPEPODS, AND 
BIOASSAY MEASUREMENTS OF SEDIMENT TOXICITY USING 
RHEPOXINIUS ABRON/US 

Jim Wiggins 1 

Landfills are disposal sites for various municipal and industrial wastes. Land­
fillleachate, whether from seepage through the landfill as a result of rainfall or 
as direct runoff from discarded liquid wastes, affects various marine commu­
nities within Puget Sound. Combining chemical analyses, sediment bioassays 
for toxicity analyses and in-situ community sampling allows for a thorough 
determination of the degree of impact leachate has on a system. 

I have studied a site where landfill leachate enters Padilla Bay. Acting for the 
EPA, the Washington Department ofEcologyfound no significant amounts of 
priority pollutants in this area in 1986. 

In conjunction with a sediment bioassay using the amphipod Rhepoxinius 
abronius to determine sediment toxicity, two areas where leachate enters a 
shallow mud bay and one environmentally similar but clean site were ana­
lyzed for the abundance of epibenthic harpacticoid copepods. The area 
exposed to the leachate runoff showed no significant decline in harpacticoid 
copepod abundance compared to the clean site but the am phi pod sediment 
bioassay showed a significantly higher mortality than the clean site. The 
analysis of another area that had visible signs of oil contamination showed a 
significantly higher abundance ofharpacticoids than the clean and leachate­
affected area and had the highest mortality in the amphipod bioassay (100% 
mortality using the top 2 em of sediment). 

Through more analyses of the oil contaminated site, the top 2 mm of sediment 
showed similar bioassay results as the clean site, indicating a natural sediment 
"cap" over the toxic sediments. 

Local harpacticoid cope pod species, predominantly Harpacticussp. and Tis be 
sp. (a portion of the epibenthos) reside in the sediment surface layer. The 
sediment is oxidized, high in humic content and well mixed. This study 
indicates that the sediment surface layer provides adequate conditions to 
support an epibenthic community by separating it from toxic benthic sedi­
ments. 

1 Aqua-TerrSystems, 1117 North Garden Street, Bellingham, WA 98225 
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THE SORPTION BEHAVIOR OF BUTYL TINS IN TWO PUGET 
SOUND MARINAS 

David W. Templeton 1 

The use oftributyltin (TBT) as a biocide directly releases highlytoxictributyltins 
into the aquatic environment. Sediments can act as a repository for significant 
amounts of TBT and its degradation products, dibutyltin (DBT) and 
mono butyl tin (MBn. The bound butyltins may then be available for uptake by 
benthic organisms and serve as a source of contaminants to the water column 
through diffusive flux and desorption events. This study investigated factors 
that control the partitioning (the ratio of sediment and water column concen­
trations) of butyltin compounds in impacted sediments by examining the 
correlation between partition coefficient, grain size, and total volatile solids 
(1VS) for Port Townsend Marina and Cap Sante Marina (Anacortes). 

The top three centimeters of sediment were obtained with a bottom grab. 
Overlying water samples were pumped from twelve centimeters off the bot­
tom during slack and ebb tide conditions. Butyltin levels were determined by 
capillary gas chromatography with flame photometric detection. Percent 
mud ( <63 J.Un) was determined by wet sieving and differential settling rate 
methods. Total volatile solids were defined as loss after ignition when ashed 
for two hours at 5500C. 

Marina butyl tin partition coefficient values ranged from 500 to 2500 J.Lg/kg dry 
sediment per ng/L seawater. Port Townsend Marina sediment percent mud 
ranged from 14 to 36, with percent volatile solids in the range of 1.11 to 1. 72. 
Cap Sante Marina sediment percent mud ranged from 90 to 98, with percent 
volatile solids in the range of3.4 to 5.5. Correlation data is not available at this 
time. 

The degradation rates of butyl tins in sediment have been demonstrated to be 
much slower than those in the water column. Bypredictingthe partitioning of 
butyltins in marina sediments, the long term impacts on the Puget Sound 
ecosystem can be better evaluated by applying the correct degradation rates. 

1 Western Washington University, Battelle NW Marine Science Lab, 439 W. Sequim 
Bay Road, Sequim, WA 98382 

001 



PUGET SOUND RESEARCH '91 

A VIABLE ALLIANCE FOR AGRICULTURE AND THE 
ENVIRONMENT 

Nancy Tucker and Page Crutcher 1 

The purpose of our project is to assess the effectiveness of interactive pollution 
reduction and recycling methods for agricultural enterprises which ~up port a 
viable alliance for agriculture, water quality, and wildlife. 

The poster demonstrates the use of on-site natural systems to address the 
widespread and serious environmental problems caused by non-point water 
pollution. Dairy farms have been identified as contributing to nonpoint 
source pollution. We propose a practical and technical demonstration of 
dairybam wastewater treatment utilizing biofiltration. The project could 
demonstrate to the dairy industry and the public at large, a new low-technol­
ogy, sustainable, environmentally sound process for dairybarn wastewater 
treatment. 

Utilizing introduced fields of cattails for biofiltration of liquid dairybarn 
wastes may reduce and improve the quality of effluent from dairybams to 
secondary and tertiary levels of treatment. Concentrated biofiltration of 
dairybarn wastewater would significantly reduce bacterial and nutrient 
nonpointsourcepollutioncausedbythecurrentprocedureofover-saturating 
huge tracts of farm fields with liquid wastes. The proposed process will also 
reuse excessive nutrients more efficiently, as the biofiltrating cattails are 
palatable and nutritionally sufficient for heifers and non-lactating cattle feed. 
The process will also recycle valuable groundwater by allowing the treated 
water to be utilized again during the dailywashdown of the loafing barns and 
milking parlors. 

The poster also identifies potential cash crops that could dramatically in­
crease economic viability of agricultural lands near major metropolitan areas. 
Procedures for habitat improvement and landscape management that honor 
rural character are also highlighted. 

1 Department of Landscape Architecture, University of Washington, J0-34, Seattle, WA 
98195 
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GUEST SPEAKER 

DEEP TIME AND SHALLOW POLICY 

Bruce Brown 

Thank you very much. This is a sort of homecoming for me. 

I grew up in Seattle watching Captain Puget and Ivar Haglund sing "Acres of 
Clams." We talked about mosquito fleets, not swarms; and the underground 
took you back in time, not across town. 

I always loved Seattle, of course, with the mountains and water all around, but 
I didn't really give its physical situation much thought until I went away to 
college. 

There I found that almost everybody I met hated where they were from. When 
I talked about watching phosphorescence burning in the waters around our 
sailboat on hot August nights on the Sound, the room around me often grew 
silent with disbelief. My friends from Masapequa and Hackensack had no 
come-back. 

I suppose in my telling the Sound resembled the Spanish main more than 
itself. In fact, I remember the frustration of trying to get tourists to see through 
the murky veils in which the Sound often wraps herself. Once a member of the 
family interrupted a tourist on a ferry to correct his description of the Sound, 
"No, not grey. Grey-GREEN." 

In time I realized-like Dan Chasan-that water is the link. If you want to get 
to the heart of what is happening in the Northwest, you need to get down to the 
water line that snakes through so much of this region and dominates the 
landscape even more than Mt. Rainier. 

The Pacific Northwest makes it easy of course, perhaps even excessively so in 
the eyes of the people of Fir Island, and the little town where I live, Sumas, 
Washington. Last month I stood at my living room window and watched a20-
cubic foot chest style freezer and a Hide-A-Bed float by and finally beach 
themselves in the middle of the cow pasture across the road. 

It doesn't take too many experiences like this to convince you that water is the 
ruling element hereabouts. Trouble is, our inclination culturally is to do 
something ~bout that. The history of the "management" -and I use the term 
advisedly-of inland and off-shore waters is not a pretty one in either the Old 
or New World. 

Here in America, Long Island Sound, Lake Erie, San Francisco Bay are among 
the great bodies of water that have withered under our hand, despite a 
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formidable array of protective laws and the expenditure-especially in recent 
decades-of huge sums of money to partially restore or mitigate the damage. 

Looking at the Atlantic salmon situation, there were 433 laws on the books in 
the state ofMaine to protect salmon when the fish became extinct in the waters 
of the state in the late nineteenth century. Similarly, scores of Washington 
dams, from Aldwell Dam on the Elwha River to Grand Coulee on the Columbia, 
were built in violation of Washington State laws during this century. 

We know a great deal more about what is going on in the environment around 
us today-as this conference splendidly illustrates-but I sometimes wonder 
how different the underlying process really is. I remember when I was a 
reporter at the Seattle Post-Intelligencerduring the 1970s I bet my city editor 
that you could choose a state environmental law at random, go in, and find a 
non-enforcement scandal. 

He took me on the bet, and the result was some of the investigative reporting 
that lay behind my first book, Mountain in the Clouds. Now in Thursday's 
P-1 we have a story by Rob Taylor revealing that four of the largest air pollut­
ers on Puget Sound have been effectively exempted by the state from tough­
ening air quality standards. 

Watching this process repeat itself over centuries, one inevitably begins to ask, 
why? Why do we always hurt the one we love? Seriously, though, why are we 
unable to prevent ourselves from wasting large common aquatic resources? I 
sometimes think of it as a matter of shallow laws and deep time. 

American law places a great deal of importance on things like property rights, 
and the sanctity of the contract. And even where the law is intended to achieve 
broader aims, it is constantly impinged upon by individuals advancing what 
are perceived as property rights. This is good in some respects, but it has spelt 
the ruin of virtually every significant common resource. Some have suggested 
that the only way to end .. The Tragedy of Commons" is to ~'privatize" public 
resources, but I believe the problem goes deeper than that. 

Let's consider where we're at in the later 20th century. Despite the Diet Pepsi 
challenge, Puget Sound area residents still live in an area where rain-or other 
forms of precipitation-is the predominant meteorological phenomenon. 
This causes a net flow of nutrients off the land into the sea that is incessant, 
except for periods of glaciation. 

As recently as 10,000 years ago, ice advanced to cover the entire Puget Sound 
trough, burying everything from the Cascades to the Olympics. We know from 
the geological record that this has happened again and again. The devastation 
that has accompanied these repeated ice advances is almost incomprehen-
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sible. So too is the resiliency of the biome necessary for life to recolonize the 
area again and again. 

Puget Sound plays a crucial role in this cycle. It's effects are evident every­
where from the moderating influence it has on regional temperatures, to its 
support of a great complex of aquatic life. It's nice to have the Sound there for 
all the reasons that the lifestyle bimbos from the East Coast and California 
media are always talking about, but it matters because it makes it possible for 
life in the region to survive across millennia. 

In the past one way that Puget Sound has contributed to the basin beyond its 
shores is by production of wild salmon. We know that the Sound provides a 
rich feeding ground for salmonids where it is healthy, and some species of 
salmonids, such as the Chinook, may never leave it. This has the effect of 
making the Sound's tributary rivers more productive than they otherwise 
would be, and increasing the size of their native salmon runs. 

These fish, as some of you who are familiar with Mountain in the Clouds know, 
function as nature's primary means of reversing the predominate nutrient 
flow, and returning organic material from the ocean to the land. A great 
biological engine of enrichment and regeneration, they not only support 
countless aquatic and riverine predators, but actually increase their own 
progeny's chances of survival through their curious rites of mass spawning 
and death. 

In the not too distant past Puget Sound supported great populations of wild 
salmon-we know this from the record of their slaughter. These fish were one 
nexus in a complex web oflife which sustained this region for millions of years, 
judging by the fossil remains giant Smilodonicthys left in the cliffs along the 
Washington Coast. 

Today the situation for many wild Western Washington salmon is perilous. 
Numbers can get numbing, but to give you an idea of how bad wild coho 
production has gotten in some rivers, the Nooksack has fallen so low that it 
actually produces fewer of the fish annually than Breckenridge and Johnson 
creeks, two small streams near my home which are tributary to the Fraser. 

The modem peril of many stocks of wild Puget Sound salmon is not just a 
problem for the fish for afewyears, and it's not justa problem forthefishermen 
who live off them, or the industries that live off the fishermen. It's a problem 
for most life in the region, and its effects will be felt ten thousand years from 
now. 

All this is true, too, in a broader sense for the Sound itself. The great body of 
water that has gathered us together over the last two days presents us with a 
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challenge. It makes me think of a Nicole Hollander cartoon I saw recently 
which had a 1V game show host in a life support suit. 

"And Now!" he said, "for the red rain coat and the last piece of beach-front 
property in the world ...... What is 'The Greenhouse Effect?'" 

"Oh Bummer. I can't remember," replied the off-screen contestant. 

Things aren't that bad yet, but Puget Sound is just about our last chance to 
prove that America is capable of not trashing an important inland waterway. 

I hope we are equal to that challenge, so that 500 years from now, some tourist 
can speak of the grey waters of the Sound, and a native (whatever and 
whomever they may be at that time) can correct lovingly, "No, not grey. Grey­
green ... " 

Thank you again. 
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