
U.S. Environmental Protection Agency

Investigations of per- and polyfluorinated 
compounds in environmental samples and 

contemporary products 

Investigations of per- and polyfluorinated 
compounds in environmental samples and 

contemporary products 

Mark Strynar  USEPA/ORD/NERL/EMMD

GenX (HFPO-DA)

December 6th, 2018 
Groundwater Professionals of North Carolina 
(GWPNC) Meeting
NC State Arboretum



U.S. Environmental Protection Agency

Human Exposure Pathways

WATER

Many chemicals
Many media
Many sources
Unknown toxicity
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• Large peaks

• Found in many samples)

• Contain halogens (Cl, Br)

• Negative Mass defect

• Related chemicals 

• ???

Usual Suspects for Elevated Scrutiny



• How do we find compounds without knowing what they are?

• How do we prioritize unknowns for further analysis?

• How do we identify/quantify without analytical standards? 
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OTHER PFASs: The Era of HRMS & Non-Targeted AnalysisOTHER PFASs: The Era of HRMS & Non-Targeted Analysis
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Rahman et al., (2014) Water 
Research, 50:318-340

Similar for PFOS, PFHxA and PFHxS

PFAS Generally Not Removed During Conventional Drinking Water Treatment 
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Wang et al. Environment International, 2013, 60, pp 242–248

Post PFOA Stewardship AgreementPost PFOA Stewardship Agreement
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Relationships Reveal Underlying Chemistry

Adducts +
Fragments +
Dimers/Trimers

Homologous Series
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In-Source Related Species
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Homologous Series

+CF2
+CF2

+CF2
+CF2

Absolute Ion Intensity



Isotope Signatures: Negative Mass DefectIsotope Signatures: Negative Mass Defect

10

H

F -0.0016

+0.0078 4.8 F:H

1.00784

30.9738

14.0067

15.9949 18.9984

34.9689

78.9183

31.9721

12.0000

Positive Mass 
Defect

Negative Mass 
Defect



11

Example of Mass DefectExample of Mass Defect
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performance fabrics, bio-solids, AFFF, industrial waste

Past Work:  
PFAS in NC Water

Nakayama et al. 2007 ES&T 41:5271-5276



• Targeted Analysis 
– How much PFOA is in my sample?

• Suspect Screening 
– Which chemicals in this database are in my sample?

• Non-Targeted Screening
– What are the chemicals in my sample?

What is Non-Targeted Analysis?What is Non-Targeted Analysis?

(HRMS)

TOF
Q-TOF
Orbitrap
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Data Generation: 
Source Determination by NTA
Data Generation: 
Source Determination by NTA

Surface Water
Ground Water
WWTP Effluent
Drinking Water

Sampling from geographically or 
temporally displaced locations allows 
triangulation of sourcing
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Fayetteville, NC (Cape Fear River)
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Legacy PFAS found in Cape Fear Water circa 2012Legacy PFAS found in Cape Fear Water circa 2012

Stream Flow

Legacy PFAS in Cape Fear RiverIncrease in PFAS below site 003



Mass Defect of Outfall and Upstream FeaturesMass Defect of Outfall and Upstream Features

High Priority Species:
Unique to Downstream, 
Likely Fluorinated
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+ mass defect

- mass defect
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m/z Extracted Ion Chromatograph (EIC)

328.9677

In a standard or extracted water,
same spectra. m/z 328 LOW329 * 2 = 658

-CO2C3F7
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Difference Between Peaks

Na+ (22.9892)
-H+ (1.0073)

= 21.9819

Key TOFMS Information

21.9819

[M-H]- [M-H]-

H+

[M-H]- [M-H]-

Na+



Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division

Isotope Cluster Scoring
Ex. C12 H F22 O6

1.  Accurate mass [M]

2.  Isotope Abundance [%]
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Additional n-mers*

Trier, X.; Granby, K.; Christensen, J. H., Tools to discover anionic and nonionic polyfluorinated alkyl surfactants by 
liquid chromatography electrospray ionisation mass spectrometry. J. Chromatogr. A 2011, 1218, (40), 7094-104.

*

Proton Bound Dimer

Sodium Bound Dimer

Sodium Bound Trimer
Sodium Bound Tetramer

[M-H]-



U.S. Environmental Protection Agency

Kendrick Mass (F) = (observed mass) X Nominal mass F

Exact mass F

Kendrick Mass Defect Transformations

If (F) = CF2

Nominal mass F

Exact mass F

50

49.99681
=

http://en.wikipedia.org/wiki/Kendrick_mass 

Kendrick, Edward (1963) Anal. Chem. 35 (13) 2146-2154
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Kendrick Mass Defect Water Example

CF2O = 
66/65.9917

CF2 = 
50/49.9968

Kendrick Kendrick Kendrick Kendrick
RT mass abundance [M-H]- Truncate CF2 mass CF2O mass CF2 mass defect CF2O mass defect

5.956 659.9511 1180704 658.94326 659 659.9932076 660.0341043 0.993207567 1.034104289
6.457 427.9738 282118 426.96596 427 428.0011065 428.0276277 1.001106471 1.027627717
6.391 363.9775 186936 362.96966 363 364.0007232 364.0232787 1.000723246 1.023278685
5.957 285.986 1238114 284.97816 285 286.0042471 286.0219694 1.004247071 1.021969429
5.721 313.9809 200183 312.97306 313 314.0009333 314.0203904 1.00093326 1.020390443
4.836 235.9889 468738 234.98106 235 236.0039571 236.0185811 1.003957052 1.018581125
5.959 169.9972 4941059 168.98936 169 170.0080465 170.0185811 1.008046513 1.018581125
6.724 407.9672 232753 406.95936 407 407.99323 408.0185114 0.993229968 1.018511419
5.957 681.9325 349823 680.92466 681 681.9760101 682.018269 0.976010069 1.018268964
6.218 251.9841 823874 250.97626 251 252.0001776 252.0157929 1.000177611 1.015792895
5.642 623.9373 20040470 622.92946 623 623.9771097 624.0157747 0.97710974 1.015774711
7.47 185.9921 573863 184.98426 185 186.0039671 186.0154929 1.003967053 1.015492857

7.715 185.9921 208707.5 184.98426 185 186.0039671 186.0154929 1.003967053 1.015492857
6.898 317.9754 196199 316.96756 317 317.9956881 318.0153928 0.995688125 1.015392845
3.488 491.9534 10280580 490.94556 491 491.9847886 492.0152746 0.98478863 1.015274648
2.123 185.9918 284450.5 184.98396 185 186.003667 186.0151928 1.003667034 1.01519282
7.195 887.9035 316093 886.89566 887 887.9601519 888.0151746 0.960151858 1.015174636
6.591 755.9199 4008623 754.91206 755 755.9681308 756.0149746 0.968130767 1.01497461
5.959 213.9868 244065 212.97896 213 214.0004532 214.0137138 1.000453229 1.013713846
5.647 201.987 1954889 200.97916 201 201.9998876 202.0124046 0.999887593 1.01240459
3.484 201.9868 9910121 200.97896 201 201.9996876 202.0122046 0.99968758 1.012204565
5.412 295.974 239605.5 294.96616 295 295.9928843 296.0112257 0.992884346 1.011225654
1.132 163.9902 1945855 162.98236 163 164.0006632 164.0108256 1.000663242 1.010825604
0.938 113.9938 3504415 112.98596 113 114.0010733 114.0081374 1.001073268 1.008137387
1.268 179.9849 4011200 178.97706 179 179.9963838 180.0075373 0.996383769 1.007537312

(Cape Fear River Water)

upstream

downstream
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Example Structures 

Monoether (6): 
HFPO-DA;GenX

Polyethers (4): 
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sulfonates (2): 

Undecafluoro-2-methyl-3-oxahexanoic acid



Vinyl Ether Production
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Hexafluoropropylene Oxide (HFPO) Based ChemistryHexafluoropropylene Oxide (HFPO) Based Chemistry

In water
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Dimerized to 
HFPO-DAF polymers
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Polyvinyl Ether ProductionPolyvinyl Ether Production
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• Nafion is a sulfonated tetrafluoroethylene based fluoropolymer-copolymer

• Proton conductor for proton exchange membrane (PEM) fuel cells

Nafion PolymerNafion Polymer
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Best of ES&T Letters 2016

November 2016



Cape Fear River
Fayetteville to 
Wilmington, NC

June 7th, 2017
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Relative Quantitation Time TrendsRelative Quantitation Time Trends
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6 weeks mid 
June – early 
August

(HFPO-DA)



Relative Quantitation Time TrendsRelative Quantitation Time Trends
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Nafion BP2
CAS 749836-20-2 
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Retrospective Analysis (McCord in prep)Retrospective Analysis (McCord in prep)
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Year Date 296.9473 346.9472 396.9409 406.9594 426.9657 340.9372 440.9302 540.9238

2011 11-4-11        

1-26-12        

2012 2-1-12        

2-9-12        

5-4-12        

5-4-12        

2014 11-24-14        

2015 5-12-15        

5-12-15        

8-6-15        

2017 5-12-17        

6-20-17        

6-27-17        

7-4-17        

7-11-17        

7-18-17        

7-25-17        

8-3-17        

NVHOS
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OH

Formula: C4H2F8O4S
[M-H]-: 296.9473 Da
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Year Date 296.9473 346.9472 396.9409 406.9594 426.9657 340.9372 440.9302 540.9238

2011 11-4-11        

1-26-12        

2012 2-1-12        

2-9-12        

5-4-12        

5-4-12        

2014 11-24-14        

2015 5-12-15        

5-12-15        

8-6-15        

2017 5-12-17        

6-20-17        

6-27-17        

7-4-17        

7-11-17        

7-18-17        

7-25-17        

8-3-17        
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Retrospective Analysis (McCord in prep)Retrospective Analysis (McCord in prep)
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Small ppm difference
426.9679-426.9657/426.9679 * 
1000000 = +/- 5.15 ppm
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Year Date 296.9473 346.9472 396.9409 406.9594 426.9657 340.9372 440.9302 540.9238

2011 11-4-11        

1-26-12        

2012 2-1-12        

2-9-12        

5-4-12        

5-4-12        

2014 11-24-14        

2015 5-12-15        

5-12-15        

8-6-15        

2017 5-12-17        

6-20-17        

6-27-17        

7-4-17        

7-11-17        

7-18-17        

7-25-17        

8-3-17        
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Retrospective Analysis (McCord in prep)Retrospective Analysis (McCord in prep)



NIST SRM 2585 Organic Compounds in Hose Dust

(~27% DSS_TOX) in this mass defect range

Two of the larger peaks
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m/z 729.8502

m/z 829.8445
99.9943 mass diff
C2F4 = 99.9942

Reiner et al., 2015 Anal Bioanal Chem
PFOS 2280±200 ng/g

Chromatogram and Spectral Evidence
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PIGE vs. HRMS



NIH Exploratory/Developmental Research Grant (R21):  
Hoppin/Knappe

Assessing impact of drinking water exposure to GenX (hexafluoropropylene oxide dimer acid) in the 
Cape Fear River Basin, North Carolina

Aim 1) Community engagement and interaction to ensure community needs are addressed 
throughout the study. 

Aim 2) Characterize human exposure to GenX in the lower Cape Fear Region through the collection 
and storage of biological specimens (blood and urine) and drinking water for individuals who 
consume water from the Cape Fear River. 

Aim 3) Perform clinical chemistry tests in blood. Using the blood samples collected, we will analyze 
lipid profiles, thyroid hormone, and a metabolic panel to detect differences in liver enzymes. 



ORDNERL/PHCB serum method

• 50 uL of serum (n=450)
• 100 uL 0.1 M formic acid
• 450 uL acetonitrile crash
• Vortex mix, centrifguge
• Prep 50:50 ACN:buffer
• 25 uL injection analysis 

via Orbitrap Fusion 

Suite of Analytes 
-(PFAC MXA) from Wellington
-all PFESAs/PFECAs in Cape Fear River

CHEMICAL
Keller et al., 2010 
SRM 1957 (ng/g)

Mean  
(ng/mL)

SD  
(ng/mL)

PFHpA 0.305 ± 0.036 0.31 0.10
PFHxS 4.00 ± 0.75 4.22 0.30
PFOA 5.00 ± 0.40 5.25 0.51
PFNA 0.880 ± 0.068 0.90 0.09
PFOS 21.1 ± 1.2 24.1 1.80
PFDA 0.39 ± 0.10 0.18 0.01

Method Performance
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Questions?Questions?

Contact Information

strynar.mark@epa.gov

The views expressed in this presentation are 
those of the author(s) and do not 
necessarily represent the views or policies 
of the U.S. Environmental Protection 
Agency.


