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Copper (traffic volume):

34.2 ng/L (low)
53.8 ug/L (medium)
58.5 ng/L (high)
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April 5, 2003

POLLUTE: King County tests
runoff into lake from 520 bridge

FROM B1

The tests appear to be the first on
local bridges since the early 1980s.
They show that some of the 10 metal-
lic pollutants in the runoff exceed
water-quality standards but are di-
luted to safer levels after entering the
lake.

Pollution comes from a variety of
sources on the 115,000 vehicles that
cross the 520 bridge on an average
day, including oil, grease and trans-
mission fluid.

Even well-maintained vehicles
pollute to some degree through
brake pads, which grind off tiny
amounts of metals with each use.

King County officials are doing
more tests on 520’s runoff and hope
they will be representative of pollu-
tion on other limited-access high-
ways, said Dean Wilson of the county
Department of Natural Resources.

Formally known as the Gov. Al-
bert D. Rosellini Evergreen Point
Bridge, the structure was built in the
early 1960s. Little thought was given
to pollution flowing off the road.

At the time, Lake Washington
was severely polluted by sewage dis-
charges and in the early years of a
cleanup. By comparison, road runoff
mattered hittle. o

Now, though, the lake meets wa-
ter quality standards, meaning it’s
considered fit for swimming and

Polluted water that violates Washington's
acute standards can harm or kill aquatic
life in a single exposure. If it violates the
chronic standards, the water harms
aquatic life with repeated exposure.

» Metals in Lake Washington
In parts per billion
NICKEL

i

Acute: 577; Chronic: 64*

COPPER

Acute: 6.26; Chronic: 4.58*

ZINC

Acute: 48.6; Chronic: 42.5*

Acute: 20; Chronic: .78*

WHAT'S IN 520 BRIDGE RUNOFF |

: Several heavy metals were found in

- water washing off the Evergreen Point
: Bridge. The highest levels of the metals
. corresponded to the period of highest

: traffic volume.

: b Metals washing off 520 bridge
: In parts per billion
. 5 Low volume

© NICKEL

£ 257

% Medium - M High

6.74
7.1

: COPPER

- MERCURY (parts per trillion)

Acute: 2,100 Chronic: 12*

hardness of 34.6

Source: Puget Soundkeeper Alliance, Frantier Geosciences

*: MERCURY (parts per trillion)

5.23

*Some standards vary according to water hardness. Standards used here apply in fresh water at a
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Pesticides Detected in Urban Streams During Rainstorms and
Relations to Retail Sales of Pesticides in King County, Washington

According to studies conducted in the Puget Sound Basin from 1987 to 1995 and summarized by Bortleson and Davis (1997),
more types of pesticides were detected in urban streams than in agricultural streams. As well, in the Puget Sound Basin, more pounds

of pesticides were applied in urban than in agricultural areas (Tetra Tech Incorporated, 1988). To provide some insight about sources

of pesticides found in urban streams. the U.S. Geological Survey (USGS). the Washington State Department of Ecology.

and King

County collaborated to study and compare types of pesticides found in urban stream water with pesticide sales information from large

home and garden stores.
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Figure 1. Location of sampling sites within watersheds.

Study Design

The study was desig

ned to detect

the largest number of pesticides likely to
be transported in surface runoff to urban
streams. Sampling occurred when pesti-
cide applications to residential areas
were high and when transport of pesti-
cides to surface water would be likely
Sampling was conducted in April and
May because data from home and garden
stores indicate that pesticide appli
rates are higher in April and May than in

ion

any other months during the year.

Sampling was conducted during storms
because previous sampling at Thornton
Creek by the USGS showed that pest-
icide runoff is greatest during storms.
Pesticides are not only more likely to be
found during storms, but the concentra-
tions of the pesticides found are also
more likely to be of ecological concern.

From two to four surface-water
samples were collected at each of 12
study sites in 10 urban or suburban
watersheds in King County (fig. 1).
Rock Creek, in an undeveloped basin,
was sampled as a reference site.

Findings

Twenty-three pesticides were detected in water
from urban streams during rainstorms, and the
concentrations of five of these pesticides exceeded
limits set to protect aquatic life.

During rainstorms, 23 of 98 pesticides sampled
for were detected in water samples from 12 study
sites in 10 urban watersheds. Concentrations of five
insecticides exceeded recommended maximum
concentrations set by the National Academy of
Sciences and National Academy of Engineering
(NAS/NAE) (1973). In a few samples, concentrations
of Diazinon, carbaryl, and Lindane exceeded U.S.
Environmental Protection Agency (USEPA) and
other chronic aquatic-life criteria.

Pesticides used on lawns and gardens contribute
to the occurrence of several pesticides in urban
streams.

According to 1997 sales data from home and
garden stores, of the pesticides sampled for, Diazinon,
2.4-D, and MCPP are the most frequently purchased
pesticides by residents of King County. MCPP and
2.4-D are also among those pesticides used by pro-
fessional applicators for pest control in residential,
recreational, and industrial areas. The presence of
these pesticides in water samples from all of the 12
study sites shows that their widespread application
impacts water quality in urban streams. Also, residents
purchased and applied four of the five pesticides that
exceeded recommended maximum concentrations
set by the NAS/NAE (Diazinon, carbaryl, Malathion,
and chlorpyrifos).

Many pesticides found in urban streams might be
the result of nonresidential applications.

Almost half of the 23 pesticides detected in
stream water had no retail sales according to a 1997
survey of pesticides sales from home and garden
stores in King County. Two of these pesticides
(atrazine and simazine) were found at more than 60
percent of the study sites. This indicates that these
pesticides are being applied to nonresidential areas
in urban watersheds such as rights-of-way, parks,
and recreational areas.




Stormwater:
an important source of contaminants

Contaminants include:

» Pesticides (herbicides & insecticides)
« QOil and grease (PAHSs)

 Metals (e.g. zinc, copper, cadmium)

« PCBs

e Soaps

» Fertilizers

 Cyanide

e Others...

Rapidly being acknowledged as major source

of habitat degradation in coastal areas
(PEW Oceans Commission. 2003. Report to U.S. Congress) |






















Ecological Impacts of Stormwater Run-off on

Salmonids in Restored Urban Streams

Primary Partners:

U.S. Fish & Wildlife Service - WFWO City of Seattle - SPU
NOAA Fisheries - NWFSC King County
1Un|ver5|ty of Washmgton SAFS : EPA Reglon 10

Seattle.
D Public
Utilities
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Kilomsters

Thirty one salmon, trout and steelhead
populations, or Evolutionarily
Significant Units (ESUs), are currently
listed as either threatened or
endangered under the U.S.
Endangered Species Act (ESA)

ESA-listed species include:

. coho (Oncorhynchus kisutch)
. chinook (O. tshawytscha)

. chum (O. keta)

. sockeye (O. nerka)

. steelhead (O. mykiss)

. bull trout (Salvelinus confluentus)
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Distinct population segments of bull trout, chinook,

« Various entities have invested coho, sockeye, steelhead, and chum are currently listed
>$25 million on urban stream as threatened or endangered under the U.S.
restoration in Seattle area Endangered Species Act



Non-point source pollution

“Non-point source pollution occurs when rainfall
and snowmelt wash pollutants... into our rivers
and coastal waters... Our failure to manage the
human activities that affect the nation’s oceans is
compromising their ecological integrity,
diminishing our ability to fully realize their potential,
costing us jobs and revenue, threatening human
health, and putting our future at risk”

- An Ocean Blueprint

America’s Living Oces

FOR SEA CHANGE

“Today, non-point sources represent the
greatest pollution threat to our oceans and
coasts... the situation requires that we apply
new thinking about the connection between
the land and the sea, and the role watersheds
play in providing habitat and reducing

pollution” - America’s Living Oceans




How development harms the Sound

One house has little impact on stormwater. But grouped together they add up, blocking rainwater from soaking into the
ground, polluting stormwater and damaging streams. Every year around Puget Sound, we level as much as 10,000 acres of
forest as we gradually make way for the 4 million people who could move here this century.

UNDEVELOPED LAND

STORMWATER ABSORBED

Only about 1 percent
of rain reaches
streams and the Sound
as surface runoff; the
rest is absorbed by soil
and vegetation.

THE EFFECT OF DEVELOPMENT

IMPERVIOUS SURFACES

Streets, roofs, sidewalks and driveways prevent water

from being absorbed, creating stormwater runoff.

RUNOFF

Surface runoff flows into creeks and streams, causing
flooding and erosion. Streams are more prone to drying up
during a drought. Higher water temperatures harm salmon.

ABSORBED WATER
RECHARGES
GROUNDWATER

b N IMPERVIOUS
: > SURFACES

STREAMS

Absorbed water
trickles into
streams, keeping
them cooler.

CHEMICALS AND WASTE

Runoff picks up
chemicals, including oil
and gas from cars;
copper from brakes;
household chemicals
including flame
retardants, pesticides
and weed killers; animal
waste; and sewage.

GROUNDWATER —‘

o
- = 2
Source: Fnvironmental Protection Agency Stormwater carries //
p
iy . . ."’ 4
AMANDA RAYMOND / THE SEATTLE TIMES Chemlcals into Sound :“_. ///
:': ///
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Seattle Times, 5/11/08
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Stream Restoration
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« Many Puget Sound
area streams restored
to enable fish passage
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Normal spawning behavior
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Symptomatic coho, Piper's Creek, Seattle, Fall 2000
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Symptoms associated with PSM

e Gaping

e Splayed fins

e« Spasming

e Loss of equilibrium
e Disorientation




Study Objective

Carefully document the overall rates of coho pre-spawn
mortality in a representative urban stream and a reference
(non-urban) stream via continuous daily surveys.

==
i

Longfellow Creek " Fortson Creek
(urban - restored) (non-urban)
West Seattle Stillaguamish River



Coho salmon life cycle
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The Longfellow Creek watershed

-~ accessible spawning habitat for coho

@® sStormwater outfalls




I\/Iethods

Conduct daily spawner surveys

Record location, species,
gender, length/weight, spawning
condition, and % egqg retention
In females

Collect tissue (brain, blood,
gills, bile, liver, pyloric caeca,
Intestine, heart, kidney) from
live symptomatic males and
females and dead females

Screen samples for evidence of
disease, vitamin deficiency,
pesticide exposure, and
nydrocarbon exposure

Test water quality for
conventional contaminants
(PAHs, metals, pesticides, etc.)



Water Quality Measurements

Total suspended solids
Temperature

Dissolved oxygen
Ammonia

Total and dissolved metals

Total hardness

Semi-volatile organic compounds

- Includes phenols and PAHs
Pesticides

Polychlorinated biphenyls (PCBS)



Overall rates of pre-spawn mortality for

2002-09 (all females):

Site Year \ PSM
Longfellow Creek 2002 57 86%
2003 18 67%
2004 9 89%
2005 75 72%
woather patiers I 2006 2006 | 4 | 100%*
2007 41 73%
2008 12 67%
2009 44 79%
Fortson Creek l0]0) 114 <1%




Documented pre-spawn mortality in

Longfellow Creek, Fall 2002

Daily rainfall in the Longfellow watershed (inches)

r a M_[. .

Flow in Longfellow Creek (cfs)

N\ ‘ /LMMMM u(MMHAm’\MMuLWMJLMA

Dead and symptomatic females (pre-spawn) * * = no sampling (high flows)
! n =64

Dead females (spawned out)

| | B e n=9

Oct Nov Dec




- : : Longfellow Creek 2005
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Coho pre-spawn mortality (PSM) is
widespread and recurrent in urban streams

Longfellow Creek 2003 Des Moines Creek 004
Yo o/ Tt Coho PSM rates measured

N to date in Seattle-area

3 urban streams have

L N Y ranged from ~ 25 - 90% of
BTN W the total run (2002-2009)

Longfellow Creek 2005




| Pre-spawn mortality
Results:

-  PSM consistently observed in Puget
Sound coho over the past 8+ years.

- Conventional water quality parameters
(temperature, dissolved oxygen,
sediment, etc.) do not appear to be
causal.

- Chemical contaminants are present in
urban stormwater, but at levels lower
than those expected to cause acute
mortality.

- Thereis no evidence of disease or
pathology, and dying fish appear to be in
good physical condition (ocean bright,
good condition index).

- All affected fish exhibit neurological
symptoms before they die.

- Most fish in Longfellow Creek appear to
be hatchery strays. Annual returns to
other streams have typically been low.



A focus on freshwater coho life stages




Experimental filtration of urban runoft

Stormwater research on Longfellow Creek, West Seattle



Pilot Studies

Embryonic and juvenile development: How are
embryos and juveniles in urban streams developing in
the presence of stormwater runoff/non-point source
pollution?

Population modeling: How will PSM affect coho
salmon population size in the future?

Land use analyses: Can we correlate occurrence of
PSM with land use patterns?

. Climate relationships: Is PSM related to climate or

rainfall patterns?



Coho salmon life cycle
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1. Embryonic Development

(- o o y '-_—"__ R ot
Embryo toxicity studies |' 5 e - R ENEE

- Investigate effects of
urban stormwater runoff
on coho and chinook
embryos

- Incubate embryos in
filtered and unfiltered
stream water from
Longfellow Creek




Total body lengths at hatching stages were smaller

for fish raised Iin unfiltered stream water

filtered 63 dpf

unfiltered 63 dpf

27.5+1.3 mm
N=138
(77 dpf)

25.5+2.2 mm
N=111
(77 dpf)



Embryonic Development

Embryo toxicity studies

- Embryos exposed to unfiltered stream
water had higher rates of developmental
defects and mortality than embryos
exposed to filtered stream water

Stage-specific mortality (eyed embryos only)
80%

70%

60%

50%

40% B filtered

unfiltered
30%

20%

10%

0%

35 dpf 51 dpf 62 dpf






Urban runoff is toxic to coho embryos

filtered
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Urban stormwater limits food for coho
j| B 'l LA 7




Stream insects (juvenile coho prey) are
very sensitive to toxic runoff

Urban streams are generally poor habitats for insects

This reduces food available for juvenile coho growth

Less growth reduces overall size at ocean migration

Smaller salmon have a lower rate of survival




Pilot Studies

Embryonic and juvenile development: How are
embryos and juveniles in urban streams developing in
the presence of stormwater runoff/non-point source
pollution?

Population modeling: How will PSM affect coho
salmon population size in the future?

Land use analyses: Can we correlate occurrence of
PSM with land use patterns?

. Climate relationships: Is PSM related to climate or

rainfall patterns?



2. Coho life-history model

« 3-year age structure, with
reproduction at age 3

* First-year survival density
dependent

e Sole perturbation is PSM at
reproduction

e 50-year projections, 1000 reps

e Outputs: adult abundance
and fime to extinction

 |nitial conditions: a viable
population with 3300 adults

survival
q

A=

survival

Projection Matrix

0 0
12 O 0
0 =3 0

Abundance Vector

— 2
n(t) = N2
N3

Projection Equation
— —
n(t+1) =An (1)



Rapid infroduction of PSM drives local extinction

control (0% PSM)

s No Change

10% PSM

ﬂ\j 20% PSM
—
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80% PSM....

Extinction 20 yr




Influence of gradual increases in PSM on
coho population abundance

control (0% PSM)

increase to 25% PSM
over 30 years

)
S
c
O
©
c
-
Q
O
=
-
O
O

increase to 75% PSM
over 20 years




Population Modeling

Population modeling

- Basic coho models incorporating PSM
demonstrate the potential for rapid loss
of localized populations in urban
streams from nonpoint and stormwater

survival survival VTR KA ‘_
e ear
0-65% prespawn mortality:
| extinction in 59 years

sources
reproduction

=Y




Population Modeling

Same parameters as basic model and accounting for PSM
AND embryo mortality

0-65% PSM and
0-65% Embryo Mortality

100% Extinction
average time 32 years

Spawner abundance




Pilot Studies

Embryonic and juvenile development: How are
embryos and juveniles in urban streams developing in
the presence of stormwater runoff/non-point source
pollution?

Population modeling: How will PSM affect coho
salmon population size in the future?

Land use analyses: Can we correlate occurrence of
PSM with land use patterns?

. Climate relationships: Is PSM related to climate or

rainfall patterns?
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Geospatial (GIS) Data layers

“‘F 8 | and Use and Land Cover

Urban: Forest

e R — UW Rapid Land Cover

I Forest

— UW Prism 2002 Land Cover
— King County Impervious/Impacted Surfaces
— King County Tax Parcels - Property Type

Roads

— Surface Area (estimated)

» King County Street Network

* Puget Sound Regional Council (PSRC)
— Traffic Intensity (modeled)

« PSRC Modeled Average Week Day Traffic
» Washington State Dept of Transportation
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UW Rapid Land Cover Classification (1998 LANDSAT)

UW Prism Classification
(2002 LANDSAT)

King
County
Street
Network

Puget Sound
Regional Council
(PSRC)

PSRC Modeled
Average Week
Day Traffic

Washington State
Department of Transportation
Mean Daily Vehicle Miles Traveled

Potential Predictor Variable Adj. R2 P value

Forested

Mixed Deciduous
"Total Forested"

All Arterials

Minor Arterials
Surface

Freeway

All Arterials

Primary Arterials
Total Road Surface
Minor Arterials
Primary Arterials
Total Modeled Traffic
Urb-Principal Arterial
Urban-Minor Arterial
Total Modeled Traffic

AII Arterials




Heavily Used Roads (Arterials)
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Predictive Model of
Pre-spawn Mortality

y = 19.29x — 0.04

x = fraction of drainage
basin covered by arterials

Legend
County Boundaries

Study Areas

0 510 20
— e KilOmeters



Legend

County Boundaries

SubBasins: Predicted PSM

0-5%

5-10%

10-15%

16-35%

35 - 100%

Study Areas

0 510 20 _
e KilOMEters




Generalized Linear Mixed-Effects Models (GLMMs)

© 2006 K. Menzie © 1998 G. Meixner



Model Building

Constructed a set of 139 candidate models

all combinations of the 12 predictors taken one, two,
three or four at a time

model could include at most one predictor from each of
the four categories (land cover, impervious surfaces,
property types, and roadways)

excluded combinations of predictors that had a pairwise
Spleqrman rank correlation exceeding 0.9 in absolute
value

candidate set included an intercept-only model as a
no-effect baseline against which we could assess the
predictive power of the variables.



Model Fit




Impervious
Roadways
Property type
Land cover
Property type
Roadways
Land cover
Land cover
Land cover
Property type
Property type

Property type

Model Summary

Impervious surfaces
Local roads
Commercial

Dense urban
Apartments & condominiums
Heavily used roads
Forest

Light to medium urban
Grass, shrubs & crops
Residential

Industrial

Parks & open space



Predictive Model

Used the fitted models to build a map of predicted coho
spawner mortality throughout much of the Puget Sound
lowlands

Applied GLMM equations (37) to geospatial data from
unmonitored catchments

Used catchments delineated in the National Hydrography
Dataset (NHD) Plus as the underlying mapping unit

Intersected the NHDPIlus datalayer with each of the
landscape datalayers used in the statistical analyses

Calculated the proportion of each catichment that was
covered by the selected landscape variable

Generated predicted values of the proportion of pre-spawn
mortalities from each model in the 95% confidence set and
then model-averaged these values using the normalized
Akaike weights

Divided the calculated rates of likely coho die-offs into three
bins: £10%, 10-50%, and 250%.



Predictive Model of Pre-spawn Moriality
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Land Use Summary/Conclusions

 Pre-spawn mortality rates are
strongly correlated with road density

« Cannot conclude which substance(s)
are the culprit (i.e. what it is about
roads that is the problem)

A large area of the Puget Sound
basin is already affected



Pilot Studies

Embryonic and juvenile development: How are
embryos and juveniles in urban streams developing in
the presence of stormwater runoff/non-point source
pollution?

Population modeling: How will PSM affect coho
salmon population size in the future?

Land use analyses: Can we correlate occurrence of
PSM with land use patterns?

. Climate relationships: Is PSM related to climate or

rainfall patterns?



4. Precipitation Influence

« Measured rainfall at
Longfellow Creek
during fall 2002-07

« Compared cumulative
rainfall with PSM rates



Precipitation Correlation

How do weather patterns affect PSM among years?

Longfellow Creek

2004

_ =-1.93x + 92.22
¢ n=9 5002 y X

. R® =0.85

2003
n=18

4 6 8 10 12 14
Total rainfall

*rainfall measured 1 week before first fish arrival to last fish



The case for water quality:

Pre-spawn mortality is closely associated with small . '
streams that are receiving waters for urban =
stormwater discharges.

Symptomatic fish show signs of acute neurological distress, and
coho often die within hours of entering spawning habitat.

Dead fish show no signs of disease or pathogens that might be
expected to be lethal. Conventional water quality parameters
(e.g., temperature, dissolved oxygen) are also unlikely to be
iInvolved.

Initial evidence indicates that the severity of pre-spawn mortality
Is linked to the amount and timing of fall rains. In certain years
(i.e., 2002), fish only survived to spawn after several rain events.

Initial evidence indicates that the severity of pre-spawn mortality
IS linked common sources of non-point source pollutants (e.qg.,
roads).




http://coastalstorms.noaa.gov/stormwater/

OAA Coastal Storms Program

Ecological Impacts

Introduction to Stormwater Home
S v SEEICoEEREN  Nonpoint source pollution poses a serious lntrodaction
threat to coastal ecosystems. Stormwater
runoff transports contaminants throughout Case Study
a watershed, impacting the health of
coastal habitats. Emerging Research

Resources
Case Study: Restoration Considerations
Stormwater runoff can undermine
restoration efforts. Researchers are
investigating pre-spawn mortality in adult
salmon returning to restored streams Our Troubled Sound
affected by urban runoff.

Popular Media

Toxic Stormwater

Stream Team Newsletter

Next Steps and Emerging Research Highlighted Tools
T— The scientific community has identified ic

priority research areas to improve
understanding of the ecological impacts of
stormwater.

About This Site
This website is provided as part of the NOAA Coastal Storms Program, a

collaborative effort developed to help mitigate the adverse im of
1o m mh;mnﬁgnp{amﬂad hw‘u examines

Coastal Services Center  Northwest Fisheries Sclence Center  Office of Response and Restoration

Center for Coastal Environmental Health and Biomolecular Research




PUBLICATIONS

-Recurrent Die-Offs of Adult Coho Salmon Returning to

Spawn in Puget Sound Lowland Urban Streams
PLoS ONE 6(12): e28013. doi:10.1371/journal.pone.0028013

-Landscape Ecotoxicology of Coho Salmon Spawner

Mortality in Urban Streams
PL0oS ONE 6(8)=e23424. doi:10.1371/journal.pone.0023424

-Estimating the Future Decline of Wild Coho Salmon
Populations Resulting from Early Spawner Die-Offs in
Urbanizing Watersheds of the Pacific Northwest, USA

Integrated Environmental Assessment and Management 9999, 2011 SETAC or
wileyonlinelibrary.com - DOI: 10.1002/ieam.219

http://www.nwfsc.noaa.gov/research/divisions/ec/ecotox/movies/cohopsm.cfm
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