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e Stormwater BMP Research and Data
* Question and Answer Session
* New and Ongoing BMP Research Projects

* Question and Answer Session
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Non-Vegetated Bioretention Soil Media Study

City of Spokane and Evergreen St

Project Goal

Evaluate whether non-vegetated bioretention
meets TAPE treatment performance goals and
6PPDQ reduction.

Bioretention Soil Media (BSM)
® 60% sand & 40% Compost (60:40 BSM)
® High Performance BSM (HPBSM)

Project Driver

® Non-vegetated desirable for location with hot
and dry summer; no Irrigation needed

HPBSM 60:40 BSM

ormH20
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Photo: Evergreen Storm H20
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Non-Vegetated Bioretention Soil Media Study:
City of Spokane and Evergreen StormH20
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Round 1: 2/25to 5/25

Round 2: 10/25t0 12/26

11 samples collected

7/ samplesincludedin analysis

Average Removal Efficiencies

HPBSM 60:40 BSM

98% 97%
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The Use of Unamended Soils for Treatment of 6PPDQ
EA Engineering, Science, and Technology, Inc

‘Three soils were collected from oo
Capitol State Forest in Olympia, e
WA.

*Collected soils were analyzed for
particle size, pH, CEC, metals,
PAHs, and background 6PPDQ

concentrations

*A standard bioretention soil mix
was procured for comparison to
native soils: 60 % mineral
aggregate, 40% compost.

Images from Drew Roberts, EA.



The Use of Unamended Soils for Treatment of 6PPDQ
EA Engineering, Science, and Technology, Inc
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. Two of the three tested unamended soils had comparable 6PPDQ
removal (95% percent reduction) to WA State’'s BSM

. Effluent concentrations were below proposed aquatic life criteria for 2/3

tested unamended soils



The Use of Unamended Soils for Treatment of 6PPDQ
EA Engineering, Science, and Technology, Inc

Removal Efficiency
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e 87.8% for Centralia Loam
* 95.4% for Olympic Clay
* 95.2% for Olympic Silt
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* Two native soils (Olympic Clay & Silt)
had comparable effectiveness to the
State’s BSM
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6PPD Crumb Rubber, BMP Effectiveness, and
Street Solids Study- NV5

* Verification of BMP effectiveness - Phase |

* Literature Review to identify BMPs to be sampled and monitored
* Crumb Rubber Investigation

* Leachate tests on crumb rubber samples of various ages

* Stormwater sample
e Street Sweeping and Traffic Density Characterization

* Collecting street sweeping solids and stormwater samples from
areas with different traffic densities, street sweeping
frequencies, and land uses
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Crumb Rubber Study - NV5 b

Athletic Fields with Crumb Rubber Application
* 6 locations in 6 different cities (WA & OR)

* 3 different age ranges

* (<1yr,~5yrs, 10+ years)

e Crumb Rubber Collection (solids + leachate),

e J3subsampleseach Field
e Stormwater Runoff Grabs

* b5perfield

10



6PPD-Quinone (ng/L)

Crumb Rubber Study - NV5

6PPD-Quinone in SPLP Leachate from Crumb Rubber

T4A — Leachate Concentration by Age Group (two sites per group)
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Key Findings

Large variability for < 1 year
100% detection in all SPLP samples
Older fields (10+ yrs): 269-347
ng/L

All values well above coho LC50

(95 ng/L)
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6PPD-Quinone in Stormwater Runoff from Crumb Rubber Fields
T4B — Runoff Concentration by Individual Site
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1004 Key Findings
o Detection rates: 20—-100% across
sites
o o Strawberry Fields: mean 41.1 ng/L
° (max 158 ng/L, above LC50)
*
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Gresham HS (<1 yr): mean 13.4 ng/L

o Older fields (10+ yrs): generally
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B — —_— |_._e=:| o Runoff concentrations much lower
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Kentridge High School  Tulalip Crumb Rubber Field  Kent Meridian BB Field Gresham Soccer Fields Strawberry Fields Gresham HS Fields
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® Detected O Non-detect
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Street Sweeping and Land Use Study - NV5

e Manual Collection of Road Solids

* 24 locations in 7 different cities (WA & OR), 10 samples per site

 Sampling Matrix: 5 land uses, 3 traffic densities, 2 street sweeping
frequencies

* Stormwater Runoff Samples

* Flow-weighted composite samples collected at three locations for three
storm events

* Two residentials areas and one commercial area



6PPD-quinone (pg/kg, dry weight)

Task 5A: 6PPDQ by Traffic Density

Q2: 6PPDQ in Road Solids by Traffic Density
Kruskal-Wallis p = < 0.0001 (N = 241)
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n =241 samples | AVKD = Annual Vehicle Kilometers per Day

Key Findings

J Traffic density is a highly significant factor
(p <0.001, ANOVA)

. High (>40k AVKD): mean 175 ug/kg

J Low (<15k AVKD): mean 82 pg/kg

J Medium (15-40k): mean 69 pg/kg

J 100% detection rate in all categories
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6PPD-quinone (ug/kg, dry weight
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Task 5A: 6PPDQ by Land Use

Q3: 6PPDQ in Road Solids by Land Use
Kruskal-Wallis p = < 0.0001 (N = 241)
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Key Findings
. Land use is a significant factor
(p < 0.001, ANOVA)
. Freeway: highest mean (153 pg/kg)
. Industrial: mean 138 pg/kg
J Commercial: mean 107 pg/kg

J Open Space/Park: lowest (28 pg/kg)



B U/
Task 5A: 6 PPDQ by Street Sweeping Frequency

Q1: 6PPDQ in Road Solids by Street Sweeping Frequency
Wilcoxon rank-sum p = 0.0730 (N = 211, freeways excluded)

®
~ 1000+
=
R
)
=
fang
T 7501 ®
o)
=
2 ®
®
% 5001 - .
= ¢ ¢
T . . °
£ °ls ° .
o 250+ e i P
© e ° ® : *
°® o 8 4 e o
® o °| —
® .. ‘ ﬂ [ ] L X ... ;. ®
Low (Monthly+) High (Weekly)

Street Sweeping Frequency

Street Sweeping

i Status ® Detected
Frequency E3 Low (Monthiy+) B High (Weekly)

Low = monthly or less frequent; High = weekly sweeping frequency

Key Findings
. Street sweeping frequency is not
statistically significant (p = 0.073)

. Low (monthly+): mean 117 pg/kg
median: 58 pg/kg

. High (weekly): mean 84 ug/kg
median 37 pg/kg

J Weekly sweeping associated with

~28% lower concentrations



Task 5B: Stormwater Runoff — 6PPD Concentrations

6PPDQ in stormwater runoff by site and event
Maple Valley, WA — log-scale; red dashed line = WA aquatic-life criterion (12 ng/L)
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Summary of Preliminary Findings

Task 4: Crumb Rubber Task 5: Street Sweeping & Traffic

e 6PPDQ detected in all crumb rubber e 6PPDQ detected in 100% of 241 road solid
solids (100%) and SPLP leachate (100%) samples

SPLP concentrations (269-3,480 ng/L) High traffic density areas had 2x higher

concentrations than low traffic
far exceed coho LC50 (95 ng/L)
Weekly street sweeping associated with

~28% lower 6PPDQ vs. monthly

Runoff concentrations lower but
Strawberry Fields peak of 158 ng/L
exceeds LC50

Next Steps: Final data analysis and reporting




Questions and Answer Session
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Ecology’s
6PPD Strategy

Photo: Coho returning to spawn
(courtesy of USFWS, 2018)
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Ecology's Agency Strategy

* Reducing sources of 6PPD and evaluating safer alternatives
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* Mapping and monitoring to support stormwater planning

* Evaluating tire recycling and disposal impacts

* Researching and implementing stormwater best management practices

. ' A A
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Stormwater

Best Management
Practices (BMPs)
Research
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Our 25+ Research Studies

o Stormwater characterization for different land uses

* Testing BMP Effectiveness: Street sweeping, decant
facilities, grassy swales, floating wetlands, road embankments,
sorbent media, bioretention soil mixes, media filters, proprietary
treatment (TAPE) devices

* Testing runoff from crumb rubber mulch or turf

* Understanding the fate and transport of 6PPD and 6PPDQ

* Developing sampling and analytic methods

23


https://www.ezview.wa.gov/site/alias__1962/40944/6ppd_stormwater_best_management_practices_research.aspx
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6PPD Stormwater Research Website

Scan QR code to access the site: 6%,

Overview View our committees

6PPD Stormwater Best Management Practices Research

This page is run by the Washington State Department of Ecology and is a space for sharing publications from 6PPD
stormwater research.

Ecology is supporting several research projects and identifying best management practices (BMPs) that are effective at
managing 6PPD and 6PPD-quinone (6PPDQ) in stormwater. These studies will help inform appropriate policy, regulatory,
and rulemaking processes around 6PPD and 6PPDQ to protect aquatic life, ecosystems, and human communities.

Summary Publications

The following publications provide a big picture overview of our 6PPD BMP effectiveness research:

+ Focus On: Best Management Practices for 6PPDQ (2023)
« Saving Washington's salmon from toxic tire dust (2023)
« B6PPD in Road Runoff: Assessment and Mitigation Strategies (2022)

Overview of Research Projects

We describe each of our research projects below, including:

« The partner organization that Ecology contracted to conduct research
« Study title

« Study description

= Contract status, including if the study is completed or ongoing

+ Who the study is funded by, including:
o Ecology’'s 6PPD Funding

o Stormwater Action Monitoring_ Program (SAM)
o Puget Sound National Estuary Program Stormwater Strategic Initiative Lead (Stormwater SIL)
o Water Quality Combined Funding Program (WQ CFP)

+ Contact information of the project manager

« Links to publications and the year it was published

List of Research Projects

To learn about research projects, click on the project below or scroll down this page.

+ City of Redmond - Redmond Paired Watershed Study
« City of Spokane - Bioretention Soil Media Study: Development of Non-Vegetated BMPs 24
+ City of Tacoma - Monitoring for Stormwater Contaminants of Emerging Concern in Western Washington



https://www.ezview.wa.gov/site/alias__1962/40944/6ppd_stormwater_best_management_practices_research.aspx

BMIP Effectiveness
Studies




NV5 - 6PPD Crumb Rubber, BMP

Effectiveness, and Street Solids Study

* Phase 2 Study

* Verification of BMP Effectiveness Sampling and Monitoring

4 types of manufactured treatment devices have been selected based on a literature
review for influent and effluent monitoring.

Treatment Technologies Include:

Media Filtration BMPs (cartridge-based)
Subsurface Horizontal Biofiltration BMPs
High-Flow Filtration BMPs (Engineered Media)

Treatment Train BMPs (Physical + Filtration + Reactive Processes)

Phase |l field testing will evaluate three sites per BMP type (12 total sites) with paired
influent and effluent sampling across five qualifying storm events per site.


https://www.ezview.wa.gov/site/alias__1962/40944/6ppd_stormwater_best_management_practices_research.aspx#nv5
https://www.ezview.wa.gov/site/alias__1962/40944/6ppd_stormwater_best_management_practices_research.aspx#nv5
https://www.ezview.wa.gov/site/alias__1962/40944/6ppd_stormwater_best_management_practices_research.aspx#nv5
https://www.ezview.wa.gov/site/alias__1962/40944/6ppd_stormwater_best_management_practices_research.aspx#nv5

EA Engineering, Science, and Technology, Inc

Images from Drew Roberts, EA.

Phase 2 Study

Duplicate the column study using soils
collected from areas with high impervious
surface and known urban runoff mortality
syndrome

Conduct salmonid toxicity testing

Determine the longevity of 6PPDQ in
unamended soils and BSM

Evaluate the reduction of 6PPDQ in soil-
vegetation systems with different vegetation
mixes
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Snoqualmie Indian Tribe - Phase 2 6PPD Study

e Green Infrastructure Retrofit

« Sampling for 6PPDQ

Summer 2026 a retrofit a stormwater pond
with HPBSM and native plants

6PPDQ soil sampling of previous installed
bioretention media

Characterizing parking lot runoff and
assessing the effectiveness of floating
wetlands, swales, and native vegetation
Eight (8) sampling sites were strategically
chosen to assess water quality on the
reservation.

Photo: Snoqualmie Indian Tribe
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WSU Stormwater Center - Synthesis of Street
Sweeping Research & Practices: Guiding
Program Development and Implementation

* Guidance manualto assist MS4
permittees with improving their

street sweeping programs
* Final manual posted to WSC website by
end of summer 2026
* Online manual training will be
developed and posted on WSC website

Example of a street sweeper from Ecology


https://ecology.wa.gov/blog/january-2019/183-million-proposed-for-clean-water-projects-acr
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City of Spokane - Catch Basin Study

 Evaluate the ability of Type-1 catch
basins to remove 6PPDQ from urban
stormwater runoff
* |nstall stormwater monitoring
stations on two roadway types: a
minor arterial and a principal
arterial
* Monitor catch basin influent and
effluent at each site
* Selected roadways represent
traffic volumes of 5,001-10,000
and 10,001-25,000 average daily
vehicles
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WSU Stormwater Center - v

6PPD BMP Effectiveness Research Synthesis and
Guidance

® A SCience-ba Sed gUidance document STORMWATER TREATMENT OF TIRE CONTAMINANTS
to help permittees and stormwater
managers select and implement

BEST MANAGEMENT PRACTICES EFFECTIVENESS

Final Report | June 2022

stormwater BMP to reduce 6PPDQ in i @ e
stormwater
* Technical Guidance Committee has been WASHINGTON STATE w

o [JNIVERSITY UNIVERSITY of
U WASHINGTON

selected and meets end of May
* Final Document-June 2027

OSBORN
SIS GEOENGINEER
NCORPORATED

TETRA TECH
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USGS - Efficacy of Currently Installed Stormwater
Conveyances to Remove 6PPDQ

* The project evaluates multiple stormwater
management and conveyance features to assess their
ability to remove 6PPDQ from urban runoff in Central
Puget Sound.

* Partnership with the EAP and the SIL

* Six conveyance types will be testes: curb and gutter,
unvegetated ditches, vegetated ditches, and
biofiltration/settlement systems

e Side-by-side implementation of passive and active
sampling at a subset of the six study locations

Example bioretention cell in Renton, WA. Image from Ecology


https://ecology.wa.gov/blog/january-2019/183-million-proposed-for-clean-water-projects-acr
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Tribal Nations 6PPDQ Sampling

* Coordinating with Ecology, EAP, and
NWIFC

* Provide sampling equipment to Tribal
Nations for 6PPDQ monitoring

* Ecology funds equipment and lab analysis
 NWIFC coordinates equipment distribution

 EAP leads training on sampling and
analysis
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Ongoing 6PPD Stormwater SIL Projects

« BMP Effectiveness Studies

* EAP - Rehabilitation of Community Wetlands: Protecting Fish and Wildlife from Urban
Runoff

* Long Live the Kings - Ohop Creek Filtration Effectiveness Study

« Snohomish County Parks and Stewardship Partners - Scaling a Adopt-a-Downspout
for the Treatment of Toxic Roadway Pollutants

 WSU - Pilot Study Evaluating Stormwater Facilities and BMPS for 6PPDQ Mitigation
» King County - Multi Criterion Decision Tool to Address 6PPDQ and Tire Wear Particles

All Funded Proije - Strategic Initiatives of the Puget Sound National Estuary Program

PUGET SOUND

National Estuary Program



https://pugetsoundestuary.wa.gov/all-funded-projects/
https://pugetsoundestuary.wa.gov/all-funded-projects/
https://pugetsoundestuary.wa.gov/all-funded-projects/
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Ongoing SAM 6PPD Projects

 BMP Effectiveness Studies

e City of Tacoma - Characterization of Stormwater Transport of Contaminants of
Emerging Concern

» City of Redmond - Paired Watershed Retrofit & Restoration Study
* King County - Bioretention Effectiveness for 6PPD and PFAS

» Seattle Public Utilities - Measuring Street Sweeping 6PPDQ Whole
Environmental Load Reductions

 SAM effectiveness studies - Washington State Department of Ecology

W
SAM

Stormwater Action Monitoring


https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies/stormwater-characterization
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies/stormwater-characterization
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies/paired-watershed-retrofit-and-restoration-study
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies/paired-watershed-retrofit-and-restoration-study
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies/bioretention-effectiveness-for-6ppd-and-pfas
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies/bioretention-effectiveness-for-6ppd-and-pfas
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies/sweeping-6ppd-load
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies/sweeping-6ppd-load
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies
https://ecology.wa.gov/regulations-permits/reporting-requirements/stormwater-monitoring/stormwater-action-monitoring/sam-effectiveness-studies
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Stormwater Management Manual
for Western Washington

What is the end goal?

* Synthesize research and provide
guidance to regulators, permittees,
and communities

* Update Stormwater Management
Manuals with effective BMPs

* Continue to share research findings
publicly

36


https://ecology.wa.gov/regulations-permits/guidance-technical-assistance/stormwater-permittee-guidance-resources/stormwater-manuals
https://ecology.wa.gov/regulations-permits/guidance-technical-assistance/stormwater-permittee-guidance-resources/stormwater-manuals
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The Department of Ecology is committed to providing people
with disabilities access to information and services by meeting Shelby Gil
or exceeding the requirements of the Americans with elby Giltner
Disabilities Act (ADA), Section 504 and 508 of the 6PPD Environmental Engineer

Rehabilitation Act, and Washington State Policy #188.

To request an ADA accommodation, contact Ecology by phone
at 360-407-6831 or email at ecyadacoordinator@ecy.wa.gov.

For Washington Relay Service or TTY call 711 or 877-833-6341.
Visit Ecology’s website for more information.

shelby.gilther@ecy.wa.gov
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