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Conceptual Model of APFO Emission    

   

   
   
 

Davis et al., 2007 Chemosphere (67) 2011-
2019 
“Transport of ammonium perfluorooctanoate in 
environmental media near a fluoropolymer 
manufacturing facility” 
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https://comptox.epa.gov/dashboard 

https://comptox.epa.gov/dashboard
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Usual Suspects for Elevated Scrutiny 

• Large peaks 

• Found in many samples) 

• Contain halogens (Cl, Br, F) 

• Negative Mass defect 

• Related chemicals 

(Kendrick Plots) 

• Diagnostic fragments (CF3-69, CF3CF2-119, CF3O-85, CF3CF2O-135) 

U.S. Environmental Protection Agency 



Post PFOA Stewardship Agreement 

Wang et al. Environment International, 2013, 60, pp 242–248 
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  Relationships Reveal Underlying Chemistry 

Adducts + 
Fragments + 
Dimers/Trimers 

Homologous Series 
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Homologous Series 
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Positive Mass 
Defect 

Negative Mass 
Defect 

Isotope Signatures: Negative Mass Defect 
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 Example of Mass Defect 
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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 



  

    

Legacy PFAS found in Cape Fear Water circa 2012 

Stream Flow 

Legacy PFAS in Cape Fear River Increase in PFAS below site 003 



  

  
 

 

  

 

Mass Defect of Outfall and Upstream Features 

High Priority Species: 
Unique to Downstream, 
Likely Fluorinated 

+ mass defect 

- mass defect 

14 







 

          
    

 

 
 

Additional n-mers* 

6x10 

0 
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Counts vs. Mass-to-Charge (m/z) 
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-ESI Scan (6.547-6.646 min, 7 Scans) Frag=80.0V WorklistData6.d Subtract 

754.9138 

1176.8353 

200.9795 

[M2-H]-

1576.7769 

1297.9532285.2076 418.9414 688.9220573.3179 862.8761 1110.8436952.1048 1510.7836117.9031 1662.75711391.6219 

[M2-2H+Na]- 776.8953 

[M3-3H+2Na]-
[M4-4H+3Na]-

[M-H]- 376.9625 

Proton Bound Dimer 

Sodium Bound Dimer 

Sodium Bound Trimer 
Sodium Bound Tetramer 

[M-H]-

*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. 



 

 

 

 

November 2015 

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 Chemistry 

In water 
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  Polyvinyl Ether Production 

FCAS 1682-78-6 
O CAS 10493-43-3 CAS 2062-98-8 F
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Nafion Polymer 

• Nafion is a sulfonated tetrafluoroethylene based fluoropolymer-copolymer 

• Proton conductor for proton exchange membrane (PEM) fuel cells 
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F CAS 116-14-3 CAS 66796-30-3 
CAS 16090-14-5 
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 Best of ES&T Letters 2016 

November 2016 



 
 

June 7th, 2017 

Cape Fear River 
Fayetteville to 
Wilmington, NC 












 

  PFECAs in 5-15-17 Cape Fear River Sample 
Area 

C3HF5O3 

C4HF7O4 

C5HF9O5 HFPO-DA; GenX 
GenX 
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Relative Quantitation Time Trends 
6 weeks mid 
June – early 
August 

(HFPO-DA) 
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 Relative Quantitation Time Trends 
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Retrospective Analysis (McCord in prep) 

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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Formula: C4H2F8O4S 
[M-H]-: 296.9473 Da 
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EIC Confusion 

Small ppm difference F 
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  Novel PFAS Discovery 

• Cl-PFAS in surface water near fluoropolymer manufacturing 
facility 

• PFAS from XAD trap and control technology water from 
fluoropolymer use facility 

• Cl-PFAS in house dust (NIST SRM 2585) 
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 Modified Method 5: Stack emission sampling 
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 Mass Defect Plots C, F, H, O 
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NIST SRM 2585 Organic Compounds in Hose Dust 

(~27% DSS_TOX) in this mass defect range 

Two of the larger peaks 



-ESI EIC(829.8445) Scan Frag=80.0V WorklistData03.d 
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Reiner et al., 2015 Anal Bioanal Chem 
PFOS 2280±200 ng/g 

731.8476 

729.8501 

733.8444 

732.8493 

730.8525 

735.8418 
734.8467 

Counts vs. Mass-to-Charge (m/z) 

727 727.5 728 728.5 729 729.5 730 730.5 731 731.5 732 732.5 733 733.5 734 734.5 735 735.5 736 736.5 737 737.5 738 738.5 739 739.5 740 740.5 

HN 

O 

Cl 

Cl 

Cl 

Cl 

O 
S 

O 

O 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 
F 

Molecular Formula: C19H6Cl4F13NO4S 

  

 



 





 

 
 

 

  
 

  

 

Chromatogram and Spectral Evidence 
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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. 

U.S. Environmental Protection Agency 

mailto:strynar.mark@epa.gov
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