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• https://authors.elsevier.com/a/1gg014-ggU-4d

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fauthors.elsevier.com%2Fa%2F1gg014-ggU-4d&data=05%7C01%7Cnewton.seth%40epa.gov%7C2f78e74635f144edca4108db1943ab44%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C638131550669703575%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=n6JeJ20Qg5V5OqfY7%2BG6ftCmlEPXYdH%2BxXnGcut2evY%3D&reserved=0


Office of Research and Development

What Are PFAS?
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• Contain at least one perfluoroalkyl group (CnF2n)
• There are > 9,000 known PFAS

Well known PFAS:

Lesser known PFAS:
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PFAS Uses and Concerns

What are Polyfluorinated alkyl 
substances (PFAS) used for?

https://ecology.wa.gov/Waste-Toxics/Reducing-toxic-chemicals/Addressing-priority-toxic-chemicals/PFAS

4

Toxicology of PFAS
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Why GC?

• Most Non-targeted analysis has been done using LC -> good for water, 
soil, etc.

• GC is needed for air
• We have been blind to emissions from:

• Incineration (especially contaminated soils)
• PFAS manufacturing emissions to air
• Emission from PFAS applications (e.g., textile coating)
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Goals

1. Construct a GC-HRMS spectral database of PFAS compounds

2. Develop a workflow for NTA using GC-HRMS

3. Evaluate the NTA workflow 

4. Apply it to field samples
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The Chemicals

• Not standards
• 150 diverse PFAS in ethanol
• Includes some legacy PFAS but mostly novel PFAS
• Analyzed in EI, PCI, and NCI -> all spectra added to custom database
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Observed Functional Groups
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Observation of Fragments and Molecular Ion

PFAS Alcohols
Mode 

Detected

CF3 Fragment Detected in > 
5% Relative Abundance

C3F5 Fragment
Detected in

> 5% Relative 
Abundance

C7F13 Detected in
> 0.8% Relative 

Abundance

C8F15 Detected in > 0.8% 
Relative Abundance

Molecular Ion 
Detected

1-(Perfluorofluorooctyl)propane-2,3-diol EI, PCI, NCI EI EI EI, PCI, NCI NF EI, PCI

1H,1H,5H-Perfluoropentanol EI, PCI, NCI EI EI N/A N/A PCI, NCI

1H,1H,7H-Dodecafluoro-1-heptanol EI, PCI, NCI EI EI N/A N/A PCI, NCI

1H,1H-Heptafluorobutanol EI, PCI, NCI EI EI N/A N/A PCI, NCI

1-Pentafluoroethylethanol EI, PCI, NCI EI NF N/A N/A EI, PCI, NCI

3-(Perfluoro-2-butyl)propane-1,2-diol EI, PCI, NCI EI EI N/A N/A EI, PCI, NCI

3-(Perfluoropropyl)propanol PCI, NCI NF NF N/A N/A NF

3H-Perfluoro-2,2,4,4-
tetrahydroxypentane

EI, PCI, NCI EI NF N/A N/A NF

4:2 Fluorotelomer alcohol EI, PCI, NCI EI EI N/A N/A EI, PCI

4:4 Fluorotelomer alcohol EI, PCI, NCI EI EI N/A N/A EI, PCI

6:1 Fluorotelomer alcohol EI, PCI, NCI EI EI PCI N/A EI, PCI, NCI

6:2 Fluorotelomer alcohol EI, PCI, NCI EI EI NF N/A EI, PCI

7:3 Fluorotelomer alcohol EI, PCI, NCI EI EI NCI NF EI, PCI

8:2 Fluorotelomer alcohol EI, PCI, NCI EI EI EI PCI EI, PCI

10:1 Fluorotelomer alcohol EI, PCI, NCI EI, PCI EI, PCI EI, PCI, NCI PCI, NCI PCI

10:2 Fluorotelomer alcohol EI, PCI, NCI EI, PCI EI, PCI EI, PCI, NCI PCI, NCI EI, PCI 

11:1 Fluorotelomer alcohol EI, PCI, NCI EI, PCI EI, PCI PCI, NCI PCI, NCI PCI, NCI

Hexafluoroamylene glycol EI, PCI, NCI EI EI, NCI N/A N/A PCI, NCI
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Data Processing Workflow
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Analysis of a Challenge Sample

*Scoring system by Koelmel et al (2022)

Compound 
# 

Compounds 
Chemical 
Formula 

Molecular Ion 
Present? 

External 
Database 

Custom Database 
EI entry 

Confidence 
Score*

1 4:2 Fluorotelomer Alcohol C6H5F9O 
EI: Yes

PCI: Yes
NCI: N/A

NIST20 Yes Level 1 

2 6:2 Fluorotelomer Alcohol C8H5F13O 
EI: Yes

PCI: Yes
NCI: N/A

NIST20 & 
Wiley 11 

Yes Level 1 

3 Perfluoro-2-methyl-3-oxahexanoic acid C6HF11O3 

EI: Yes
PCI: N/A
NCI: N/A

N/A Yes Level 3 

4
1,1,1,2,2,3,3-Heptafluoro-3-(1,2,2,2-

tetrafluoroethoxy)propane 
C5HF11O 

EI: No
PCI: Yes
NCI: No

NIST20 & 
Wiley 11 

No Level 3 

5 Perfluorohexanoic acid C6HF11O2 NIST20 No N/A 

6 1H,1H,2H-Perfluoro-1-decene C10H3F17 
NIST20 & 
Wiley 11 

No N/A 

7 1H,1H,2H-Perfluoro-1-hexene* C6H3F9 
NIST20 & 
Wiley 11 

No N/A 

8 1H-Perfluoroheptane C7HF15 Wiley 11 No N/A 

9 1H,1H,2H-Perfluoro-1-octene C8H3F13
NIST20 & 
Wiley 11 

No N/A 

10 1H,1H,2H-Perfluoro-1-dodecene C12H3F21 N/A No N/A 

No signal from the 
instrument
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Incineration Samples Custom Database 
Matches

Compound # Compounds
Molecular 

Ion Detected

Calculated RI 
from 

Incineration 
Extracts

RI from PFAS 
Chemicals

SI Score
Reverse SI 

Score
RHRF
Score

Confidence Score

1
(Perfluorobutyryl)-2-

thenoylmethane 

No EI or NCI 
molecular 

ions 
detected

1007 1099 811 923 100 Level 3

2 N-Methyl-N-(2-hydroxyethyl)
perfluorooctanesulfonamide

No EI or NCI 
molecular 

ions 
detected

1584 1685 647 779 89.5 Level 3

Compound 1 Compound 2
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Incineration Samples NIST and Wiley Database 
Matches

Compound # Compound
Molecular Ion 

Detected
Calculated RI from 

Incineration Sample

Predicted RI, 
Estimated RI, 

NIST20 RI, or RI 
from In-House 

Commercial Std

SI score
Reverse SI 

Score
RHRF 
Score

Confidence 
Score

1 2-fluoro-1,1'-biphenyl* EI, PCI 1368 1361 857 924 98.4 Level 1

2 2-fluorophenol* EI, PCI, NCI 859 865 705 707 100 Level 1

3
5-Isopropyl-1-ϐ,D-ribofuranosyl)-4-

(trifluoromethyl)-1H-pyrimidin-2-one
No 2121 2300 601 855 100 Level 3

4
(1,1-Difluoro-2-phenyl-1-

(phenylsulfanyl)propan-2-yloxy)trimethylsilane
No 2241 1977 492 813 100 Level 4C

5 1-ethoxy-2-fluoro-benzene PCI, NCI 826 944 739 772 100
Level 3

6 4-Butylbenzoic acid, pentafluorophenyl ester PCI 2052 1944 556 892 90.7 Level 3

7
2,5-Di(trifluoromethyl)benzoic acid, 5-tridecyl 

ester
No 2323 2084 410 672 88.6 Level 4C

8
Acetamide, N-(1,5-dimethyl-6-oxo-4-hexenyl)-

2,2,2-trifluoro-N-methyl-,(E)-(.+-.)
No 1368 1259 477 804 76

Level 4C

Internal Standards
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Conclusions
• Our data workflow can identify PFAS from the custom database and 

external databases like NIST and Wiley
• We wish there were more retention indices
• We can identify some compounds in incineration samples but maybe 

not the best matrix

Future Work
• Align EI and CI data better to utilize CI more
• De novo work on more PFAS enriched samples
• Retention time prediction

• Follow up question: how valuable would it be to predict RIs for all compounds 
in the DSSTox database (1.2 million compounds) 
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Questions?

• The NTA group at EPA
• EPA ORD and Oak Ridge 

Institute for Science and 
Education (ORISE)  

• The Dashboard team

Contact Information:
Newton.Seth@epa.gov
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