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risks and remedies 
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The environmental health impacts of toxic runoff 

• What are they? 
 

• How can they be 
effectively minimized? 
 

• Are ongoing efforts to 
reduce impacts working? 
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Combined Sewer Overflow, November 19th 2012 

The stormwater 
pollution you see… 
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… and the pollution  
    you don’t see 
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Combined Sewer Overflow, November 19th 2012 



Recent research on the toxicity of individual 
stormwater constituents (NOAA and partners) 

Environmental Health  
Perspectives, March 2009 

Frontiers in Ecology and the Environment, November 2010 

Environmental Science and Technology,  
March 2007 

Proceedings of the National Academy 
 of Sciences, March 2011 

Ecological Applications, July 2012 



A focus on freshwater coho salmon life stages 



Coho salmon life cycle 



Symptomatic adult coho spawner 

Pipers Creek, Seattle, Fall 2000 



Longfellow Creek 2005 

Des Moines Creek 2004 Longfellow Creek 2003 

Coho spawner mortality is widespread and 
recurrent (60-90% of total fall runs) 

Longfellow Creek 2012 



Longfellow Creek 2005 Longfellow Creek 2002 

A common suite of symptoms across years 

Longfellow Creek 
2012 



Coho prespawn mortality study #1: 
forensic investigation 

Major findings: 

• Adult spawners are consistently dying each fall  

• Mortality rates are typically high (60-90% of total run) 

• The phenomenon is widespread in urban watersheds 

• Toxic urban runoff appears to be causal 
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Abst ract

Several Seattle-area streams in Puget Sound were the focus of habitat restoration projects in the 1990s. Post-project
effectiveness monitoring surveys revealed anomalous behaviors among adult coho salmon returning to spawn in restored
reaches. These included erratic surface swimming, gaping, fin splaying, and loss of orientation and equilibrium. Affected fish
died within hours, and female carcasses generally showed high rates (. 90%) of egg retention. Beginning in the fall of 2002,
systematic spawner surveys were conducted to 1) assess the severity of the adult die-offs, 2) compare spawner mortality in
urban vs. non-urban streams, and 3) identify water quality and spawner condition factors that might be associated with the
recurrent fish kills. The forensic investigation focused on conventional water quality parameters (e.g., dissolved oxygen,
temperature, ammonia), fish condition, pathogen exposure and disease status, and exposures to metals, polycyclic aromatic
hydrocarbons, and current use pesticides. Daily surveys of a representative urban stream (Longfellow Creek) from 2002–
2009 revealed premature spawner mortality rates that ranged from 60–100% of each fall run. The comparable rate in a non-
urban stream was , 1% (Fortson Creek, surveyed in 2002). Conventional water quality, pesticide exposure, disease, and
spawner condition showed no relationship to the syndrome. Coho salmon did show evidence of exposure to metals and
petroleum hydrocarbons, both of which commonly originate from motor vehicles in urban landscapes. The weight of
evidence suggests that freshwater-transitional coho are particularly vulnerable to an as-yet unidentified toxic contaminant
(or contaminant mixture) in urban runoff. Stormwater may therefore place important constraints on efforts to conserve and
recover coho populations in urban and urbanizing watersheds throughout the western United States.
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Int roduct ion

In lowland Puget Sound, many urban streams in the vicinity of

Seattle were a focusof extensive physical and biological restoration

activities in the 1990s. These projects, sponsored by the City of

Seattle and other regional municipalities, served multiple purposes

such as the creation of public green space, the removal of culverts

and other impassable barriers for fish, the placement of large

woody debris and gravel substrate, the removal of noxious weeds,

and the planting of native vegetation. A related aim was to

evaluate the extent to which adult salmon would return to spawn

in the newly available and improved habitats. This post-project

effectiveness monitoring was carried out via fall spawner surveys

that were conducted weekly from 1999–2001, with a primary

focus on coho (Oncorhynchus kisutch), Chinook (O. tshawytscha) and

chum (O. keta) salmon.

These early monitoring efforts in 1999–2001 identified an

unusual syndrome of pre-spawn mortality among adult coho

returning to restoration sites to spawn. Coho typically spawn in

small lowland streams in October through December. Eggs

incubate in gravel nests (redds) from which fry emerge in the

spring (March through May). Juveniles rear in freshwater for

approximately a year and then outmigrate to estuaries the

following spring. Coho spend at least one full year in the ocean

before returning to their natal watersheds to spawn, after which

they die (semelparous life history). Adult migration into freshwater

is triggered by fall rain events that produce transient high flows in
streams. Coho spawning in Seattle-area streams are often a mix of

hatchery and natural origins, with hatchery fish distinguishable by

a clipped adipose fin and, lesscommonly, thepresence of a rostral-

implant coded wire tag.

Affected coho spawners observed in post-restoration effective-

ness monitoring surveys showed a consistent suite of symptoms

that included surface swimming, gaping, loss of equilibrium, and

pectoral fin splaying (Video S1). The onset of the syndrome was

rapid, and stricken fish typically died within a few hours. Pre-

spawn mortality wasconfirmed by a near-total retention of eggs in

female carcasses inspected during the surveys.
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Coho prespawn mortality study #2: 
predictive modeling based on land use 

Major findings: 

• Coho are likely to be impacted 
across large geographic areas 

• Spawner mortality rates correlate 
closely with land cover 

   (% impervious, roads, etc.) 

Landscape Ecotoxicology of Coho Salmon Spawner
Mortality in Urban Streams
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Abst ract

In the Pacific Northwest of the United States, adult coho salmon (Oncorhynchus kisutch) returning from the ocean to spawn
in urban basins of the Puget Sound region have been prematurely dying at high rates (up to 90% of the total runs) for more
than a decade. The current weight of evidence indicates that coho deaths are caused by toxic chemical contaminants in
land-based runoff to urban streams during the fall spawning season. Non-point source pollution in urban landscapes
typically originates from discrete urban and residential land use activities. In the present study we conducted a series of
spatial analyses to identify correlations between land use and land cover (roadways, impervious surfaces, forests, etc.) and
the magnitude of coho mortality in six streams with different drainage basin characteristics. We found that spawner
mortality was most closely and positively correlated with the relative proportion of local roads, impervious surfaces, and
commercial property within a basin. These and other correlated variables were used to identify unmonitored basins in the
greater Seattle metropolitan area where recurrent coho spawner die-offs may be likely. This predictive map indicates a
substantial geographic area of vulnerability for the Puget Sound coho population segment, a species of concern under the
U.S. Endangered Species Act. Our spatial risk representation has numerous applications for urban growth management,
coho conservation, and basin restoration (e.g., avoiding the unintentional creation of ecological traps). Moreover, the
approach and tools are transferable to areas supporting coho throughout western North America.
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Int roduct ion

In recent decades, human population growth and development

have continued to increase along the coastal margins of North

America [1]. The associated changes in land cover and human

land use have elevated land-based sources of pollution, and toxic

stormwater runoff in particular, to become one of the most

important threats to the biological integrity of basins, lakes,

estuaries, and nearshore marine environments [2]. In the United

States, concerns related to non-point source pollution have gained

momentum over the past decade (e.g., [3,4]). Thishasculminated

most recently in the designation of ‘‘water quality and sustainable

practices on land’’ as one of nine National Priority Objectives for

the newly established National Ocean Council, together with

ecosystem-based management, marine spatial planning, climate

change and ocean acidification, and changing conditions in the

Arctic [2]. For toxic runoff, however, the connections between

unsustainable practices on land and the decline of ecological

resilience in aquatic habits remain poorly understood.

In western North America, semelparous anadromous salmonids

(Oncorhynchus spp.) typically migrate thousands of kilometers in

their lifetimes. They hatch and rear in freshwater, migrate seaward

to capitalize on the productivity of the oceans to grow rapidly and

reach sexual maturity, and then return to their natal streams to

spawn and die. Certain salmonids, including pink (O. gorbuscha) and

chum (O. keta) migrate to the ocean relatively soon after hatching.

Others, however, such as Chinook (O. tshawytscha), steelhead, (O.

mykiss), sockeye (O. nerka), and coho (O. kisutch) may spend one or

more years in freshwater lakes, rivers and streams. Because of this

extended freshwater residency, juveniles of these species are

potentially more vulnerable to anthropogenic modifications of

freshwater habitat quality [5].

In contrast to the high mortality experienced by juvenile

salmonids, mortality at the adult spawner life stage is relatively

low. Familiar natural causesof mortality includepredation, disease

[6,7,8,9], stranding (following high flows), elevated stream

temperatures, and competition – e.g., in habitats with abundant

salmon returns and limited spawning substrate. Various human

activities such as recreational and commercial fishing, stream
dewatering, and the placement of migration barriers can also

increase salmon spawner mortality. In general, however, salmon

spawner mortality has not been attributed to toxic chemical
contaminants in stormwater runoff – a data gap that may be due,

in part, to 1) the relative rarity of salmon spawners in urban basins

with poor water quality, and 2) the logistical difficulty of

implementing toxicity studies on migratory, seawater-to-freshwa-

ter transitional adults.

The exception is a recently documented phenomenon of

returning adult coho salmon dying at high rates in urban and

urbanizing streams in lowland Puget Sound region, which includes

PLoS ONE | www.plosone.org 1 August 2011 | Volume 6 | Issue 8 | e23424
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Coho prespawn mortality study #3: 
population-scale implications 

Major findings: 

• Models predict rapid local extinctions at spawner 
mortality rates observed in Seattle-area streams 

• Mortality may drag down coho abundance in non-urban 
watersheds as a consequence of straying 

(2011, 7:648)  



Runoff from a high-density urban arterial (highway, downtown Seattle) 

Is exposure to urban runoff sufficient to cause 
coho pre-spawn mortality? 

Fall 2012: Key Question 



Downspout from urban arterial First flush runoff 

Project lead: Julann Spromberg (NOAA) 

Collect urban runoff, expose coho spawners 



Experimental operations at the Suquamish 
hatchery facility (exposures and sampling) 

Grovers Creek 

Hatchery, Fall 2012 



Exposing adult coho spawners to stormwater 
under controlled experimental conditions 

clean well water collected stormwater 

Exposures following sequential rainfall events in the fall of 2012 



Exposure to urban runoff is sufficient to cause 
adult coho pre-spawner mortality 

stormwater-exposed  
(3.5 hr) unexposed (3.5 hrs) 

November 11th, 2012 



Evolving science, from… 

“What’s the problem?” 

“What’s the solution?” 

to 



Green Stormwater Research Facility 
(Washington State University) 

Rain Gardens Permeable Pavement 

Mesocosms 



Downspout from highway First flush runoff 

Project lead: Jenifer McIntyre, postdoc, Washington State University 

Collect runoff, characterize baseline toxicity 



Initial experimental design, Fall 2012-13 

Large Soil Columns 

Soil Mixture Soil + Plants 

50 Day Dry Spell 

Transport Runoff to LID Center 

Bioretention Treatment  

Collect Stormwater Runoff 



Survival of salmon and their prey before and 
after soil mesocosm treatment 

Straight Runoff 

0% 

85% 

Treated Runoff 

mayfly water flea juvenile coho salmon 

100% 

4% 

Result: toxicity largely eliminated 

0% 

100% 

% MORTALITY 

Fall 2012 



Drum filter construction: 
 
2”  of Shredded Bark 
 
24”  of 60:40 Sand:Compost 
 
12”  of Aggregate 
 

Bioremediation filters: 
 
55 gallon drums filled with  
WA Dept. of Ecology 
recommended mix 



clean well water untreated stormwater filtered stormwater 

Adult spawner exposures 



Stormwater runoff exposure, Nov. 18th, 2013 

 clean well water (4 hr) unfiltered stormwater (4 hr) 

filtered stormwater (4 hr) 

100% survival (24 hr) 

100% survival (24 hr) 

100% mortality (24 hr) 



Green Stormwater Research Facility 
(Washington State University) 

Rain Gardens Permeable Pavement 

Mesocosms 


