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Why Are We Here?



Tire Sleuthing

-NOAA; 2021



6PPD ≠ 6PPD-Q

• PPD compounds added to tires to achieve 
safety standards

• 6PPD and other PPDs are added to tire 
components during manufacturing up to 
percent level composition and can vary by 
tire component

• 6PPD-quinone is not added to tires and only 
forms in the process of protecting the tire
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Presenter
Presentation Notes
ES&T Letters article – this one from 2016 in which Hu and others did a comparison of detections of PFAS determined in UCMR 3 and a correlation to military sites. UCMR 3 – Unregulated Contaminant Monitoring Rule. Mandated out of the SDWA, that EPA on a 5 year cycle reviews the CCL (contaminant candidate list) which is the list of all chemicals/biologicals used in the US (35k-40k chemicals) pared down to approx. 20-30 (beyond the current regulated list) that may have impact on domestic drinking water supplies. Every 5 years EPA takes this list and surveys DW systems (analyze samples) in excess of 10,000 people UCMR.  If they are detected in 30%+, they become a candidate to have an MCL established.  UCMR 3 was 2013-2015 and included 6 PFAS compounds.  Eurofins ran 40% of the UCMR 3 samples.



Message From The Top: We Will Support 6PPD-Q

• Be flexible enough to increase extraction volume (and decrease RL)
• Take about the same amount of time as PFAS, use existing infrastructure
• Consider “green” and sustainable development choices

6

Method Must:

Method Should:

• Be geared towards storm water and complex matrices 
• Have an RL orders of magnitude lower than LD50
• Incorporate isotope dilution quantitation

Presenter
Presentation Notes
ES&T Letters article – this one from 2016 in which Hu and others did a comparison of detections of PFAS determined in UCMR 3 and a correlation to military sites. UCMR 3 – Unregulated Contaminant Monitoring Rule. Mandated out of the SDWA, that EPA on a 5 year cycle reviews the CCL (contaminant candidate list) which is the list of all chemicals/biologicals used in the US (35k-40k chemicals) pared down to approx. 20-30 (beyond the current regulated list) that may have impact on domestic drinking water supplies. Every 5 years EPA takes this list and surveys DW systems (analyze samples) in excess of 10,000 people UCMR.  If they are detected in 30%+, they become a candidate to have an MCL established.  UCMR 3 was 2013-2015 and included 6 PFAS compounds.  Eurofins ran 40% of the UCMR 3 samples.



6PPD-Q Timeline 

Paper 
published 

in 
Science 

Identify 
6PPD-Q 

in parking 
lot water 
on QToF

Obtain 
standard 
from UW, 

(degrading)

Decisions on 
SPE and 

Analysis with 
UW material

HPC produces 
native and d5 
analogue, CIL 
not far behind

Complete 
MDL study & 

IDOCs

Should we 
consider parent 
compound, 
6PPD?

Need second 
source material 
prior to launch

Use absolute 
response for 
SPE MD



Snapshot: How is the Analysis Performed? 
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Stable isotope of 
6PPD-quinone

Your 
Sample

250mL 
HDPE

Presenter
Presentation Notes
Most accurate and precise calibration method availableAllows for matrix recovery correction: what affects the native analyte will equally affect the isotopeCorrection for signal driftImproved qualitative identification – Retention Time shifts



Method Development Considerations
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SPE Approach- Lemons to Lemonade 

• Matrices likely to contain 
particulates

• Amines usually “sticky”

• A strong wash will remove bulk 
interferences

• Elute & adjust up to FV
• Saves time and gasses w/o blow-down
• Less error at larger volumes

• 100% organic composition for 
injection possible

STEP SPEC

Cartridge: 200mg, 6mL Phenomenex Strata-X
Size: 100um
Condition: 5mL ACN

Equilibrate: 10mL H2O
Load: 10-15mL/min
Wash: 5mL 1:1 MeOH:H2O
Dry: 5 min, 10-15inch Hg, 5 min
Elute: 2x 5mL ACN



SPE Wash Optimization 

SPE wash step, Trial-A
• 10% increments of MeOH

• 0%-60% MeOH = 0% recovery?

SPE Wash Step, Trial-B
• 10% increments of MeOH

• 60% = 0%
• 70% = 0%
• 80% = 8-10%
• 90% 15-20%
• 100% = 72-100%

-A strong wash step preserves the instrument source and 
promotes column longevity 



Initial Calibration-Extended Curve Example

Average response, 70-130 all points, <30% RSD (This curve at 8.5%)

• Extended curve useful for product 
samples

• Aqueous Range from 2-4000ppt (ng/L)

• Solid Range from 0.25-1000ppb (ng/g)



Chromatogram Examples

CS1 (L1) Zoomed for Scans Across Peak



LC Conditions

Planter box soil Planter box soil-
Internal standard

• 50uL Injection allows for no concentration step

• Increasing to ~1:1 Aq:Organic removes 
interferences and improves peak shape

• 100mm column more forgiving than 50mm

Tried:
• 50x3 XB C18
• 50x4.6 XB C18
• 50x3 Phenyl-Hexyl



Analytical Sequence



Parent Compound (6PPD)
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• 6PPD Standard in Methanol, in 
the dark, at 4C.

• New vials injected each day

• Purging with Nitrogen did not slow 
degradation

• pH changes did not slow degradation
• 6PPD and 6PPD-q measured in same 

injection



REAL WORLD EXAMPLES
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Artificial Rain: Car Washes

-University of Washington; Z. Tian et al.
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Car Washes 2.0

18.1

0.35
1.10

3.96

0.78

• HDPE bottles taped to bumper

• Containers open for the entire 
car wash

• Isotope dilution is loss corrected 
data

Car Wash Floor

Car Wash Floor

Car Wash Floor

Car Wash Floor

Direct From Sprayer



New Wiper
Used 
Wiper

Sample Conc. (ng/g)

Method Blank Non Detect (RL: 0.25)
Used Wiper 1 374
Used Wiper 2 136
New Wiper 1 14.2

Analytical Approach



American River Watershed- South Fork 
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• 90 miles long

• 850 square miles of drainage

• Headwaters at crest of the Sierra 
Nevada

• Mouth is at the Sacramento River

• ~60K cars/month over Echo Summit 
(Elevation 7300’)



Dry Conditions Sampling: Oct-15-2021
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Aqueous Detections (ng/L, RL = 2ppt)
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						AQUEOUS				Elevation (m)		pre storm ng/L		NS % Rec		IS %rec		RL (ng/L)		AQUEOUS		post storm ng/L		NS %rec		IS %rec		RL (ng/L)

				1		Audrain Meadow				2180		0				58		1.7				0				71		1.6

				2		Camp Sacramento				2000		0				55		1.7				0				69		5.9

				3		Strawberry Lodge				1750		0				48		1.7				0				77		1.6

				4		Sand Flat				1180		0				51		1.6				0				78		1.7

				5		Riverton				986		0				46		1.7				0				79		1.7

				6		Chili Bar				280		0				49		1.7				0				90		1.9

				7		Coloma				227		0				47		1.7				0				72		1.7

				8		Salmon Falls Bridge				135		NA				na						NA				NA		NA

				9		Nimbus Basin				25		na				na						2.2				70		1.7

				10		Discovery Park				5		na				na						14

						MB1				NA		0		NA				2		MB1		0		NA		79		2

						LCS1				NA		NA		108		50		NA		LCS1				101		82		NA

						LCSD1				NA		NA		98		41		NA		LCSD1				97		94		NA
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						SOLIDS				Elevation (m)		pre storm ng/g		NS %rec		IS %rec		RL (ng/g)		SOLID		post storm ng/g		NS %rec		IS %rec		RL (ng/g)

				1		Audrain Meadow				2180		0				45		0.24				0				77		0.23
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				3		Strawberry Lodge				1750		0				64		0.22				0				86		0.23

				4		Sand Flat				1180		0				57		0.24				0.28				75		0.22

				5		Riverton				986		0				57		0.23				0				90		0.25

				6		Chili Bar				280		0				73		0.21				0				97		0.23

				7		Coloma				227		0				77		0.22				0				106		0.24

				8		Salmon Falls Bridge				135		0				77		0.21				NA				NA		NA
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Dry Conditions Sampling: Oct-15-2021
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Solids Detections (ng/g, RL = 0.25ppb)
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QA/QC Data: Pre-Storm
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AQUEOUS pre storm NS % Rec IS %rec RL (ng/L)
Audrain Meadow 0 58 1.7
Camp Sacramento 0 55 1.7
Strawberry Lodge 0 48 1.7
Sand Flat 0 51 1.6
Riverton 0 46 1.7
Chili Bar 0 49 1.7
Coloma 0 47 1.7
Salmon Falls Bridge NA NA ND
Nimbus Basin NA NA ND
Discovery Park NA NA ND

MB1 0 NA 2
LCS1 NA 108 50 NA
LCSD1 NA 98 41 NA

SOLIDS pre storm NS %rec IS %rec RL (ng/g)
Audrain Meadow 0 45 0.24
Camp Sacramento 0.43 53 0.22
Strawberry Lodge 0 64 0.22
Sand Flat 0 57 0.24
Riverton 0 57 0.23
Chili Bar 0 73 0.21
Coloma 0 77 0.22
Salmon Falls Bridge 0 77 0.21
Nimbus Basin NA NA NA
Discovery Park NA NA NA

MB1 0 NA 86 0.25
LCS1 108 50
LCSD1 98 41

MS1-17 97 73
MSD1-17 104 76
MS1-16 102 90
MSD1-16 106 77
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SOLIDS SOLID post storm NS %rec IS %rec RL (ng/g)
Audrain Meadow 0 77 0.23
Camp Sacramento 0 106 0.23
Strawberry Lodge 0 86 0.23
Sand Flat 0.28 75 0.22
Riverton 0 90 0.25
Chili Bar 0 97 0.23
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				2		Camp Sacramento				2000		0.43				53		0.22				0				106		0.23

				3		Strawberry Lodge				1750		0				64		0.22				0				86		0.23

				4		Sand Flat				1180		0				57		0.24				0.28				75		0.22

				5		Riverton				986		0				57		0.23				0				90		0.25

				6		Chili Bar				280		0				73		0.21				0				97		0.23

				7		Coloma				227		0				77		0.22				0				106		0.24

				8		Salmon Falls Bridge				135		0				77		0.21				NA				NA		NA

				9		Nimbus Basin				25		NA				NA		NA				0				107		0.24

				10		Discovery Park				5		NA				NA		NA				0.46				64		0.23

						MB1						0		NA		86		0.25		MB2		0				104		0.25

						LCS1								108		50				LCS2		5		98		108

						LCSD1								98		41

						MS1-17						4.35		97		73				MS2-2		4.76		114		77

						MSD1-17						4.26		104		76				MSD2-2		4.98		102		80

						MS1-16						4.35		102		90

						MSD1-16						4.44		106		77

						SNOW!				2180		NA				62

						Audrain Meadow				2180				Discovery Park		5

						Camp Sacramento				2000				Nimbus Basin		25

						Strawberry Lodge				1750				Salmon Falls Bridge		135

						Sand Flat				1180				Coloma		230

						Riverton				986				Chili Bar		280

						Chili Bar				280				Riverton		985

						Coloma				227				Sand Flat		1180

						Salmon Falls Bridge				135				Strawberry Lodge		1750

						Nimbus Basin				25				Camp Sacramento		2000

						Discovery Park				5				Audrain Meadow		2180
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				AQUEOUS				pre storm ng/L		NS % Rec		IS %rec		RL (ng/L)

				Audrain Meadow				0				58		1.7

				Camp Sacramento				0				55		1.7

				Strawberry Lodge				0				48		1.7

				Sand Flat				0				51		1.6

				Riverton				0				46		1.7

				Chili Bar				0				49		1.7

				Coloma				0				47		1.7

				Salmon Falls Bridge				NA				NA		ND

				Nimbus Basin				NA				NA		ND

				Discovery Park				NA				NA		ND

				MB1				0		NA				2

				LCS1				NA		108		50		NA

				LCSD1				NA		98		41		NA

				SOLIDS				pre storm ng/g		NS %rec		IS %rec		RL (ng/g)

				Audrain Meadow				0				45		0.24

				Camp Sacramento				0.43				53		0.22

				Strawberry Lodge				0				64		0.22

				Sand Flat				0				57		0.24

				Riverton				0				57		0.23

				Chili Bar				0				73		0.21

				Coloma				0				77		0.22

				Salmon Falls Bridge				0				77		0.21

				Nimbus Basin				NA				NA		NA

				Discovery Park				NA				NA		NA

				MB1				0		NA		86		0.25

				LCS1						108		50

				LCSD1						98		41

				MS1-17						97		73

				MSD1-17						104		76

				MS1-16						102		90

				MSD1-16						106		77

						80876

				AQUEOUS		post storm ng/L		NS %rec		IS %rec		RL (ng/L)

				Audrain Meadow		0				71		1.6

				Camp Sacramento		0				69		5.9

				Strawberry Lodge		0				77		1.6

				Sand Flat		0				78		1.7

				Riverton		0				79		1.7

				Chili Bar		0				90		1.9

				Coloma		0				72		1.7

				Salmon Falls Bridge		NA				NA		NA

				Nimbus Basin		2.2				70		1.7

				Discovery Park		14

				MB1		0		NA		79		2

				LCS1				101		82		NA

				LCSD1				97		94		NA

										80876

				SOLIDS				SOLID		post storm ng/g		NS %rec		IS %rec		RL (ng/g)

				Audrain Meadow						0				77		0.23

				Camp Sacramento						0				106		0.23

				Strawberry Lodge						0				86		0.23

				Sand Flat						0.28				75		0.22

				Riverton						0				90		0.25

				Chili Bar						0				97		0.23

				Coloma						0				106		0.24

				Salmon Falls Bridge						NA				NA		NA

				Nimbus Basin						0				107		0.24

				Discovery Park						0.46				64		0.23

								MB2		0				104		0.25

								LCS2		5		98		108

								MS2-2				114		77

								MSD2-2				102		80

				SNOW!				2180		NA				62
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• Isomers?

• Other potentially toxic 
quinone formation?

• Are there non tire-based 
point sources?

• Identify and characterize 
replacement for 6PPD?

• Impact from 
Microplastics?

• Fate of TWP?

-Courtesy Simon C. Roberts, 
SCIEX



Thank You
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