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EXECUTIVE SUMMARY

The Protecting Salmon from Tire Wear Toxicants: 6PPDQ Workshop 2026 was hosted on
February 18 and 19, 2026 at the Coast Bastion Hotel by the British Columbia Conservation
Foundation’s Aquatic Research & Restoration Centre (BCCF ARRC) and Vancouver Island

University’s Centre for Health & Environmental Mass Spectrometry (VIU CHEMS).

This workshop intended to bring together those working on understanding the fate and
distribution of 6PPDQ, its impacts on ecosystem health, and mitigation strategies. The
workshop hosts see this workshop as an important knowledge-sharing gathering to ensure that

science is robust, relevant, and accessible.

Prior to any presentations, welcoming remarks and prayers were provided by Joan Brown,
Snuneymuxw First Nation Elder and Chief Administrative Officer, to start the workshop off in a
good way. The first day had speakers discuss their ongoing research and any existing data gaps.
The afternoon welcomed local First Nations and stewardship group representatives involved in
6PPDQ and water monitoring initiatives to share their experience, including successes,
challenges, and opportunities that had come from their work. The final portion of the day had
some of the attendees that had posters at the event provide a five-minute overview of their

project and a promote their work to generate traffic at the poster session that followed.

The second day started with a presentation by Dr. Rachel Scholes from UBC discussing their
research on green stormwater infrastructure (GSI) treatment options and their ability to
mitigate 6PPDQ and other hydrophobic contaminants. The latter half of the morning had
presenters from streamkeeper groups, eNGOs, and consultants sharing different 6PPDQ
mitigation strategies (i.e., bioretention systems, highly efficient filtration media, and proposed
policy changes). The afternoon of day 2 was set aside for a breakout session that had
participants discussing key takeaways from the workshop, existing knowledge gaps, potential
solutions, and identification of tools and/or partnerships needed to implement solutions for

one of five topics.

Overall, approximately 165 individuals, representing 82 organizations, attended the workshop,
with most people attending both days. Information booths and posters were displayed
throughout the event, with designated time set aside for attendees to engage with researchers

about ongoing research.
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6PPDQ OVERVIEW

Recognized in the 1990s as urban runoff mortality syndrome (URMS), it wasn’t until 2020 that
the cause of the mass mortalities to returning coho salmon in Puget Sound urban creeks was
identified (Scholz et al. 2011; Tian et al. 2021). A compound known as N-(1,3-dimethylbutyl)-N’-
phenyl-p-phenylenediamine (6PPD) is added to rubber products, including tires, as an
antiozonant — utilized to preferentially react with ozone to prolong the tire rubber’s life span.
When 6PPD reacts with ozone, it produces N-(1,3-dimethylbutyl)-N-phenyl-p-
phenylenediamine quinone (6PPDQ; Figure 1), which is the compound identified to cause URMS
in coho and other salmonid species. As tires wear, particles are left on roadways until they are
washed into waterways through stormwater runoff or snowmelt, where the contaminants are

able to interact with and impact vulnerable species.

6-PPD 6-PPDQ O

H H
@\ /@/N\‘/\‘/ ©\ NW
H o 0]

Image Source: Wikimedia Commons (2023}

N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine
2, Vibutyl)-N"phenyk-p-pheny N-(1,3-dimethylbutyl)-N-phenyl-p-

phenylenediamine-quinone

Figure 1. Compound added to tires as an antiozonant, known as 6PPD (left), and its
transformative compound, 6PPDQ (right) that is toxic to salmonids.

Stormwater runoff appears to be the largest contributor of 6PPDQ to waterways, directed by
sloped impervious surfaces and stormwater infrastructure. URMS can be induced in a matter of
hours when toxic concentrations (parts-per-trillion or ng/L) enter waterways. Coho salmon
were the first to be identified as vulnerable to 6PPDQ (Tian et al. 2021). After further study,
similar fates have been found for rainbow trout/steelhead, brook trout (Brinkmann et al. 2022),
Chinook salmon (French et al. 2022), coastal cutthroat trout (Shankar et al. 2025), and lake
trout (Roberts et al. 2025).

WORKSHOP OVERVIEW

The Protecting Salmon from Tire Wear Toxicants: 6PPDQ Workshop 2026 was hosted at the
Coast Bastion Hotel on February 18 and 19, 2026 by the British Columbia Conservation

Foundation’s Aquatic Research & Restoration Centre (BCCF ARRC) and Vancouver Island
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University’s Centre for Health & Environmental Mass Spectrometry (VIU CHEMS). Planning for
the event was supported by the University of British Columbia (UBC), Pacific Salmon Foundation
(PSF), and the City of Vancouver staff. Funding for the event was provided by the British
Columbia Salmon Restoration & Innovation Fund (BCSRIF) and PSF.

This workshop is intended to bring together those working on understanding the fate and
distribution of 6PPDQ, its impacts on ecosystem health, and mitigation strategies. The
workshop hosts see this workshop as an important knowledge-sharing gathering to ensure that
science is robust, relevant, and accessible to all. It is important that many dimensions of this

issue are thoroughly assessed, which will require a collective approach.

ATTENDEE SUMMARY

In total, approximately 165 individuals representing 82 different organizations attended the
two-day workshop in-person. Most participants attended both days of the event. Organizations
represented included environmental non-government organizations (eNGOs; 15), local First
Nations and First Nations-led organizations (12), academic institutions (6), community
stewardship groups (14), environmental consultants (18), provincial government (BC
government — 3 ministries were represented), federal governments (2; 3 Canadian
departments, 1 United States of America department), United States state government (1; 1

department), regional governments (2), municipal governments (7), and industry organizations

(1).

In addition to the in-person meeting, an online version was offered for those that were not able
to travel or attend in person. Another approximately 50 to 70 people attended throughout the

two days virtually.

WORKSHOP LAYOUT

The workshop occurred over two days. The first day (February 18, 2026) focused on what has
been learned about 6PPDQ and the second day (February 19, 2026) focused on what has been
learned about solutions for 6PPDQ. Each day was broken into sessions, with each session

involving multiple speakers followed by a question-and-answer period.

10
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Prior to any presentations, welcoming remarks and prayers were provided by Joan Brown,
Snuneymuxw First Nation Elder and Chief Administrative Officer, to start the workshop off in a
good way. The first day had speakers discuss their ongoing research and any existing data gaps.
The afternoon welcomed local First Nations and stewardship group representatives involved in
6PPDQ and water monitoring initiatives to share their experience, including successes,
challenges, and opportunities that had come from their work. The final portion of the day had
some of the attendees that had posters at the event provide a five-minute overview of their

project and a promote their work to generate traffic at the poster session that followed.

The second day started with a presentation by Dr. Rachel Scholes from UBC discussing their
research on green stormwater infrastructure (GSI) treatment options and their ability to
mitigate 6PPDQ and other hydrophobic contaminants. The latter half of the morning had
presenters from streamkeeper groups, eNGOs, and consultants sharing different 6PPDQ
mitigation strategies (i.e., bioretention systems, highly efficient filtration medias, and proposed
policy changes). The afternoon of day 2 was set aside for a breakout session that had
participants discussing key takeaways from the workshop, existing knowledge gaps, potential
solutions, and identification of tools and/or partnerships needed to implement solutions for

one of five topics.

Throughout the workshop, information booths and research posters were displayed in the
foyer and along the edges of the conference room. In total, there were six information booths
displayed by eNGOs, community led stewardship groups, local governments, environmental
consultants, and academics. Additionally, 11 posters were displayed and presented by current

students and researchers (many of the posters are included in Appendix B — Research Posters).

SUMMARY OF OPENING REMARKS

Shane Petersen — Taking Stock of BCSRIF
The Manager of Partnerships & Outreach for the BC Salmon Restoration and Innovation Fund

(BCSRIF), Shane Petersen, provided some opening remarks highlighting the BCSRIF program and
the important work that it has been able to support over the past seven years. He highlighted
the broad impacts of projects funded through the BCSRIF, emphasizing that all funded
initiatives provide significant community benefits. A central theme is addressing salmon needs
across all life stages, with major investments directed toward salmon habitat restoration and

ecosystem health.

11
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Several large-scale restoration and habitat initiatives were discussed: Redd Fish Restoration

Society (Clayoquot Pacific Salmon Recovery Initiative), Peninsula Streams & Shorelines (Colquitz

watershed restoration), Skeetchestn Indian Band (Deadman River Recovery & Resilience

Initiative), and Ducks Unlimited Canada (major projects to restore tidal marsh habitats in the

Fraser River estuary).

The fund also supports infrastructure and innovation, including Indigenous commercial and
recreational angling initiatives, community hatchery infrastructure, and research projects such
as studies led by UBC and the Sport Fishing Institute on incidental mortality from fishing gear

(‘Release Them Right’ recommendations). Monitoring and data initiatives—such as the

Tsawwassen First Nation’s culturally significant tidal waters salmon traps, BC Conservation

Foundation (BCCF) and PSF’s bottleneck to survival studies, and escapement dashboards —

were highlighted as “game changers” that demonstrate the value of strong partnerships.

Additional collaborative projects include the Halalt and Cowichan Tribes’ Twin Watershed

project, North Coast Skeena initiatives, and movement studies under the Columbia River

Salmon Reintroduction Initiative. The program has supported over 230 partnerships, reflecting

strong cooperation among Indigenous communities, researchers, governments, and

stakeholders.

While the primary focus is salmon, the fund has also supported related ecosystem projects,
including rockfish, eulachan, and herring initiatives, recognizing their importance within salmon

ecosystems.

Key lessons learned include the importance of considering multiple salmon life stages, listening
to Indigenous priorities and planning, and maintaining flexibility to support complex projects.
Overall, the program represents a significant step forward for salmon conservation, with

success driven by collaboration among diverse organizations and communities.

SUMMARY OF WHAT HAVE WE LEARNED ABOUT 6PPDQ
SESSION

Erik Krogh, Angelina Jaeger, & Haley Tomlin — Tracking 6PPDQ Across Vancouver

Island: Spatiotemporal Patterns in Urban Watersheds
Angelina Jaeger and Dr. Erik Krogh from Vancouver Island University’s (VIU) Centre for Health &

Environmental Mass Spectrometry (CHEMS) provided an overview of 6PPDQ and the co-led VIU

12
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CHEMS and BCCF 6PPDQ monitoring program. Haley Tomlin from BCCF’s Aquatic Research &

Restoration Centre (ARRC) provided an overall program summary and next steps overview.

6PPD-Quinone (6PPDQ), a toxic transformation product from tire wear that enters waterways
through stormwater runoff was linked to acute mortality in salmon, particularly coho in 2020.
VIU CHEMS and BCCF ARRC began monitoring for 6PPDQ in 2022, after VIU CHEMS high-

throughput chemical analysis (Condensed Phase Membrane Introduction Mass Spectrometry;

CP-MIMS) was found to be an efficient and cost-effective means to monitor for 6PPDQ.

With funding support from BCSRIF, the VIU CHEMS and BCCF ARRC monitoring program
expanded significantly in 2023. Since fall 2023, researchers and community partners have
collected more than 7,000 water samples across Vancouver Island, sampling 85 streams at over
220 locations during 22 rain events to capture storm-driven contaminant temporal and spatial
patterns. The monitoring program relies heavily on citizen science, with 37 community groups

and more than 150 volunteers contributing approximately 1,870 hours of sampling effort.

Key findings of this three-year monitoring demonstrate that urban stormwater runoff is the
primary pathway by which 6PPDQ enters urban waters on Vancouver Island, often through
road runoff, bridge deck drains, and stormwater pipes. This work has identified fine-scale
6PPDQ sources, which emphasizes the influence of topography, land use, and location of
stormwater outfalls. This has important implications in the selection of sampling locations.

Concentrations frequently exceed the BC 6PPDQ Acute Water Quality Guideline of 10 ng/L, with

approximately 76% of urban
stormwater samples above the
guideline and 26% of all samples
collected exceeding the threshold.
Both lab and field-based research
has shown that tire wear particles
(TWP) act as persistent sources of
contamination, releasing 6PPDQ into
water within minutes to hours and

continuing to leach over time.

The timing and intensity of rainfall

events strongly influences Figure 2. VIU CHEMS mobile lab when deployed.
concentrations, with peak Image: Haley Tomlin
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concentrations often occurring hours after rainfall begins due to time required to transport

runoff through stormwater infrastructure and watershed drainage. Spatial variability is

significant, meaning concentrations can differ greatly within the same watershed depending on

proximity to roads, stormwater infrastructure, or natural areas. Smaller, urbanized streams

tend to experience higher in-stream contaminant concentrations, increasing risk to salmon

populations in those systems.

The VIU CHEMS and BCCF ARRC team conducted high-frequency and autonomous sampling to

capture short-duration contaminant pulses during storms that traditional sampling often misses

(Figure 2). Additionally, preliminary testing of several passive samplers’ types/designs were

completed as a practical alternative for assessing 6PPDQ inputs across storm events, systems,

and stormwater input sources. This approach can provide a rank ordering to prioritize sites

when discrete sampling is difficult or impractical.

Protecting Salmon from Tire Wear Toxicants:
6PPDQ Workshop 2026
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Figure 3. The Tire Wear Toxicant Toolkit was developed in collaboration with UBC, PSF,

and City of Vancouver staff.

Over the past three years, the research team has worked with Campbell Geospatial Consultants

to develop an online data dashboard that houses all 6PPDQ sampling results collected through

the VIU CHEMS/BCCF ARRC program, as well as another dashboard that assesses stormwater

assets, including information related to the length of pipe and land use associated with point

source (i.e., outfall) locations (not currently available publicly as it is being finalized). The team

is hopeful that the stormwater assets analysis dashboard can be utilized by other municipalities

and research teams in the future to more easily identify potential 6PPDQ hotspots based on

land use and drainage patterns. In addition to the dashboards, other deliverables, such as the
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Tire Wear Toxicant Toolkit (Figure 3) and 6PPDQ stream ‘Report Cards’ have been developed

for most Vancouver Island streams monitored through this sampling program to inform

planners, policy makers, and fisheries protection.

The research team is currently applying what’s been learned and working with project partners
to plan for the construction and assessment of green stormwater infrastructure (GSI) and end-
of-pipe treatment solution’s ability to remove 6PPDQ and other contaminants associated with

stormwater.

Tanya Brown — Characterizing 6PPDQ Hotspots in Southern British Columbia

Salmon-Bearing Streams
Dr. Tanya Brown, from the Marine Mammal Ecotoxicology Lab at Simon Fraser University (SFU),

presented on their work that is trying to better characterize the timing, magnitude, and extent
of 6PPDQ pulses in salmon streams during wet weather in Metro Vancouver, Squamish, and
Vancouver Island. This work had been carried out in collaboration with First Nations, as well as
DFO, UBC, and numerous NGOs.

This study investigates the occurrence and behavior of 6PPDQ_ in urban salmon-bearing
streams, focusing on how rainfall events and land use can influence exposure risks. Between
2021 and 2025, monitoring was conducted at 98 sites across BC, generating roughly 2,000
samples collected during both dry and wet weather conditions. Sampling targeted rainfall

events of at least 5 mm following extended dry periods. Additional high-frequency monitoring

provided detailed insight into contaminant dynamics.

The results show that 6PPDQ is widely detected in urban watersheds, with 93% of samples
exceeding the analytical detection limit. Concentrations varied substantially across
environments, ranging from very low background levels in streams to much higher levels in
road runoff, reflecting strong influences from urban infrastructure. In early site characterization
work, 78% of monitored locations exceeded screening thresholds, including toxicity
benchmarks associated with coho salmon mortality, and the majority of streams in North
Vancouver experienced concentrations that surpassed the lethal concentration (LC50) levels

during rain events.

Rainfall was a dominant driver of contamination. Storm events produced rapid concentration
increases, often 7 to 21 times higher than baseline conditions. The data consistently

demonstrated a “first flush” phenomenon, where the onset of rainfall mobilized accumulated
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roadway contaminants into nearby streams. Elevated concentrations frequently persisted for
several hours, with some streams maintaining levels above 100 ng/L during storm peaks and
showing average concentrations around 35 ng/L for approximately 24 hours after rainfall
began. Temporal monitoring confirmed that many urban streams periodically reached or

exceeded water quality guideline and toxicity thresholds during wet weather.

Land use patterns were strongly associated with 6PPDQ levels. Watersheds with greater
proportions of road networks, residential development, and commercial land cover generally
exhibited higher concentrations during storm events. Other environmental indicators, such as
turbidity and the number of antecedent dry days, also influenced contaminant behavior at
some sites, although these relationships were not uniform across all watersheds. These findings
support emerging spatial analysis efforts, including hotspot and predictive risk mapping.
Modeling work is being developed to relate 6PPDQ exposure risk to approximately 50
watershed and urbanization variables, including traffic patterns, although data limitations in

some regions reduce map resolution.

The study also identified the presence of multiple contaminants in stormwater alongside
6PPDQ. Metals such as copper, zinc, cadmium, and antimony were frequently detected. Copper
and zinc showed the strongest correlations with 6PPDQ during rainfall and also occasionally
exceeded water quality guidelines. Additionally, diphenylamine, an industrial chemical, was

observed and is known to be toxic to some fish species.

Overall, the findings demonstrate that urbanization and road runoff are key drivers of 6PPDQ
exposure in salmon-bearing streams, particularly during rainfall events that trigger contaminant
flushing from built up environments. The results are being used to support scientific and
regulatory discussions led by the Government of Canada under the framework of the Canadian
Environmental Protection Act. The research also contributes to the development of predictive
risk mapping, contaminant loading estimates, and improved understanding of temporal

exposure patterns in urban aquatic ecosystems.

Nathan Ivy — Surviving Isn’t the Same as Thriving: Hidden Costs of Urban Rearing

for Salmon
Nathan Ivy is a graduate researcher in the Aquatic Ecotoxicology Research Lab at Washington

State University, working with Dr. Jen MclIntyre. His work focuses on the how chronic
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stormwater exposure constrains salmonid physiological development, altering life-stage

transitions and migration timing.

Nathan’s field-based ecotoxicology research (highlighted in National Geographic in 2025) is

examining how urban stormwater pollution affects salmonids in Miller Creek. Field and
laboratory work in Miller Creek showed that storm events frequently produced pollutant
concentrations exceeding lethal toxicity thresholds for salmonids. Juvenile coho reared in creek

stormwater experienced very high mortality (80%)

during storm exposure, while fish reared in clean

well water had near zero mortality. Elevated 6PPDQ
levels persisted for hours during storm events. This
study can demonstrate that dynamic stormwater is

acutely lethal across all life stages.

The study also documented developmental and
morphological effects. Urban stormwater exposure
was associated with blood pooling around the eyes,
cranial and fin hemorrhaging, underdeveloped
opercula (i.e., gill cover), and altered growth
patterns across life stages. Exposed juveniles had CREEK
30% smaller fins than the control group (Figure 4).

Fin morphometrics were particularly important, as Yi=alel= <
reduced caudal peduncle and fin development led

Figure 4. Tail fin development of coho

exposed to Miller Creek (bottom) and
maneuverability. For pool specialists, coho which well water (control; top). Image:

to stiffer swimming, reduced propulsion, and poorer

compete in schools of 50 to 200 individuals at a Nathan lvy
time, the loss of propulsion is a serious disadvantage and is what prompted the next stage of

research.

The research team placed control and exposed individuals into swim tunnels to evaluate their
swimming capacity and ability to recover. Exposed fish showed slower recovery after exertion
and reduced anaerobic performance. Reduced endurance also means reduced ability to escape
from predators and less energy left for migration. Stormwater exposed fish with smaller tails

stopped recovering at much lower speeds; controls continued to recover even at higher flows.
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Comparative toxicity trials suggested similar acute sensitivity among juvenile coho and coastal
cutthroat trout (CCT) under high loading densities, resulting in roughly 49% coho and 51% CCT
mortality under real storm conditions. Survivors were exposed to a two-phase 6PPDQ challenge

to compare naive and exposure history results afterwards.

Using preliminary data from last year’s pilot studies, reared coho in well water and Miller Creek
water; they have been morphometrically imaging them along the way. This year they are seeing
pronounced blood pooling around the eye, as well as cranial and caudal fin hemorrhaging. They
are also seeing dramatic difference in overall caudal peduncle, anal fin, and dorsal fin
development, as well as 6% to 7% differences in eye growth. Fin morphology and body shape
are known to predict swimming capacity, so these results indicate a reduced competitiveness
for exposed individuals. Growth and performance are strongly correlated, faster growing fins

result in better swimmers and more competitive fish.

Nathan’s work is ongoing through 2026 and further findings can be shared in the near future.

Elinor Fanning & Mallory Little - 6PPDQ, Tires, & Human Health
Elinor Fanning and Mallory Little are toxicologists with the Washington State Department of

Health (WA DOH). Their team is responsible for evaluating exposure and public health impacts
of toxic chemicals in consumer products and the environment with particular attention to

health equity considerations and identifying actions needed to protect human health.

While much of the scientific community has focused on the ecotoxicology of 6PPDQ in aquatic

systems, the WA DOH is compiling and evaluating available data relevant to human exposure

pathways and human implications of 6PPDQ, its parent compound 6PPD, and other tire-wear

chemicals (TWC). Tire wear particles contain a complex mixture of contaminants, and
detections of 6PPDQ across diverse environmental media including air, dust, foods, and water

suggest that similar human exposure patterns may apply to other TWCs.

Outdoor exposure to 6PPD, 6PPDQ and other TWCs occurs in both urban and rural settings,
including potential sources such as aquatic and terrestrial foods, drinking water, and artificial
turf infill. 6PPDQ has been detected widely in environmental samples, including air (low pg/m3
concentrations). WA DOH is also examining indoor exposure pathways, where contaminants

enter homes through air and dust. Once indoors, people may be exposed through inhalation,
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ingestion of contaminated food, water, or dust. Young children are particularly vulnerable to

dust exposure due to hand-to-mouth behavior and time spent on floors (Figure 5).

+. = 6PPD and 6PPD-guinone

- Breathing Air

]
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Figure 5. Image depicting how people may be exposed to 6PPD and 6PPDQ indoors.
Image: Washington State Department of Health

Researchers have detected multiple TWCs in human biological samples. Both 6PPD and 6PPDQ
have been detected in urine, blood, cerebrospinal fluid, ovarian fluid, and breast milk, with
concentrations varying widely among individuals and locations. Other TWCs have also been
found in human samples, though more research is needed to understand what mixtures of
TW(Cs people are exposed to in the environment, and which populations are most vulnerable.

Non-targeted analysis studies will provide insight.

Toxicological research shows several potential health concerns of 6PPD and 6PPDQ. 6PPD has
been associated with skin allergies, is predicted to be a reproductive toxicant based on animal
studies (rats and rabbits) and has shown hormone and cellular disruption in in vitro
experiments. Additional studies suggest liver toxicity, possible intestinal toxicity, and anemia in
rodent models, though it remains unclear whether similar effects occur in humans and at what
dose levels. Regarding 6PPDQ, observational studies in people show higher concentrations in
cases with certain diseases compared with control groups, and outdoor workers appear to have
higher exposure than indoor workers. However, it remains uncertain whether higher chemical

levels contribute to disease or are simply correlated with it. Animal and in vitro toxicology
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suggest that 6PPDQ targets the liver, reproductive organs, and intestine and there is some

evidence of neurotoxicity, as well.

Overall, 6PPD and 6PPDQ are emerging concerns for human health, but major knowledge gaps
remain. Researchers still do not fully understand which populations are most vulnerable, the
long-term health impacts, or the exposure levels at which health harms may occur. Further,
there are the non-toxicological effects on people derived from decreased salmon populations,

highlighting the need for continued monitoring and research

Panel Discussion
Panelist’s responses were written based off notes taken at the workshop, not a transcript. All

responses were approved by panelists prior to publishing.

Question: Everything spoken about has been referring to rain-dominated hydrographs — what

do people think or know about snow’s ability to store 6PPDQ and release it all during freshet?

[Erik] There has been a couple of studies that came out of the Prairies and snow melt waters in
Montreal. Urban snow piles do act as a reservoir in general, with these studies having shown

prolonged concentration spikes during melt.

[Nathan] The University of Washington has a post-doc that is looking at snow melt to get an

idea about the leaching, but this is currently ongoing.

Question: There has been some discussion of passive sampler use and short windows to cause

toxicity — can the panel comment on limitations on passive samplers to assess risk?

[Erik] | don’t think passive samplers are best fit for this purpose, since water column
concentration and relatively short exposure times are important. But there is a good ‘use case’

for passive samplers in assessing mass loadings and rank ordering point sources of concern.

[Justin] The resolution of passive sampling doesn’t match the time resolution for fish mortality

events. A direct comparison would take a lot of investigations and resolution may be lost.
[Tanya] I think it can be used as a good screening tool.

[Nathan] Passive samplers are great for screening, but also for chronic studies. Fish aren’t in the

stream for just 24 hours, therefore it’s important to consider cumulative exposure as well.
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Question: There are existing retention ponds near creeks, with some situations where it doesn’t
seem to be doing a great job. Does anyone have any ideas of what could be going on and

whether or not this retention ponds would be conducive to mitigating 6PPDQ?

[Erik] We’ve done some sampling before and after walking into a creek bed (at an outfall) and
intentionally stirring up sediments where we are observing dissolved concentrations of 6PPDQ
increase. Storm events can create more suspended sediments, which can result in more contact
time between TWP and water. This is still antidotal evidence, but we are conducting lab-based

experiments to investigate it further.

[Tanya] With reference to the Mackenzie interchange (in Victoria, BC) that we’ve been

sampling, we've seen on average a decrease in 6PPDQ concentrations in the pond effluent, but the

decrease is far less than what has been reported for raingardens.

[Rachel Scholes] There is a big difference between retention ponds and bioretention.

Preliminary findings are showing that ponds do not perform well for 6PPDQ mitigation.

Question: We’re seeing a lot of variation in response, with some individuals being less sensitive.

Are the fish being used in studies a good representative of the fish that inhabit urban creeks?

[Nathan] The origin of fish does seem to make a difference. We're using hatchery fish at Miller
Creek — these are fish that would be placed into the streams by the hatchery if not used for
these studies. We've seen a range of sensitivity amongst populations. These fish are similar to

wild populations, but we’re trying to figure out how representative they are too.

SUMMARY OF 6PPDQ & STORMWATER IN OUR
WATERSHEDS: SUCCESSES, CHALLENGES, & OPPORTUNITIES
SESSION

Tim Kulchyski — Perspectives on 6PPDQ from Cowichan Tribes
Tim Kulchyski is a member of Cowichan Tribes and has worked as a Natural Resource Biologist

in the Cowichan Tribes Land and Self-Governance Department for over 20 years. He also serves

as a member of the Cowichan Watershed Board.

Tim spoke to the long history of environmental impacts in the Cowichan watershed and how

current concerns about 6PPDQ reflect broader issues in how water systems are treated. Since
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the 1800s, Cowichan Elders had already raised concerns about logging and major hydrological
changes, including the dynamiting of 26 waterfalls along the Cowichan River. One area, “Fish
Gut Alley,” has become a particularly important site because it consistently shows some of the
highest 6PPDQ concentrations on Vancouver Island. Despite being a small reach, it serves as
one of the primary rearing habitats for coho salmon and supports extremely high juvenile
densities. However, infrastructure in the area periodically releases pulses of water — described
as “hiccoughing” bilge-like discharges — which have been associated with observed coho
mortality events (previously linked to low oxygen levels, but may be multi-faceted). Large die-
offs of thousands of fish began raising alarm roughly two decades ago, reinforcing the idea that
Fish Gut Alley acts as a “canary in the coal mine” for the entire Cowichan watershed and its

exposure to contaminants like 6PPDQ.

Beyond the scientific observations, Tim emphasized that 6PPDQ should be viewed as an
indicator of broader watershed stewardship rather than an isolated issue. He used an

|II

educational exercise involving a “ball of wool” passed among children to illustrate the
interconnected web of species and ecosystem components, showing how healthy habitats
depend on complex ecological relationships that span space and time. Perspectives from youth
and Elders also highlight how these ecological webs, and the health of the watershed, have
changed over generations. Discussions around contaminants like 6PPDQ should not be a
temporary focus but instead a catalyst for rethinking how waterways are managed and how fish
are valued. Ultimately, the message emphasized that healthy ecosystems are inseparable from
healthy First Nations communities, underscoring the cultural and ecological importance of

restoring and protecting these systems.

Morgan Suhm & Neale Hunt — Protecting Musqueam Creek — Vancouver’s Last

Wild Salmon Stream
Morgan Suhm is an Environmental Analyst in Musqueam’s Environmental Stewardship

Department and Neale Hunt is a Registered Professional Chemist and Environmental Solutions
Team Leader at Arcadis. Musqueam, with technical assistance from Arcadis, has been working
on a number of water quality and fisheries-focused activities in Musqueam’s traditional

territory.

Musqueam and Arcadis’ monitoring and mitigation efforts for 6PPDQ on Musqueam’s

traditional territory has focused on two creeks: Musqueam Creek and Cutthroat Creek (Figure
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6). Both creeks run through the reserve

and are culturally, ecologically, and

recreationally important to the

Musqueam Indian Band. The creeks

have been significantly impacted from

its historical baseline by surrounding

urbanization, including the City of stalovk 1
Vancouver to the east/northeast and

University of British Columbia to the

west, with approximately 4,000 to 7,000

vehicles traveling daily on nearby roads

and little separation between roadways
Figure 6. Location of Musqueam and Cutthroat

and the creeks. Although the reserve is Creeks on Musqueam traditional territory.

highly urbanized and one of the most

reduced reserves in British Columbia, these creeks still contain important natural features and
still support wild salmon. These creeks are the last remaining watershed in the City of
Vancouver to still be fully above ground, with all other creeks having some portion directed

through underground pipes.

Monitoring initially began with E. coli sampling in 2019, which revealed raw sewage inputs,
highlighting the heavy infrastructure burden placed on the reserve by surrounding urban areas.
6PPDQ sampling began in August 2024 and focuses on first flush storm events, beginning at the
base of the creek and moving upstream through key stations to identify sources of
contamination. Three in-stream sample locations have had 6PPDQ concentrations above the
lethal concentration for coho salmon and coastal cutthroat trout. At one site, researchers are
evaluating upstream inputs from municipal stormwater, including the Salish Drive catch basin
outfall, which carries high volumes of runoff from residential stormwater infrastructure and
only flows during rainfall. Sampling shows that 6PPDQ concentrations in the creek fluctuate

with rainfall, with point sources producing particularly high values.

Mitigation is challenging due to the limited funding and physical space available for
infrastructure improvements, but monitoring efforts continue to evolve, including testing new
approaches and using autosamplers to capture samples throughout a 24-hour period (during
rainfall). The creek also faces multiple physical barriers that affect fish habitat, which will need

to upgraded to support salmon migration.
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The group’s next steps include conducting a five-day sampling event to observe how 6PPDQ
fluctuates in these sample locations throughout a rain event and over time. Additionally, their
team is working to improve their understanding of the stormwater network and determining
how much dilution occurs within the creek itself. Further, their team will continue working with
the City of Vancouver to identify mitigation opportunities. Encouragingly, relationships with
municipal partners are improving, with the City increasingly engaging and reaching out to

support collaborative solutions such as a street sweeping pilot project.

Anuradha Rao - Applying the xatamat ct ta salilwat / Water Quality Objectives

for salilwat (Burrard Inlet) to Stormwater
Anuradha Rao is a Senior Environmental Specialist Marine Ecosystems on staff with Tsleil-

Waututh Nation (TWN) and has managed the collaborative project to update the Water Quality
Objectives (WQQOs) for salilwat (Burrard Inlet).

Anuradha presented on water quality and stormwater contamination in Tsleil-Waututh’s
traditional territory in and around salilwat. salilwatat (Tsleil-Waututh), are the “People of the
Inlet,” referring specifically to Burrard Inlet. They historically relied heavily on marine resources
from salilwat, with about 90% of their diet coming from salilwat and salmon from the Fraser
River. Elders recall a time when tributary waters were clean enough to drink directly. However,
colonial settlement and urban and industrial development have significantly impacted these

waters, leading to contamination and shellfish harvest closures.

The salilwat watershed now contains many contaminated sites and an extensive piped
stormwater network, with roughly 600 outfalls discharging directly into the marine
environment and another 600 into tributaries, though these numbers still require ground-
truthing. Between 1971 and 2016, approximately 700 contaminants were detected in salilwat
marine waters, with many exceeding water quality thresholds. To address these issues, TWN
collaborated with the Province of BC to update the WQOs for salilwat — the first policy of its
kind co-developed by a First Nation and the provincial government. Both TWN and the Province
of BC are signatories on the policy, and TWN has established a 90-member water quality
roundtable as an advisory body with membership from First Nations and all levels of

government, industries, health authorities, non-governmental organizations and academics.

WQOs have been established for multiple contaminants. They include WQOs for the tire-

derived contaminant 6PPDQ: do not detect and/or decrease in current levels in marine waters
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and 10 ng/L or the most conservative BC Water Quality Guideline in freshwater. Monitoring
data indicate that contaminant concentrations are often higher in stormwater than in creeks,
highlighting the need to apply these objectives to piped stormwater systems as well.
Recommendations include coordinated stormwater monitoring, stronger source controls on
contaminants, and requirements for industries to implement stormwater treatment systems,
such as GSI. An example project implemented by TWN in partnership with the District of North
Vancouver is a rain garden network installed at Whey-ah-Wichen, a former village site and
currently a popular park, to treat runoff from parking and boat washing areas as part of a major

shoreline and upland restoration project.

Although many recommended management actions, such as mandatory source controls, have
not yet been fully implemented, TWN is witnessing ecological recovery in parts of the inlet
following their restoration efforts, including a limited food, social, and ceremonial clam harvest
and the return of herring and orcas. More information about the water quality initiative is

available on TWN’s website, and interactive stormwater storymap.

Paul Lhotka — Wagg Creek Water Quality Monitoring Initiative
Paul Lhotka is a retired mineral exploration geologist and volunteer with the North Shore

Streamkeepers (NSSK), based in North Vancouver, BC. Initial work with NSSK focused on
spawner and juvenile surveys and brood stock fishing, but shifted to 6PPDQ when he realized
that water quality in the urban environment was a major limiting factor for urban fish. Today,

he co-leads the Wagg Creek Water Quality Project with Carolynne Robertson.

Interest in the issue began in 2023 after awareness of 6PPDQ increased, but the high cost of
commercial laboratory analysis required the team to carefully design a cost-effective
monitoring plan. Although the creek is largely in the City of North Vancouver, Wagg Creek was
chosen partly because a portion of the creek flows through lands of the Squamish Nation and

into Burrard Inlet, making it environmentally and culturally important.

The project built on existing datasets shared by the City of North Vancouver, which had
conducted aquatic monitoring in 2022. Earlier water quality monitoring mainly sampled
baseflow conditions and generally did not show exceedances, highlighting the need to sample
storm events, when contaminants are more likely to flush into streams. NSSK initially identified
18 potential sampling sites along the creek, conducted site visits, and narrowed the list to 6

locations due to funding limitations.
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The monitoring program focused on
comparing baseflow samples with
storm “first flush” samples. To provide
context for each sampling event, the
team incorporated rainfall data from
weather stations, stream flow
measurements, and information about
winter road salting or brining.
Volunteers were able to collect

samples at all sites within two hours to

capture the critical first flush period. In

during a rain event. Photo: Paul Lhoka

total, 15 volunteers collected 3,271
measurements, including water quality parameters such as air/water temperature,

conductivity, turbidity, pH, alkalinity, hardness, dissolved oxygen, and flow (Figure 7).

Results showed a dramatic difference between baseflow and storm conditions. Baseflow
samples were all below 10 ng/L of 6PPDQ, while first flush storm samples ranged from 100 ng/L
to 700 ng/L, demonstrating that the timing of sampling is critical for detecting contamination.
The watershed lacks heavy industry and therefore the results suggest that road runoff is the

major source of contamination.

The study concluded that monitoring can help estimate how much contaminated runoff enters
Wagg Creek and guide mitigation strategies. The long-term goal is to work with the City of
North Vancouver to design and implement stormwater mitigation structures that reduce

6PPDQ and other toxins from entering the creek.

Helmut Novak — 6PPDQ in the Comox Valley: Trouble in Paradise
Helmut Novak is a retired mechanical engineer and the Vice President of the Millard Piercy

Watershed Stewards (MPWS), based in Courtenay, BC. Helmut has been part of the 6PPDQ
monitoring that MPWS have been undertaking since 2021.

MPWS had a smolt trap installed in Piercy Creek in spring 2021 to count outmigrating coho
smolts; the site selected was new to them and located just downstream (~450 m) from the
Comox Valley Parkway. After a period of drought followed by the first rainfall event, volunteers

observed an unusual number of coho mortalities within their smolt trap (Figure 8). Initial water
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sampling did not identify other obvious
causes, but video observations raised
concern about potential stormwater
contamination, which is what MPWS to

ultimately begin sampling for 6PPDQ.

In fall 2021, volunteers began collecting

grab samples through the monitoring that
Figure 8. Coho smolt found in the MPWS smolt
was doing. Point source samples reached  trap in May 2021 following dry spring conditions
and a ‘first flush’. Photo: Helmut Novak

the Department of Fisheries and Oceans

concentrations as high as 600 ng/L, while
in-stream concentrations were typically around 20 ng/L to 25 ng/L. Further monitoring
expanded in spring 2023 through collaboration with the BCCF and VIU, confirming toxic levels
of 6PPDQ in the watershed. Sampling focused on three stream locations and one suspected
point source. In August 2025 an autosampler was installed to better capture storm events and

peak contaminant concentrations.

The project has faced several challenges, including unpredictable weather, the difficulty of
mobilizing sampling teams quickly enough to capture first-flush storm events, and limited

access to some monitoring locations.

Moving forward, the team plans to help identify priority sites for stormwater mitigation,
support the design of mitigation projects, and continue contributing volunteer labour,
supported by a strong community base of 20 to 25 active volunteers. Public outreach and
awareness are also key components. Long-term goals that MPWS aims to achieve include
converting BC's 6PPDQ Acute Water Quality Guidelines into enforceable regulations and
ensuring that new construction projects require runoff treatment as part of rainwater

management plans, including maintenance requirements for 6PPDQ removal systems.

Panel Discussion
Panelist’s responses were written based off notes taken at the workshop, not a transcript. All

responses were approved by panelists prior to publishing.
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Question: When you’re looking to identify the cause of the big 6PPDQ concentrations, the area
upstream of your site looks to have a lot of development. Do you think that is the major

source/issue?

[Helmut] The highest concentrations were those from the direct runoff from the Comox Valley
Parkway; however, in-stream concentrations downstream of the Parkway have not been
extremely high. The highest concentrations detected in the Willemar Outfall (which runs into
the Piercy Creek mainstem upstream of the smolt trap) was 190 ng/L. That said, there are a

couple of potential sources.

Question: Tim, you spoke to an example of seeing increased Chinook populations (after a

significant decline) — can you speak to what steps were taken to support the progress?

[Tim] The ability to bring people and the expertise together was critical — everyone pushed their
egos aside. The group worked to identify what the biggest problems and indicators potentially
were — originally looking for an individual issue, the group ultimately realized that it was likely
multiple issues. We like to think that what we do makes a big difference, but in reality, each of
those activities are little steps, working towards solving the problem. If you invest in your
system, you will eventually see a return, but it takes time. Bring in as many people as you can

that have a common interest and it makes a big difference.

Question: How have TWN monitoring efforts been influencing Metro Van’s liquid waste

management plans?

[Anuradha] TWN has been engaging in Metro Van’s Liquid Waste Management Plan update
process, including extensive reviews, emphasizing opportunities via the Liquid Waste
Management Plan to help improve water quality towards attaining the WQOs and protecting

the water values outlined in the WQOs.

Question: What is the dilution effect of these streams? The in-stream sample concentrations

appear much lower.
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[Helmut] There definitely appears to be a dilution factor, as the in-stream concentrations were
only ~20 ng/L, which although still troublesome, are much lower than the point source

concentrations. | imagine with the tributaries adding more water, that adds more dilution too.

[Paul] When water levels are really low, there is not much of a difference in concentration from
the point source to the in-stream samples. When stream flow is really low, there is no dilution

effect —the creek essentially is the storm drain.

Question: For the First Nation organizations, how are your water quality monitoring programs

organized?

[Neale] At Musqueam, it is a collaborative effort (Musqueam and Arcadis), that first stemmed
from a contaminated site project that sparked the E. coli monitoring. Since the start of the
project, we’ve brought in a large number of organizations (government, academic, etc.) and
have monthly meetings to share results and determine next steps. Funding is a big stop gap and

we try to do the most with the funds available.

[Morgan] Monitoring is initiated by first identifying the issue — once identified, many groups are
brought together. We’ve opened the door to engaging with multiple groups including
municipalities, Scholes Lab (UBC), VIU CHEMS, to determine what is possible. By learning from
these other groups, we’re able to build capacity within Musqueam’s own team, so that we can

own and guide projects on our own later.

[Tim] Depending on the sampling — sometimes it’s just a two-person team. Over the years, we
have sampled shellfish, contaminants, etc. With limited capacity and funding, we also just do
the most with what we have. We do also have a high level of collaboration with other groups in

the area when we can.

[Anuradha] For TWN, it’s a mix of approaches. TWN has 8 Natural Resource Technicians who
are on the land and water daily doing water quality monitoring and many other stewardship
activities. For the WQOs work, we compiled and analyzed datasets from multiple organizations.
We also have collaborative projects with other organizations for particular research and

monitoring projects.
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Question: What communication model do you use to draw in volunteers? Education is key to

building knowledge we need.

[Paul] We put up signs along Wagg Creek to get volunteers — some knew about the NSSK and
others didn’t. Water Rangers also has a good support site — you can find citizen science
information and they explain how to use the equipment. We also aim to have some community
meetings and share more of the results and reporting that way. We also hope to communicate

with the municipality more by coming to workshops like this.

Question: Most of you work with municipalities and it seems like it would be challenging to
retrofit every storm drain. Have any of you experienced municipalities that want to work on

these proactively?

[Paul] We're just about at that point with Wagg Creek. Stormwater contaminants are a societal
issue — stormwater infrastructure wasn’t built with the health of streams in mind. We have an
opportunity now with a lot of development to make things better. We can’t see the
streamkeepers being the ones to build a ton of rain gardens and are hoping that municipalities

will take that on more.

[Morgan] The City of Vancouver has been more proactive. One of the big turning points for us
was when Musqueam hosted a stream walk about environmental racism — it changed from
being an issue that’s on a computer screen to something that was real. By bringing people away
from their desks, they could see the issues in person, which helped change some hearts and

attitudes.

SUMMARY OF LIGHTNING TALKS SESSION

The ‘Lightning Talks’ provided those that brought posters with five minutes to pitch their poster
and peak the attendee’s interest in visiting the person’s poster to learn more. In total, nine
people presented on a variety of topics, including early-life stage chronic exposure and toxicity,
monitoring streamflow as it relates to 6PPDQ monitoring, leaching of 6PPDQ from sediments
and artificial turf fields, and evaluating existing GSI and trialing different media’s ability to sorb
6PPDQ in bench trials.
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All posters presented in this session, as well as the others that were shared at the event are

included in Appendix B — Research Posters.

SUMMARY OF WHAT HAVE WE LEARNED ABOUT
SOLUTIONS SESSION

Rachel Scholes — Green Stormwater Infrastructure (GSI) Systems for Treatment

of Organic Contaminants in Urban Stormwater
Dr. Rachel Scholes is an Assistant Professor of Environmental Engineering and leads the Scholes

Lab at UBC. Her research focuses on emerging contaminants in wastewater and stormwater,
with an emphasis on nature-based treatment systems. She opened day 2 of the workshop by
providing an overview of what has been learned about GSI systems for treatment of organic

contaminants in urban stormwater.

As runoff contains many chemicals, treatment systems are typically designed to mitigate
multiple stressors rather than targeting a single compound. A key consideration is how
contaminants partition between water and solids, since many treatment approaches rely on
sorption, where contaminants bind to organic materials in soils or sediments. GSls, particularly
bioretention systems such as rain gardens, uses this process by allowing runoff to infiltrate into
soils where contaminants can sorb to organic matter and may later be broken down by
microbes or taken up by plants. Contaminant behaviour depends strongly on chemical
properties: hydrophobic compounds tend to bind strongly to soils, while hydrophilic
compounds remain dissolved. 6PPDQ falls between these categories, making its behaviour in

treatment systems somewhat difficult to predict.

Field experiments using an existing rain garden simulated a storm event by introducing a known

amount of 6PPDQ (Figure 9). Results showed that only a very small fraction exited through the
underdrain, indicating that most of the contaminant was retained within the bioretention soil
or infiltrated into surrounding soils. The relatively high organic carbon content (~9%) of the soil
likely contributed to this strong retention. These findings are consistent with City of Vancouver
soil specifications recommending 10—20% organic matter and studies in Washington State
showing that soils with more than 15% compost can effectively capture contaminants such as
6PPDQ. Overall, modelling and experimental observations suggest bioretention systems can
remove up to ~99% of 6PPDQ under typical rainfall conditions, although extremely large storm

events may exceed system capacity and lead to bypass flows with limited treatment.
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While conventional bioretention soils
perform well for many contaminants,
they may be less effective for highly
hydrophilic compounds. Laboratory
experiments tested whether adding
biochar could improve treatment
performance using columns
containing traditional bioretention
soil, soil amended with 3% biochar,
and sand mixed with biochar. After

simulated rainfall equivalent to

roughly 20 years of storms, all :
columns showed complete capture of Figure 9. Rain garden field trial where the UBC team

simulated a storm event. Image: Rachel Scholes
6PPD and 6PPDQ. However,

hydrophilic contaminants passed through the control soil columns but were effectively retained
in biochar-amended media. Soil-biochar mixtures showed the highest sorption capacity,
suggesting that biochar amendments could improve removal of contaminants that are

otherwise difficult to capture.

UBC studies also examined how aging affects treatment media. Over time, sorption capacity
tends to decline as binding sites become filled, but microbial degradation increases as biological
communities develop in the soil. Fresh substrates relied primarily on sorption for contaminant
removal, while aged substrates showed greater microbial breakdown. Similar patterns were
observed in biochar-amended soils, where aging slightly reduced sorption but enhanced
biodegradation potential. Field-aged substrates also demonstrated greater biological activity
than new, laboratory materials, suggesting natural systems may support even more
degradation. Results indicate that contaminants may not simply accumulate indefinitely in

treatment media, as biological processes can contribute to their breakdown over time.

In contrast, retention ponds treat stormwater primarily through surface detention and
sediment settling. As they are designed mainly for sediment removal rather than filtration, their
ability to remove dissolved contaminants such as 6PPDQ is limited and inconsistent. Some
removal was observed during smaller rain events, but overall performance was difficult to
predict. The lower ratio of solids to water in ponds also reduces opportunities for sorption.

Sediment analyses showed variable results depending on storm conditions, with moderate
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rainfall often producing sediments with lower organic matter due to increased inputs of mineral

road dust. Most 6PPDQ remained in the water column rather than accumulating in sediments.

Overall, stormwater treatment effectiveness for contaminants such as 6PPDQ depends on
factors including contaminant hydrophobicity, organic carbon content in treatment media, and
the ratio of solids to water in the system. Bioretention systems with adequate organic matter
appear highly effective for removing 6PPDQ under typical rainfall conditions, and biochar
amendments can further improve removal of more hydrophilic contaminants. Although
sorption capacity may decline with age, increasing microbial activity can enhance degradation,
suggesting that long-term performance of these systems may remain effective without creating
a persistent reservoir of contaminants. Retention ponds may provide limited treatment during

smaller events but are generally less reliable for dissolved contaminants.

Questions & Answer Period
Responses were written based off notes taken at the workshop, not a transcript. All responses

were approved by panelists prior to publishing.

Question: It sounds like cleaning out rain gardens and replacing media every so many years may

be counterproductive?

[Rachel] It is important to ensure that GSI is maintained and doesn’t get clogged (i.e., removing
some top layers to ensure filtration can happen). That said, I'm not aware of any

recommendations to fully replace the media on a regular basis.

Question: With sediment changing over time have you looked at microbial make ups — is the

fraction of organic carbon changing over time?

[Rachel] We haven’t characterized the microbial communities. There has been some interesting
work from other groups noting that fungi can contribute to biodegradation, including in

bioretention.

Yes, the fraction of organic carbon can decrease overtime because of microbial activity and
leaching. So, when we run column experiments, we wash it for a while before dosing with
stormwater because a lot of salts and organic carbon come off of fresh soil. We see a taper

after the initial flush, but you're still releasing some organic carbon. In some cities, they add
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compost or mulch to the tops of bioretention systems annually to keep introducing organic

matter and support healthy plants.
Question: Did you find stratification within the soil column with contaminants?

[Rachel] In our laboratory column study, we didn’t go back and extract the different layers. That
said, we have sampling ports along the side of the column (to allow you to sample pore water
from different layers). In any of the columns where we didn’t see contaminant break through,
we also didn’t see contaminants in any of the pore water from any ports — therefore, we’re
assuming/expect that the sorption is happening quite early in the columns. We haven’t gone
back to do the extractions in part because our experience is extracting from biochar is nearly

impossible.

Question: Have you done any work on wetlands with emergent vegetation?

[Rachel] We haven’t done it for 6PPDQ. Emergent vegetation can help some, but they still have
very small surface areas. Wetlands are closer to a pond than a bioretention system. For very
hydrophobic compounds we can see an effect of emergent vegetation because of the
combination of a high Koc and a fairly low solids-water ratio. For hydrophilic compounds, it’s not

expected to do anything.

Question: With your engineering background, is there any work to find economic solutions to

retrofit existing sites?

[Rachel] Putting GSI where it wasn’t previously designed for is a challenge. Through all of this,
we’ve learned that if you have the opportunity to design for it, that is the best option. In my
mind, GSI won’t be the whole treatment solution, we’ll have to use other distributed treatment
systems to treat runoff in other locations where bioretention is not feasible. It won’t be

practical to capture all road runoff into GSI, so we need a suite of solutions that go beyond that.

Question: How does the source of biochar affect its efficiency?

[Rachel] The source of biochar will affect what else is in it and its sorption properties — the feed

stock used and pyrolysis temperature affect the surface functional groups which are important
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for sorption mechanisms. We’ve been working with locally available, relatively inexpensive
biochar to prioritize what we can quickly implement — there are potentially more sustainable

options than what we’re using.
Question: What ideas do you have to slow down water during large storm events?

[Rachel] I wouldn’t say we have a solution for big events. | will say that when you have more
rainfall, you have more dilution, so hopefully your peak concentrations won’t be as high or
harmful. It is hard to design for, because GSI that can capture large events would take up a
huge amount of space. Going back to stormwater engineering principles, slow the water down,
detain it, and let it release more slowly. The other thing about bioretention, a lot of the water
that goes into a bioretention system doesn’t make it into a storm sewer —it sits in the soil and
can be released to the surrounding soil. You’re reducing the pressure on the conveyance
system, in a really important way. Having more places where water can infiltrate and not enter

pipes is important.
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SUMMARY OF GREEN STORMWATER INFRASTRUCTURE
IMPLEMENTATION & 6PPDQ SOLUTIONS SUMMARY

Josh Baker — Rain Gardens & Other 6PPDQ Initiatives in the Cougar Creek (Delta,

BC) Watershed
Josh Baker is the principal at Rise Over Run Environmental, as well as an active volunteer with

streamkeeper and conservation groups, most notably the Cougar Creek Streamkeepers, who he

was speaking on behalf of at this workshop.

Cougar Creek watershed, located in Surrey and North Delta,
BC, supports a largely naturalized coho population, with
over 400 and 600 observed spawners 2025 and 2024,
respectively; other species, including chum salmon also
inhabit the creek. 6PPDQ sampling in 2022 detected high
concentrations, prompting plans for additional monitoring.
Future sampling efforts aim to involve high school students,
who would collect simultaneous samples from eight
stormwater outfalls at short intervals during rain events to

help identify contamination hotspots.

Stormwater treatment using rain gardens is a practical .

Figure 10. Rain garden constructed

by Cougar Creek Streamkeepers.
gardens in the Cougar Creek watershed for over 20 years Image: Deborah Jones

mitigation strategy. Deborah Jones has worked with rain

and has helped implement at least 30 installations (Figure

10). These systems can capture significant runoff, with one of the large rain gardens collecting
approximately 2.5 million litres annually; each square metre of rain garden can treat roughly
1,000 litres of runoff per year. Deborah has also developed a checklist for constructing effective

rain gardens, a list of common issues that may arise when planning/implementing a design, and

tips for reduced rain garden maintenance. However, studying their treatment performance can
be challenging because much of the water infiltrates into the ground rather than being
discharged. That said, evidence from a rain garden near the Alex Fraser Bridge showed a

substantial reduction in water toxicity after stormwater passed through the system.

Josh described that there are contrasting perspectives on stormwater management, noting that
treatment solutions such as GSI existed before 6PPDQ was identified as a contaminant. While

some advocate for more naturalistic approaches, others emphasize engineered systems that
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can address large-scale environmental challenges. Approaches like modular “box-of-rain”
treatment systems are being explored as potential pilot projects in the Lower Mainland. There
was emphasis on the fact that solutions should be all-inclusive, using 6PPDQ as the leverage to

put more attention on stormwater issues.

Kyle Armstrong — Rain Gardens for Headwaters: Community-Driven Stormwater

Solutions
Kyle Armstrong is the Executive Director of Peninsula Streams & Shorelines (PSS). He is a

restoration ecologist with over 10 years of experience working in coastal and aquatic

ecosystems.

PSS has operated across the Saanich Peninsula for over 20 years, using a holistic strategy
combining community stewardship, environmental education, and ecological restoration, with
rain gardens and other initiatives serving as tools to integrate all pillars. Urban landscapes have
changed drastically, becoming more homogenized, with streams now functioning as
stormwater systems that are increasingly stressed by extreme events, urban heat, and toxins.
Additionally, stormwater can mimic oil spill’s effect on Pacific herring, and many beaches
around the Peninsula having been identified as important forage fish spawning beaches.
Therefore, stormwater outfalls may also be impacting forage fish spawning and intertidal
habitats.

Rain gardens, especially in headwaters, are
highlighted as a flexible, site-specific solutions.
Schools have been successful starting points for
site locations, as well as following resources like
those created by Deborah Jones (Cougar Creek
Streamkeepers). Beyond stormwater
management, rain gardens provide added benefits

by supporting Garry oak ecosystems, native

plantings, and pollinators.

Figure 11. Rain garden constructed by
PSS and partners. Image: Kyle Armstrong

PSS’ strategic planning for rain garden locations is
informed by known forage fish spawning beaches,

salmon rearing habitats, pollution levels, and community support, with work underway in
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collaboration with BCCF and VIU in the lower Millstream Creek to mitigate 6PPDQ impacts on

coho spawners.

PSS recently worked with a sustainability scholar from UVic to look at the components of what
makes a good stormwater policy (roughly). They largely used peer-reviewed articles and the

Green Bylaws Toolkit. Findings highlighted that effective implementation requires supportive

municipal policies, including integrated stormwater management, watercourse protections,
minimal soil and vegetation disturbance, green drainage requirements (i.e., making sure
developments have GSI requirements), green infrastructure alternatives (i.e., promoting use of
GSI), permit exemptions or low barrier pathways for small-scale installations, ongoing
monitoring and assessments programs, and financial incentives (i.e., a way to pay for this

infrastructure). Some municipalities are performing well, all have room for improvement.

Dylan Ahearn - Future-Proofing Stormwater: Smarter Media, Scalable GI
Dr. Dylan Ahearn is a hydrologist with Herrera Environmental Consultants. He has been working

on finding the best ways to eliminate toxic pollution in our waterways. Dylan specializes in CECs
and Green Infrastructure, with a particular focus on stormwater treatment research,

development, and verification.

The most effective strategy for managing watershed pollution is prevention: keeping
contaminants out of the system in the first place. When pollution does enter a watershed,
source control practices, such as bioretention, are the primary tools for mitigation. While
traditional thinking favored upstream interventions, practical considerations, including cost and
time to implement systems like bioretention or permeable pavement, make distributed
approaches throughout a watershed less realistic. In the built environment, downstream end-
of-pipe solutions offer the most cost-effective way to reduce toxic runoff when upstream

methods are too expensive.

The performance of bioretention systems depends heavily on the media used. Older designs,
typically 60% sand and 40% compost, were effective but tended to export nutrients, particularly

in systems with underdrains. New high-performance media (known as high performance

bioretention soil mixes; HPBSM), including biochar, coco coir pith, sand, iron aggregate, and
activated alumina, have demonstrated strong removal of a wide range of contaminants,

including metals, nutrients, bacteria, total suspended solids, and 6PPDQ.
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The City of Bellingham needed a media that was more efficient (i.e., infiltrate at a higher rate)
as they were working in tight spaces and did not have the room for use of HPBSM. Therefore,
they worked to develop an adaptation, known as phosphorus-optimized stormwater treatment
(POST) media. POST media utilizes gravel instead of sand to allow for higher infiltration rates

and improved performance in smaller

footprints. The POST media was tested in
the lab and in full-scale field applications,
including a regional scale stormwater
treatment facility on the north shore of
Lake Whatcom in Bellingham, WA. The
system was shown to be highly effective at
treating phosphorus and bacteria (the
studies did not assess 6PPDQ).

The POST media is also used in a
Stewardship Partner’s technology called

the Box of Rain (BOR). This innovative

stormwater treatment system is a scalable,

community-focused solution, which has Figure 12. Box of rain treatment system
designed, constructed, and tested by

been shown to significantly reduce )
Herrera. Images: David Burger

pollution. The BOR can treat up to 250,000

gallons of stormwater per year — roughly ten times the capacity of a typical bioretention
system — while achieving approximately 75% 6PPDQ load reduction. In the example Dylan
showed, a downspout treated with two BOR configured with POST media (Figure 12), would
have taken 20 boxes if the HPBSM media had been used instead of POST. This highlighted the
importance of using a high flow rate media for retrofit applications. The BOR rely on
coordinated maintenance with community groups, including monthly mulch replacement and
topping up the media, to sustain performance. This higher maintenance requirement is to

reduce physical clogging.

Overall, the key takeaway is the importance of combining the best available science with
affordable, modular strategies that communities can implement and maintain, ensuring long-

term protection of watershed health.
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Cori Barraclough — BC Transit handyDART: Challenges of Sampling in Rain

Gardens in Different Storm Intensities
Cori Barraclough is a registered professional Biologist and Agrologist with Aqua-Tex Scientific

Consulting. She led the ecology team for the BC Transit handyDART project in View Royal and

continues to monitor the new stream as it matures.

The handyDART site, a new facility within the Craigflower Creek watershed, was developed on
an 8-acre property between January 2022 and March 2025. Initially met with community
resistance due to concerns about increased impervious surfaces, the project has since turned

early skeptics into strong partners. A previously overgrown, channelized stream was relocated

as part of the development, and this project became the first Salmon-Safe certified site on

Vancouver Island. Four years of fish monitoring indicate successful habitat creation, particularly

after adding large woody debris and rock to the stream.

In total, nine rain gardens, designed by MDI| Landscape Architects, were implemented to help

manage runoff and improve water quality. The project involved significant earthworks, using
soil from highway construction to shape the property, including the relocated stream channel.
The stream provides overwinter rearing habitat for juvenile salmon and due to a spring that

feeds into the creek, local water temperatures

Threaded PVC Cap to Ft 4° Pipe.
Ensure top of inspaction port is a

are moderated in spring, sustaining juvenile , mirim 50 mm abave fhe Top af Pool

T o7 I ion in rain gardent
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feeding opportunities and enhancing survival.
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During construction, rain gardens were ‘

PVC Cannector

equipped with sampling ports (Figure 13). e o e
(=]

Extend PVC pipe by 150mm
(6”) below perf pipe.

Despite direct sampling access, the team found
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that there were many challenges associated with Pve

the physical sampling itself, as well as the timing. Figure 13. Sampling port designs that

From these challenges, the team learned many ~ were implemented in multiple rain
gardens on site for monitoring. Image:

lessons with regards to sampling rain gardens ) ]
MDI Landscaping Architects

through this activity:

e When designing sampling ports, have sampling strategies in mind to ensure that bottles,
sampling poles, and anything else required to sample can easily fit;
e Observe the rain gardens as much as possible during various rain events to inform

sampling strategies (i.e., order of sampling, timing of sampling);
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e ‘First flush’ is ideal for creek sampling, but not for rain garden sampling, as it takes time
for water to infiltrate;

e Plan to do your rain garden inflow sampling at a separate time from your
outflow/infiltration sample due to timing restrictions;

e Ensure you have reliable rainfall data, as microclimates are prevalent and can result in

more site visits than may be necessary if you don’t have this data.

Looking ahead, if further rain garden sampling were to occur, it would be nice to have trail
cameras on site that can be monitored remotely to determine sample timing. Additional trials
to determine infiltration rate (i.e., soil moisture sensors, tracers, etc.) would be helpful in

determining timing of sampling, but is likely to vary from site to site.

Andrew Kenefick — Washington State’s 6PPD Tire Ban: Status & Lessons Learned
Andrew is the volunteer Chair of the Washington Council of Trout Unlimited and Washington

State’s representative to the National Leadership Council of Trout Unlimited. He is a semi-
retired environmental lawyer from Seattle whose 35-year practice included all major U.S. and
state environmental laws, with particular emphasis on solid and hazardous waste. He has

focused his efforts over the past six months on proposed legislation to ban 6PPD in tires.

Recently, a bill was put forth to Washington State to ban the use of 6PPD in tires, as more than
stormwater treatment will be required as a long-term solution. Scientific evidence should
inform regulatory decisions, particularly when comparing two major strategies: installing
stormwater treatment systems or eliminating 6PPD from tires altogether. Key considerations
include which option would be more effective over the long term and which would ultimately

be less costly.

In Washington, tires containing 6PPD have been designated a priority product, while California
requires manufacturers to assess safer alternatives. At the federal level in the United States, a
tribal petition has been submitted to the United States Environmental Protection Agency under
the Toxic Substances Control Act, and in Canada the chemical has been identified for priority
assessment under the Canadian Environmental Protection Act. The speaker also described a
regulatory “catch-22,” where regulators struggle to prove alternatives exist until manufacturers
produce them, while manufacturers are reluctant to develop alternatives without regulatory

requirements.

41


https://www.washingtontu.org/

Protecting Salmonids from Tire Wear Toxicants: 6PPDQ Workshop 2026 Post-Workshop Summary

To address this challenge, organizations such as Trout Unlimited helped draft a bill aimed at

phasing 6PPD out of on-highway vehicle tires. The proposed policy included a long-term
deadline (approximately 8 — 10 years) to eliminate the chemical and a short-term fee on tires
containing 6PPD to incentivize innovation and help fund mitigation efforts. The draft legislation
focused on passenger and commercial on-highway tires, avoided exemptions, and initially
proposed fees of $3 for passenger tires and $6 for heavier vehicle tires, though these fees were
later removed due to opposition. Despite significant support, the bill ultimately did not advance
due to competing legislative priorities, a short session, and concerns over additional tire fees.
However, proponents plan to reintroduce the legislation in the next, longer legislative session,

when more research and clearer alternatives to 6PPD may be available.

Panel Discussion
Panelist’s responses were written based off notes taken at the workshop, not a transcript. All

responses were approved by panelists prior to publishing.

Question: With the mention of fees on tires, have you thought of reframing this to look at loss of

revenue for fisheries if 6PPD use is continued?

[Andrew] Yes, we want to make that case more, as the benefit of mitigation to commercial and
recreational fisheries would be big. It’s a hard value to quantify exactly though and can be

tough to get that message across, but it's something we’re looking at.

Question: With regards to the BOR — what is the failure mode? Can it be considered a low

consequence for flooding?

[Dylan] Having a bypass is important to consider. There is a vessel upstream of the totes |
showed for energy dissipation and flow distribution — overflow is built into that vessel (similar
to a large rain barrel — it goes back to the same downspout it came from when full). The

installation of these boxes will not increase the likelihood of localized flooding.
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Question: What is the difference between biochar and high carbon wood ash?

[Dylan] This is two different names for the same thing, but it has to do with the amount of
oxygen when the charcoal is created. High carbon wood ash has more oxygen and biochar is

produced in an anoxic environment.

Question: For cities and municipalities — how does your research inform best management

practices/quidelines for media compositions, life cycles, etc.?

[Josh] In Metro Van, there is an integrated stormwater management plan that incorporate GSI
use. The life span is a big question for these modular treatments. We hope to get some pilots

going and hope that they can become self-sustaining.

[Cori] It's important to ensure that GSls are part of operations plans and that whatever is built
is part of the maintenance scheduling; there are times when infrastructure is forgotten about

and when it’s not maintained it can lose its effectiveness.

[Dylan] There are standard details available and the knowledge/materials needed to do this
right is out there. Implementation of a GSI program is a real political trick, so having guidance
and experts available to get it done is important. Further, funding dictates what is built, so

having creative funding is necessary.

Question: Does anyone know about cost effective way to implement rain gardens at a large

scale —in large ditches?

[Dylan] In a lot of cases, ditches are the same as rain gardens if the ditch is very flat. That said,
they can be amended to function more effectively by adding biochar logs or weirs/check dams
to slow water. Ditches are often overwhelmed and can erode, so finding ways to slow the water

without flooding the street is important.

[Kyle] It would be good to consider engaging more with the hyporheic zone in streams (i.e.,
porous region of sediment beneath and alongside a stream where surface water and
groundwater mix). It may be possible to backfill ditch riffles with biochar or other effective

treatment medias — media amendments and plantings that can encourage sorption.
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Question: We’ve heard from others that there are other 6PPD sources (beyond tires) that have

some alternative options already — is there interest in trying to ban those other sources too?

[Andrew] Indirectly, legislation would likely do that. We haven’t tried to address that option in
this bill, but there is a lot of logic to that.

Question: Is there work towards culvert inserts where rain gardens are not an option (i.e., in-

pipe solutions)?

[Dylan] There are some technologies for catch basins. Some locations use proprietary filtration
or underground vaulted filtration. However, it is challenging to do treatment in a pipe and

those installed in pipes are often forgotten about and not maintained.

[Josh] In flashier systems, anything you put in a pipe likely won’t last long — it could be different

for slower/lower-flow systems.

SUMMARY OF BREAKOUT SESSION

When attendees arrived at the workshop, they self-identified the type of organization that they
were representing (i.e., academic/research, First Nation, government, industry/consultant, non-
profit, stewardship); individuals could identify with more than one affiliation. For the breakout
sessions, groups were decided based on topic, with participants choosing their preferred topic.
Organizers asked that there was at least one to two people from each type of organization per

table allowing for differing perspectives in each discussion.
The five topics discussed were:

e Effects on fish and human health;
e Monitoring, fate, & distribution

e Data, interpretation, & modeling
e Stormwater infrastructure

e Policy & alternatives

Each group was given 45 minutes to answer the following questions based on their topic of

discussion:
1. What are your big takeaways from the workshop and the toolkit?
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2. What knowledge gaps would you look to address in your work/project?
3. What solutions would you incorporate into your work/project?

4. What tools/partnerships do you need to make that happen?

Following the discussion period, one to two people from each table provided an overview of
the main discussion points from their group. A summary of each topic’s (two tables per topic)
main discussion points is reviewed below. Photos of the notes taken during the breakout

activity can be found in Appendix C.

Effects on Fish & Human Health
A key takeaway from the discussion was the extremely high toxicity of 6PPDQ, particularly for

fish. This highlights the need to better understand how other species may also be affected.
Research is beginning to show that some fish species or populations exhibit varying levels of
tolerance, raising questions about differences between wild and hatchery fish and how genetics
may influence susceptibility. There is also interest in whether exposure could lead to behavioral
changes in fish. At the same time, monitoring efforts need to move beyond individual grab
samples to better understand contaminant dynamics throughout the entire water column.
Interactions with the benthic environment are also important, as 6PPDQ may bind to sediments
and then be re-released during turbulent events, potentially exposing fish and other aquatic

organisms again.

Participants emphasized that addressing the issue requires collaboration across disciplines.
Continued gatherings, like this workshop, were seen as valuable, with a need for dedicated
funding and potentially formal policy mechanisms to support ongoing meetings and
collaboration. A transboundary steering committee and published documentation from these
discussions were suggested as useful outcomes. Participants expressed cautious optimism
about protecting aquatic ecosystems, particularly through improved treatment of road runoff

and other mitigation strategies.

Significant knowledge gaps remain with regards to human health, including potential exposure
through drinking water (such as rubber components in water distribution systems),
occupational exposure in manufacturing, and the presence of other transformation products.
Another challenge discussed was the lack of effective solutions for tire disposal, given the
enormous volume of tire waste and limited recycling or disposal options. Potential solutions

include expanding public engagement and education, such as school-based salmon programs
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that involve children and families, as well as broader awareness campaigns similar to past
successful environmental initiatives. Finally, participants emphasized the need for stronger
tools and partnerships, including increased funding, greater transparency, and improved access
to infrastructure, as concerns about liability can sometimes discourage participation and

collaboration.

Monitoring, Fate, & Distribution
Discussions focused on the fate and distribution of 6PPDQ, particularly the role of sediments in

storing or transporting the contaminant and whether it persists or degrades over time. As
6PPDQ moves with stormwater, it crosses jurisdictional boundaries, highlighting the need for
coordinated monitoring beyond known urban hotspots. Rapid analytical methods were
highlighted as a major advancement for monitoring. Participants emphasized the value of
strong community engagement and partnerships, noting that volunteer monitoring networks
and long-term laboratory capacity are critical for tracking contaminants and ensuring

knowledge is maintained over time.

Several research gaps were identified, including limited understanding of impacts in marine
environments and the need for more targeted sampling where fish are present, such as around
large woody debris or across different sections of streams. Additional monitoring opportunities

|ll

include wetlands and biological “natural samplers” like clams, plankton, or other filter feeders
that may accumulate contaminants. Participants also stressed the need to better understand
which species are affected beyond salmon, including benthic invertebrates and other keystone
organisms, and whether studies could assess impacts on wild fish populations. Other key
guestions include the half-life of 6PPDQ, its transformation products, potential for
bioaccumulation, chronic effects on organisms, and which additional water quality parameters

should be measured to better understand ecosystem impacts.

A significant public knowledge gap was noted, with improved communication and research,
particularly around human health, seen as important for raising awareness. Potential solutions
include identifying key pollution sources for remediation, evaluating best management
practices such as road sweeping, diverting stormwater to treatment areas, and locating
hotspots to guide restoration efforts. Continued interdisciplinary collaboration, volunteer
involvement, and community outreach were seen as essential for advancing monitoring and

improving stormwater management.
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Data, Interpretation, & Modeling
Early research on 6PPDQ was marked by rapid discoveries and large unanswered questions.

While major advances were made in the first few years, the story has since become more
detailed as researchers build on earlier findings and identify more focused follow-up questions.
There is growing recognition of opportunities to better understand gaps in human health
exposure and to draw broader attention to potential risks. Although a large number of
environmental samples have now been collected, most data still come from the Pacific
Northwest, highlighting the need for monitoring in other regions and climates to better
understand global patterns. Researchers are also beginning to explore the role of microbial
communities and whether they might influence the transformation or breakdown of

contaminants in aquatic systems.

At the same time, the expanding body of data has clarified key knowledge gaps and areas
where research can be more strategic. Important data needs include improving sampling
density across regions, standardizing monitoring approaches, such as capturing “first flush”
storm events, and developing models to identify where interventions like rain gardens or other
treatment systems will have the greatest impact. There is also a need to update water quality
guidelines by incorporating additional exposure data, including chronic effects and impacts
beyond salmonids. Questions remain about conditions within stream microenvironments, such
as whether salmon may be able to find refuge from contaminant pulses during storm events

and how such dynamics could be meaningfully studied.

Moving forward, solutions will depend on strong partnerships, expanded funding, and better
use of existing data. Collaborative efforts among researchers, municipalities, industry, including
the tire sector, and community groups could help support monitoring, data sharing, and pilot
treatment projects. Integrating multiple datasets, such as stormwater infrastructure, traffic
patterns, fish habitat distribution, and historical salmon presence, could help identify hotspots
and prioritize interventions where they will most benefit fish populations. Participants
emphasized the importance of centralized, accessible datasets, improved mapping of green
infrastructure and stormwater systems, updated road drainage guidelines, and innovative tools
such as location-based risk apps. Maintaining momentum through ongoing collaboration,
potentially through a dedicated 6PPDQ working group, was also identified as key to sustaining

progress and translating the growing body of knowledge into practical solutions.
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Stormwater Infrastructure
Several gaps were identified in advancing effective stormwater management. Participants

noted the need for a centralized toolkit or catalogue of best practices that is easily searchable
and accessible to practitioners. While regulations related to stormwater already exist, there are
limited mechanisms to enforce them, and greater buy-in from senior government officials is
needed to strengthen implementation. Knowledge gaps also remain around how projects are
carried out, who is responsible for funding them, and which organizations are leading these
efforts. As many decisions occur at the local level, engaging municipal councils and ensuring

they understand the issue was highlighted as a key part of moving solutions forward.

A number of tools and strategies were discussed to help address these challenges. Developing
practical guidance, such as resources for streamkeepers, instructions on how to build rain
gardens, and clear information on maintenance requirements, could form part of a broader
toolkit for communities and practitioners. Additional tools include training programs, youth
engagement initiatives, improved data sharing, and standardization, where appropriate.
Working closely with streamkeeper groups and community organizations can also help facilitate

projects and determine which solutions should be deployed and at what scale.

Education and outreach were emphasized as central solutions. Different types of education are
needed for different audiences, including the public, private developers, and construction
companies. Community engagement approaches such as volunteer presentations to city
councilors, walking tours, and public talks can help build awareness and support. Incentives for
green infrastructure and integrating requirements into municipal bylaws were also identified as

practical pathways for implementation.

Key takeaways from the discussion highlighted the strong connection between stormwater
infrastructure and groundwater systems, noting that surface water management decisions can
directly influence aquifers and subsurface conditions. More research is needed on the design
and effectiveness of best management practices, but participants emphasized the importance
of acting even with imperfect knowledge, directing water into soil rather than pipes is generally

a better approach.

Policy & Alternatives
A key takeaway from the discussion was the need for stronger policy drivers to advance

stormwater management. In the United States context, there are often clearer regulatory
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regulations, where failing to manage stormwater carries greater legal or financial risk. In
contrast, while many local municipalities are already doing great work, broader progress may
require additional policy pressure and clearer enforcement mechanisms. At the same time,
there is a catch-22 situation: industry may be capable of developing alternatives and improved
practices, but meaningful change often requires a policy push. Work underway in California to
review alternatives to 6PPD could help make safer options more widely available in the future.
Overall, advancing solutions will require champions within communities and political systems

who can help drive change and maintain momentum.

Several gaps remain, particularly around the siloed nature of stormwater work and the
challenge of scaling up solutions. While many successful local initiatives exist, translating these
into larger, coordinated programs or policy change remains difficult. There is also an
opportunity to better leverage strong public support for salmon and translate that concern into
concrete policy action. Moving forward, efforts should focus on maintaining the current
momentum in research while shifting toward practical management and application
frameworks. Legislative change to support alternatives, stronger education initiatives, and

making water quality guidelines enforceable were identified as important steps.

Potential solutions and tools include strengthening collaborations across jurisdictions and
supporting networks such as the BC Stormwater Working Group, with municipalities well
positioned to lead implementation. A multi-tiered approach was emphasized, combining
municipal incentives with regulatory requirements. For example, incentives or rebates could
encourage retrofits on existing properties, while municipal bylaws could mandate green
infrastructure for new developments. Community education and engagement will also be
important, alongside coordinated monitoring programs. Additional best management practices,
such as large-scale street sweeping, could also help reduce contaminant loading, particularly as

climate change may influence future 6PPDQ runoff and transport.
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APPENDIX A — SPEAKER BIOGRAPHIES

Speaker biographies are listed in alphabetical order.

Andrew Kenefick — Washington Trout Unlimited

Andrew is the volunteer Chair of the Washington Council of Trout Unlimited and Washington
State’s representative to the National Leadership Council of Trout Unlimited. He is a semi-
retired environmental lawyer from Seattle whose 35-year practice included all major U.S. and
state environmental laws, with particular emphasis on solid and hazardous waste. He has

focused his efforts over the past six months on proposed legislation to ban 6PPD in tires.

Contact: andrew@washingtontu.org

Angelina Jaeger — Vancouver Island University
Angelina is a recent graduate student — just completed her graduate studies this January. Her
research focuses on continued rapid-detection 6-PPDQ monitoring and method development,

as well as investigating chemical characteristics and reactions of 6-PPDQ.

Contact: Angelina.Jaeger@viu.ca

Anuradha Rao - Tsleil-Waututh Nation

Anuradha Rao is the Senior Environmental Specialist for Marine Ecosystems on staff with Tsleil-
Waututh Nation, and has managed the collaborative project to update the Water Quality
Objectives for salilwat (Burrard Inlet). She is a Registered Professional Biologist, writer, and
facilitator. She has worked on research, conservation, mapping, planning,

policy, restoration and stewardship projects across Canada and in 12 other countries. She is the
author of the book One Earth: People of Color Protecting Our Planet (Orca, 2020) and more

than two dozen other publications in academic and popular media.

Cori Barraclough — Aqua-Tex Scientific Consulting Ltd.

Cori Barraclough is a registered professional Biologist and Agrologist with over 30 years of
consulting experience in BC. She comes from the East Kootenay where her family-owned ranch
has been operating for more than 80 years. Her agriculture background provides her a practical,

hands-on, perspective and a strong appreciation of the cyclical and seasonal nature of the
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world. Her specialty is freshwater science and riparian ecology which has resulted in consulting
assignments ranging from large-scale watershed protection plans for drinking water, to policy-
making for government, to site-specific restoration plans for small urban creeks. She led the
ecology team for the BC Transit HandyDART project in View Royal and continues to monitor the

new stream as it matures.

Contact: aqua-tex@islandnet.com

Dylan Ahearn — Herrera Environmental Consultants

Dr. Dylan Ahearn is a hydrologist who has spent the last 20 years figuring out how best

to eliminate toxic pollution in our waterways. He serves as adjunct professor at Edmonds
College and Director of Water Science with Herrera, Inc in Seattle, WA. Dylan specializes in
CECs and Green Infrastructure, with a particular focus on stormwater treatment research,

development, and verification.

Elinor Fanning — Washington State Department of Health

Elinor Fanning is a senior toxicologist at the Washington State Department of Health (DOH). She
holds an MA in cell and molecular biology and a PhD in environmental health sciences from the
UC Berkeley School of Public Health. At DOH, she provides toxicological expertise to evaluate
exposure and public health impacts of toxic chemicals in consumer products and the
environment with particular attention to health equity considerations. Dr. Fanning works
closely with WA Ecology and other state and national partners to develop the human health
components of Washington’s statewide chemical action plans, most recently for 6PPD and

phthalates.

Contact: Elinor.fanning@doh.wa.gov

Erik Krogh — Vancouver Island University

Erik is currently a faculty member in the Department of Chemistry at Vancouver Island
University and co-Director of the Centre of Health & Environmental Mass Spectrometry. He
teaches environmental and analytical chemistry courses and maintains an active group of

undergraduate and graduate student researchers. His current research interests include the
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development and application of real-time, on-line mass spectrometry to directly investigate

environmental chemical processes in complex and reactive media.

Contact: Erik.Krogh@viu.ca

Haley Tomlin — British Columbia Conservation Foundation
Haley has been a Biologist with the British Columbia Conservation Foundation’s Aquatic
Research & Restoration Centre since 2022. She works on a variety of BCCF’s projects and has

been co-leading the Tire Wear Toxicant Monitoring Program with Erik at VIU.

Contact: htomlin@bccf.com

Helmut Novak — Millard Piercy Watershed Stewards

Helmut was born in Austria, but moved to Comox, BC in 2018. He has worked on Germany,
South Africa, and the United States as a mechanical engineer, but is now retired. He loves the
outdoors and notes that he is a keen, but rather unsuccessful fly fisherman. He originally got
involved with the Millard-Piercy Watershed Stewards through a friend, getting more involved

over time. He is currently the Vice President of the group.

Contact: novak.helmut@gmail.com

Josh Baker — Cougar Creek Streamkeepers

Josh Baker has been investigating causes of toxicity to aquatic organisms for over a decade. He
is the principal at Rise Over Run Environmental and has been an active volunteer

with streamkeeper and conservation groups, most notably the Cougar Creek Streamkeepers,
who he will present on behalf of today. This has led to outreach on pollutants, and the possible
adverse effects of stormwater on aquatic communities. As an advocate for salmon restoration
and an experienced toxicity investigator, he naturally became interested in the 6PPDQ science.
He has recently used his own unique experience and skills to investigate causes of toxicity in

municipal stormwater, and to further explore the toxicity of 6PPDQ.

Contact: joshamosbaker@gmail.com
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Justin Greer — USGS Western Fisheries Research Centre

Justin Greer is a computational biologist and toxicologist at the U.S. Geological Survey and is
based at the Western Fisheries Research Center in Seattle, WA. His work utilizes in vivo and in
vitro assay systems to examine the biological effects of tire wear chemicals on sensitive species

and the toxicology of proposed 6PPD alternatives for use in tires.

Contact: [greer@usgs.gov

Kyle Armstrong — Peninsula Streams & Shorelines

Kyle is the Executive Director of Peninsula Streams & Shorelines. He is a restoration ecologist
with over 10 years of experience working in coastal and aquatic ecosystems. He is passionate
about the restoration and enhancement of Social Ecological Systems through community-

driven restoration and stewardship, research, and environmental education.

Contact: Peninsulastreams@gmail.com

Mallory Little — Washington State Department of Health

Mallory Little, MPH, is a toxicologist at the Washington State Department of Health (DOH). Her
work centers around evaluating hazards and exposures of toxic chemicals

and identifying actions needed to protect human health. Her work focuses on reducing
exposure to illicit drug residue, tire wear chemicals, and drinking water contamination. Before
joining DOH, her experience was in consulting at a toxicology consulting firm in Seattle, WA, as
well as in clinical microbiology at the Centers for Disease Control and Prevention. Mallory
received her MPH in Environmental and Occupational Health from the University of

Washington.

Contact: Mallory.little@doh.wa.gov

Morgan Suhm — Musqueam Indian Band

Morgan is an Environmental Analyst at Musqueam’s Environmental Stewardship Department.

Contact: msuhm@musqueam.bc.ca
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Nathan Ivy — Washington State University

Nathan is a graduate researcher in the Aquatic Ecotoxicology Research Lab at Washington State
University, under the mentorship of Dr. Jen MclIntyre. He studies how chronic stormwater
exposure constrains salmonid physiological development, altering life-stage transitions, and
migration timing. His early fieldwork in steelhead habitat restoration revealed the long-term
consequences of riparian degradation, prompting him to pursue a B.S. in Forest Ecology at
WSU. Now, through in-situ toxicology research at Miller Creek, he investigates how repeated
exposure to urban runoff disrupts salmonid development and decouples migration behavior
from environmental cues, thereby reducing adaptive capacity under shifting ecological

baselines.

Contact: Nathan.ivy@wsu.edu

Neale Hunt — Arcadis
Neale is a Registered professional chemist and Environmental Solutions team leader at Arcadis
with nearly 20 years of experience in environmental site assessment, monitoring, wildfire

restoration, and remediation.

Contact: neale.hunt@arcadis.com

Paul Lhotka — North Shore Streamkeepers

Paul is a retired mineral exploration geologist. Nearing retirement he stumbled

into streamkeeping and began volunteering with the North Shore Streamkeepers. At first the
focus was spawner and juvenile surveys, and brood stock fishing, but shifted to 6PPDQ when he
realized that water quality in the urban environment is a major limiting factor for urban fish.
Soon it became clear that a geological experience with fieldwork, GIS, and geochemistry in the
natural world be useful in understanding the water quality of urban streams. Together with

Carolynne Robertson, he co-leads the Wagg Creek Water Quality Project.

Contact: paul lhotka@nssk.ca
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Rachel Scholes — University of British Columbia

Dr. Rachel Scholes is an Assistant Professor of Environmental Engineering at the University of
British Columbia. Her research focuses on emerging contaminants in wastewater and
stormwater, with an emphasis on nature-based treatment systems. Prior to joining UBC, she
conducted postdoctoral research at the United States Department of Agriculture, where she
focused on green chemistry approaches to mitigate emerging environmental contaminants. As
an early-career faculty member, she has been highlighted as an Emerging Investigator by the
Royal Society of Chemistry, and was appointed by the Peter Wall Institute for Advanced Studies

at UBC as a Catalyst Scholar addressing the Climate and Nature Emergency.

Contact: Rachel.scholes@civil.ubc.ca

Shane Petersen — BC Salmon Restoration & Innovation Fund, Fisheries & Oceans Canada
Shane has worked for DFO for the last 25 years with positions in Science, Aquaculture, Resource
Management and currently Reconciliations & Partnerships for the BC Salmon Restoration and

Innovation Fund where he manages engagement and the dedicated technical staff.

Contact: shane.petersen@dfo-mpo.gc.ca

Tanya Brown — Simon Fraser University

Dr. Tanya Brown is an Assistant Professor in the Department of Biological Sciences at Simon
Fraser University, British Columbia, Canada. She holds an Adjunct Professor position in the
School of Environment at the University of Windsor, Ontario. She has 20 years of experience in
the study of the ecology and ecotoxicology of marine mammals and fish. Her research has
focused largely on understanding the influence of habitat use and feeding ecology on
contaminant exposure, accumulation, and health effects in a changing marine environment.
She leads a team of graduate students and researchers seeking to identify principal routes of
exposure to priority contaminants and to understand how environmental changes and

anthropogenic stressors are impacting valued ecosystem components.

Tim Kulchyski — Cowichan Tribes
Tim Kulchyski is a member of Cowichan Tribes, works as a Natural Resource Biologist in the

Cowichan Tribes Lands and Self-Governance Department, and serves as a member of the

56


mailto:Rachel.scholes@civil.ubc.ca
mailto:shane.petersen@dfo-mpo.gc.ca

Protecting Salmonids from Tire Wear Toxicants: 6PPDQ Workshop 2026 Post-Workshop Summary

Cowichan Watershed Board. He has worked with a variety of clients assessing upland,
freshwater, and marine ecosystems for over 20 years. His work often involves examining the

impacts of development on cultural values.
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Early-Life Chronic Exposure to 6PPD-quinone Alters Acute
Sensitivity in Coho Salmon (Oncorhynchus kisutch) A v

Anastasia McConachiel, Jeffrey Perala-Dewey?, Melissa Gonzalez2, Melissa Driessnack!, Nathan Ivy!, and Jenifer McIntyre! WASHINGTON STATE
1Washington State University Research and Extension Center, Puyallup, Washington, USA | 2University of Washington, Centers for Urban Waters, Tacoma, Washington USA

INTRODUCTION T0 RATIONALE MPOTHESIS OESTUDY USASURSRSPLRg CONCRYBATIONS  ACUTE OB AT i
6PPD-quinone (6PPDQ), a transformation Life Stage ot 6PPDQ Pulse rimemaint | Mean measured 6PPOC NE/L) n ‘Acule GPPDG (100 ngiL) challenge; survival by exposure history
product of the tire additive 6PPD, is acutely toxic SEEEE pre-nateh ohr 18] 95 Skatn 88 ored 8 Crorecty ey
, Pre-hatch [24hr 618 =340

to coho salmon at low ng/L concentrations, Z_‘/_(,\L & [ = PrETY B
typically causing rapid loss of equilibrium and ;Q Ei % plerin/try Eull 2] 4

2 i 5 H Grab samples collected at the [0 k) 2nd end {24 h) of selected Euw
mortality. Most toxicological studies of 6PPDQ . w &FFDQ pulsz exposures d::i:tg pﬂaﬁch and alevin/iry stages i i
have focused on short-term acute exposures, "] w target concentrations and partia! decline over the exposure window. Zum
the the eﬁects Of Ch roniz:, IOW-I E,‘\.I"B] exposure Chronic 6GPFDO Expos:er:p:f‘r::: I::;yi:f:es::ﬁ:s:enn:s the basis for aftered Chemistry data are :lm:‘a:::xes:;;{mntz points for the chronic % ._-"-I.l g :.,. = . ]
during early development remain poorly DEVELOPMENTAL EFFECTS T eseE St vy o 8 g 100 AL

challenge at the late alevin stage show substantial mortality in naive
control fish {53-66% across tanks) but minimal mortality in chronically
challenged fish. Time-to-mortality at a fired concentration contrasts:
with the concentration-response relationships shown above.

Owerall survival across chronle mearing and challenge assays

1
L

Tirwant = (rearcty chatoag — Cramd

understood. IN'_!.AB HEATH TRAY SETUP F
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Early developmental stages are known to be
particularly sensitive to environmental stressors,

1111
|
*

Za ! 3
and repeated exposure during this period may ﬁ % .
n a Lneq E 3 i S
alter subsequent physiological responses to : .. : ! - i i
3 i 3 3 Drevelopmental differsnces following chronic early-life 6PP DO exposure. Jow ] ¥5 §2 £, 1 F-
toxicants. HE!FE,", we m\.restlgate WhEther Ch ronic Representative coho salmon alevins photographed January 7, 2026 (740 E E H ."§ g.i 5 %

accumnulated thermal units, ATUs). Chronically expesed fish {left) exhibit
persistent yolk sac retention relative to controls (right], indicating delayed yolk
absorption. Mean rearing temperature: 11.6 °C.

early-life exposure to 6PPDQ is associated with
developmental effects and emerging changes in
acute sensitivity.

[] o 0 ]

El ES
Daye sinze stark of suneval monfanieg

Kapian-Meier curves show survivership of control and chronicaliy

AC UTE SE NSHIVITY DOSE R.ES PON SE challenged coho salmon across the experimental timeline. Arrows

% | T s indicate the timing of key experimental events and developmental
Custom in-lab heath tray stacks configured as a closed pulse- transitions. Fish d for dmﬂﬂ"?ar!" analyses were treated
c H Ro N I c E A RLY L LI l: E exposure system for chronic earfy-life 6PPDQ dosing. Dose-response with 95% Cl as censored obsenations.
EXPOSURE DESIGN SPEITE0 BRiE e : = : INTERPRETATION
_é' Thess results indicate that early-life exposure to repeated 6PPDO
i ica . ! : . ®ars puises is associzted with reduced acute mortality during 3
Eetnrgg??nug:liztrigirggaggﬂg d:fﬂ!;? Chronic 6PPDQ exposure is associated with 'E subsequent 6PPDQ challange at the zlevin and fry stages.

h = h). with bi K delayed development and altered sensitivity E Group Differences in dose-responss relationships may b consistent with
through (~1.5 L/h), with bi-weekly 24- (experiment initiated November 13, 2025; results | §°* R ClocipisaoPRRal: | dievelop stage-dependent sensitivity, such that chronically
h6PPDQ pulses [100 ngfL} applled via eflect . ! " T B Fahg fenired gronig) challenged fish were further along the tolerance curve at the time of
tempora ry EIDSBd—ICIDp recirculation retiect ongoing €xpos UTES}. S"_] ” testin?.. Add him:lil;,r,.;‘he a:ur::vmaellteng.e olucurrerlv::eu: an earlier

'~ = 2 A o mortality event, which may have selectively remo & most
{ 3.6 L/h) through the alevin stage. At Compared to the control cohort, chronically £ el it et ety
swim-up, ﬁSh Were !:ransferTed to : exposed COhU eXhib‘tEd dEIaVEd YCI”( sac 00 5 underfying mechanism remains unresolved, the cbserved pattems
flow-through aquaria (~100 mL/min) absorption and altered developmental progression = o - = _— may be consistent with alterad population sensitivity across
and exposed via static 24-h pulses relative to controls at comparable accumulated Nominal 6PPDQ (ng/L) el R Rt Do)

adjustment.

Mth ﬂushlng_bew:!een .ExpDSU res; = th ermal units (ATUS}, 5“53‘?5““3 dISFUDtIOﬂ Of Dose-response relationships for acute SPPDQ dhallenge ($95% C1) conducted at
controls received identical hydraulic normal developmental timing. the late zlevin stage following swim-up. Chronically chalienged fish exhibit ACKNOWLEDGEMENTS

treatment. reduced acute sensitivity relative to naive controis, evidenced by a rightward shift This research was supported by the U_S. Envimnmental
in the dose-respense curve and fimited overlap of confidence intervals. Protection Agency through the U.5. Geological Survey.
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Early-life stage toxicity of 6PPD-Q and 6PPD-Q metabolites in Fathead

minnow (Pimephales promelas) and Rainbow trout (Oncorhynchus mykiss)

Catherine Roberts?, Jules Flores?,

Sustainabiity (SENS), University of Sashatchewsn, Ssskafoon STN SCN, Canada, “Giobal Instiute for Water Security (GIWS), University of Saskatshewsn, Saskafoon STN 3HS5, Ganads

INTRODUCTION

RESULTS AND DISCUSSION

" .

© 75 UNIVERSITY OF SASKATCHEWAN

N-E'.‘ - Toxicology Centre

= TOXICOLOGYUSASE, CA

Parker Jones®, Julie Borsa'2, Jenna Donkin', Janel Wessel', Aleksandra Dovichak®, Markus Brinkmann'*#, Markus Hecker'.s+
"Towizology Centre, Uinfversly of Ssskafchewan, Sashaioon STH 583, Canads, *Deparfmenf of Animal and Poultry Science, College of Agriculture and Bioresouwses, Universiy of Saskafchewan, Sashatoon, SK 57N 548, Cansds, *School of Environment and

L N1{1.Hi{ggﬂé\gg?A}N;nheryzlrpﬁpﬁizjnylerdianlrﬁ Fathead Minnow Apical Response \
guinane as been identified as the causstive ! L " . - _ . |
sgent of Urban Runcff Mortality Syndrome (LURMS). Mo significant differences across treatments in moriality, time to 50% hatch, or incidence of malformations

4 Extensive toxicity testing has revealed stark species Mortality Time to Hatch ® 1 PFerioardial and Yalk Gac Hdema H " ainal Curvatum
sencitivity diffie i & E -

ity differances, gvegfrmngst species of close o . . H £ = £-0H
phiylogenetic relationships. =2 T I 11 1 | ] - = 8 l!' ¥ = p-OH

+# Both adult and early-life stages (ELS) of rainbow trout -:- ! :2 E 8 *a GPPD-Q
(Oncorfynchus myfizs; RET) are sensitive to BPFD-0Y, E . -E i* : Caniral
whereas fathead minnow (Fimephales promelss; FHAM) B - z 4 i 4
have exhibited tolerance across life stages.® £ 2 T 2oz

- £ 2

+# Despite identification of GFPD-Q as the causstive agent of E— a I E - | "

URMS, it remains unclear whather toxdcity is driven by the | ® 18 4 1 83 wwe ® 46 4 1 83 acwe P T @ s we @ B th 4 1 GEE 8B WE |
parent compound or bioactivated metsbolites. Toxicokinefic Y Conosnbrailon (ugil) Conssntraiion (ugL) c:lr-unlrlhon [{T- 1N} Caonaantration {egil] r
differances have been proposed ss a contributor to species- ™ -

specific sensitivity,® suggesting that metabolic / - N - .\\
transformation may influence toxicity. / Rainbow Trout Apical Response \

@. H:'.drmla|ed ITIE[EIbI:I“fE» Uf EFPD_Q |:6PPD‘O pﬂlﬂ DH Burvisel Sngkyis of EPROLG Bapruied Analynis of L E- Burwivel Srelpwin gl BPPDG 4O
and 8PPD-0 C4-alkyl OH) have been identified as potential | _ 100 _ o0 _ine .
bioactivated products that may contribute to, or drive, € £ c At

- EER no- e = Zugll
toicity. : $ £
: e % so E g -+ gl
F F H 68 g
OBJECTIVES: i 404 i 40 LS L 025 ugl
1. To compare acute toxicity of EPPD-C and 6PPD-Q | ! 4o ool E oz - nizsigL
OH metabolites on FHM and RET ELS a . i o i i o i . |
=] 12 o 4 12 a 4 8 12

2. To compare sub-lethal impacts of 6PPD-Q and
6PPD-Q OH metabolites on FHM and RBT ELS

METHODS

% Meat chemical stocks of GFPD-Q, GPPD-Q p-OH, and
GFPD-0 4-0H were obtained from Cayman Chemical and
dissolved in dimethyl sulfoxide (DMS0).

# Healthy, frashly fertilized FHM embryos were cbtained from
the Collaborstive Sciences Ressarch Building (CERE;
University of Saskatchewan).

# RBT triploid females sourced a5 eyed embryos from Trout
Lodge, WA (USA) and maintained until hatch.

% Larvaeslevins were terminated using buffered tricaine
mesylate and flash frozen for future analysis.

| Fathead minnow Rainbow Trout
Lifz stags =32 cell stags Hatch
Duration 7 days 12 days
Test chemicals GPPD-0l, GPPO-0 p- GPPO-OY, SPPO-0 p-OH,
OH, 8PPD-0 4-0H SPPD-04-OH
Concentrations (pafl) 025, 1, 4,16, 84 0125 0.25,05,1,2,4
Renewsl T0% daily 70% daily
solvent control 0.01% DRSO 0.01% DMS0
Larvae/replicate 10 15

Timn ey

Madlan Lethal Concantratlon

1004 - GPRDO
80 - pOH
1 v 40H

EPFD-0 LC,,120) m 4 T2 g L

Martzlty (%)

EFFD-2 p-OH Ly, (1207 = 488 g L

Cawdal fin hemorrhage cbserved in 8PPD-Q (A) and
p-0OH (E), absent in 4-0OH

Concentration (pg L)

CONCLUSIONS AND FUTURE WORK REFERENCES AND ACKNOWLEDGEMENT §

% Mo significant acute todcity or sub-lethal effects observed in FHM embryos exposed to SPFD-Q ar Eiraes 4 122 i By f 1 Bt P Eoehnt o SPP s oot Pty
GFPD-0G OH metabolites. Tﬂiv’ﬂ.f‘.l‘u".?& 1.ﬁﬁﬂﬂﬁ.ﬁ§f&ﬁ3?u"um, Toms ke b ks St G

< BPPD-Q £-0H had minimsl toxicity on EL3 RET, while GPPD-Q and 6PPD-Q p-OH exhibited similar e e BT B Pt et i encay ol EPTE o ores s AP A Pl s Toc
h:uxil::i‘l'y pll:lﬁl&ﬁ in ELS RBT. Im. o sl X w‘:u‘::;::ucmma SV o dleierd Bewsgned o dus b based

<+ This work suggests that tolerant species are sble to detowxify both 8PPD-Q and toxic OH metabolites, brobind - o e 'mw s Enoed e R s Ermrin
whilz z=nsifive species may either be unable to metabolize and excrete these compounds, or are S hrel

producing at the p-OH metabaolite at greater quantities. |t Erageect v uupEoried partully by w hrancil sasteiuben from babene and Ooeans

# The RET in this study were significantly less sensitive overall to 8FPD-Q than previous work.* This

may be due to different life stages, population of RET. or source of chemical.

Cursatla | Ca I'regact ot surhaliarmerd umouss pur uns eeninboton bnencies de fecte st
Ot Uusudy.

Faransy o Ocsana
<+ Future work will focus on chemical confirmation and downstream enalysis, including franscriptomics B+l ® g::::
N . e o ity
and metabolite profiles of exposed alevins. Carada
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Monitoring streamflow in the Chase river watershed

6PPDQ Warkshop
18-19 February 2026
Nanaimo, BC

Maartje C. Korver, Ben O’Connor, Eva Griffiths, and Bill Floyd

Why are we measuring streamflow? How are we measuring streamflow?

The Chase river watershed {Nanaimo, BC) is being monitored
for 6PPD-Q concentrations (Erik Krogh & Angelina Jaeger,
Vancouver Island University; Haley Tomiin, BC Conservation
Foundation). At the menitoring sites (see overview below), we
measure streamflow so that 6PPD-Q concentrations can be

1. We menitor water level continuously 3. We match discharge measurements with their
{logging every 5 min.} associated water levels to develop a rating

2. We take discharge measurements (m3/s) at curve
different times and days targeting a wide 4. We use the rating curve to convert continuous
range of water levels water levels into a recerd of centinucus

related to flow dynamics. When you know river discharge discharge
{velume of water over time), you can transform 6PPD-Q
concentrations into mass loads. Understanding the timing and 4] ‘
amounts of 6PPD-Q particles into the Chase river systems can o okt
inform engineered treatment selutions. _E_ il

,!

§ w0

Cuvcharge (=)
[

Dec20M MW IS NG5 SepdNS DeodRS

The Colliery dam system el
Chase river flows are regulated by the Colliery Dam system. After the i
vandalization of safety booms in January ‘25, the dam’s spillways were i
repeatedly shut and re-opened for repairs. The figure to the right

shows the effects of thess closures and releases to the Chase river é
vaater levels. Can increased dam releases during peak 6PPD-Q runoff
events be a solution to poliution? {i.e., dilution). o R TR TR 30 e

Inflows from urban drainage pipes

Urban drainage pipes provide a direct connection between road runoff pollutants with natural river
systems. Therefore, these pipes can be expected to discharge disproportionally high loads of 6PPD-Q.
Potentially, treatment selutions can be engineered within pipes. We investigate how much streamflow
originates from twa pipes (1) on the Chase river, which together drain an area of 1.31 km?(2).

We developed 3 direct and an indirect method:

*  We installed = water level logzer inside each pipe {3) and calculate discharge based on the height of the
viater level and the slope, shape, and surface roughness of the pipes {Manning’s equation {4}}.

*  We compare water |levels that are continuously monitored at a downstream and upstream location
from the pipes (5). First, we develop a regression between both sensors and normalize the upstream
sensor to reflect downstream conditions. Then we calculate discharge from water level with a rating
curve {see section above). The difference in discharge between the two locations is attributed to pipe
flows {6).

- Cowsaymarr
— Upsiream ronvatzed 1o
Drneabears S

Coastal Hydrology Research Lab

bl fleyd@viu.ca /‘

maartje.korver @viv.ca
ben.o'connar@viv.ca
The salt dilution method

To measure discharge, we often use the sait
dilution method. At an upstream location,
we release Nacl (well below toxicity Jevels of
400 2/m”). The more difuted the salt, the
higher the flow. At 2 downstream location,
we measure the passing sait wave (1) with
electrical conductivity (EC) sensors (2). ECis
lingarly related to salt concentration by 3
factor that is determined each site visit (3).
Dividing the mass (M) of released salt by the
cumulative salt concentration downstream,
we calculate discharge {Q):

L
@ = v

e

=

St coee (g

W ®
T (Jon 33-31)
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Department of Civil Engineering

Leaching of_

1. Background

= Tire wear particles (TWPs) in road dust
are a major source of the antioxidant
6PPD and its texic transformation
product 6PPD-guinone {6PPDQ) to the
environment.

= 6PPDQ is lethal to several salmon
species at environmental concentrations.

* The factors affecting 6PPD & 6PPDQ
release from road dust remain unclear.

2. Research Questions

1. What is the spatial and temporal
variability in 6PPD and 6PPDQ leaching
from fine road dust?

2. What physical and environmental factors
influence 6PPD and 6PPDQ leaching?

* E.g TWP abundance, temperature,
season, humidity, etc.

3. Study Design

. S >

Wmale A sy G
T S TR
¥ ressadtodem |
U ok uimebalie
W vames via e 5 Vit 8

F13. 1. Rood dust sampling lecations, including o high speed segment
ond varied driweg conditions in downtown. images Google AMogs.

THE UNIVERSITY OF BRITISH COLUMBIA

4. Results
4 Average time-resolved leaching concentration

* Rapid change during the first4 h
* Road dust collected atong HS exhibited lower leachate
concentrations across all sampling dates.

: 25 GPPDQ
_6 20
=5 =
54 ! %:1.5
J
53 g].O
g, (5]
J 05
1 b____—a———‘
(4] 00
O 4 B 12162024283236404448 0 4 8 12162024283236404448
Time (h) Time ()
81 «82 «DTh DT oS

Fig. 2. Temporal! prafile of 6PPD and 6PPDQ leaching in water. Concentrations
ore overcges from road dust sampled on twelve different dates.

& TWP mass fraction

* TWP mass fractions were highly variable across sites and seasons.
* HS exhibited the generally lower TWP mass fractions.
* DTB and DTl were similar and slightly higher than B1 and B2.

4. Resuits

& Seasonal variability
= Highest leaching of 6PPD and 6PPDQ in the spring

* Winter wet conditions may suppress resuspension but promote
later mobilization.

24h GPPD

4h GPPD
g - 200
Es Siso
é’ §' 10.0
i ¥
ol 5 -
'._'-l e a0 . -

357 - [ ag0r

3 4h6PPDQ | 4 24h 60PDQ
g 15 =30
ERT é::
215 [
Sin ' &2
< - S10

o & * 05

04 0.0

[ 2023-0ct-08 [ 2022-0ct-25 (2023 Now-29 [ 2024-Feb 06 [ 2024 Mar0s [l 2024 Mar.12
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[ 202220716 [ 2024-May-30 [ 2024-3une-20 [5)2028:0u416 [[]2024-Aug-11 []2024:50p 08
Figure 4. Concentrations of 6PPD and 6PPDQ in leaching experiments during
different seasons, avercged across ol sites.

7.0
o o 4 Effects of environmental conditions
' * BPPDQ strongly correlated with temperature across all durations.
£50 | o e * Nonlinear influence on 6PPDQ leaching concentration implied by
w40 — K :g:if::;z better performance for quadratic models.
f ol * 204-Apr-16 Tobie 1. Comparison of Candidate Regression Models for 4-h 6PPDQ Leaching.
20 moe 2024-4uly-16 . Modeiform Adjusted R AlCc
<o 6PPD+(T-T, )+ (T-T..)° 0.82 12.597
e > R : 6PPD+T+T 0.82 12597
TR R R R 6PPD+T 0.69 15.206
Fig. 3. Mass percentage (% road dust weight) of identified TWE. 6PPD + T+ 77 + humidity 0.81 15233
6PPD + T+ 7% + ozone mean Q.79 20.328
. -
Partners d > e’
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Sediment Stories: Using 6PPDQ Levels in BC Sediments to Understand Emissions and Fate
Timothy F. M. Rodgers®, Simon Drew”, Gopal Sharma®, foe Salinas-Rodriguer, Lovis Wagner', Mark Lowie O Lopez’, Johan Wiklund®, Christopher FG. Hebda®, Rachef €. Scholes®

Exepartrnaed of Chil Erglasaring. Unhmraity of british Colurmbla; 7ALS. Ervironmanin] Canads; "Dipartmant of Bchamiiry and Micreblohogy, Univensiey of Vicors: SDepastment of Bakogy, Univerity of Waterfos; "Haksl instinns

= Stormwater transports sediment into receiving bodies Hypotheses:

* Sediment deposits in lower-energy environments including stream

channels and lake beds H1. Sediment in stream channel hyporheic zones will

* BPPD and 6PPDQ can accumulate in sediment because provide an indication of local 6PPDQ loadings integrating
1. Enriched with tire wear particles (TWPs) from road runoff event time-scales
2. Both 6PPD and 6PPDQ are hydrophobic (log K, ~4.15, 3.15,

respectively). This means at equilibrium C_ >>C___ H2. Sediment in lakebeds will provide a record of long

3. Sediments can be anoxic, reducing degradation term 6PPDQ loadings

Methods

A. ldentify Sampling Locations & Prioritize based on estimated
loadings in subcatchments (see maps)

B. Sample From Identified Locations

Results

«Sediment concentration trends were not consistent between
events making it difficult to use as a screening tool

= Dynamic river channel environment means sediment transport

processes may dominate external loadings ‘. 3 ” = ¥ o . :
Serpentine River {Surrey) Bolivar Creek (Surrey) Wagg Creek (North Vancouver)

e iy e : i i
= o i
ik S e
1 P ) : s
= (e - ¥
: =, N

g

Deer Lake [Burnaby) Struma Lake (Langley)

ofa o | 2024 ol = . + Radicisotope dating by University of Waterloo
I ‘.'.' . s 2 ""c = ® o "la022  » Similar traffic-estimated 6PPDQ emissions of
E 5 ."’q 2 [ SR ESs '!.‘ "': = I ~230gfyr for Struma and Deer Lake
Em t‘ “w ¥ a3 g o .: ;:: » Calculated loadings (sediment deposition rate X
£ «f e L2007 -..—; I O concentration) ~15-20 g/yr for 2010's in both
CET R 000 & ©o Laoos » GPPDO seen in lowest sample from Deer Lake
2|3 .® s B ;_"; oo apos (1948 +/- B.7 yrs 95% CI)
Elﬂ Ta" JE 50| &2 * Preliminary results from Elk Lake also show signal
EE L iyt I8 (e o ..Et.-mﬁg;%'iﬂﬂ before probablae widespread 6PPD use in tires
i 'E'\-:'_F-E?EE:T-&?F-'-EW Fain = S = # 6PPDO 1o cgte ™ CUrrently testing to confirm MDL & low-level
TR At e s | AT H ® Benzotriazole detections
D 40 80 10 180 0 400 800 1000
Concentration {ng/g OC) Concentration (ng/g OC)

Elk Lake {Sydney}
L] -
- e &
i & nl 3
£ L] d
e a® . "
T . =0
‘IE ' T 2.
=15 -‘ o O el gtk ‘.—- i | ’
Gk & —uset Picturas of coring at Deer Lake {left three images) and Struma Lake (nght two images)
201 W T T ey
E : ® b Swris Bap [
__E-zs :. H1 - False. Variabifity in sediment deposition 'We would fike to acknowledge that this research was
&30|e, * and tranport makes channel-bed sediment conceptualized and imptemented on the traditional,
= - unreliable ancestral, and unceded territory of the Musgueam,
35 g n
[ H2 - Possible. 6PPD-0 preserved in sediment Squamish, and Tsleil-Waututh peoples. .
02 05 0E 10 12 and appears to comelate with other data = et Biaratt
Emnipenhatinn g i) Email: tim.rodgersi@ubc.ca e et v
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VANCOUVER ISLAND
UNIVERSITY

CHEMS

Quantifying the Leaching Potential of para-Phenylenediamine
Quinones from Tire Wear Particles in Sediments

University
L.F of Victoria

Niki Gholamiaval™? , Lily Eggert' , Angelina Jaeger'?, Erika Sorensen’ and Erik Krogh'*2

T Vancouver Island University, Chemistry, Nanaimo, BC 2 University of Victoria, Chemistry, Victoria, BC

Methodology
CP-MIMS: Solvent Extraction Less on Ignition
JErez ey,
Wt Sedimern | 1 300 FFM, memeu‘ﬁ,um
24 ours afié1 sediment contacl

Background

The para-phenylenediamine quinone 6PPDQ is linked to an
acute mortality phenomenon observed in Pacific Northwest coho
salmon with lethal concentrations as low as 41 nglL'?
Quantitation of 6PPDQ by high-throughput direct mass
spectrometry approaches, such as condensed phase membrane
infroduction mass spectrometry (CP-MIMS) have been
demonstrated,** revealing aqueous concantrations that exceed
toxicity thresholds.*® Further, tire wear particles (TWPs) in road
dust and sediment may act as persistent sources of 6PFPDQ,™*
but their leaching behaviour remains poorly characterized.

Sample Prep

Dry Sedimart|
50 - 100:Mq of fieeze-ared
sedment, spiked Wil
6PPDO.0 memusancmn, oo
equilioraled ovemight. shaken

and sonicaled Wil 1 ML | Gy minern) !
acelonifrile, fitered with 045 | traction et
micson nyson flitels and giass

Syinges, quantinies oy LOMS.

Aqueous and Total Concentrations

Aqueous concentrations of leached 6PPDO were detectable within minutes of
contact with sediment and reached concentrations ranging from 14 to 108 ng/L
after 24 hours of eguilibration using sediment mass loadings of 5 g. While the
' TWP Agquecus Phase mass of leached 6PPDQ ranged from 0.6 to 5.3 ng/g of sediment, the total
In this work, sediments from street sweeping waste and mass of 6PPDQ in samples ranged from 18 to 270 ng/g of sediment, indicating
municipal catchment basins were examined to evaluate the rate that > 90°% of the 6PPDQ mass remained sorbed to suspended solids.
and extent to which they can act as on-going sources of 6PFDQ =
in aguatic environments.

B
£ Residential Industrial

cBz 3swW1 SW2 SW3 SW4 CB3 CB4 SWS SWE SWT
Howr 1 m Hourd g Hour 24

cB1

Residential Industrial

Sample Information
Street sweeping samples (SW) and catchment basin composites
{CB) were collected in F=: and Industrial areas from the Capital
Regional District (CRD), Victoria, BC. were collected
weekly for ==k=, and Indusinal SW's were collected daily
for 3 consecutive days due to street sweeping schedules.

CB1 cBz2 TR - awa £

g s o=
= B 8

g

log [GPPDG par g dw Sadiment] (ng'g)

e
z

CB2 SW1 ©SW2 SW3 SW4 CB3 CB4 ©SW5S GSWE SWT SWB
B Agueous © Total
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Organic Content

Higher organic content in sediments aligned with higher mass of
total 6PPDQ; however, under aqueous conditions, sediments
with lower organic content leached more 6FPPDQ.

Bubbles are scaled to reflec! the totsl mass of 6PPDQ In
wilh SWT being the lowest and CB3I being the

Aguecus GPPDO per g dw Sediment (ngig)

180 200 250 00 350 400 450
organic Content in Sadiment (%)

Summary

* Sireet sweeping and caichment basin sediments are
significant sources of 6PPDQ.

* Agueous samples leached B0s£20% of their steady-state 24
hour concentrations within the first hour.

* The majority of 6PPDQ mass remains sediment bound after 24
hours of water contact and may act as an on-going source.

= The total mass of 6PPDQ is higher in sediments with higher
organic content, whereas under aqueous conditions lower
organic content yielded more leached 6PPDQ.

* Development of screening protocols support safe disposal and
remediation of tire wear particle laden municipal sediments.
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There are =10,000 artificial turf fields
across the US and Canada [1,2]

Artificial turf infill is frequently made from
post-consumer use vehicle tire rubber

Alternative infill materials have besn
introduced for use in place of crumby
rubber infill material, but their chemical
release profile is less understood

Few studies [3] have evaluated
contaminant release from turf fistds or
assessed GPPD/EPPD-Q release from
infill material [4,5]. To date, none have
directly evaluated GPPD/GPPD-Q in
runoff

(1) Assess the release of metals and
emerging organic contaminants
from crumb rubber and
alternative artificial turf infill
material via leaching
experiments

(2} Identify potential unknown
contaminants via non-targeted
analysis of infill leachates

{3} Quantify the temporal release of
contaminants from an artificial
turt fields during rainfall

Artificial Turf Fields May Release Tire-Related Toxicants
into Stormwater Runoff Throughout Their Lifetime

Kate J. Moloney, Timothy F.M. Rodgers, Rachel C. Scholes

Department of Civil Engineering: Environmental Systems Engineering, University of British Columbia

Bench-scale Leaching of Infill Materials

Turf infill samples were

leached into methanol to .
assess complete leaching i z i
capability of different infill

types and ages.

Madian Conceniraian [

Concentrations of 8PPD-0, BPPD, and zinc were significantly
higher (p=0.05) in crumb rubber laachates than altermative

Od crumb rubber infill (=3 years age) did not release
gignificantly highar contaminant concantrations
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I CMTT iz more represantative of on-road smissions

Oinly 50% of putatively identified compounds were
presant on the EPA Crumb Rubber List

Leucomalachite green, an IARC Group 2B possible
carcinogen [6] was putatively identified with high

frequency i CMTT and CR

Stormwater Sampling from Turf Field Drainage System

Stormwater samples were collected from a turf field

drainage system to assess real-world ] i -

concentrations of toxicants . — = )
wr w Wmmr—a— = ‘i:-" -_:m:ii:n-,- Swena T Ia-le‘f;:IL
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il der ekl Qs
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Cancanraton [ng L~y
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The BC Water Quality Guidetine tor BPPD-0Q {10ng/L) and
the LC540 for coho salmon (4 Tng/L) wars repaatadly
exceaded in collected stormwater

Contaminant release varied in respongs o changas in
precipitation intensity, particularly for hydrophilic
cOMmpounts

Time (hours]
Release of surface-bound BPPD-Q was rapid

Physico-chemical proparties {Logkow) may influence
releage rates with respect to precipitation intensity

Fisheries and Oceans
Canada

i+l

Specal therics to the Scholes Group sl UBC
and the Envionmental Systors Engineeting
Laby stafT who helped suppon this work!

Artificial turf fields should be evaluated for point-source treatment including green
infrastructure treatment methods

More work is needed to understand how material, surface area, and chemical properties

influence release dynamics from particles
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Evaluating the effectiveness of in-use green infrastructures on the
removal of 6PPD-Q and other road runoff contaminants

Mina Hassan Aghaei?, Carys Gallilee*, Sofya Reger?, Sara Stallard®, Rebecca Nielsen®, Xiangjun Liao? Angela

Duso?, Paul Lhotka®, Sean Wong®, Tanya M Brown *
*Simon Fraser University,’Fisheries and Oceans Canada, *Fish-KW Environmental, *British Columbia Institute of Technology, °North Shore
streamkeepers, *Ministry of Transportation and Transit

Background Results Next steps

les reduced 6PPD-Q concentrations by ~ 8-fold during
ather events.

¥ » Investigate the effectiveness of a retention pond
downstream of the McKenzie Interchange ponds to
further reduce concentrations of 6PPD-Q.

» Assess the effectiveness of other in-use bioswales
and raingardens to reduce 6PPD-Q and other road
runoff contaminants.

® Collect influent and effluent samples from the
system’s underdrain of in-use rain gardens located
across Metro Vancouver.

* Stormwater runoff contains a complex mixture of contaminants, including
tire-associated contaminants (e.g, 6PPD and 6PPD-Quinone; 6PPD-Q),
polycyclic aromatic hydrocarbons (PAHs), Per- and polyfluoroalkyl
substances (PFAS), pharmaceuticals and personal care products {PPCPs), m
pesticides and many others '2%. s LC50’s (41 ng/L).

e In particular, 6PPD and its transformation product 6PPD-Q have received [ eon 00 Concemmnon m Wekenan eomngs Soes |
increasing attention because of their role in coho salmon Urban Runoff
Mortatity Syndrome (URMS), which occurs following stormwater runoff into
streams 2.

e Green infrastructures such as bioswales and bioretention cells can play a
key role in reducing stormwater runoff contaminants *. For example, Rodgers
et al. (2023) reported up to 90% removal of 6PPD-Q by a recently installed
bioretention celt 2.

e No studies to our knowledge have looked at the effectiveness of in-use
green infrastructures at reducing 6PPD-Q as well as other stormwater runoff
contaminants. ‘

Sampling Sites

Methods

Concentrations of 5PPD-Q were 2 to 20 folds Jower at Site B {etluent)
compared to Site A (influent)

* Water samples were collected by Fish-KW Environmental during 12 rainfall b A {
events (2022-2025) from two monitoring sites (A and B) at the McKenzie 150 North Vancouver
Interchange in Saanich (Greater Victoria, BC). Paired samples from both sites — 9‘" ou
were avallable for six of these events, allowing direct comparison and S >
disalztonof concnirtons. o . Acknowledgements

250 mL pre-cleaned amber glass jars were used for sample collection.

Vancouver

North Vancouver

Sampling was conducted during wet weather events when the amount of _0. \\ 0 ’q j f N——
rainfall was more than 5 mm. i & & s Streamkeepers
Federation -
I- Anderson, B. S., Phillips, B. M., Voorhees, J. P, Siegler, K., &Tj 2, R. (2016). Bi lesred i iated with toxicity in urban storm water. Enwi Toxicology and Chemistry, 35(12), 3124-3134.
2-Martin, K., Perala-Dewey, J, &Kolodzwj,f P(?O?S) SmrmerontommcmsowaanandBestSamplmgmeas
3-Rodgers, T. F, Wang, ¥, Humes, C, ), M., n, S., . & Scholes, R.C. {2023L Bmunuan cells provide a 10-fold reduction in 6PPD-quinone mass loadings iving woters: evi from a field and modeliing. £ { science &technology letters, 10(7), 582-528.

C,
§-Tran, N. H, RemllardM Khan, E, Clml,H.,Nguym,V T, Lr,Y,uleK YH {2019). Emerging runoff, ond surfoce water: Application as chemicaimarkers for diffuse sources. Science of the Total Environment, 676, 252-267.
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6PPD and 6PPD-Quinone: regulatory momentum and analytical innovations

senting Author: Louis Wagner, National Technical Specialist, ALS, Canada
I: louis.wagner@alsgiobal.com

LC-MS/MS Analysis of 6PPD-Quinone Wagg creek map and samphng points

1 WAG-M-01  First Flush + Baseline
2. WAG-E-O1  First Fush + B
3. WAG-E-O3 First Flush + Saseline
4 WAG-E-OBa First Flush + Baseiine
5. WAG-W-03 First Flush - Baseling
6 MIS-E+W-O1 First Fush » Baseling
7. MIs-m-01 Busekre Only
8.
9

Following the Doc 2020 discovery, ALS rapidly developed s rabust method and now offers routine aceredited analyss of
both 650 (precursor) and 6770 Q testing at ALS In Vancouver by using LC-MS/MS triple quadrupole with MRM (thrée
transitions), Quan! on by isotope diktion and selective SPE/cleanup provides confirmed identification and trace-level
sensitivity in snvironmental waters. ALS reperting mvits and sampling getails shown delow

Reporﬁng Limits and Sampling Requirements
ived 2021 ( ) and Feb 2025 (Burnaby)

00002 pa.

WAG-M-02  Basafina Only
WAG-E-07  Basefine Only
1. WAG-M03  Basaine Cnly
1. WAG-M-07 Bascirie Cnly

| it ¢ Reparting (LOR) 0001 gl i developrent 0005 kgl
|

|
| Test Method

LC-MS/MS

" -dert 7 7 ot B T
Along-standing mystery in salmon conservalion has been traced 1o a tire-derived transformation produet. | ALS' Tost Cofdes £7445 E74B4 s | E7440

In Pacific Northwest urban creeks, 6°PD-quinone [6PPD-Q) is now recognized as the driver of catastrophic |5 1 15 1 1 6PPD-Q by Sampling Event

z @
coha die-cffs during storm evenits. | PR 2 210G ml amber giass Tefon- kned ! A ! .
Semps conalosre (saperste contaiers for 6PPD-G and 5PPD) [P allead S | | =030
| | [ s na o - | X

After storms, URMS 2an kil up Lo 90% of coho 1 Puget Sound-sres cresks, In Dec 2020, UW identified the cause as | | —— |nenmvicane | w | 3

6PPD-quinone [GPPD-Q, formed when the tre antiaxidant 5PPD (0,4-2%) reacts with ozone, As tiras wear, particles |Preservetion “§C (te-chargsd) [ESTE = | g

on roads ralease watar-soluble {~38 pg/L at 20 *C) 6PPD-Q that washas into streams. Cohe are highly sensitive (LCSO I t 1 e | | wo| 2 Coe 05Dl ool

0.041-0.095 pg/L); other salmornids are lnss affectad. Since first reparts in WAIGA, 6PPD-Q has been detected widely | Recommended Holding Time ‘ 14 cays (Desft EPA 3534) l 14 days Sty D8 et | 4 vt .

actoss the BNW and bayond and impacts multiple trout species. In Nov 2023, a die-off of 40 coho in West Vancouver's L ! - [ M rom oo | |3 Fen e

arothers Crevk was linked to 6PPD-Q. i (s | am| (3 Avmeeitio — e Fie e

o 6PPD (precursor) testing PG — w [ 3
| a0 s | | 3 oo = S0013 L
n a Harder than 6FPD-Q: 6PPD is delicerately sacnficial and higniy reactive, with an aquecus half-ife of onsy hours at neutral ;-....,_s..»,.um | - i g P
0z PH (ALS-verified; see Fig. 2), ALS identfied en optimal antioxidant presarvative and dose that stabilizes 899D for 214 |t s 2 et aw ‘ ®
— days, anabling the same nalding tme as 6PPD-Q sl | W |
| s am Sve 522 w |
I |
N N | S o pe 25005 wo | T3t fush Basa Fiow
H H | | msorer) aai=| (68F0.0. UL} {6FPDQ, i)
0 Ungmsarvn 6200 Seatsity 24 howy Srecarvnd 6050 Staniy ta1é days " Y

Ozonation Trensformation of 6PPD to 6APD-Guinsne

ALS in Canada began offering shalysis for 6PPD-guinone [EPPD-Q] In June 2021, lsunching one of Canadys first - -
commercial testing service for this compeund, Since 2021, research and regulatory activity in the U S and Canada has
surged due to the compound's ubiquity and its extreme coho toxi a art-| bifion levals. Below is a time@ne of . ».

S Saming Rmeslts — Avg 16 Catmasmsharic fist furrr)

Rain 6PPD-Q background levels

To protie atmesphosic inputs, we collected rain-only (*a [wet [ wa [ e [ om
first fiush®) samples: 6PPD-G wes detectable [+= i - | |
methad (0.46-0,8C ng/\L, fieid blank ND}. Visial particulate in the o = T e

key regulatary updatas from the past twe " - funnels supports airoame particle (e.0. PM10) depostion as a siiden ‘ ;’: bl Uil

seurce, The ground-tray result was vghes, likely from splashing/
agitaton of ground particuates—a sampling artifac ve also

seen in other sttempts, Ekevating the collection vessels helps isolate
atmospheric ceposition by miremzing splash contammation, At these

6PPD & 6PPD-Q — Current Regulatory Levels (USA & Canada)

Focus: frestrwutier eati criteria/screning values; uoits shown as o (wd ngil)

ISP 0w wo concentrations, ultra-trace methods were unnecessary for this Study.
Jurisdiction / Source Lavval G/} Status / Effective
(ngf) Figure 2. ALS EPPD Unpresesvod Stodiity Study ~ 24 hours Figure 3. ALS 6PPO Preservad StobiRy Study ~ 14 days
" Key Takeaways from Case study
]
US EPA — Somering Vauer o0 dougll | Frosmmsaaks | Frimiy ; i
un 12, 2024) 8300 oLt o) | remonan ive 3mm-\~m Case studies First Flush and Baseline Analysis + Background lsnt zaro — moasurabile EPPD-Q oven whan o roxd
15 | 2 funalf is Gesurring, some sites approach the scute guideling.
| ! hip with the North Shore Streamkeaper i th
S EPA — Scraeing Vi e o0 Frestractie acate | Predrvicsary. Not 40 be sacheded In partnership with the North Shoce Streamkeapers, we surveynd the i R P PO 2
2, 2024) -Q Eer) I o) | ronordng | vears on average. | Wagg Cresk urban watershed and compared 8 storm first-Tush event Fit for purpose sensitivity — 0.2 ng/L LOR cavers urban/backgraund
¥ | 30 | |5 i with basaling flows, ALS performad routine and low-leves LC-MS/MS work; Perhaps ultra-trace is applicable for tnldy pristne settings (ard
il 8 on beth 6PPD and 6PPD- we shoud Guestion whethes leve's that low are ecologically material)
{wastington Suika — WAC 73200 | oo a0 | rod: atfoctive | Applies to Trashwater Soalyses on both 6PPD.and GPPD-Q
il e | il e ([ ] At bassine {low flow), GPPD-Q was consistently detectabie by aur + Raln & alr matter — atmiospheric particulate sratter and rainfell may.
[ I | routine method (= 0.7-6. ng/L), with one site at ~6.1 ng/L—about feed backgrounddaveis:
Sitish Calurmbia — Water Quity i ol | Shermtemacite | pcodeusina | G“f‘"_“',‘l"’f‘c;‘:"u‘:’d 60% of the BC acute guideine (10 ngfL). During the first-fush starm s
Shicelra (Feb 1, 2025 i} > oot ek event, 6PPD-Q rose sharply {022-0.51 ug/L; mean = 0,32 pa/L), far | hete
& il { 2t I\ 2 exceading the guideling snd the cohe LCSC {41 ng/L). 6PPD was also | Rorlh
Rt B0 Scriiiy Wodied (S NCOC 00T SORSED Uk Sechigly N T 3608 . 20600922} 5C “ “ o presant, with elevated first-fiush concentrations ralative to baselina [ 1 e Cocgn e

ALS right solutions. right partrer. © Copyright 2025 ALS Limited. Al rights reserved.
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> Remediation Strategies of 6PPD-Q from Stormwater

VANCOUVER ISLAND

UMIVERSITY

BPPD-guinone (BPPD-Q) is a tre-derved oxidetion product of the rubber antioxdant
BPFPD. BPPD-Q can accumulate on roed surfaces and IS trensported by stormwater
runaff into streams and aquatic ecosystema.® It (s acutely toxc 10 aquatic spackes,
notably juvenile coho salmon (LG, = 41 ngfL),? as well as cutthroat trout (LS, =396
ng/L),* brook trout (LC., =59 ngfL) and rainbow trout (LC.y,= 100 ng/Ll®

Stormwater infrastructune I8 not designed to remove roadway pollutants and mitgstion
strategies remain Hmited. In this study, 8 selection of adsorptive biomaterials are
evalugted for removing hydrophobic 6PPD-0) {pKow = AP from aquecus solution. This
tocus aligns with modelling work demonstrating that hydrophaobie trace contaminans
require sorptive media for removal.® Resutrs from trisls are then scaled to Laboratory
and small-gcale basin experiments, maintaining hydraulic permesbility snd sdsorptive
contaet nme, with the gosl of identidying materists and sediment- substrate
combinations suitsble for engineered green infrastructure such as catchment
basins snd raingardens.

el LLCKD o

o

e beeeCemAuimita

A CF MV ey

Condensed- phase memorane introduction
mass spectrometry (CP-MIMS) was used for

meal-time monitoring of agueous GPPD-G $ fjf' ﬂ —

following the addivon of blomaterisls.
TRITTATENT |
L

Changes in concentration were recorded
Figura 1. CR-MBMe  confijunfios and = mbmss

over time (0 situ, with decresses indicating
adsorption of 6PPD-0Q by each material
Materals exhibiting rapid signal decreases
were more effective, and materisls with il
retatively stable signata Indicated Umited
contaminant removal.

Relative Concentration (i)

Asuanes BP0-G solirtihssncantraton 170 218 s/l |
P o |

@ 7 r S 3 A [T . PR TSI [T ]
Tima (mintas)
Fig=m 1 CR-MIME Eme-sarms compering adssrpties of squseus EPPO-Q by saiarial Trals shosn sss
cempamble aocbesd doown of 045045 gmma of mawisl pe Sk of solution for relathm gedermance
Eomparisan afiar 1 mins.

Remaoval EMslensy Remaoval fate Macs Sorbed
s %] ngimin} ing EPPD-Qg medial
Coco Husk b LEH B0

o - 2
BE ny 212

* Additionsl experiments were conducted at higher media loedings; blochar
waS also evalusted &t lower loedings with an estimated mamum of 230 ng
GPPD-QUg biochar. Although adsorption varled among different biochar
{-g manufacterers and particle sizes, all biochar samples outperformed the
other blomaterials tested.

Tess Weaver, Sarah Hann, Sanna Hjalmars, Angelina Jaeger, Haley Tomlin, Erik Krogh

m--:nﬂummm Fum & Scheswtic of 75-Ubs crichmest Sasn used tor bewis Misie. Remowel

usad for ish trime. Remoel - o 25 Limin. & misstl Sinchar lpm

-w-d-dm-t——ﬂm-h!!—-he!!& wesz used t= balance sdearption and  hydrslic conductivity: fine tiechar enenced
mmoval, whils coarss biochar imeroved drainsgs and minimicsd Now etriction.

Biochar Comparison

(Bocher __ [Se an Prepaion | Remora Efcency [Appieaion |
i [ <.

Tlllm Fina (3.Emm), uncharged n-m mmmm

Tarm Clima Coarsa (0L5-2my, Emohaiged BE-RL ‘Haterial Tesing, Lab Triaks, Sacin Triais

Agrianar Coarse {061 0mmj, uncharge d A ‘Ecin Trisks

Bochar i m g with the asew g4 Q L dose

o8 1 B Winen propamed e TS0 i vt

Leboratory Flow-Through Trials. Biochsr wes selected for flow-through tsborstory trisls following
initisl edsorption screening. A BPPD-Q sodution containing 550 = 50 ngfL was passed through a
control column containing flass beads, and & treatment column contalning a mbdure of glass beads
mixed with biochar a1 50 mifmin. Samples collected before treatment &nd st timed intervals were
used to evatuate blochar sdsorption performance undar controdled flow conditions.

Basin Trials. Two 73-live basing were constructed, a trestment basin containing layered =and,
gravel, biochar, and coconut hiwsk to prevent mobilization of blochar during flow, and & control basin
which did not contain blochar. All basin wers tested for adequate hydreslic conductivity of 3.50L/min
1o ensure proper dratnage snd avoid water beck-up. A 6PPD-Q solution prepared with stormwater
effuent was spplied to esch basin, with samplas collected before and after flow-throsgh to assess
BPFPD-C} removal efficiency under simulated field conditions.

Results. Results from both testing methods ehowed complete remowsl of BPPD-Q using biochar
treatments. Samples were analyzed using CP-MIMS, and final concentrations wene below the Lmit
of detection [LOD). All concentrations of 6PPD-Q oxceed typlcal ervironmentsl concentrations,
demonstrating efficacy of removal over reduced contact times.

st _Flow-Through Trial i
{ = = LOD bty datecl on dmild
b Lab Trials | Basin Trials
g |
£ |
606 | |
§
=
£
£ o)
H
o
]
200 |
i . 1 S
mitial Final Initinl _ Finsl Initinl sl Inlllul rm.. lnnlnl Iml.lul hnul
Trestme Contral
Biachar Glass brass Biachar Tratment wm = bt
=3 neES e ns

Figurn &, Lab moat catch izl trisl raws®s. Subwswssin of sgenous S0 sslution coliecied befor and s fiom-Greogs tis.
Camrat s ot o BP0 et

did ned iffactivaty rame it

BRITISH COLUMBIA
OHSERVATION FOUMDATIOM

Urban landgcepes are primarity built
from impemmesble materiats. During
ramfall, runoff = directed into storm
pipes which are point sources for
whan stormwster pollution. Urban
lendscapes sre comprised of distinct
areas that draln into & single point
source. These subsections of tho
whan watershed can be referred to
as "micro- catchments”

Firm B Micrccsichmest map (lusirsieg stormeter

intutreciors and dischacge points to to Espport wite

Identitying point sowrce |DCSTONE  salecton %o tageind grean cloomests EwEsuclim
x

and snelyzZing stommwater samples
are key preliminary steps toward city-
wide mitigstion. Point sources with
elevated GPPD-0 concontrations are
Idesl locations for green stormwater
Ity re to be at
reducing total BPPD-Q in wrban
WatErwayE.

Fundamental Concepts for
Green Stormwster Infrastructure:®

1. Caplure & Slow
2. Clean & Infiltrate

3. Store & Convey

P 2. Schumatie of 2 pical
wioer dirain.

Pojuirs B Ganmisd achamatic of & min garden shawing bow it
remoft i ceptemcand fitarsd during transpartstion.

Resuits from this project can be used 1o inform urban infrastructure projects on
materisls effective at removing 6PPD-Q tire wear particles, and other hydrophobic
contaminants from whan runoff. Diverse designs are needed to accommodate
warious point source characteristics suwch a3 land use, topography, available space,
s0il horizons and stormwater ow rate.
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A new method for rapid monitoring of 6PPD-quinone
in marine water samples using SPE and LC-MS/MS

Xiangjun Liao!,

oAn improved liguid chromatography tandem
mass specirometer (LC-MS/MS) method to
rapidly monitor 6PPD-quinone in marine waters
has been developed.

eSample preparation involved dilution andfor
solid phase extraction prior to LC-MS/MS.

eCustomized adapters were developed to
facilitate the use of 1.5-mL high recovery LC
vials during solid phase extraction (SPE).

®5SPE collection vials were loaded directly onto
the LC autosampler tray.

#The concentration of PPD-quinone in marine
water samples varied with sampling events and
locations.

BPPD-quinone was identified by Tian et &l in 2020 [1] as
fhe environmental chemical responsible for urban runeff
martality symdrome in coho salmen, therefore, information

ion the towicity of 8PPD-guinone, its mechanisms of action,

and its envimonmental impacts on aquatic ecosystems,
food webs and human health [2] s providing evidence-
based opportunities for natural resource managers,
environmental enginears and regulator.

To better meet these requirements, an efficient and cost
effective tool for rapid profiing of 6FF D-guinone in water
samples associated with salmon life history to support
decision makers with quick results is needed.

We have developed a sensitive method for rapid
manitoring of BPPD-quinone in creek water [3] but not
suitsble for marine water due fo the much low
concentration of 8PPD-guinone in manne waters and
different chemical properties between them. The goal of
this project was to develop, optimize and validatz a
spacific and refiable method for rapid detection and
quantification of SPPO-guinone in marine water samples
based upon solid phase extraction (SPE) and LC-MS/MS.

Folarie bl Cenars. Pk ) (ko
ot =

RAINCOAST

Peter Ross?, Andrew R.S. Ross', Nicole LaForge!, Navinder Hundal', Mackenzie Mueller, and Lisa Loseto®

Tinstitute of Ocean Sciences, Fisheries and Oceans Canada, Sidney, BC; *Raincoast Conservation Foundation

eMarine water samples collecied at Patricia Bay
near our lab at the Institute of Ocean Sciences
were used for method development and
validation.

# Frozen marine water samples from various
sites across British Columbia were provided by
Raincoast Conservation Foundation.

#Before preparation, samples were organized
and classified by sample site and whether
collected before, during or after a rain event.

oharine water samples were subjected fo
pretreatment by adjusting pH with diluted acid
prior fo Aufo-SPE.

# Auto-SPE was performed using 3-mL
hydrophilic-ipophilic balance (HLB) cartridges

Adapters & Viak

Agilent UPLE - Scies: WS ME

Ragle Troce Awtn-SRE

Fig. 1 : Instrument for SPE and LC-MZ/MS analysis

® 5PE extracts were collected using adapters and
1.5-mL high recovery LC vials, or 1.8-mL vials with
250-ul inserts.

® Rapid Trace Auto-SPE was used for sample
preparation prier to LC-MS/MS analysis.

® A 21 =50 mm, 1.8 pm Agilent InfinityLab Poroshell
120 EC-C18 column was used for Agident UPLC-Sciex
MEMES.

SAMPLE PRETREATMENT

eMarine water samples were pretreated
by adjusting pHs with 2% nitric acid.

eV\ithout pH adjustment there was significant
loss of the isotopically labeled 6PPD-quinone
added prior to SPE.

VALIDATION

| imits of quantification (LOQ) were 0.03 ng/L
for SPE-LC-MSI/MS and 0.5 ngiL for “dilute-and-

COMPARISON

®The concentrations in samples from DnS-LC-
MSIMS are comparable to those from SPE-LC-
MSMS (Table 1).

e®Results obtained for original samples using
1.5-mL vials to collect 0.6 mL of SPE extract
were comparable fo those obtained using 250-
uL vial inserts to collect 0.4 mL.

Tabla 1. Somaniiien of P E-4E-MEM 10 DeS-AC-MEME

shoot’ (DnSHLC-MS/MS. i

®Ayerage precision was about 5 % for both i iz il
SPE-LC-MSMS and DnS-LC/MSMS. R e e
®Ayerage recovery was 93% for SPE-LC- :: ::. ::. :

MSI/MS and 104% for DnS-LC-MS/MS. —— i in _._.-I—:"""’-
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CONCENTRATION PROFILES in MARINE Vs
CREEK WATER SAMPLES

® The concentrations of PPD-quinone
measured in marine water sampies (up to 28
ng/L) are generally lower than those measure in
creek samples {up to 435 ng/L) (Table 2).

Table 2. Concentration profile in 22 marine water ¥ 338 creek water
Wiainr type

Sasplo Kt 2 Ty
The nembier of sEmpdes Wit SFRD Dujsone

Comcernration s5 ngh. 1 143
Th frervdsé o Samplis st GPPD Quisiine

Comerrantion <imgl g = 100 123 el from SHE L] L]
The membser of semples Wi 6P Dinone

Concemmtion = L0 .53 /Ll rom 5PE L= L

Tha b esinage of Gmelas i BP0 i one

Comgarniation =5 ngh i L]

The prrcermage of sameles with 680 Qunone

Concersition <Srg/L buts 10D 1243 reflfrom SFE B ar

The percentage of sarples mith 8PP0 Cuinone
Concernmmtion <100 00 ne/Ll fom SPE i) 2

®4 cost-effective analytical method for the
analysis of 6 PPD-quincne in marine water with
LC-MS3/MS has been developed fo achieve
LOQ =0.03 ng/L.

#Direct loading avoids the need to transfer
sample exiracts from one container fo another,
reducing sample loss and contamination.

®The use of customized adapiers and coliection
vials enables the versatility of auto SPE.

# C-MS/MS with DnS or SPE was successfully
applied to the analysis of samples from various
sites.
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APPENDIX C — BREAKOUT ACTIVITY NOTES
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Effects on Fish & Human Health Notes
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Monitoring, Fate, & Distribution Notes
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Data, Interpretation, & Modeling Notes




Protecting Salmonids from Tire Wear Toxicants: 6PPDQ Workshop 2026 Post-Workshop Summary

Stormwater Infrastructure Notes
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Stormwater Infrastructure Notes Continued
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Policy & Alternatives Notes




