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Cumulative impacts in watersheds
Urban Stream syndrome

EPA 2017

TOXICS

Presenter Notes
Presentation Notes
Human population densities and urbanization have grown around the Salish Sea

South sound has experienced substantial urban growth over the last few years

Toxics is an added impact to an already complex myriad of problems

It is often hard to tease out what impacts are driving biological, chemical and physical habitat degradation
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Walsh et al. 2005

Cumulative impacts in watersheds = Urban stream syndrome

Multiple
Ecosystem stressors

Presenter Notes
Presentation Notes
The systematic degradation of urbanized streams is referred to as:

Urban Stream Syndrome – A stream where the physical, chemical and/or biological conditions have degraded by urbanization.

And it is complicated!






CHAPTER 1: INTRODUCTION

Hundreds of contaminants of concern are released to aquatic 
ecosystems via urban runoff (James et al. 2023).

Masoner et al. 2019

Multiple 
contaminants

Presenter Notes
Presentation Notes
Aquatic life are exposed to toxics that cause chronic and acute impacts.

Hundreds of contaminants of concern are released to aquatic ecosystems via runoff (James et al. 2023)

Urban Stormwater: An Overlooked Pathway of Extensive Mixed Contaminants to Surface and Groundwaters in the United States | Environmental Science & Technology (acs.org)

The screening and prioritization of contaminants of emerging concern in the marine environment based on multiple biological response measures - ScienceDirect
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Impervious surfaces = deposition and accumulation of toxics 

Reliance on motor vehicles = release of toxics

Consumer products = the source of toxics

We know on a sub-watershed scale where % impervious area is 
greatest, but higher resolution prioritizations would help

Multiple
management & 
policies

Urban runoff = transport of toxics to natural waterbodies

Presenter Notes
Presentation Notes
What are the overarching issues that lead to roadway runoff contamination? 

Impervious surfaces = deposition and transport of toxics 
Impervious surfaces provide greater surface area for deposition of contaminants 

Urban runoff = transport of toxics to natural waterbodies
The hard surfaces prevents natural filtration processes and causes greater volumes of water with more energy to pick up the deposited contaminants

Reliance on motor vehicles = release of toxics
vehicles and tires release chemicals to the environment 
Continuing to reduce our reliance on motor vehicles will help reduce toxics, this includes public transportation investments and urban planning

Consumer products = the source of toxics
Chemicals that are banned in other parts of the world are still allowed in the US
US consumers don’t always know the composition of a product








Refuge from land 
impacts

Population Reservoirs

OCEAN STREAM

HATCHERIES

Refuge from ocean 
impacts
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Coho salmon trend 
modeling shows 
greater correlations 
with precipitation

Sobocinski et al. 2021

Presenter Notes
Presentation Notes
Salmon migration is a strategy that provides population reservoirs on land and at sea, originally they most likely adapted this strategy to avoid natural disturbances like earth quakes, volcanoes and extreme climatic events. 

Humans have added a third population reservoirs, hatcheries, until we are able to restore wild salmon populations and their habitats. 



1980 – Re-occurring pre-spawn mortality 
1990 – Correlated with urban runoff
2000 – Pre-spawn mortality surveys begin 
2011 – PSM correlated with roads and tires
2016 – Biofiltration prevents mortality
2020 – Discovery of 6PPD-quinone

CHAPTER 2: SALMON & TIRES

Photo: Clear Creek coho
(courtesy of Wild Fish Conservancy, 2021)

Coho Salmon Pre-spawn Mortality* Syndrome

*Now referred to as Urban Runoff Mortality Syndrome (URMS)

Presenter Notes
Presentation Notes
Along comes pre-spawn mortality……to add to the myriad of issues

1980’s - Re-occurring pre-spawn mortality were observed around the Puget Sound starting in the 1980’s. 
1990 - Ecotoxicologists correlated the events with storms that rinsed pollutants into urban waterways, Whatcom creek hatchery switched from using urban stream water to well water and their coho salmon mortality events ceased.
2000 - Regional fish biologists conducted pre-spawn mortality surveys across the Puget Sound to understand the scope and scale of the problem.
2010 – Spatial ecologists correlated the pre-	spawn mortality events to roadways and traffic. 
2016 – Ecotoxicologists demonstrated that bioretention of roadway runoff through engineered soil mixes prevented coho salmon mortality. 
2020 – The investment in analytical equipment and research led to the discovery of 6PPDQ led by University of Washington and funded by national estuarine program, the overall effort and discovery was a multi-agency and university collaborative effort spanning decades.



With 6PPD Without 6PPD

Photo: U.S. Tires Manufacturer’s Association

• 6PPD is a chemical in tires that 
prevents the rubber from cracking

• 6PPD transforms into 6PPD-quinone 
(6PPDQ) when exposed to ozone

• Both are emitted from tires and in tire 
wear particles that are deposited and 
transported to land and water.

• 6PPDQ is acutely toxic to coho salmon

6PPD and 6PPD-quinone

CHAPTER 2: SALMON & TIRES

Presenter Notes
Presentation Notes
Anti-degradants refers to chemicals that are used to help consumer products last longer.  
6PPD is a tire anti-degradant used in tires that reacts with ozone to protect the tire rubber from weathering.
6PPD-quinone (6PPD-Q) is a transformation product of 6PPD that is toxic to aquatic life.




6PPDQ is toxic 
to other fish:

Brook trout
Lake trout
Rainbow trout
Steelhead
Coastal cutthroat trout

CHAPTER 2: SALMON & TIRES

Presenter Notes
Presentation Notes
6PPD-Q is most toxic to coho salmon (thus far) 
The mechanism of toxicity is being explored
Toxicity of 6PPD-Q varies among species and salmonids, some species are more tolerant 

This is not just an issue for the Pacific Northwest as sensitive species are found throughout the US and globally. Since its discovery, 6PPD‑quinone has been found to be acutely toxic to brook, rainbow/steelhead, lake trout, and coastal cutthroat trout, which are important ecological and recreational species throughout the United States.​
​
6PPDQ is now recognized as a global contaminant and in June 2024, the United States Environmental Protection Agency (USEPA) issued non-regulatory and non-binding screening levels for 6PPD-quinone. Governments at various levels here in the United States and globally are increasingly recognizing the impacts of 6PPD-quinone and moving toward regulation.

When and where are coho salmon impacted by 6PPDQ?

Are there ecosystem impacts caused by depleted populations?

What field and lab methods are best for measuring 6PPDQ?

Where does it fit into the recovery priorities to date?
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• When and where 
are coho salmon 
exposed to 6PPD?

Presenter Notes
Presentation Notes
Toxics move down river and streams and settle out in slower waters, like estuaries, pools and damns.
Migrating salmonids depend on estuaries and pools for rearing
So, toxics and salmon move around the watershed, if we only restore the upper, less urbanized watersheds, the migrating fish still need to use the lower reaches where they have a higher chance of toxics exposure.

Coho salmon may only yield 1-4 fish out of 1500-3000 eggs per individual

There are 3-4 different cohorts

Toxics tend to accumulate in slower moving waters

Salmon use different parts of the watershed at different life stages
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Declining Salmon Stocks 

Spromberg & Scholz 2011

Wild coho extinction 
estimates using 
metapopulation 
modeling approach

Pearsall et al. 2021; Sobocinski et al. 2022

Presenter Notes
Presentation Notes
If coho salmon were more impacted by roadway runoff, then you might expect the populations to be more depleted over time than more tolerant species to 6PPD-quinone
Marine survival is the main metric for modeling salmon stocks
Estimates of juvenile survival (what actually makes it out of the watershed) provides another useful metric to gauge whether habitat improvements are helping with salmon recovery.
The most urbanized streams are reporting over 90% re-occurring mortality, every year there are diminished returning adults
Some coho pre-spawn mortality surveys are noting whether the salmon are hatchery strays or wild salmon populations

Urban seas as hotspots of stress in the Anthropocene ocean: The Salish Sea example | Elementa: Science of the Anthropocene | University of California Press (ucpress.edu)

Estimating the future decline of wild coho salmon populations resulting from early spawner die‐offs in urbanizing watersheds of the Pacific Northwest, USA - Spromberg - 2011 - Integrated Environmental Assessment and Management - Wiley Online Library
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• 6PPDQ may help us 
identify high priority 
areas for water quality 
improvement projects.

• Both physical AND 
chemical habitat 
conditions need to be 
restored, while avoiding 
ecological traps.

Presenter Notes
Presentation Notes
Integrated Watershed Studies are needed for toxics are correlated with biological, chemical and physical conditions on a salmon recovery watershed scale

Hundreds of fish passage projects will be implemented over the next few decades

Confirming whether an upstream habitat is “safe” for salmon or if the downstream journey to the restored upper watersheds is needed

Opportunities to retrofit both physical fish passages and the toxics impairments are being considered 
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WA Ecology 2024

Presenter Notes
Presentation Notes
The map is interactive and available via Ecology’s 6PPD website.

Here is what the information for this watershed looks like. Each individual metric is relative to other traffic areas and ranges from 0 to 1

The  total vulnerability score ranges from 0 to 3

Where and when are aquatic species impacted by 6PPDQ?

How do these identified areas compare to existing water quality assessments? 

There are over 800 sub-watershed across the state that have some degree of predicted risk to 6PPDQ release and exposure based on traffic, impervious surface and proximity to streams

We mapped roads, traffic, % impervious surface, precipitation, known vulnerable species habitat distribution to help focus sampling efforts
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Iris Kemp, King County

• Passive sampling is a great tool for 
initial screening assessments and 
source identification

Presenter Notes
Presentation Notes
Because we don’t have capacity to sample all 800 watersheds of concern, we use the vulnerability map to help focus sampling efforts

A secondary tool to help focus more high resolution studies are passive samplers

Passive samplers were identified as a great tool to measure relative 6PPDQ loading among watersheds as part of a method device study in spring 2023



PASSIVE SAMPLING RESULTS

CHAPTER 3: ASSESSMENT STRATEGIES

• 6PPDQ was only detected in the high 
urban, high traffic lakes

Detect

Non-detect

Presenter Notes
Presentation Notes
A study across traffic and watershed characteristics was conducted.

Passive samplers were deployed for two months across 6 watersheds that ranged from High to low traffic and high to low urban

Only the areas with both high urban and mid-high traffic had detectable levels of 6PPDQ during

This doesn’t mean that there is no 6PPDQ impacts, more research is needed 



AUTOSAMPLING AND GRAB RESULTS

CHAPTER 3: ASSESSMENT STRATEGIES

Detect

Non-detect

Presenter Notes
Presentation Notes
Time-weighted composite sampling and grab sampling was conducted across streams as part of a stream recon study

There was a higher rate of non-detects using grab samples, although they work well if timed well and in slower moving waters.

Time-weighted composite sampling was a great tool to avoid working late nights and weekends
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Presenter Notes
Presentation Notes
Automated stream stations that measure water quality parameters, stream depth and flow changes, and triggers the autosampler to sample during storms is another great tool, but takes some training and an investment. The data can be seen live via a Web-based data portal, so you can see the storms in real-time and check to make sure the sampler was started. 

This is the best tool for understanding the fate and transport of the contaminant.





THE END

• Assess hazards of other PPD chemicals
• Results of a tire recycling study
• Toxicity research on tire anti-ozonants
• Effectiveness of stormwater management
• Aquatic ecosystems impacts
• Fate and transport field and lab studies
• Human exposure and health impacts

WE HAVE MORE TO LEARN

Presenter Notes
Presentation Notes
This is just the tip of the iceberg, we have a lot more work to do to fill in the major data gaps.

Thank you to the many folks that helped with the preliminary studies. 



QUESTIONS

ADA ACCESSIBILITY

• The Department of Ecology is committed to providing people 
with disabilities access to information and services by meeting 
or exceeding the requirements of the Americans with 
Disabilities Act (ADA), Section 504 and 508 of the 
Rehabilitation Act, and Washington State Policy #188. 

• To request an ADA accommodation, contact Ecology by phone 
at 360-407-6831  or email at ecyadacoordinator@ecy.wa.gov. 
For Washington Relay Service or TTY call 711 or 877-833-6341. 
Visit Ecology’s website for more information.

For more information:

Rhea Smith
6PPDQ Monitoring Lead
Rhea.smith@ecy.wa.gov

mailto:ecyadacoordinator@ecy.wa.gov
https://ecology.wa.gov/About-us/Accessibility-equity/Accessibility
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