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VR e Problem: Background

Agency

= 6PPD-quinone is a transformation product of the tire rubber antiozonant, 6PPD
» Present at toxic concentrations in roadway runoff and stormwater-affected creeks?

= Toxic to coho salmon?34 coastal cutthroat trout>, brook trout®, and rainbow trout®
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https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=361070&Lab=CPHEA&searchall=rubber&simplesearch=0&showcriteria=2&sortby=pubDate&timstype=&searchall=6PPD+or+6PPD-q+or+6PPDq
https://www.science.org/doi/10.1126/science.abd6951
https://pubs.acs.org/doi/10.1021/acs.estlett.1c00910
https://pubs.acs.org/doi/10.1021/acs.est.3c01040
https://pubs.acs.org/doi/10.1021/acs.est.5c03697
https://pubs.acs.org/doi/10.1021/acs.estlett.2c00050
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" The potential of 6PPD-quinone to have ecotoxic effects and impact coho salmon
populations is a key issue.

= These fish species have cultural, commercial, and ecological importance, and some
coho salmon populations are threatened and endangered.

= Many Tribal Nations rely heavily on salmon and other aquatic resources for food and
cultural practices.

" Limited information is available regarding release to the environment, fate and
transport, and human health effects of 6PPD-quinone.

= Needed: Data to inform timely decisions on protection of sensitive species.




United States
Environmenta | Protection
Agency

Collaborative research

= Since 2020, EPA has engaged in collaboration with other federal agencies,
states, Tribal Nations, industry, and other partners and stakeholders to address
information gaps and inform impact reduction through mitigation and
identifying safer alternatives for use in tire manufacturing.

= EPA research on 6PPD and 6PPD-quinone includes work on fate and transport,
ecotoxicity, and green infrastructure solutions for stormwater contamination.

Supported development of 6PPD alternatives (Small Business Innovation Research Program)

= Reduction or Replacement of 6PPD through Improved Ozonation-related Crack
Resistance with Molecular Rebar (Final Report completed in 2024)

= Biorenewable Rubber Anti-Degradants (Final Report completed in 2025)



https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.abstractDetail/abstract_id/11459/report/F
https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.abstractDetail/abstract_id/11543/report/F

SEPA Results: Completed EPA ORD-Region
Collaborative Research Projects

VELMA (Visualizing Ecosystem Land Management
Assessments) modeling for salmonid and orca
recovery in Puget Sound (Region 10)

Evaluating the bioactivity of 6PPD, 6PPD-quinone,
and stream samples (Region 10)

Saving salmon and orca from stormwater pollutants
through participatory decision science (Region 10)
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The fate, transport, and treatment of tire-derived NORTHERN MARIANA ISLANDS
pollutants in stormwater (Regions 4 and 7)

Understanding airborne emissions and health
impacts of 6PPD and 6PPD-quinone from tires https://www.epa.gov/aboutepa/regional-and-geographic-offices
(Region 3)
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Results: Recent publications u.s

Watershed analysis of urban stormwater 6PPD-quinone hotspots and stream
concentrations using a process based ecohydrological model (Halama et al., 2024)
Objective: Understand the fate and transport of 6PPD/6PPD-quinone and

mechanisms leading to salmon mortality in Puget Sound Estuary
Results:
= Highlights hydrological and biogeochemical controls on 6PPD-quinone
flow paths and hotspots within the watershed and its stormwater
infrastructure, that ultimately impact contaminant transport to
Longfellow Creek and Puget Sound
= Simulated and sampled 6PPD-quinone concentrations corresponded
within £10 ng/L
Impact: Provides a tool for prioritizing locations and types of green
infrastructure to reduce 6PPD-quinone stream concentrations

*Visualizing Ecosystem Land Management Assessments (VELMA) Model

Contact:
Jonathan Halama
Halama.Jonathan@EPA.gov

VELMA Modeling*
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https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=360694&Lab=CPHEA&searchall=6PPD&simplesearch=0&showcriteria=2&sortby=pubDate&searchall=halama&timstype=&datebeginpublishedpresented=10/10/2023
https://www.epa.gov/water-research/visualizing-ecosystem-land-management-assessments-velma-model
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Results: Recent publications s

Bioactivity of the ubiquitous tire preservative 6PPD and degradant, 6PPD-
quinone in fish- and mammalian-based assays (Jankowski et al., 2025)
Objective: Employed an array of high-throughput screening assays

available within EPA to evaluate their suitability for detecting the |
toxicity of 6PPD-quinone -
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Rainbow Trout |

Acute Neurotoxicity (AcN) via MEA 1
CIS Factorial-NRF2/ARE |

TRANS Factorial |

Contact:
Mark Jankowski
Jankowski.Mark@EPA.gov

Evaluating Bioactivity
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Jankowski et al., 2025


https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=366157&Lab=CCTE&simplesearch=0&showcriteria=2&sortby=pubDate&searchall=6ppd&timstype=&datebeginpublishedpresented=06/18/2023

\% EPA Contact:

United States Felix Harris

Results: Recent publications s Hars el @ERA g

Evaluating Bioactivity

Phenotypic profiling of 6PPD, 6PPD-quinone and structurally diverse antiozonants in RTgill-W1 cells using
the cell painting assay (Harris et al., 2025.)
= Objective: Characterize the biological activity of 6PPD, 6PPD-quinone and other antiozonants and
transformation products in a rainbow trout gill cell line (RTgill-W1)
= Results: Quinones of 7PPD and 77PD exhibited similar bioactivity to 6PPD-quinone, suggesting
these may not be suitable replacements for 6PPD in tires
= Impact: This work can be used to inform testing and identification of less toxic 6PPD alternatives

= 7PPD-quinone n
Ra n b ow 77PD-quinone ﬂ g:r;elu(ion
Trout Gill 6PPD-quinone
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https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=366237&Lab=CCTE&simplesearch=0&showcriteria=2&sortby=pubDate&searchall=6ppd&timstype=&datebeginpublishedpresented=06/18/2023

SR Impact: Other EPA activities

Key EPA Actions to Address 6PPD-quinone

= A cross-Agency technical review of 6PPD-quinone and the development of the
6PPD/6PPD-quinone Action Plan

= Publication of a draft laboratory testing method (EPA Method 1634) that will
enable government agencies, Tribal Nations, and other groups to determine
where and when 6PPD-quinone is present in local stormwater and surface waters

= Finalization of a rule under Section 8(d) of TSCA that requires manufacturers

(including importers) of 6PPD to report lists and copies of unpublished health and
safety studies on 6PPD and 6PPD-quinone to EPA

= Development of acute screening values for 6PPD-quinone and 6PPD to protect
sensitive salmon and other aquatic life (Jarvis et al., 2025)

For more information, see EPA’'s 6PPD-quinone website



https://www.epa.gov/chemical-research/us-epa-6ppd-6ppd-quinone-action-plan-fy25-28
https://www.epa.gov/cwa-methods/6ppd-q-using-liquid-chromatography-tandem-mass-spectroscopy-lcmsms-method-1634-not-yet
https://www.govinfo.gov/content/pkg/FR-2024-12-13/pdf/2024-29406.pdf
https://www.epa.gov/system/files/documents/2024-05/6ppd-q-screening-value-2024.pdf
https://www.epa.gov/system/files/documents/2024-05/6ppd-screening-value-2024.pdf
https://academic.oup.com/etc/article/44/11/3109/8211913
https://www.epa.gov/chemical-research/6ppd-quinone
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US EPA Resources

= CompTox Chemicals Dashboard (6PPD-quinone)
ECOTOX Knowledgebase (6PPD-quinone)

= ChemExpo Knowledgebase (6PPD)

= Science Inventory (6PPD, 6PPD-quinone)

December 11t ECOTOX update
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https://comptox.epa.gov/dashboard/chemical/details/DTXSID301034849
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fq2626xmnay002.aa.ad.epa.gov%2Fecotox-qa%2Fexplore.cfm%3Fcas%3D793248%2C2754428185%2C2406044%2C108098%2C122372&data=05%7C02%7Csaili.katerine%40epa.gov%7C4af3c4a696b744c2684908de335da76f%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C639004674486431489%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=Mj%2FDB9RLQJY7xUqMNoSpIPGKkX2VUY2lTrjC%2Fz8DlWI%3D&reserved=0
https://comptox.epa.gov/chemexpo/chemical/DTXSID9025114/
https://cfpub.epa.gov/si/si_public_search_results.cfm?simplesearch=0&showcriteria=2&sortby=pubDate&timstype=&searchAll=6PPD+or+6PPD-q+or+6PPDq

ITRC Overview of the tire-derived chemicals 6PPD & 6PPD-quinone



https://6ppd.itrcweb.org/

Meet the ITRC Team Leads

Tanya Williams Kelly Grant, Ph.D. Rachael Lane, Ph.D.
Washington State Department of Ecology California Department of U.S. Geological Survey
Toxic Substances Control rflane@usgs.gov

tanya.williams@ecy.wa.gov
Kelly.Grant@dtsc.ca.gov
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https://cluin.org/conf/itrc/6PPD-Q/

Guidance Document
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https://6ppd.itrcweb.org/

Effects Characterization and Toxicology

Mitigation Measures

Policies, Regulations, and Laws
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6PPD-q — Toxic to Some Salmonids

Coho salmon

Brook trout

Lake trout

Rainbow trout/steelhead

Coastal cutthroat trout

Sensitive Fish Species Range
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Conceptual Exposure Model
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Effects Characterization and Toxicology

Mitigation Measures

Policies, Regulations, and Laws
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Species-Specific Acute Toxicity in Salmonids

Sedes ____ [lcaGwh)  [etoton®

il A ok

Coastal Cutthroat trout (Oncorhynchus clarkii clarkii) _
neW

\

e )

LC., = lethal concentration to half the population
= Coho LC;, frequently exceeded in stormwater runoff
= Observed concentrations in surface waters up to 2.85 ug/L >

18

Guidance Document Table 1-1



Species-Specific Acute Toxicity in Salmonids

Species LC;, (Hg/L) Test duration (h)
Coho salmon (Oncorhynchus kisutch) 0.08 (median) 24
Coastal Cutthroat trout (Oncorhynchus clarkii clarkii) 0.14 (median) 24
Brook trout (Salvelinus fontinalis) 0.4 (median) 24
Lake trout (Salvelinus namaycush) 0.51 24
White-spotted char (Salvelinus leucomaenis pluvius) 0.51 24




Hypotheses for 6PPD-q’s Mode of Action

mmmn Leakage from blood vessels

= Blood-brain barrier failure

s Mitochondrial dysfunction

= Breakdown of the process cells use to make energy

Metabolic differences between sensitive and tolerant species

= Tolerant species may biotransform 6PPD-q more effectively




6PPD-qg Can Cause Sublethal Effects

Developmental malformations
= Coho & lake trout

Altered gill morphology

= Brook trout

Behavior and swimming

= Coastal cutthroat trout
= Zebrafish

Image Courtesy: Danielle Philibert




Human Exposure & Toxicokinetics

Human Biomonitoring:

6PPD & 6PPD-q in urine

= Pregnant people’s urine had higher
levels; unclear whether greater
exposure or differences in
metabolism

6PPD & 6PPD-q in blood serum
6PPD & 6PPD-q in breastmilk

=@ Mouse models:

= Transmitted through the placenta

= Pass through the blood-brain barrier
of adult and fetus

Insufficient information on
bioaccumulation in mammals

Only 6PPD-q in cerebrospinal fluid,
ovarian follicles




Human Health Hazards

Summary of toxicological hazard traits of 6PPD and 6PPD-q

6PPD 6PPD-q

= Liver toxicity = Liver toxicity

= Skin sensitizer (causes skin allergies) . Reproductjve toxicity (testes, ovaries,
, _ , endometrium)
= Reproductive toxicant, potential for

developmental toxicity = Possible intestinal toxicity

= Anemia
= Possible neurotoxicant " Oxidative stress

Oxidative stress
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Road Map

Mitigation Measures

Policies, Regulations, and Laws
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Peer-Reviewed Occurrence Studies

6PPD and 6PPD-quinone Studies Since 2020

Surface Water

Roadside dust and snow

Indoor and non-road settled dust

-
Stormwater I
Groundwater I
Tap water I
Wastewater I
Biosolids
Roadside soil
Sediment I
Outdoor air N
|
|
|

Aquatic organisms and food

o
N

4 6 8 10 12 14
Number of peer-reviewed studies Summarized March 2024
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https://6ppd.itrcweb.org/section-4-tables-occurrence-fate-transport-and-exposure-pathways/

Surface water & stormwater

Surface runoff and stormwater are major

mechanisms for transporting TRWP, 6PPD, and
6PPD-Q to surface water.

= Stormwater o 4 £
* 6PPD: ND - 0.075 ug/L e hy g W
- 6PPD-Q: ND - 5.58 ug/L S

= Surface water
= 6PPD: ND - 0.099 ug/L
= 6PPD-Q: ND - 2.85 ug/L
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https://6ppd.itrcweb.org/4-occurrence-fate-transport-and-exposure-pathways/#4_1

Soil & Sediment

= Tire, road, and soil particles are transported
by stormwater and surface water.

* The allocation between what stays
suspended in water and what is deposited in
the sediments and soils is unknown.

= Biodegradation of 6PPD and 6PPD-q in soil
has been observed.

ERIS
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INSTITUTE OF THE STATES
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Concentrations of 6PPD and 6PPD-q in
Sediments (Zeng et al. 2023)

River sediment  Estuary sediment Coastal sediment Deep-sea

sediment

m 6PPD (ng/g) m6PPD-q (ng/Q)




Potential Food Sources

Seafood

6PPD 6PPD-q |  Comments
Bioconcentration (BCF; 617 - 801 20.9 Below US EPA Sustainable Futures / P2
unitless) Framework Manual bioaccumulation risk

value of 1,000 for fish.

See Section 4.5 for additional information and references: https://6ppd.itrcweb.org/4-occurrence-fate-transport-and-exposure-pathways/#4 5

Image Courtesy of: US Department of Image: Public domain
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https://6ppd.itrcweb.org/4-occurrence-fate-transport-and-exposure-pathways/#4_5
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Mitigation Measures

Policies, Regulations, and Laws
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State Mapping Example Tool
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https://gis.ecology.wa.gov/portal/apps/storymaps/stories/53b11807ac124735b281872a514809b5

Federal Mapping Example Tool

Freshwater Explorer

Precictes Background Condictivty National Measund Canducthity - WOP Maoasired Conductivity-Nes Moadel Validation -

- I

h g

Source: Screenshot from USEPA Freshwater Explorer, https://www.epa.gov/water-research/freshwater-explorer 31



https://www.epa.gov/water-research/freshwater-explorer

Federal Mapping Example Tool

USEPA Freshwater Explorer
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https://www.epa.gov/water-research/freshwater-explorer

Federal Mapping Example Tool

science for a changing world

Use the tools bel lore th lick here f ' i : ' ' g
se the tools below to explore the map or click here for a - S Legend A X
" " : : s X
how-to" tour. Click the Legend button to view the = A g
» )
— 2,
symbology for Iayt_ers, use(the Table widget to explore the e A USA Cénsuis States 58
tabular data associated with each layer, toggle layers on Port Albemi — o
e
and off using Map Layers, and add your own data using b o2UTeY  Abhotsford D s
apere . . s [ )
Add Data. Some capabilities are only available in the iy g | Gl |
desktop version. y
Dgcan Relative Heat and Sources

Paclfic Rim National
Park Reserve

Please note that due to the size of the layer, it may take a Of Canada
few moments for the map or table to load. It is

recommended to use this tool to explore the data at the ;
Final Heat Value

.. =04

e <0233
Legend Table
Map Layers Add Data

D Predicted Fish Presence

Y Click here to learn how to query

Relative Heat and Sources

Average Heat Score
in map view

Bureau of Land Management, EPA, NPS, USFWS | Sources: Esri;

DOl Privacy Policy Legal Accessibility Site Map Contact USGS
U.S. Department of the Interior DOI Inspector General White House E-Gov No Fear Act FOIA




Federal Mapping Example Tool

% USGS ‘ . Heat Score: 0.84 (NHDv2 23990667)

science for a changing world V-5 , o0

(o]e)

The datasets incorporated into this heat layer are at the
conterminous U.S. scale. As a result, gaps in data may be
present. Utilize the ‘Add Data’ widget to incorporate local
datasets for your area of interest for more accurate and detailed
information.

*Imperviousness flag: N

*Stream order flag: N

*Dry days flag: N

*Runway flag: N

Use the tools below to explore the map or click here for a
"how-to" tour. Click the Legend button to view the
symbology for layers, use the Table widget to explore the
tabular data associated with each layer, toggle layers on
and off using Map Layers, and add your own data using
Add Data. Some capabilities are only available in the
desktop version.

Please note that due to the size of the layer, it may take a
few moments for the map or table to load. Itis
recommended to use this tool to explore the data at the

©

Below are the raw values for the attributes within the selected
catchment.
Average Consecutive Dry Days: 31.33

Lo e Runways: 0.00 sq m
) Basin Slope: 3.40 degrees
_ Basin Stream Length: 4.90 km
Mer Lo Az Basin Runoff (2015): 676.44 mm/yr
Truck Stops: 0
ECHO Facilities: 0
Y/ Click here to learn how to query Road-stream Crossings: 5
0 Road length: 411,952.82 m

Average Annual Daily Traffic: 45,816
Percent Impervious: 59.44 %

Map Layers
[[] Predicted Fish Presence
Relative Heat and Sources

DOI Privacy Policy Legal Accessibility Site Map Contact USGS ‘ : . R | f res: 1
U.S. Department of the Interior DOI Inspector General White House E-] ﬁ $ i s ‘ . ‘ ‘@ Selected features:

3




Federal Mapping Example Tool

ZUSGS

science for a changing world

FeaturelD: 23990667

0o Tttt
00 Loom o

Use the tools below to explore the map or click here for a
"how-to" tour. Click the Legend button to view the
symbology for layers, use the Table widget to explore the
tabular data associated with each layer, toggle layers on

presence for species of interest.
Because these data are modeled rather than observed, fish
presence data may not be accurate at the local scale. For more
precise data, consider using the 'Add Data' widget to incorporate
local or regional fish datasets.

This layer shows modeled fish

and off using Map Layers, and add your own data using
Add Data. Some capabilities are only available in the
desktop version.

Please note that due to the size of the layer, it may take a
few moments for the map or table to load. Itis
recommended to use this tool to explore the data at the

Legend Table %

Predicted fish presence by species:

Atlantic Salmon | not predicted to be present

Brook Trout | not predicted to be present

Bull Trout | not predicted to be present

Chinook Salmon not predicted to be present

| CohoSalmon | predicted to be present

Cutthroat Trout | predicted to be present

Map Layers Add Data

Rainbow Trout : not predicted to be present

SIS IIT I

Y/ Click here to learn how to query ] ﬂ ‘ : Map Layers

Predicted Fish Presence

Relative Heat and Sources

DOI Privacy Policy Legal Accessibility Site Map Contact USGS g 7
U.S. Department of the Interior DOI Inspector General White House E-([Ss

b {@ Selected features: 1

>




Considerations for Watershed and Stormwater Sampling

Reference C. Johannessen, 2021
10.1007/s00244-021-00878-4

Provided by Rhea Smith
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https://doi.org/10.1007/s00244-021-00878-4

6PPD-q Field and Laboratory Methods

aeaen WA Ecology SOP Sampling 6PPD-
Frse quinone in Receiving Waters

o of 6PPD-quinone in Aqueous Matrices

o Using Liquid Chromatography with
Tandem Mass Spectrometry
(LC/MS/MS)



Modeling

Modeling tools to predict the occurrence of 6PPD and 6PPD-quinone

%) Atmospheric fate and transport modeling
US EPA’s MOtor Vehicle Emission Simulator (MOVES)
US EPA’s AERMOD Modeling System

‘ Modeling 6PPD-quinone Stormwater Transport to Surface Water

*6%  Us EPA’s VELMA tool (Visualizing Ecosystem Land Management
Assessments)

Q,C@,)L' Modeling Stormwater Best Management Practice (BMP) Effectiveness
D01 USGS Stochastic Empirical Loading and Dilution Model (SELDM)




Road Map

o

Effects Characterization and Toxicology

Mitigation Measures

Policies, Regulations, and Laws
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Stormwater Control Measures

Source Control

* AHOLVINO3Y *

=

EC OB

ERIS

ENVIRONMENTAL RESEARCH
INSTITUTE OF THE STATES

LR N 0 S

Flow Control

Photos Courtesy of BioCycle 2021, WA State Department of Ecology
Resource: https://stormwater-1.itrcweb.org/

Runoff Treatment

40


https://stormwater-1.itrcweb.org/

Stormwater Control Measures Research

Longevity of bioretention

Q (e) media

T Rt O = Soils and sorbents

ston R ot d it effectiveness

il e TR Street sweeping

ot Bosle Hiteme o 170k 3pdete o effectiveness

= Vegetated and non-

i vegetated bioretention
mixes



https://6ppd.itrcweb.org/6-mitigation-measures-and-solutions/#6_3

Effects Characterization and Toxicology

Mitigation Measures

Policies, Regulations, and Laws
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TSCA — Section 21 Petition

Petition filed to

6PPD manufacturers to
report health and
safety studies

prohibit use of EPA granted
6PPD in tires petition
September
2023 ‘ Fall 2024 Present
! ——
Audaust December
2023 ATNI passed N°‘2’8';‘3ber 2024
resolution in Advanced notice Ongoing
support of of proposed
petition rulemaking
published

ERIS

s N

ENVIRONMENTAL RESEARCH
INSTITUTE OF THE STATES




Clean Water Act: Water Quality Thresholds

EPA freshwater acute screening values (non-regulatory)
= 6PPD-qg: 0.011 pg/L
= 6PPD: 8.9 ug/L

._~ WA State Acute Aquatic Life Criteria (regulatory)

== " 6PPD-q: 0.012 pg/L




State Actions for 6PPD Alternatives

DTSC | DEPARTMENT OF
Departmentuﬂuxlc dﬁ E C O LO GY

= Substances Contro State of Washington

California Safer Consumer Safer Products for
Products Regulation Washington Program
75 tire manufacturers have Completing an Alternatives Assessment
completed Preliminary using hazard criteria developed
Alternatives Analyses with 20 specifically for 6PPD, including data
possible alternatives to 6PPD. requirements for sensitive species and

other trophic levels.

* x
o ﬂ
g DIC
5 ,c_> [ AL
8 ENVlRONMENTAL R

Q
* A Y *




Take home messages

= [nformation on 6PPD and 6PPD-quinone is evolving rapidly

= The chemicals are widely dispersed in the environment

= Acute aquatic toxicity of 6PPD-quinone seems limited to trout and salmon
= Understanding risks to humans is still preliminary

= Governments and partners have developed tools to sample, measure,
map, and address 6PPD and 6PPD-quinone

= More research is needed on chemical alternatives to meet performance
and toxicity requirements
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