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Tire Rubber Leachate
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Hatchery salmon returns to the Grover’s Creek Suquamish Tribal Hatchery



~320 mg/L tire rubber (HRMS: more like 100 mg/L)
Leaching: 24 h at 8-10 ºC

Exposure: 24 h
Repeated 4X (64 fish total) 
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16 of 16 exposed coho salmon died,
16 of 16 exposed chum salmon lived

control
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Leach tire particles into water

Fractionate tire leachate & expose juvenile coho

Are these still toxic?

Toxic

What 
chemicals 

were 
removed?

5 juvenile coho in 15-30 L, 24 h



2216
1355

659

225

26

4

1

10

100

1000

EtOH

EA

H2O

CEX 
XAD-2 Silica gel

HPLC
C18

Toxicant Fractionation Scheme

U
PL

C
-H

R
M

S 
ES

I+
 D

et
ec

tio
ns

 (#
)

TWP
leachate

HPLC
PFP HPLC 

Phenyl

Safe
Lethal

1:2

3:0

2:1

0:3

Hex : DCM

5-6

10-11

14-15

.

RT (min)

.
.

.
.

.
.

RT (min)

14-15

5-6

10-11

.
.

.
.

.
.

.

5-6

8-9

RT (min)

14-15

.
.

.
.

.
.

.

H2O : EtOH

H2O : EtOH

H2O : EtOH

+Control: TWP leachate, 27 exposures, 135 coho, 98.5% mortality
‐Control: Solvent and Exposure water blanks, 125 coho, 0% mortality

(Tian et al. 2020 SCI) 



• C18H22N2O2 NOT found in literature/databases for environment or 
tire rubber chemicals “True Unknown”

• Assumed transformation product, held C and N constant..  Looked 
for matches → C18H24N2 (“6PPD”) in EPA Crumb Rubber report

Lattimer et al., 1983
Rubber. Chem. Technol.

C18H22N2O2
“dinitrone”



“Anti-Ozonant”:  Prevents tires from cracking
This provides strength, long life, good gas mileage, safety

We all own/purchase 6PPD: 
Each car, ~100 lbs rubber, ~1 lb 6PPD

Heavy trucks: >2000 lbs rubber, maybe 2% 6PPD?
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6PPD

“6PPD-quinone”

‐Andre Simpson, U. Toronto NMR Analysis: 
Identical structures, O3 synthesized ~98% pure

(Tian et al. 2020 SCI) 



October 21, 2017
Lower Duwamish R.
(Puget Soundkeeper)

February 17, 2020
WSU‐Puyallup
(Kolodziej video)
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Miller Creek Watershed, Burien WA

Where should we treat 
stormwater??



• Miller Creek (documented URMS site, stream gauge data)
• 7 storms: autumn/winter 2020 (4) and spring 2021 (3)
• Sampling every 30 mins, combine 2 samples (1-hour averaged)



Is it us?
Is it Amazon?



??

Tire companies need 
to take out the bad 

chemicals…



6PPD

Occurrence of 6PPD TPs?



Brook trout LC50 (24 hr): 590 ng/L
Rainbow trout LC50 (72 hr): 1000 ng/L

White spotted char LC50: 510 ng/L
SETAC 2022: Atlantic salmon fry??  

Hua et al. (2022): Chronic intestinal toxicity to C. elegans



French et al. 2022

Brinkmann M et al. 2022

Pure 6PPD‐q exposure for 24 hours

Stormwater exposure for 24 hours
(6PPD‐q was not added or quantified)

(Slide from Catherine Gockel, EPA R10)



Juvenile coho salmon LC50: 95 ng/L   (ongoing: 70-130 ng/L)
USGS LC50: 85 ng/L (J. Hansen, personal comm.)



6PPDQ: 80-1400 ng/L in roadway runoff
similar studies in China, Australia, Canada, even >10 µg/L

6 PPDs 
81% of PM2.5

5 PPDQs,
more stable  

Pathways to
human 
exposure 



60-100% detection frequency



RUN / 54
There is a die-off
Coho salmon ready to spawn
In streams that are stretching
Out from Puget Sound.
How salmon circle surface water
Gasp for air and die.
And it is 6PPD
A chemical preservative or tire
Dust
Running off into waters these
Waters where salmon used to
Run. https://patternofconsumption.com/2022/02/23/54/

6PPD Poem by:
Amalie Flynn

“Pattern of Consumption”



The CUW Research Team!

Alex, Allan, Zhenyu, Rachel H., Rui, Ting, Nina, Melissa, Rachel L., and Kathy  

+
Kathy Peter



• Collaborators, Funders, & Citizen Science 
Teams
– NOAA NWFSC – Nat Scholz, James Cameron, 

Jessica Lundin (and many others)
– WSU-Puyallup Stormwater Center – Jen McIntyre, 

John Stark (and many others)
– Andre Simpson et al.  (U. Toronto)
– Suquamish and Puyallup Tribes
– US Fish & Wildlife Service – Jay Davis, Ken King
– WSDOT – Alex Nguyen, Jana Crawford
– FHWA – Cindy Callahan
– National Science Foundation
– EPA-National Estuary Program
– WA Department of Ecology
– Miller Walker Community Salmon Investigation, Puget 

Soundkeeper, Thornton Creek Alliance



Miller Creek is ground zero for understanding coho
mortality and changing all of our vehicle tires..

You did this!! 


