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What is 6PPD-Quinone?

In the 1990s, people working to restore urban streams
began noticing something alarming: adult coho salmon
were inexplicably dying shortly after rainstorms. For
years, the cause was a mystery. Scientists eventually
traced the problem to chemicals washing off roads with
stormwater. In 2020, researchers identified the main
culprit as 6PPD-quinone (6PPDQ), a toxic chemical
formed when 6PPD—a substance added to tires to
prevent cracking—reacts with ozone in the air.

6PPD plays an important role in tire safety. Without it,
tires would wear out faster, increasing safety risks and
generating more waste. However, once transformed
into 6PPDQ, the chemical becomes extremely harmful
to coho salmon at extremely low concentrations (41 —
95 ng/L). To put this in perspective, if all the 6PPD from
a single passenger tire were converted into 6PPDQ, it
could make about 5 billion litres of water deadly to
coho salmon. That’s roughly the same volume of water
flowing through 5 kilometres of the Fraser River under
average conditions.

6PPDQ also has sublethal effects on salmonids, in other
aquatic species, and in plants. These sublethal and
chronic impacts are a major area of active research,
along with research on human-health impacts.
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The table highlights some of the most sensitive
salmonid species known to date.

FShSpecies et ron
Coho salmon 41 -95 ng/L
Coastallr;l:'fcthroat 78 ng/L
Lake trout 390 — 500 ng/L
Brook trout 590 ng/L
Rainbow trout 1,000 ng/L

Chinook salmon >67,307 ng/L

Other Stormwater Toxicants

In addition to 6PPDQ, stormwater conveys a
“chemical cocktail” to urban streams every time it
rains. Some of these chemicals are toxic to people
and other organisms (e.g., heavy metals, PAHs).
Researchers and regulators in Canada and around
the world are currently investigating the toxicity,
extent of exposure, and potential impacts to
humans and other organisms from these
compounds.
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https://www.science.org/doi/10.1126/science.abd6951
https://setac.onlinelibrary.wiley.com/doi/10.1002/etc.5568
https://pubs.acs.org/doi/10.1021/acs.estlett.1c00910
https://pubs.acs.org/doi/10.1021/acs.est.4c10352
https://www.sciencedirect.com/science/article/abs/pii/S0048969724051684
https://setac.onlinelibrary.wiley.com/doi/10.1002/etc.5568
https://pubs.acs.org/doi/10.1021/acs.estlett.1c00910
https://pubs.acs.org/doi/10.1021/acs.est.5c03697
https://pubs.acs.org/doi/10.1021/acs.est.4c09090
https://pubs.acs.org/doi/10.1021/acs.estlett.2c00050
https://pubs.acs.org/doi/10.1021/acs.estlett.2c00050
https://academic.oup.com/etc/article/42/4/815/7729525?login=false

People are potentially exposed to
6PPD-Q and other tire additives via
emissions of particles to the air

Waste tires used in applications

like sports fields continue to

Raingardens effectively capture tire wear toxicants ,
while retention ponds appear less effective. ! toxic to some salmon

6PPDQ Sources: From Tires to Streams

The primary source of 6PPDQ is vehicle tires; however, there are many other rubber products that contain
6PPD, including but not limited to shoe soles, mats, and artificial turf. In general, larger roads appear to
produce the most 6PPD/6PPDQ. Locations where large roads intersect small waterways are most at-risk
for high 6PPDQ concentrations that could impact salmonids.

Concentrations of 6PPDQ in streams are typically low during dry periods, generally below 1 ng/L, but can
rise rapidly during rain events. In many catchments, 6PPDQ exhibits a partial “first flush” effect, with
higher concentrations at the onset of a storm than later in the event, even when rainfall intensity
increases. After a storm, levels often decline quickly from their peak, though they may remain elevated
compared to pre-event concentrations for hours or even days. In some cases, concentrations above the
reported lethal concentration for coho salmon have been observed to persist for multiple hours. Evidence
for seasonal patterns is more variable: some catchments appear to “recharge” their 6PPDQ stock quickly,
as seen in Surrey, BC, where levels exceeding 95 ng/L were measured in storms just a week apart. Other
studies have noted seasonal declines over winter months, yet even during spring, breaks in rainfall can
lead to 6PPDQ concentrations exceeding the coho salmon’s lethal concentration during storms.

For more detailed information, members of our research community have published open-access papers
showing 6PPDQ dynamics across storms in Jaeger et al. (2024) and King et al. (2025).
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https://pubs.acs.org/doi/10.1021/acsestwater.4c00614
https://pubs.acs.org/doi/10.1021/acs.estlett.5c00477

Areas of Concern Identified

Areas of concern across the east coast of Vancouver Island and throughout the Lower Mainland have been
identified through sampling efforts and modelling exercises.

Sampling on Vancouver Island

Sampling has been occurring on Vancouver Island
since 2021. The images to the right highlight results
from samples collected through the BC Conservation
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Foundation and Vancouver Island University sampling )
program that has been underway since September o 7 -28@ o Ritmone
2023. Results have shown that the more urban areas ()2 y |

and reaches with large catchments of impervious
surfaces have been having the highest 6PPDQ
detections observed (top figure shows the maximum
concentration collected from each site).

In Nanaimo alone, nearly 2,500 samples have been

collected since September 2023. These sampling
efforts have involved higher spatial sampling efforts to
gain a better understanding of which outfalls appear
to be the most impactful. With as many as 16 \
sampling locations on one stream in Nanaimo (bottom AL ey 042 D
figure showing the maximum concentration collected : ‘

at each site), the research team can help identify : 2

locations in need of remediation efforts. o e = =0 |

Modelling & Sampling the Lower Mainland

In the Lower Mainland, dense road networks have led
to very high observed concentrations in urban
streams and in streams near larger roadways. Using
data on traffic volumes from TransLink, the estimated
relative potential 6PPDQ emissions from vehicle traffic
was generated (top figure). This map shows how
urban areas and areas around highways are potential
hot-spots for 6PPDQ impacts on sensitive salmonids.

Results from sampling streams across the Lower
Mainland over the last 3 years (bottom figure) show
that during an average rain event, concentrations in
most of the streams studied exceeded the provincial
water quality guideline level of 10 ng/L. In many of
the locations sampled, average concentrations also
exceeded acute toxicity thresholds (41 ng/L) during
rain events, indicating the potential for fish kills.

Images were provided by the University of British
Columbia’s research team.



http://www.tireweartoxins.com/
https://experience.arcgis.com/experience/597c33d27da84f1789bc41a36e37253d/page/Tire-Wear-Toxins/

Sampling Best Practices

The Province of British Columbia has published a water quality guideline for 6PPDQ of 10 ng/L. Results show
that many urban streams across British Columbia exceed this level during most rain events. Testing for

6PPDQ can be expensive since the analysis requires advanced instruments and laboratory personnel.
Alternate sampling and analysis methods — like using passive devices that incorporate a longer time-period,

analyzing with a rapid method, or other non-standard procedures — may provide initial screening results

comparable to the “standard” method, but may not be available from all commercial labs.

1. Pick a Sample Location

Using stormwater infrastructure maps and/or groundtruthing, find sites where roads drain into local streams.
Small streams, downstream of busy roads or stormwater outfalls with large catchments, are the most
vulnerable. Results are site specific, if you have the capacity/budget to collect multiple samples, it will allow
you to identify the most impactful point sources (i.e., locations 6PPDQ may enter the stream).

2. Collect your sample

Materials: Use amber glass containers and standardized protocols for sample collection outlined by the
professional laboratory that will be analyzing the sample(s).

Timing: One way to determine sample timing is to look to see if any runoff is occurring in the streets; if you
can see good flow into storm drains, it is likely a good time to collect a sample. As 6PPDQ can move through
some systems relatively quickly, if it is possible to collect multiple grab samples throughout the rain event,
this could help you better understand the impacts of 6PPDQ in your monitored system.

Storage: Follow the protocols of the laboratory that will be analyzing the sample.
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https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/waterquality/water-quality-guidelines/approved-wqgs/6ppd-quinon_wqg_technical_report.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0043135424013071
https://pubs.acs.org/doi/10.1021/acsestwater.3c00275
https://pubs.rsc.org/en/content/articlelanding/2025/su/d5su00170f
https://www.epa.gov/cwa-methods/6ppd-q-using-liquid-chromatography-tandem-mass-spectroscopy-lcmsms-method-1634-not-yet
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Effective Solutions

Research shows that “rain gardens” —also called bioretention systems—can significantly reduce the amount
of 6PPDQ entering streams. Rain gardens work by slowing stormwater and filtering it through soil, where
pollutants can stick to organic material and be broken down by plants and microbes. When designed
properly, these systems can continue working for decades.

Rain gardens are most effective when they are built with soils rich in organic matter and sized correctly for
the amount of runoff they receive. During very large rainstorms, excess water can bypass the system and
flow directly into storm drains, which reduces how much pollution is captured. For this reason, one rain
garden is often not enough — especially in heavily urbanized areas. A network of rain gardens spread
throughout a neighbourhood or watershed is often needed to meaningfully reduce pollution and protect
aquatic life. Although rain gardens can be expensive and municipal budgets are often limited, public support
and advocacy are key to ensuring they are built in the locations where they will have the greatest impact and
included in new developments. All green infrastructure, including rain gardens require regular maintenance
and should be planned for to ensure they continue protecting streams and fish over the long term.

Preliminary research suggests that traditional stormwater ponds are far less effective at removing 6PPDQ,
and scientists are continuing to explore other treatment options. The most effective long-term solution is to
replace harmful tire chemicals with safer ones. Regulators in California and Washington are already
evaluating alternatives, and it is important that any replacement for 6PPD is safe not just for fish, but also for
people and the broader environment.
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Policy & Alternatives

Ongoing research has and is helping inform potential updates to policy and finding 6PPD alternatives to use
in tires. Removing or limiting the use of 6PPD in products will ultimately reduce exposure to humans,
wildlife, and the natural environment in the long-term. Below is a current overview of Canadian policy and
the assessment of 6PPD alternatives ongoing in the United States:

Canadian (Federal) Policy

In April 2024, the federal government agreed to prioritize 6PPD for assessment under the Canadian
Environmental Protection Act (CEPA) following a request from environmental organizations. This means that
Environment and Climate Change Canada will undertake a scientific risk assessment to determine whether
6PPD and 6PPDQ should be considered ‘toxic’ under CEPA and, if so, what actions are appropriate.

If 6PPD and/or 6PPDQ is found to be toxic, risk management measures, such as regulations or restrictions,
can be developed. Specific measures and timelines may depend on the assessment outcomes. As of now
(January 2026), no formal CEPA regulation restricting 6PPD has been implemented; the process is in the
assessment and consultation phase.

British Columbia’s (Provincial) Guidelines

The BC Ministry of Water, Land & Resource Stewardship
developed provincial water quality guidelines that include

6PPD-quinone Acute Water Quality Guidelines — Freshwater

acute (short-term) limits for 6PPDQ in freshwater to protect gl
aquatic life. The Guidelines state that acute concentrations
in freshwater environments should remain below 10 ng/L, e

which is similar to the 11 ng/L decided on by the US
Environmental Protection Agency.

The BC Guidelines serve to: protect water values, inform
water quality assessment and resource management
decisions, and provide a scientific basis for setting limits or
objectives to manage pollutant inputs into waterways.
These guidelines are not direct regulatory law, but are used
by government and resource managers as a scientific
reference when making decisions on permitting,
monitoring, and environmental protection measures. No
chronic (long-term) guideline could be developed due to B
the limited availability of long-term toxicity data. Fm

Beyond provincial guidelines, the BC Environmental Management Act allows municipalities to manage
wastewater, including stormwater, through Liquid Waste Management Plans, these plans currently do not
include 6PPDQ-specific recommendations.

Assessment of 6PPD Alternatives

The California Department of Toxic Substances Control designated motor vehicle tires containing 6PPD as a
Priority Product under its Safer Consumer Products Regulations in response to toxicity concerns associated
with 6PPDQ. This requires manufacturers to evaluate safer alternatives through a two-stage Alternatives
Analysis (AA). The United States Tire Manufacturers Association (USTMA) formed an industry consortium to
conduct the AA. Stage 1 screening is complete, and Stage 2 — detailed evaluation of shortlisted alternatives
— is underway, with final results expected in August 2026.



https://ecojustice.ca/wp-content/uploads/2024/05/Ecojustice-Response-to-Request-to-Assess-6PPD-under-section-76-of-CEPA.pdf
https://ecojustice.ca/wp-content/uploads/2024/02/2024-02-06-Request-to-Assess-6PPD-under-Section-76-of-CEPA.pdf
https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/waterquality/water-quality-guidelines/approved-wqgs/6ppd-quinon_wqg_technical_report.pdf
https://www.epa.gov/system/files/documents/2024-05/6ppd-q-screening-value-2024.pdf
https://dtsc.ca.gov/scp/motor_vehicle_tires_containing_6ppd/
https://www.ustires.org/qa-stage-1-alternatives-analysis-6ppd-tires

Potential Funding Opportunities

Mitigation solutions require funding, which is not always possible through government agencies. Below are
a few existing funds that organizations may be able to take advantage of to construct rain gardens and
stormwater solutions in your area:

Municipalities & First Nation’s Organizations

Disaster Resilience & Innovation Funding Program

DRIF provides funding to help municipalities and First Nations increase their ability to prepare for,
withstand, and adapt to natural and climate-related hazards.

BC Hydro Community ReGreening Program

This funding (510,000 per applicant) provides funds strictly for planting and planting supplies. The intent of
the funds is to support projects that bring the community together to create natural habitats and support
environmental stewardship action.

Local/Regional Grants

Pacific Salmon Foundation’s Community Salmon Program

PSF’s CSP funds community-led and First Nation’s-led salmon recovery, emerging salmon leaders, and
emergency restoration work. The funding program aims to: empower community groups to invest in salmon
and habitat restoration projects, increase awareness and public engagement with salmon issues, and create
partnerships to support salmon recovery.

The Nature Trust Rain Garden Fund

The Nature Trust has an endowment fund to support community rain garden projects. This initiative’s aim is
to address environmental and economic advantages of getting stormwater back into the ground and raise
citizen awareness and engagement in aquatic habitat protection.

Many regional and local governments have community grants. Some examples include the Regional District
of Nanaimo’s Community Grant, the City of Nanaimo’s Community Program Development Grant, and the City
of Vancouver’s Community Climate Action Grant.

For personal properties, some regional and municipal governments offer rebate programs as incentives to
construct green stormwater infrastructure on your personal property.
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