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What is 6PPD-quinone (6PPD-q)? 

• Recently discovered tire chemical (Tian et al. 2021)

• Cause of widespread death of coho salmon 
spawning in urban streams 

• Urban Runoff Mortality Syndrome
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What is 6PPD-quinone? 

• Recently discovered tire chemical

• Cause of widespread death of coho salmon 
spawning in urban streams 

• Also toxic to other salmonids in 
King County at concentrations 
measured in surface waters

Interstate Technology Regulatory Council, 2023



How toxic is 6PPD-q to coho?

Tian et al. 2022. 6PPD-Quinone: Revised Toxicity Assessment and Quantification with a Commercial Standard. Environ Sci 
Tech Letters

Presenter Notes
Presentation Notes
In toxicology we often quantify how toxic a chemical is using a metric called an LC50 – the concentration that kills 50% of exposed test organisms. For coho, the LC50 for 6PPD-q ranges from 40-100 parts per trillion – that concentration is like 2-5 drops of pure 6PPD-q in an Olympic-sized swimming pool. For context, this table compares the toxicity in terms of the LC50s for the most toxic chemicals the EPA has established aquatic life criteria for.When this article was published, 6PPD-q ranked 2nd on this list. All the other chemicals on this list - besides cadmium – are pesticides which are intentional poisonsMore research has come out testing younger coho salmon, and now 6PPD-q would actually be tied for first on this list of most toxic chemicals



Chen et al. 2023. Journal of Hazardous Materials Volume 452, 131245. 

Presenter Notes
Presentation Notes
6PPD-q gets into the environment as the tire rubber wears off from abrasion on the road, releasing tire particles.These particles get picked up by stormwater runoff and transported into surface waters, our WWTPsThe really small ones also become toxic air pollutionScientists current understanding is that 6PPD-q is probably ubiquitous in urban waters, especially those with large stormwater inputs 



Impetus for this study
• Need to identify stormwater treatments for 6PPD-q 
• Bioretention (sand and compost) protects coho1 and 

removes 6PPD-q2 from stormwater
• King County has adopted high performance 

bioretention soil mixes (HPBSMs) for water quality 
treatment

• Limit nutrient and metals export

1. McIntyre et al. 2015. Soil bioretention protects juvenile salmon and their prey from the toxic impacts of urban stormwater runoff. Chemosphere
2. Rodgers et al. 2023. Bioretention Cells Provide a 10-Fold Reduction in 6PPD-Quinone Mass Loadings to Receiving Waters. Environ. Sci. Technol. Lett

Question: Is HPBSM effective at treating 6PPD-q and 
protecting coho salmon from stormwater runoff?



60:40 BSM HPBSM type 1 HPBSM type 2 HPBSM type 3

Treatment

BSM layers

18” Primary layer
70% sand
20% coir
10% biochar 12” Polishing layer

90% sand
7.5% activated 
alumina
2.5% iron aggregate

18” Primary layer

2” compost

18” Primary layer

12” Polishing layer

Bioretention soil mixes (BSMs)

18” BSM
60% sand
40% compost

Supports plant 
growth

Dissolved metals 
treatment 
(≥ 30% Cu, ≥60% Zn 
reduction)

Suspended solids 
treatment 
(≥ 80% reduction)

Phosphorus 
treatment 
(≥ 50% reduction)

Current standard 
in WA

Compost leaches 
nutrients, metals



Methods - stormwater collection
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I-5 WSDOT Ship Canal Bridge 
runoff test site

KCEL’s Field Services Unit collecting very dirty stormwater



Methods   
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• Dosed columns of BSM with I-5 runoff to 
simulate 3 storm events

• 60% sand:40% compost BSM
• HPBSM Type 1
• HPBSM Type 2
• HPBSM Type 3

• KCEL tested stormwater and bioretention 
effluent for 6PPD-q and toxicity to 
juvenile coho salmon

• Excluded HPBSM type 2 

BSM = bioretention soil mix

WWU student researchers sampling treated effluents
Credit: Curtis Hinman 

stormwater

High performance 
bioretention soil media mixes

Presenter Notes
Presentation Notes
Flushed media with DI water Dosed and sampled columns stormwater (3 storms)Aged media with I-5 Bellingham water throughout study



I-5 Stormwater 
runoff

60:40 BSM HPBSM 
type 1

HPBSM 
type 2

HPBSM 
type 3 

TreatedUntreated

Presenter Notes
Presentation Notes
Visual differences reflect TSS and DOC content of waters. 



Bioretention medias prevent coho mortality

Untreated 
stormwater
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Bioretention medias prevent coho mortality

95-100% coho 
exposed to 
untreated 
stormwater died

Untreated 
stormwater

 60:40
BSM

 HPBSM 
Type 1

 HPBSM 
Type 3

Lab water 
(control)

Treated bioretention effluents

100% coho 
exposed to treated 
bioretention 
effluents survived

Co
ho

 su
rv

iv
al

 (%
)



13

High 6PPD-q removal rates by mixes

Values below the detection limit were substituted with 0.

o >96% 6PPD-q removal by all medias
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High 6PPD-q removal rates by mixes

Values below the detection limit were substituted with 0.

N=9 N=9 N=9 N=9

* p ≤ 0.05
**p ≤ 0.01

o >96% 6PPD-q removal - all tested medias
o HPBSMs provided small but significant improvements 

in 6PPD-q treatment



6PPD-q concentrations in treated effluents

Proposed aquatic life criteria  
(WAC 173-201A-240)

Bioretention media effluents

*
**

*

* p ≤ 0.05
**p ≤ 0.01

N=9 N=9 N=9 N=9

Kruskal Wallis p = 0.0097

Values below the detection limit were substituted with 0.

HPBSMs consistently reduced 
6PPD-q concentrations in 

effluent to below WA 
Ecology’s proposed aquatic 

life criteria (8 ng/L) 



Take home points
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HPBSMs removed nearly all 6PPD-q from stormwater.  

Filtering stormwater through bioretention media protected coho 
from 6PPD-q.

HPBSMs treat many toxic chemicals - more than just 6PPD-q!

Next, we are testing 6PPD-q and PFAS treatment by HPBSM at full 
scale.



Thank you!
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This project was funded in part by WA State Legislature directed 
funding for 6PPD and King County

Questions? Contact 
chemitchell@kingcounty.gov
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Questions?

My contact 
info! 
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