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Scholz et al. 2011. PLoS ONE 

 Urban stormwater runoff causes high 
prespawn mortality rates 

Symptoms	
•  Surfacing	&	gaping	
•  Loss	of	equilibirum	
•  Death	within	hours	of	symptoms	



Physical	Water	Quality	
•  DO,	Temp.,	pH	normal	
	

Parasites/pathogens	
•  No	organ	damage		
•  No	infecTons	specific	to	stricken	fish	
	

PesTcides	
•  No	acetylcholinesterase	inhibiTon	
	

Metals	and	polyaromaTc	hydrocarbons	
•  Exposed	in	urban	streams,	

	but	do	not	alone	elicit	symptoms	

 Ruled out potential causes 

Scholz et al. 2011. PLoS ONE; Spromberg et al. 2016. PLoS ONE 



 Bioretention removes stormwater toxicity 

Unknown mixture of 
chemicals in 
stormwater to blame 

•  What are the toxicants 
and sources? 

 

•  How do they impact 
salmon? 

 

•  How can we remediate 
stormwater using green 
infrastructure? 



Coho	prespawn	mortality	landscape	features	

Feist et al. 2017. Ecol Applications 
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Major	roads	and	heavy	
traffic	predictors	of	PSM	



Road Runoff 

>15,000 
vehicles/day 

Seattle 
SR 520 



Collecting Road Runoff 



Toxicity of urban stormwater runoff 

Coho life history phases: Acute lethal response 

Pacific Herring 

Zebrafish Coho 

Fish embryos: Growth impairment, cardiotoxicity, neurotoxicity 

Adult Juvenile Alevin 



road	runoff	

clean	well	water	

 Experimentally exposing coho spawners to 
road runoff  



Unexposed	(3.5	h)	 Stormwater-exposed	
(3.5	h)	
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…induces pre-spawn mortality 



The	chemistry	of	
							stormwater	
runoff	

Metals	

phthalates	 pesTcides	
hydrocarbons	

Thousands	of	unique	
chemicals	are	present	in	
urban	road	runoff	
Du	et	al.	2017.	Env.	Sci.	Processes	and	Impacts	
	

RelaTvely	few	of	them	are	
idenTfied	
Peter	et	al.	2018.	ES&T	
	

Priority	pollutants	not	causing	
observed	toxicity		
Spromberg	et	al.	2016.	J.	Appl.	Ecol.	

?



Take	Home	Messages	

Which	are	most	toxic?			

Tire	Wear	 Exhaust	 Brakes	 Washer	Fluid	
Automobile	Leaks:	
•  Fuel	
•  Engine	Oil	
•  Brake	Fluid	
•  Engine	Coolant	
•  Transmission	Fluid	

Leaks	

 What are vehicle sources of chemicals in 
road runoff? 
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Hierarchical	cluster	analysis	of	chemical	signatures	

Vehicle 
sources 

PSM 
Streams 

Coho-
killing 
runoff 



Tire chemicals kill coho but not chum 

•  Tire Leachate = 0.32 g/L 
(nominal) 

•  24 h exposure 
•  Expect 100% mortality in coho 

Tire 
Leachate 
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Similar to runoff, 
adult chum were 

not affected 



Urban stormwater runoff affects coho 
blood 

Osmoregulatory imbalance & 
hemoconcentration 

McIntyre et al. 2018. Environ. Pollution 

•  Increased hematocrit 
•  Loss of Na+ and Cl- 

 

•  Surfacing & gaping 
•  Loss of equilibrium 
 

Behavior: respiratory impairment 

Death typically 2-4 hours after 
exposure to runoff 

Hematocrit: 
Percent red  
cell volume 
 

     40% 
60% 

healthy vs. sick 



Permeable	
Pavement	

Solutions: Green Stormwater 
Infrastructure 

BioretenTon	



Bioretention Performance: Roadside 
Treatments 
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Washington State DOT 
Compost-Amended 
Bioswale 

WSU	Lab	
CABS	



Bioretention Performance: Longevity 

Lane Maguire 
M.S. Student 

SOE 
Fall 2018 

Research questions: 
•  What depths of bioretention 

are necessary to treat 
runoff? 

•  For how long are they 
effective? 

 
Accelerated aging: 
•  10 water years into 2 year 

study 



Bioretention Performance: BURitos 
Bioretention 
Urban Retrofit 
of stormwater 
detention 
ponds 
 
Compost-filled 
berms to treat 
road runoff 
before enters 
urban streams 
 
 

Kit	Paulsen	
City	of	
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Questions? 


