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Part 1 Introduction

Understanding the State of Seattle Waters

and shorelines located within the city limits 

overall watershed health and the ability of 
city watersheds to perform critical functions 

been collectively compiled and organized 

City of Seattle staff and interested citizens.

stewardship across a watershed at many levels of action—from pesticide use in residential landscaping 

critical water resources.  The Restore Our Waters initiative is a long-term effort to protect and restore 

this program are to be guided by clear goals that are based in science and tracked through time to show 

Downtown Seattle from Elliott Bay (photo by Bennett)
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an important foundation step for other city 
efforts and activities that will affect the 
health of Seattle water bodies in the coming 
years.  The assessment provided in this 
document was used to develop a companion 

which outlines what healthy urban water 

about urban watercourses. 

Contents of the State of the Waters Report

work together to shape lake habitat and the plant and animal communities that use them.

the purposes of this report.

 Small Lakes Summary and Conclusions summarizes current conditions and conclusions about the 

Downtown Seattle across Lake Union (photo by Bennett)
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Overview of Seattle-Area Water Bodies

 Watercourses and streams

 Lakes

 Estuaries

 Marine waters.

Watercourses and Streams

ditches and culverts) but do not include receiving waters (Seattle Municipal Code 22.801.240).

watercourses.

Lakes

Green Lake (photo by Bennett)

Lakes are formed in topographic depressions that retain fresh 

and—in developed areas—from drainage pipes.  Water 

into constructed drainage systems.  Lakes can range in size 

that depend on lake environments inhabit shallow-water and 
deep-water areas and interact in a complex food web.
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lakes are the focus of this volume (Volume II) of the State of the Waters report.  The city also contains 

Estuaries

Plants and animals that inhabit these environments must respond to rapidly changing salinity levels and 

The Duwamish River estuary primarily serves as the meeting point for Puget Sound and the Green/

Marine Ecosystems

it is actually considered an estuary because of the numerous tributary rivers that dilute salinities in the 
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Figure 1.  Seattle small lakes.
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Part 2 A Brief Primer on Lake Ecosystems

Lake Ecosystem Processes

Bitter Lake (photo by Bennett)

Haller Lake (photo by Bennett)

component in lake processes.  Lake ecosystems are shaped by 
the hydrology and topography of the watershed and the lake 

1983; Horne and Goldman 1994).  The drainage basin regulates 

introduction of nutrients and contaminants (Ziemer and Lisle 
1998).

ecosystem (Likens 1985).



OLIGOTROPHIC EUTROPHIC

epilimnion
thermocline
hypolimnion

high nutrient inputlow nutrient input

low oxygen demand
per unit volume

high oxygen demand
per unit volume

low production high production

Lake trophic status is a 
measure of the nutrient status, 
or eutrophication, of a lake.  
Degrees of eutrophication, 
in increasing levels of 
nutrient enrichment, typically 
range from oligotrophic, to 
mesotrophic, to eutrophic, to 
hypereutrophic.

City of Seattle State of the Waters 2007
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Trophic Status and Eutrophication

A lake is generally placed into one of three categories based on 

substrate.  Oligotrophic lakes contain very low concentrations 
of the essential nutrients for plant growth.  Few nutrients enter 

are rich in dissolved oxygen from top to bottom.

Figure 2.  Conceptual model of oligotrophic and eutrophic lake ecosystems.
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Figure 3.  Conceptual model 
        of the seasonal 
        thermocline in 
        lakes.

Lakes that have intermediate productivity lie between 
oligotrophic and eutrophic on the continuum and are 
categorized as mesotrophic.  Many factors can shape 

slowly accumulate to make the lake shallower and 
the nutrients become more concentrated.  Under 

or watershed geomorphology.

The rate of eutrophication can be greatly affected by 
human disruption of ecological processes within a lake 
basin.  Lakes collect fertilizers used throughout their 

as convenient depositories for wastes and sewage.  

particularly nitrogen and phosphorus (sometimes called 
cultural eutrophication) can lead to hypereutrophic 
conditions.  Lakes that undergo very rapid enrichment 
can experience extreme shifts in dissolved oxygen 

The temperature throughout the water column in a lake is affected 
by seasonal changes in solar radiation and wind activity.  During 

dissolved oxygen levels rise due to wind mixing and increased 
plant production.  This warming and blending results in a layer 
of well-oxygenated water at the surface that is less dense than 

oxygenated due to the lack of photosynthesis and the decomposition 

Bitter Lake is considered a mesotrophic 
lake (photo by Bennett)
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change as nutrients and decaying organic matter are cycled up to the surface.  This phenomenon is known 

Sound region generally do not ice over and tend to be continually mixed during the winter.

Lake Zonation

and Scheuerell 2002).  These four ecological zones are described separately below.

Pelagic Zone

Goldman 1994).  Pelagic zone habitats change with water depth and do not vary substantially within 

waters become separated from cooler water at deeper depths.  The penetration of light and occurrence 
of photosynthesis (primary production) follow and exacerbate the differences above and below the 

organisms in the lake water column (Horne and Goldman 1994).  

weak-swimming microscopic animals or plants 

the pelagic zone.  Examples of plankton include 

early life stages of insects.  An important process 
that occurs in the pelagic zone of lakes is nutrient 

food web.  Lake turnover is also important for 

nutrients for planktonic production (Schindler and 
Scheuerell 2002).  Fish also inhabit this zone of the 
lake.  The vertical differences in the water column 

and foraging habitats.Bitter Lake (photo by Bennett) 
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Benthic Zone

Benthic habitats are associated with bottom substrates and can vary substantially across horizontal 

and Scheuerell 2002).

Nutrient processing and production in the benthic zone are important for the lake ecosystem.  The 

shallow littoral and riparian areas. 

Littoral Zone

Littoral zones are the shallow 

associated with the lake shoreline.  
The littoral zone extends out to a 
depth where light levels are low 
enough to dramatically reduce 
photosynthesis (Wetzel 1983; 
Schindler and Scheuerell 2002).  
This zone is coupled closely with 
both the benthic and riparian 

to regulate much of the physical 

woody debris) and chemical 
structure in the littoral zone. Bitter Lake shoreline and littoral zone (photo by Bennett)

Riparian Zone
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Disruptions to Lake Ecosystems

The littoral zone is occupied by the same 

contains more of the land-based animals 
and plants.  Plants at the edge of the lake 
must be adapted to periods of inundation 

to wet soils such as in wetland conditions.  
Littoral zone food webs are based upon 
both in-water production from algae 

inputs from upland plants (Schindler and 
Scheuerell 2002).  The condition of the 
riparian and littoral zones is important for 
nutrient processing and production and for 

migration options.

The riparian area around Haller Lake includes varying 
amounts of lawns, mature trees, and shrubs (photo by 
Bennett)

related to development in the watershed 
and recreational and residential uses of the 

and content of stormwater runoff to lakes.  

Shoreline and shallow-water habitat can be 

for boat access and moorage.  Residential land 
owners often remove shoreline vegetation 
and install bulkheads and other forms of bank 
armoring to take advantage of water views and 
secure the property.  Development along Bitter Lake (photo by Bennett)
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Altered Hydrology

are processed and stored (Horne and Goldman 1994).  The amount of water reaching a lake is affected 
by watershed runoff and discharge from watercourses and rivers that enter the lake.  The amount and 
timing of water coming into the lake can be affected by detention or diversion of water for human 

Water delivery is also affected by urbanization in the lake watershed.  Urban development in upland 

increases the impervious surface area within watersheds.  This in turn increases the volume and rate 

shoreline (Dunne and Leopold 1978; Arnold and Gibbons 1996; Poff et al. 1997).  

in the littoral and riparian zones.  Hydrology also affects nutrient cycling and the basic productivity in 
the lake.

Water Quality

to an abundance of undesirable algal blooms in urban lakes. 
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Sediment Quality

A portion of the contaminants that can enter lakes through direct discharges and stormwater runoff are 

contaminants enter the food web through the plants and animals that reside in the bottom sediments.  

Sediment Dynamics

Shoreline Connectivity

for creating and maintaining littoral habitat structure.  These shallow-water habitats are important areas 

this habitat supports production of benthic communities (Schindler and Scheuerell 2002).  Leaf litter 

into shallow-water areas.



15

City of Seattle State of the Waters 2007 Volume II: Small Lakes

Part 2     A Brief Primer on Lake Ecosystems

2002).  The function of riparian vegetation along lake shorelines is often undermined by invasive plant 

water habitat are affected by the presence 

2001).  Armoring is often present within 

where it reduces the amount of shallow-
water habitat that can be used by benthic 

2002; Tabor and Piaskowski 2002).  Docks 

Tabor et al. 2004).  Nonnative predatory 

over-water structures; this behavior may 
affect predator-prey interactions.

Nonnative Species

Nonnative species can also alter food web dynamics and compete with or prey upon native species. 

Haller Lake (pictured) and Bitter Lake contain many docks 
and shoreline structures (photo by Bennett)
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Part 3 Assessing the State of the Waters

and evaluated for this report.  This chapter describes the data compilation and evaluation procedures 

Water and Sediment Quality Assessment Methods

the program has monitored Bitter Lake since 1985.  Green Lake was intensively monitored from 1992 

the lake has been monitored twice each month during the summer by Seattle Parks and Recreation.  In 

Information on the levels of metals and toxic organic pollutants present in Seattle lakes is generally 

sediment in Green Lake.

Water Quality Indicators

rely on clean water.  



Use Benefit Key Water Quality Indicators 

Contact recreation Providing suitable water quality and sediment quality 
for human use of surface waters for contact recreation, 
including swimming, wading, snorkeling, and diving. 

Fecal coliform bacteria 

Passive recreation Providing opportunities for people to enjoy walking 
and hiking, playing, observing wildlife and connecting 
with nature. 

Fecal coliform bacteria and 
trophic state index 

Human 
consumption 

Providing suitable water quality and sediment quality 
for fish and shellfish harvesting. 

Metals and organic compounds 

Aesthetics Preventing visual and odor-related degradation of 
surface waters to protect their aesthetic value. 

Total petroleum hydrocarbons 
and trophic state index 

Aquatic health Providing water quality and sediment quality 
conditions to support valuable aquatic species. 

Conventional parameters 
(dissolved oxygen, temperature, 
pH, nutrients), trophic state 
index, metals, organic 
compounds 

City of Seattle State of the Waters 2007
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Data Compilation

of each individual lake).

this assessment to evaluate their overall 

are select chemical and physical 
parameters and indices that can be 
used to characterize overall conditions; 
they provide criteria and benchmarks 
for assessing the success of watershed 
management efforts.  More information 

be found in Volume I of this report.Fishing in Seattle’s Green Lake (photo by Bennett)
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Data Quality Assurance Review

sampling and laboratory analysis is not presented along with the data.

laboratory analysis is not presented along with the data.



City of Seattle State of the Waters 2007

20

Volume II: Small Lakes

Part 3     Assessing the State of the Waters

QA category 3 data are excluded.  The category assigned to each data source is listed in Table 2. 

Data Analysis

A brief description of each analysis is provided separately in the following subsections. 

Time Series Analysis

Time series analyses are simple graphs of chemical concentration versus time.  The overall scatter and 
distribution in the chemical values provide an indication of general trends and variability in the sample 
population.

Washington State Water Quality Standards 

The freshwater standards apply to Seattle small lakes and large lakes (Lake Washington and Lake 
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2006 rules are used in this report where samples have been collected appropriately to allow comparison 
to the revised 2006 criteria.  The 1997 rule is used where the existing data are not directly comparable 

of the available data for water temperature were collected on a monthly basis and therefore cannot 

criterion.

Table 3.



TSI value Lake Class Description 

<40 Oligotrophic Low biological activity associated with high water clarity, low phosphorus 
concentrations, and low algal levels 

40-50 Mesotrophic Moderate biological activity associated with moderate water clarity, low 
phosphorus concentrations, and moderate algal levels 

>50 Eutrophic High biological activity associated with low water clarity, high phosphorus 
concentrations, and high algal levels 

TSI = trophic state index (Carlson 1977). 

City of Seattle State of the Waters 2007
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Lake Trophic State Index

Lake Sediment Standards

guidelines or criteria.

A common way to characterize 
the overall health of a lake 
according to its level of 
biological activity is the trophic 
state index (TSI) rating (Carlson 

which calculates trophic status 
based on three key indicators 
(chlorophylla

this assessment to compare 

small lakes.  As shown in 

on a scale of zero to 100 and 
provides a standard measure for 

Bitter Lake (photo by Bennett)
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Ontario Ministry of the Environment Guidelines

organisms

 Severe-effect level—the concentration at which pronounced disturbance of the sediment-dwelling 
community can be expected.

National Oceanic and Atmospheric Administration Guidelines

biological effects in freshwater sediments and were developed as a preliminary screening tool for 

 Threshold effects level (TEL)—the concentration at which adverse effects are expected to occur 
only rarely.  The TEL is calculated as the geometric mean of the 15th percentile concentration of 
the toxic effects data set and the median of the no-effect data set.

The PEL is calculated as the geometric mean of the 50th percentile concentration of the toxic 
effects data set and the 85th percentile of the no-effect data set.

 Upper effects threshold (UET)—the concentration at which adverse effects would always occur 
based on the lowest adverse effect threshold (AET) from a compilation of endpoints analogous 
to the marine AET endpoints.  The UET is based on 1 percent total organic carbon content in the 
sediment.

Consensus-Based Standards

Consensus-based standards for freshwater sediment have been developed by MacDonald et al. (2000).  

 Threshold effects concentration (TEC)—the concentration below which adverse effects are not 
expected to occur

 Probable effects concentration (PEC)—the concentration above which adverse effects are expected 

reported in the literature.

The TEC and PEC are calculated as the geometric mean of all the values assigned to each threshold 
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Washington State Proposed Criteria

standards for metals (Cubbage et al. 1997).  Although much progress has been made in evaluating AET 

Habitat Assessment Methods
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State of the Waters 2007

Part 4 Conditions in Seattle’s Small Lakes

Near-shore and riparian habitat within the small lakes of Seattle have not been intensively studied.  

report (Volume II) summarizes the existing information but does not provide maps of habitat and water 

Bitter Lake

a sawmill was located on the lake (Fiset 2001a).  Tannic acid from logs stored in the lake gave its water 

and multifamily residential development.  Multifamily properties are concentrated primarily along the 

Bitter Lake (photo by Bennett)
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Figure 4.  Bitter Lake. 
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ditches and culverts before entering the Densmore storm drain system on Aurora Avenue North.  The 

Water and Sediment Quality Conditions

Bitter Lake is considered a moderately productive (or mesotrophic) lake with relatively good water 
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Average water clarity (as measured visually by Secchi depth) generally ranges from about 3.2 to 3.4 

Average total phosphorus concentrations in Bitter Lake have been below the recommended maximum 
of 20 micrograms per liter (μg/L) established by Ecology (WAC 173-201A) for lower mesotrophic 

The average trophic state index for Bitter Lake over the 18-year monitoring period has also remained 

exist) exceeding 100 cfu/100 mL.  No other bacteria data are available.

The Seattle Lakes Alliance (2000) collected one water sample from each of eight locations in Bitter 

collected from the top 6 inches of sediment offshore of the four storm drain outfalls.  Samples were 
collected within 5 feet of the end of the outfall pipe.  Water and sediment samples were analyzed for 

petroleum hydrocarbons.

seven samples analyzed.

hardness level in the water column (with the exception that the arsenic standard is not dependent on 

Bitter Lake sample results to state standards based on a reasonable assumption for hardness and 

dissolved metals concentration.

factor of 1.0).

discharges into the northwestern corner of Bitter Lake near Greenwood Avenue North and North 137th 

of the mean concentration.



U.S. EPA Human Health Risk Criteria c

Total Metals 
(μg/L)

Number of 
Detections 

Bitter Lake 
Samples a

Urban 
Runoff b,d

Water and 
Tissue

Tissue
Only

Arsenic 7/7 1.04–1.1 NA 0.018 0.018 
Chromium 7/7 0.185–0.38 <1.94–20 NA NA
Copper 7/7 2.12–2.69 <1–8.1 1,300 NA
Lead 6/7 <1–4.78 <1–17.5 NA NA
Zinc 7/7 13.9–16.1 19–40 9,100 69,000 

μg/L = micrograms per liter. 
a Sample SW-4 was not analyzed for metals. 
b Ranges in average concentrations from stormwater sampling conducted in Madison, Milwaukee, and Superior, WI and 

Marquette, MI (Pitt et. al. 2004). 
c U.S. EPA (2002). 
d Copper, lead, and zinc ranges are for four stormwater samples collected from two drains discharging to Bitter Lake and 

Haller Lake (Seattle University 2001, 2002). 

Compound (μg/L) Number of Detections Bitter Lake Samples 

Naphthalene a 6/8 <0.1–0.138 
Bis(2-ethylhexyl)phthalate b 2/8 <50–13.3 
Heptachlor 1/8 <0.03–0.0187 
a Detected in method blank 
b Detected in the equipment blank at 18.4 micrograms per liter (μg/L). 

29

City of Seattle State of the Waters 2007 Volume II: Small Lakes

Part 4     Conditions in Bitter Lake

Table 5.  Bitter Lake metals concentrations sampled during a storm event compared to human 
      health risk criteria.

Arsenic concentrations in Bitter Lake water samples exceeded the U.S. EPA risk criteria for human 

Metal pollutants accumulate on impervious surfaces in urban watersheds and are washed off during 

metals are more easily transported to lakes.  Sources of metal pollutants include wear and tear of 

control).



Compound 
Units = 
mg/kg 

Bitter Lake 

Consensus-
Based 

Guidelines a

Ecology 
Sediment 

Quality Values b Ontario c NOAA d

Number
of 

Detections Range TEC PEC FSQV LOEL SEL TEL PEL UET 
Test 
org 

Arsenic 4/4 1.95–.79 9.79 33 57 6 33 5.9 17 17 I 

Cadmium 4/4 2.05–5.98 0.99 4.98 5.1 0.6 10 0.596 3.53 3 I 

Chromium 4/4 20.1–43.8 43.4 111 260 26 110 37.3 90 95 H 

Copper 4/4 14.1–81.4 31.6 149 390 16 110 35.7 197 86 I 

Lead 4/4 7.74–255 35.8 128 450 31 250 35 91.3 127 H 

Mercury 4/4 
0.036–
0.193 0.18 1.06 0.41 0.2 2 0.174 0.486 0.56 M 

Selenium 2/4 
0.206–
0.438 NA NA NA NA NA NA NA NA M 

Silver 2/4 
<0.5–
0.0536 NA NA 6.1 NA NA NA NA 4.5 I 

Zinc 4/4 63.4–401 121 459 410 120 820 123.1 315 520 I 

a MacDonald et. al. (2000) 
b Cubbage et al. (1997) 
c Persaud et. al. (1993) 
d NOAA (1999). 
mg/kg = milligrams per kilogram 
FSQV: freshwater sediment quality value 
TEC: threshold effect concentration 
PEC: probable effect concentration 
LOEL: lowest observed effect level 
SEL: severe effect level 
TEL: threshold effect level or concentration below which adverse effects are expected to occur only rarely.  

Geometric mean of the 15th percentile concentration of the toxic effects data set and the median of 
the no-effect data set. 

PEL: probable effects level, the level above which adverse effects are frequently expected.  Geometric
mean of the 50th percentile of impacted, toxic samples and the 85th percentile of the non-impacted 
samples. 

UET: Upper effects concentration derived as the lowest adverse effects threshold (AET) from a 
compilation of endpoints analogous to the marine AET endpoints.   

M = Microtox bioassay 
I  = Infaunal community impacts 
H = Hyalella azteca bioassay 
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outfalls to Bitter Lake in 2000 are summarized in Tables 7 and 8 (Seattle Lakes Alliance 2000).  Because 

      guidelines.
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located offshore of the Greenwood Avenue North storm drain outfall).  All of the metals except silver 

SED-1.  Copper concentrations also exceeded the lower-effects level at stations SED-2 and SED-3.  

some products used to control moss growth on roofs and other surfaces. 

Polycyclic aromatic hydrocarbons (PAHs) and bis(2-ethylhexyl)phthalate were detected only at station 

Ecology develops freshwater sediment standards for Washington state.  

Bis(2-ethylhexyl)phthalate has been detected in Seattle watercourses as well.  Phthalates belong to a 
class of chemicals known as plasticizers that are used in the production of many polyvinyl chloride 
(PVC) construction and consumer products.  Plasticizers have been used for a long time but have 
recently become an environmental concern because they have been found at elevated concentrations 
in sediment in urban receiving water bodies.  Phthalates are used to make a wide variety of plastic 

drain outfalls.  The samples collected offshore of the outfall at Greenwood Avenue North and North 

detected in sediment samples collected at the other three stations (from <25 to 245 mg/kg) were well 
below the state soil cleanup levels.  Although MTCA soil cleanup levels are not directly applicable to 
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Residents living along the Bitter Lake shoreline have complained to Seattle Public Utilities about the 
accumulation of sediment in the northwestern corner of the lake in the vicinity of the Greenwood 

around the outfall.  Total petroleum hydrocarbon concentrations were measured in two samples of the 

mg/kg).  These concentrations were lower than the concentrations measured near the outfall at station 

Habitat Conditions

The habitat of Bitter Lake has not 

moderately productive and therefore able 

species.  The Washington Department of 
Fish and Wildlife has stocked the lake 

The lake is also used by ducks and geese.  
The habitat along the lake shoreline 
consists primarily of landscaped yards 

number of residential docks.  The lake 
Geese along Bitter Lake shoreline (photo by Bennett)
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Green Lake

between Aurora Avenue North and East 

259 acres (Figure 6).  The lake is relatively 

and a maximum depth of approximately 

Green Lake was formed by the Vashon 

springs and streams in surrounding forests 

Ravenna Creek ultimately reached Union 
Bay in Lake Washington.  

Green Lake circa 1936 (photo courtesy Seattle 
Municipal Archives)

the Densmore Avenue storm drain system.  Green Lake now discharges to Lake Union through a single 

and now are used by Seattle Parks and Recreation only during rainstorms of long duration when the 

primarily by residential and commercial (retail) land uses.

a waterfowl reduction program as a way to reduce fecal coliform bacteria levels from geese.

water system in an effort to improve algae problems that have existed in the lake since at least 1916 
(Herrera 2003a).  In this way the lake was diluted at an average annual discharge rate ranging from 1.9 

diversion from April through September was generally less than 1 million gallons per day.  In recent 

the Roosevelt and Maple Leaf reservoirs are emptied for cleaning.  Over a 48-day period during the 

control a large blue-green algae bloom.  
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Figure 6.  Green Lake.
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Water Quality Conditions

high concentrations of nutrients such as 
nitrogen and phosphorus that promote 
plant and algae growth.  Green Lake 

investigations have focused on the 

(also commonly called blue-green algae 
or cyanobacteria) and the human health 
risks caused by the toxic compound 

algae (Herrera 2003a).

blue-green algae blooms.  Phosphorus is the main nutrient causing the problem (Herrera 2003a).  
The Department of Ecology included Green Lake on the 2004 list of threatened and impaired water 

Previous studies have found that most of the phosphorus in Green Lake during the summer months 
can be attributed to the internal cycling of phosphorus stored in sediment on the lake bottom.  The 

reducing phosphorus concentrations and increasing water clarity during the summer months (Herrera 
2003b).  Controlling the blooms reduces production of microcystin and eliminates the need for periodic 

loading and availability to blue-green bacteria.

City of Seattle water quality volunteer monitoring on Green 
Lake (photo by Bennett)
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was closed to all contact recreation (Herrera 2003a).  In March 2004 the city treated the lake with alum 

biomass die-off in the lake and improve recreational use (Herrera 2003b)

 Installation of experimental facilities in 1992 to treat stormwater runoff from parking lots along 
West Green Lake Way 

 Discharge of excess drinking water from the city water system to dilute phosphorus concentrations 

Seattle Parks and Recreation may be charged for this water.

 Relocation of Canada geese from Green Lake to wildlife areas in eastern Washington and northern 

has also been used to control Canada geese at Green Lake in recent years.

 Implementation of a public information program for Green Lake residents and park users.

including one depth composite sample collected from two stations (stations Green Lake A and B) by 



Parameter n Minimum Maximum Average 

Temperature (degrees C) a 38 16.3 23.1 19.9 
Dissolved oxygen(mg/L) a 38 7.5 10.3 9.2 
Secchi depth (meters) b,c 30 1.3 5.6 3.3 
Chlorophyll-a (μg/L) c 28 1.5 6.2 2.7 
Total phosphorus (μg/L) c 30 8 20 12.9 
Average TSI c 35.2 50.1 41.2 
a Samples collected at 1-meter depth intervals (to 7-meter depth) from Green Lake B (May – August 2005). 
b Secchi depth is a measure of water clarity.  The higher the value, the better the water clarity. 
c Samples collected from stations A, B, and Index stations (May – September 2005). 
mg/L = milligrams per liter 
μg/L = micrograms per liter 
TSI = trophic state index 
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concentration of less than 25 μg/L.  All of the 2005 samples met the recommended level for total 
phosphorus established by Ecology (WAC 173-201A) for lower mesotrophic lakes (20 μg/L). 

drainage improvements.  This study includes modeling of phosphorus loading in Green Lake under 

to advise business owners of appropriate stormwater pollution prevention practices.

included Green Lake on the 2004 list of threatened and impaired water bodies under Clean Water 
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All Samples Summer Geometric Mean 

Minimum (cfu/100 mL) 1 6.6 
Maximum (cfu/100 mL) 2,500 47 
Median (cfu/100 mL) 23 28 
Mean (cfu/100 mL) 87 29
Number of samples 174 9

cfu/100 mL = colony-forming units per 100 milliliters. 
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summarized in Table 10 and displayed in Figure 7.  Fecal coliform bacteria levels were generally 

reduced lake productivity may have reduced the amount of coliform bacteria that commonly grow in 

monitoring years.
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to close beaches to protect public health.  The Washington Department of Health has recommended 
using one of the following two fecal coliform bacteria standards to evaluate public health conditions at 

 Geometric mean of 200 cfu/100 mL with not more than 10 percent of the samples exceeding 400 
cfu/100 mL (U.S. EPA 1976)

likely the presence of waterfowl.

and dissolved oxygen levels ranged from 4 mg/L at the lake bottom to 12 mg/L at the lake surface.  

thermocline and creating more uniform levels of oxygen and temperature throughout the lake.

and the health and vitality of lake biology.  

Sediment Quality Conditions

concentrations were higher at stations located 100 and 250 feet from the Densmore outfall (stations 

kg) was measured at mid-lake station NSED.



Compound
(mg/kg) 

Green Lake 
Sediment Data 

Consensus-
Based 

Guidelines a

Ecology 
Sediment 

Quality Values b Ontario c NOAA d

Number of 
Detections Range TEC PEC FSQV LOEL SEL TEL PEL UET

Test 
Org 

Arsenic 5/7 8–30 9.79 33 57 6 33 5.9 17 17 I 

Cadmium 4/7 <2–3 0.99 4.98 5.1 0.6 10 0.596 3.53 3 I

Chromium 7/7 19.4–64 43.4 111 260 26 110 37.3 90 95 H 

Copper 7/7 31.8–163 31.6 149 390 16 110 35.7 197 86 I 

Lead 7/7 68–713 35.8 128 450 31 250 35 91.3 127 H 

Mercury 4/7 <0.06–0.4 0.18 1.06 0.41 0.2 2 0.174 0.486 0.56 M

Zinc 7/7 85.1–516 121 459 410 120 820 123.1 315 520 M 

mg/kg = milligrams of compound per kilogram of sediment. 
a MacDonald et al. (2000). 
b Cubbage et al. (1997). 
c Persaud et. al., (1993). 
d NOAA (1999). 
FSQV: freshwater sediment quality value. 
TEC: threshold effect concentration. 
PEC: probable effect concentration. 
LOEL: lowest observed effect level. 
SEL: severe effect level. 
TEL: threshold effect level or concentration below which adverse effects are expected to occur only rarely.  

Geometric mean of the 15th percentile concentration of the toxic effects data set and the median of the 
no-effect data set. 

PEL: probable effects level, the level above which adverse effects are frequently expected.  Geometric mean 
of the 50th percentile of impacted, toxic samples and the 85th percentile of the non-impacted samples. 

UET: Upper effects concentration derived as the lowest adverse effects threshold (AET) from a compilation of 
endpoints analogous to the marine AET endpoints. 

M = Microtox bioassay 
I  = Infaunal community impacts 
H = Hyalella azteca bioassay 
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        guidelines.

(see Figure 6).



Station
Ecology Freshwater Sediment 

Quality Values 
Upper Effects 

Level 

NSED b BEHP Copper, lead, BEHP, chrysene, benzo(a)anthracene 

SSED b None Copper, lead 

S20 a None None 

S100 Lead, zinc, BEHP 
benzo(g,h,i)perylene, 
dibenz(a,h,)anthracene, indeno(1,2,3-
c,d)pyrene 

Copper, lead, zinc, DDD, BEHP, anthracene, 
benzo(a)anthracene, benzo(a)pyrene, 
benzo(g,h,i)perylene, benzo(g,h,i)perylene, chrysene, 
chlordane, dibenz(a,h,)anthracene, indeno(1,2,3-
c,d)pyrene  

S250 Lead, mercury Copper, lead, zinc, DDD, chlordane, 

SE100 BEHP, carbazole, 
benzo(g,h,i)perylene, 
dibenz(a,h)anthracene, indeno(1,2,3-
c,d)pyrene  

Lead, zinc, DDD, BEHP, dieldrin, benzo(g,h,i)perylene, 
chrysene, benzo(a)anthracene, benzo(a)pyrene, 
dibenz(a,h)anthracene, chlordane, lindane, indeno(1,2,3-
c,d)pyrene 

SE250 Lead, BEHP, Aroclor 1260 Copper, lead, zinc, DDD, DDE, BEHP, chlordane, 
Aroclor 1260 

BEHP = bis(2-ethylhexyl)phthalate. 
a Station S20, located near the Densmore outfall, contained mostly coarse-grained material (70 percent coarse sand and 

gravel). 
b Stations NSED and SSED, located near the center of Green Lake, contained a large amount of fine-grained material  

(50–56 percent fine silt and clay) and a low amount of total solids (7.7–8.5 percent).   
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Concentrations of pesticides and high and low molecular weight polycyclic aromatic hydrocarbons 

exceeded the NOAA upper effects threshold at station SE250.  Further evaluation should be conducted 
when Ecology develops its freshwater sediment management standards. 
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Habitat Conditions

primarily recreational uses.

native lake ecosystem has been drastically 
changed by the introduction of a number of 
nonnative plant and animal species.  The 

(known as milfoil) has been the largest 
problem.  Milfoil growth expanded during 
the 1980s to cover over 90 percent of the 

lake ecosystem and restricting use and 

Milfoil contributes to phosphorus loading in the lake sediments through its release of phosphorus 

dead plants.

decline in milfoil coverage is directly proportional to declines in milfoil biomass and internal phosphorus 

phosphorus loading in 2005.

walls or disturbances by humans and dogs (Herrera 2005b). 

Underwater photo of milfoil in Green Lake, Seattle (photo 
by Zisette)
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clear milfoil from the rowing (crew) lanes in the lake and was not expected to reduce the coverage of 

was completely suspended in 2000 because of a dramatic decline in milfoil coverage and density 
reported by Seattle Parks and Recreation (Herrera 2005b).  The decline of milfoil coverage in 2000 was 
attributed to the concurrent decline in water clarity—and resulting light limitation—caused by severe 

An effort to control milfoil was made in 2001 with the introduction of 777 Asian grass carp (made sterile 

in median length from 32 centimeters in 2002 to 66 centimeters in 2005 (Herrera 2005b).  These results 

that milfoil coverage will increase in response to the dramatic increase in water clarity resulting from 
the 2004 alum treatment.  Qualitative observations of milfoil coverage in the lake indicate that coverage 
substantially increased from 2004 to 2005 (Herrera 2005a). 

1993 indicate that common carp and largemouth bass are the dominant species.  Given the conditions 

stickleback or northern pike minnow) can be established.

population likely reduces the effectiveness of alum treatments.  Common carp are bottom feeders that root 
and dig in the sediments for worms and insects.  Their feeding and spawning activities suspend bottom 

sediment suspended in the water column also reduces light penetration and restricts native plant growth.  
Common carp may also contribute to the spread of milfoil to other areas of the lake by uprooting or 

Common carp are long-lived and grow to large sizes.  They have no natural predators and are 

the Washington Department of Fish and Wildlife to net common carp from Green Lake and other lakes 

Lake common carp were among the largest compared to those caught in 25 other western Washington 
lakes (WDFW 2000). 
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The potential impact of tiger musky on the common carp population has not been evaluated.

in Green Lake for Seattle Parks and Recreation.  The capture methods used to remove carp included the 

carp population in Green Lake of approximately 38 percent.  Because the size of the carp population 

reduced as long as the 2004 alum treatment is effective.  

Carp bioturbation modeling results suggest that the sediment suspended by common carp contributes 
approximately 5 percent of the phosphorus load to Green Lake (Herrera 2005a).  Because most of 

2005a).

with pockets of vegetation both along the shoreline and in setback areas.  The pedestrian/bicycle path 

Canada geese are common at Green Lake and are considered a nuisance by some because of the 
droppings they leave around the lake.  The droppings are unpleasant to recreational users and can 
increase phosphorus and fecal coliform bacteria levels in the lake.  Habitat conditions at the lake 
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Haller Lake

Haller Lake (photo by Bennett)

the ends of Meridian Avenue North and North 125th Street.  

and wildlife.



1
S

T
A

V
E

N
E

N 130TH ST

N 128TH ST

N 120TH ST

N 122ND ST

C
O

R
LIS

S
A

V
E

N

D
E

N
S

M
O

R
E

A
V

E
N

M
E

R
ID

IA
N

A
V

E
N

N 125TH ST

B
U

R
K

E
A

V
E

N

N 122ND
PL

N 121ST ST

S
U

N
N

Y
S

ID
E

A
V

E
N

NE 125TH ST

NE 120TH ST

NE 130TH ST

M
E

R
ID

IA
N

A
V

E
N

C
O

R
L

IS
S

A
V

E
N

D
E

N
S

M
O

R
E

A
V

E
N

C
O

R
L

IS
S

A
V

E
N

B
U

R
K

E
A

V
E

N

The City
of Seattle

Haller Lake

Legend

Park Boundary

Streets

Water Quality
Monitoring Stations

Water

THE CITY OF SEATTLE, 2007. All rights reserved

No guarantee of any sort implied, including
accuracy, completeness, or fitness for use. Figure 8

Haller

49

City of Seattle State of the Waters 2007 Volume II: Small Lakes

Part 4     Conditions in Haller Lake



0

1

2

3

4

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Year

S
ec

ch
i d

ep
th

 (
m

)

0

5

10

15

20

25

30

35

40

45

50

T
o

ta
l P

, C
h

lo
r-

a 
(u

g
/L

) 
  T

S
I (

n
o

 u
n

it
s)

Secchi depth Total phosphorus Chlorophyll a Average TSI (a)

(a)  TSI = average of TSI-TP, TSI-Chlor-a, and TSI-Secchi

Reference:  King County (1999a, 2001a, 2001b, 2002a, 2002b, 2003, 2005).
Note: Secchi depth is a measure of water clarity.  The higher the value, the better the water clarity.

City of Seattle State of the Waters 2007

50

Volume II: Small Lakes

Part 4     Conditions in Haller Lake

Water Quality Conditions

Average water clarity (measured by Secchi depth) generally ranges from about 2.6 to 3.2 meters.  With 

below the recommended level established by the Department of Ecology for lower mesotrophic lakes 
(20 μg/L; WAC 173-201A).  The 2001 average total phosphorus concentration (22.3 μg/L) was affected 

respectively.  All but one other phosphorus measurement in 2001 were below 20 μg/L.  The average 

exceeding 100 cfu/100 mL. 



Units Meridian Drain a Other Seattle Area Runoff b

Fecal coliform bacteria  cfu/100 mL 300E 180–8,400 c

Total suspended solids  mg/L 39 10–154 
Total phosphorus g/L 128 57–387 
Total copper g/L 3.4 3.6–24.8 
Total lead g/L <1 <1–36.6
Total zinc g/L 46 31–168 
Dissolved copper g/L <1 1.4–11.7 
Dissolved lead g/L <1 <1–3.1
Dissolved zinc g/L 20 10–89 

E = estimated value. 
a Manually composited sample collected on March 1, 2001. 
b Twenty (20) stormwater samples collected from 25-acre residential area along Lake City Way in north Seattle (Taylor and 

Seattle Public Utilities 2005). 
c Twenty-two (22) stormwater samples collected from residential area in north Seattle, 2003–2005 (Engstrom 2004; Seattle 

Public Utilities unpublished). 
mg/L = milligrams per liter 
μg/L = micrograms per liter 
cfu/100 mL = colony forming units per 100 milliliters
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Habitat Conditions

The wildlife habitat of Haller Lake has not been well studied.  Fish species inhabiting the lake include 

2005b).  The Washington Department of Fish and Wildlife stocks rainbow trout into the lake each year.  
The lake is also used by ducks and geese.  The habitat along the lake shoreline consists primarily of 

an SPU-sponsored drainage improvement evaluation.  The results for this sample are similar to 
results reported for runoff from other urban areas that have been monitored in the Puget Sound region 

rivers and streams.  Dissolved copper and lead were not detected in the sample (at 0.001 μg/L detection 



Bitter Lake Green Lake c Haller Lake 

Aquatic Life Indicators       
Temperature and dissolved oxygen   –     – 
pH   –     – 
Turbidity and total suspended solids      

Nutrients b   

Toxic Pollutants         
Ammonia   –  –   – 
Metals   –  –   – 
Organic compounds   –  –   – 

Public Health Indicators        
Fecal coliform bacteria     – 

Metals a   –   – 

Organic compounds a     –   – 

Indicators in Sediment         
Metals      – 
Organic compounds      – 

a Based on U.S. EPA toxics rule (EPA 2002a). 
b Water quality criteria for nutrients have been established to prevent eutrophication and water quality problems associated 

with nutrient enrichment. 
c Nutrient and fecal coliform bacteria levels in Green Lake declined significantly after the 2004 alum treatment. 

Poor water quality, frequent exceedances of state water quality standards. 

Potential water quality problem (e.g., 303d category 2 listing, occasional exceedance of water quality standard). 

Adequate water quality based on existing data. 

– Insufficient data available to evaluate. 
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Lake are summarized in Table 15.

Table 15.  



Category 5 a Category 2 b

Bitter Lake None Fecal coliform bacteria 
Green Lake Fecal coliform bacteria, total phosphorus, total 

PCBsc, 4,4’-DDEc, chlordane c
Total phosphorus 

Haller Lake None None 

Source: Ecology (2004). 
a Total maximum daily load (TMDL) limit required due to demonstrated exceedances of state water quality standards. 
b Water of concern. 
c Based on fish tissue concentrations.
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Water and Sediment Quality Conditions

in Table 16.

phosphorus.  The Department of Ecology included Green Lake on the 303(d) list of threatened and 

phosphorus (Ecology 2004).

stored in the sediment on the lake bottom (Herrera 2003a).

as a water body of concern (category 2; see Table 16).  Haller Lake is not currently listed for any water 
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Limited sediment data available for Bitter Lake and Green Lake indicate that some metals exceeded 

Organic compounds are not commonly detected in sediment samples collected from Bitter Lake and 
Green Lake.  One sampling station in Bitter Lake reported polycyclic aromatic hydrocarbons (PAHs) 

None of the sediment samples collected from Green Lake exceeded the interim Ecology freshwater 

and LPAH) compounds exceeded the upper effects levels (UEL)—concentrations at which biological 

Habitat Conditions

The physical conditions for wildlife 

Lake all appear to lack habitat 

and connectivity between lake and 
shoreline.  All three small lakes 

into the lakes. Sunset behind Green Lake (photo by Bennett)
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Glossary of Terms

Section 303(d). 

acute conditions

short-term exposure.

acute exposure value   The threshold value below which there should be no unacceptable effects on 

that value more than once every 3 years on average.  Also known as the criterion maximum 
concentration (CMC).

or rooted in water. 

algae

algal bloom

anoxic   Devoid of oxygen. 

baseline condition
that may result in changes; used as the starting point for comparative analysis. 

basin

benchmark
useful for comparison to existing or past conditions found in Seattle surface water bodies.  Benchmarks 

benthic invertebrates

benthic zone
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bioaccumulation   The process by which substances that are very slowly metabolized or excreted increase 

body tissues.

bioavailable
or is made available at the site of physiological activity.

biomass
water).

biota

blue-green algae   A group of algae having a blue pigment in addition to the green chlorophyll.  A stench 
is often associated with the decomposition of dense blooms of blue-green algae in fertile lakes.

channel

chlorophyll a

chronic conditions

constant exposure over an extended period of time.

chronic exposure value   The threshold value below which there should be no unacceptable effects on 

value more than once every 3 years on average.  Also known as the criterion continuous concentration 
(CCC).

Clean Water Act (CWA)   The basic federal water pollution control law in the United States (Federal 

wetlands preservation program. 

and stormwater runoff to a wastewater treatment plant.  

culvert

designated uses 

detection limit   The smallest concentration of a constituent that can be measured with a stated level 

laboratories.)
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discharge

dissolved oxygen

disturbed habitat   A habitat in which naturally occurring ecological processes and species interactions 

drainage basin
discharged to receiving waters. 

ecological health

a surface water body.

emergent plants

wildlife and waterfowl and can aid in pollutant uptake. 

environmentally critical areas (ECAs)

epilimnion
extending from the surface to the thermocline.

estuary

shelter and food for birds and wildlife. 

eutrophic

organic productivity.  

eutrophication

fall turnover
energy.
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fecal coliform bacteria

colony-forming units per 100 milliliters of water. 

usually making the ground especially vulnerable to erosion. 

geographic information system (GIS) 

geometric mean   A calculated mean or average value that is appropriate for data sets containing a few 

average is the geometric mean.  The geometric mean is used to compare fecal coliform bacteria 

habitat

hardness   A measure of the concentration of dissolved calcium carbonate in water; hard water has high 
concentrations.

heavy metals 

hydrology

and reaction with the environment. 

hypolimnion

hypereutrophic conditions

impervious surface   A hard surface area that either prevents or retards the entry of water into the soil 

indicator   An observed or calculated characteristic that shows the presence of a condition or trend.  

to characterize overall conditions in the receiving water and also provide benchmarks for assessing 
the success of watershed management efforts.
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invasive species
more desirable forms and become dominant. 

invertebrates

More varied invertebrate communities generally indicate healthier water bodies.

lake   An area permanently inundated by water in excess of two meters deep and greater than 20 acres in 
area as measured at the ordinary high water marks. 

limiting nutrient   The nutrient that is in lowest supply relative to the demand.  The limiting nutrient will 

stops.  Phytoplankton growth in lake waters of temperate lowland areas is generally phosphorus-
limited.

littoral zone
out to the greatest depth occupied by rooted plants.

organisms are unaffected (Persaud et al. 1993).

macrophtyes
the microscopic plants).

mesotrophic   A term used to describe a lake of moderate plant productivity and moderate water 
transparency.  A mesotrophic lake is not as rich in nutrients as a eutrophic lake but is richer in 
nutrients than an oligotrophic lake.

metaphyton

mg/L (milligrams per liter) and μg/L (micrograms per liter)   Units of measure used in describing the 

microcystin

monitoring   Systematic measurement and data collection by various methods for the purposes of 

the performance of mitigation measures. 

native vegetation   Vegetation consisting of plant species (other than noxious weeds) that are indigenous 
to the region and that reasonably could be expected to occur naturally within the region.

natural conditions

the less disturbed conditions of a neighboring or similar watershed as a reference condition.

3 2)
that algae may depend upon for growth.
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  The concentration of a pollutant in sediments at which no toxic effects have been 

   Pollution that enters a water body from diffuse origins in the 

nutrient   An organic or inorganic chemical essential for growth and reproduction of organisms.  In 

liter of water.

oligotrophic

a mesotrophic or eutrophic lake.

litter and debris.

outfall
or ground water.

outlet
drain.

parameter

PCBs (polychlorinated biphenyls)   A group of manmade organic chemicals comprising 209 closely 

pelagic zone 
lake.

pesticide

and other substances.

the concentration of hydrogen ions in the substance.  A pH value of 7.0 indicates neutral water.  A 
6.5 reading is slightly acidic. 
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phosphorus   One of the elements essential as a nutrient for the growth of organisms.  In western 

total phosphorus and the dissolved portion of phosphorus.

photosynthesis   The process by which living plant cells produce simple sugars and starches from carbon 

phytoplankton

plankton

pollutant

integrity of water. 

probable effects concentration (PEC)   The concentration of a pollutant in sediments above which 

probable effects level (PEL)   The concentration of a pollutant in sediments at which adverse effects are 

of the toxic effects data set and the 85th percentile of the no-effect data set (NOAA 1999).

surface runoff is discharged. 

residence time

riparian   Pertaining to the bank of a water body.  Riparian habitat is associated with stream and lake 

riprap

runoff

salmonid

species.

Secchi depth

and recording the depth in units of meters or feet.
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sediment

collect on and adhere to sediment particles.

sediment management standards
found in the Washington Administrative Code (WAC) 173-204. 

severe-effect level   The concentration of a pollutant in sediments at which pronounced disturbance of the 
sediment-dwelling community can be expected (Persaud et al. 1993).

channel.

spring turnover 
primarily caused by warming of surface waters.

storm event

storm drain
and other drainage (but not sanitary wastewater or industrial wastes) toward points of discharge 
(sometimes called a storm sewer). 

  Stormwater that directly leaves an area in surface drainage. 

of most deep lakes during summer.

substrate   The nonliving material forming the bed of a water body with particles described in terms of 

to minimize penetration.)

thermocline
temperature and density.

threshold effects concentration (TEC)   The concentration of a pollutant in sediments below which 
adverse effects are not expected to occur (MacDonald et al. 2000).
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threshold effects level (TEL)   The concentration of a pollutant in sediments at which adverse effects are 
expected to occur only rarely.  The TEL is calculated as the geometric mean of the 15th percentile 
concentration of the toxic effects data set and the median of the no-effect data set (NOAA 1999).

standards must be used to identify threatened and impaired water bodies.  Category 2 (threatened) 

the sum of the allowable loads of a single pollutant from all contributing point sources and nonpoint 

toxic

transparency
water and recording the depth at which it is no longer visible.  Transparency of lakes is determined 
by the color of the water and the amount of material suspended in it.  Generally in colorless waters 

transparency.

trophic status

of dissolved oxygen in the hypolimnion can be used to assess the trophic state.

trophic state index

turbidity   A measure of the reduced transparency of water due to the suspension of minute particles such 

upland

upper effects threshold (UET)   The concentration of a pollutant in sediments at which adverse effects 
would always occur based on the lowest adverse effect threshold (AET) from a compilation of 
endpoints analogous to the marine AET endpoints.  The UET is based on 1 percent total organic 
carbon content in the sediment (NOAA 1999).

urban runoff

Washington Administrative Code (WAC)

interface with the sediment layer at the bottom.

Municipal Code 22.801.240).
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respect to its suitability for a particular purpose. 

designated use.

   One of a set of properties of water that are routinely measured and analyzed 

  Provisions of state or federal law consisting of designated uses for a water 

   A geographical region bounded by topographic high points within which water drains into 




