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Urban Runoff Mortality Syndrome (URMS) responsible for salmon deaths

Acute Toxicity to Coho Salmon observed in North-West US River Streams

Urban stormwater runoff 

responsible for coho salmon 

deaths.

Acute toxicity and high 

mortality shown usually within 

2-24 hours.

Effect observed since 2002.

Causant not a pathogen or 

regulated chemicals.

Scholz NL, Myers MS, McCarthy SG, et al. Recurrent die-offs of adult coho salmon returning to spawn in Puget Sound lowland urban streams. PLoS

One. 2011;6(12):e28013. doi:10.1371/journal.pone.0028013
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6PPD-Quinone, ozonation byproduct of Tire degradant (6PPD) responsible

Chemical causant of Coho Mortality Identified

Edward 

Kolodziej

Zhenyu 

Tian

LOTS OF 

HARDWORK 

!!!

(Tian et al., 2021, Science) 
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The larger monitoring community needs to take this and deliver targeted methods

Identifying new contaminants can be very time consuming but fruitful

Known knowns

Expanded targeted 

list

Known unknowns

Expanded database of 

contaminants

Continually refining 

targeted method

Unknown unknowns

Identifying new compounds 

to add to database

GOAL: Develop a targeted, 

fast, reliable, robust, 

transferable method for 

routine monitoring 
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Optimized mass transitions & compound parameters

Analytes of Interest

6PPD-quinone
MW: 298.2

Product Ions:

• 215.1

• 187.1

• 241.1

6PPD
MW: 268.2

Product Ions:

• 184.1

• 185.1

• 107.0

D5-6PPD-quinone
MW: 303.2

Product Ions:

• 220.1

• 192.1

• 246.1

Rapidly 

degrades in 

water.

Poor 

chromatogra

phic 

performance 

due to the 

presence of 

multiple 

charge states 

in solution
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LC/MS Optimized Conditions

Develop a fast, reliable LC/TQ method for analysis of 6PPD-Quinone in Water

Total run time: 7.2 min

Compound transitions and Mass 

Spectrometer Parameters optimized 

automatically through MassHunter Optimizer

Agilent 1290 Infinity II LC + 

6470 Triple quadrupole LC/MS
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Goal was to develop simple protocol that would lead to fast turnaround

Sample Preparation

LC/TQ
Calibration 

standards (CAL) in 

100% H2O

Concentration (ng/ml)
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PP vials

Aliquot 1 mL 

sample into LC/MS 

vials
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Centrifugation for 5 min @ 

13,000 rpm

Surface 

Water

Upto 12 samples could be prepared for 

analysis on LC/MS in Approximately 10 min



Method Performance & Validation
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Stability test performed uninterrupted over 3 days.

Abundance & Retention Time Repeatability 

To demonstrate repeatability & stability of 

analysis, a mid-level calibrator (3.1 ng/mL) was 

injected over the course of 67 hours interspersed 

with 172 samples & QC injections.

The figure shows an overlay of 17 injections

Abundance RSD: <4% 

RT RSD: <0.1% 

A calibration range of 0.02 – 50 µg/L in water was 

created. All calibration curves during the study had 

R2>0.99 with a minimum of six points
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Precision, Accuracy & Recovery

Recovery (%) was assessed by spiking five replicates at 5 µg/L in HPLC Grade & Surface Water 

Precision (%RSD) was assessed by spiking five replicates at 0.2 µg/L in HPLC Grade & Surface 

Water 

6PPD-Quinone Recovery %RSD

HPLC Water 113.5 3%

Stream (Surface) Water 112.6 1%

6PPD-quinone Chromatography at 0.2 ng/mL
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No blank interference observed and LCMRL >20 times lower than LD50

Blank & Lowest Concentration Method Reporting Limit (LCMRL)

USEPA LCMRL (Lowest Concentration Minimum Reporting Level)

• lowest concentration for which the future recovery is predicted to fall between 50% and 150% with high 

confidence (99%)

• replicate spikes in HPLC grade water

• 4 replicates at each of 7 concentrations

• Spiking range from 0.02 ng/mL to 3 ng/mL

Calculated LCMRL 

for 6PPD-Quinine

0.023 µg/LBlank 0.02 µg/L

Median LD50: 0.8 µg/L
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Samples with 6PPD-Quinone stable for upto 28 days when stored cold  

Holding Time Study

4 sets of trials were done 

Storage in Glass vials (4⁰C)

Storage in Glass vials (-20⁰C)

Storage in PP vials (4⁰C)

Storage in PP vials (-20⁰C)

Concentrations of 6PPD-

Quinone were within 80-120% 

at all data points collected. 
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CAUTION: 6PPD in your sample can degrade to 6PPD-Quinone!

Stability in the Sample

• A slight increase in response was noted (blue line) upto 3 days that is likely due to degradation of 

6PPD that may have been in the actual sample.

• This issue will not be seen in standards as long as 6PPD is not added into the standard separately. 
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Surface Water & Stormwater Sample Analysis

The highest detection for a stormwater runoff 
sample collected from a residential street during 
a rain event tested positive for 6PPD-quinone at 
0.2 µg/L

The sample collected from a residual puddle in 
a parking lot tested positive for 6PPD-quinone 
at 0.27 µg/L
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Samples in Southern Canada; all detections lower than median LD50

Detection by Water Type

Sample Type Samples ND Trace Reportable

Stormwater 68                17                14                    37                          

Surface Water 255             237             16                    2                            

Other 75                74                1                      -                        

Total 398             328             31                    39                          

Trace 0.004 – 0.02 µg/L

Reportable >0.02 µg/L

Median Lethal Concentration 0.8 µg/L
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Maybe. In some instances, higher conc. Of 6PPD-Quinone were observed but not 
always indicating additional sources too.

Is precipitation an indicator of higher concentration?
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LD50 for 6PPD-Quinone is much lower than previously calculated

HOT OFF THE PRESSES 

• New LD50 for 6PPD-
Quinone is expected to 
be 95 ng/L

• ~8 times lower than 
previously reported.

• Re-evaluating our 
samples, 8% of surface 
water samples 
measured in this study 
would be higher than 
new LD50

6PPD-Quinone: Revised Toxicity Assessment and Quantification with a Commercial Standard

Zhenyu Tian, Melissa Gonzalez, Craig A. Rideout, Haoqi Nina Zhao, Ximin Hu, Jill Wetzel, Emma Mudrock, C. Andrew James, Jenifer K. McIntyre, and Edward P. 

Kolodziej; Environmental Science & Technology Letters 2022 9 (2), 140-146; DOI: 10.1021/acs.estlett.1c00910



• A Fast method for the analysis of 6PPD-
quinone in water was created and 
optimized  on LC/MS/MS with minimal 
sample preparation.

• LCMRL of 0.023 ug/L for 6PPD-Quinone.

• Stability, Precision, Recovery, Accuracy & 
Sensitivity were within acceptable limits.

• 75% of stormwater samples analyzed had 
some level of 6PPD-Quinone but were 
lower than median LD50 of 0.8 ug/L.

• 8% of samples would be higher than new 
LD50 of 95 ng/L though. 
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Conclusions Agilent Application: 5994-3754EN
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