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What are Per- and Polyfluoroalkyl Substances 
(PFAS)?

üLarge class of surfactants used since 1940s 
üFound in wide range of consumer and industrial applications
üUnique chemical & physical properties 
üExtremely persistent and mobile in the environment
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12,000 PFAS Grouped by Chemistry: 
All Very Different Chemistries and Uses

PFAS

Polymers

Fluoropolymers Polymeric 
perfluoropolyethers

Side-chain Fluorinated 
polymers

Nonpolymers

Perfluoroalkyl 
substances

Polyfluoroalkyl 
substances

FluorineFluorine
CarbonCarbon
HydrogenHydrogen

PFOA
PFOS

PFOA = perfluorooctanoic acid 
PFOS = perfluorooctane sulfonic acid

Most commonly detected 
in the environment

(so far)
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PFAS in the Environment?

› Understanding of PFAS has 
evolved over time
› Initial focus on solids, liquids
› Less emphasis on gas

KEY POINT Based on characteristics of early-
studied PFAS, volatility & vapor-phase 
transport not expected.

Analytical 
Methods

Detection in 
the 

Environmen
t

Toxicology

Increasing 
Awareness



PFAS in Ambient Air:  Example Study

6

KEY POINT Airborne PFAS are globally distributed and found in 
ambient air at sub ng/m3 levels

Adapted from Figure 1, Saini et al., 2023, Environmental Pollution

› 9 year study at 41 global sites – polar, 
urban, rural
› PFAS found at all sites
› Used sorbent-impregnated PUF 

samplers
› Measured neutral PFAS (gas-phase) and 

ionizable PFAS (sorbed to water 
vapor/particles)
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Neutral PFAS = not expected to be charged at environmentally relevant pH;  Ionizable PFAS = expected to be charged



› FTOHs ubiquitous in indoor air
› Classrooms, residences, workplaces
› Sub nanogram/m3 (10-4 µg/m3) to hundreds 

of micrograms/m3 (250 µg/m3) 

› Highest indoor air concentrations of FTOHs 
reported in occupational settings
› 8:2 FTOH up to 250 µg/m3 (Nilsson et al., 

2010)

› Ski tuners & other studies – potential 
impact of volatile PFAS on human health?

PFAS in Indoor Air
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Enforcement Alert, USEPA, 2022

 References: Nilsson et al., 2010; Freberg et al., 2010; Morales-McDevitt et al., 2021; Kissel et al., 2023
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Roth et al., 2020, Environmental Science & Technology Letters

PFAS in Sources:  
Headspace of Aqueous Film Forming Foam

Group Concentration Range 
(μg/m3)

Fluorotelomer alcohols (5) 0.5−38.1 μg/m3

Perfluorinated carboxylic 
acids (10) 0.4−13670 μg/m3

Fluorotelomer sulfonate (1) 72.1 μg/m3

PFAS Detected in Headspace



› Vapor-phase PFAS understudied, but growing evidence of 
presence in outdoor air, indoor air, and headspace
› Suggests potential for VI, though more confidence in 

evaluation if volatility is better understood
› Per USEPA’s Vapor Intrusion Guidance 2015, chemical is 

“volatile” if:
› (1) Vapor pressure is greater than 1 mm Hg or (2) 

Henry’s Law constant is greater than 10-5 atm-m3/mol.

Vapor Intrusion?
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ISSUE Limited availability of Henry’s Law Constants for PFAS.

cheezburger.com
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Compilation of Henry’s Law Constants

› Measured Values
› Abusallout et al. (2022)

› Modeled Values
› Studies published 2006-2022
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Measurement of Henry’s Law Constants

› Selected 27 PFAS based on 
potential volatility or 
prevalence in the subsurface
› Used validated test method for 

HLC determination
› Outcome:
› Developed HLC for 15 compounds
› 12 not volatile enough to 

measure
Adapted from Figure 1, Abusallout et al., 2022, Journal of Hazardous Materials 
Letters 



Group PFAS Compound HLC (dimensionless)
(Abusallout et al. 2022)

Range of Modeled HLC

Perfluorooctane 
sulfonamide (FOSA)

EtFOSA
MeFOSA

0.43
0.92

0.05 – 16,200
0.08 – 7,240

Fluorotelomer 
Alcohols (FTOH)

4:2 FTOH
6:2 FTOH
8:2 FTOH

10:2 FTOH

0.31
1.26
1.98
2.82

0.003 – 18.2
0.03 – 251

0.02 – 3,470
2.74 – 46,800

Perfluorocarboxylic 
Acids (PFCAs)

PFBA
PFHpA
PFOA

NVE
NVE
NVE

0.0006 – 0.005
0.002 – 0.72
0.004 – 3.73

Perfluorosulfonic Acids 
(PFSAs)

PFOS NVE 0.002 – 0.46

Up to 6 OOM 

diffe
rence

Modeled HLC 

available
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Selected Results

Notes:  1)  NVE = not volatile enough; 2)  USEPA Henry’s Law volatility threshold of 1x10-5 atm m3 mol-1   = 0.00041 at 25C (dimensionless)

KEY POINT PFCAs and PFSAs generally not volatile enough to be 
measured.    



neutral
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Abusallout (2022) Range of Modeled Values

Measured and Modeled Henry’s Law Constants
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FOSA FTOH PFCA PFSA

ionizable

“Volatile”

Trichloroethene
Vinyl Chloride

KEY 
POINTS

- Volatility of FOSA, FTOH similar to 
chlorinated VOCs

- Modeled HLC for PFCA, PFSA exceeded 
volatility criterion but would not be 
expected in vapor (ionizable)
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› All measured/modeled Henry’s 
Law constants exceed USEPA 
“volatility criteria”
› Screening-level model of 

simulated AFFF release
› 8:2 FTOH

Vapor Intrusion Potential?
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Affected GW 
Source

?



8:2 FTOH Concentration in Indoor Air?
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Based on measured HLC

(Abusallout et al. 2022)

8:2 FTOH Concentration [µg/m3]
1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09 1.00E+10

This Study:  Equivalent GW conc

This Study:  Est Indoor Air (GW to IA AF 0.001)

Morales-McDevitt et al. (2021)

Sha et al. (2018)

Schlummer et al. (2013)

Shoeib et al. (2012)

Nilsson et al. (2010)

Langer et al. (2010)

Background Indoor Air

Estimated Indoor Air from VI (AF 
0.001)

Equivalent GW Conc
(650 ug/L)

8:2 FTOH Concentration [µg/m3]
1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09 1.00E+10

This Study:  Equivalent GW conc

This Study:  Est Indoor Air (GW to IA AF 0.001)

Morales-McDevitt et al. (2021)

Sha et al. (2018)

Schlummer et al. (2013)

Shoeib et al. (2012)

Nilsson et al. (2010)

Langer et al. (2010)

Background Indoor Air

Based on measured HLC
(Abusallout et al. 2022)

Estimated Indoor Air from VI 
(AF 0.001)

Equivalent GW Conc
(650 ug/L)

• “Screening” evaluation – 
• Start with GW concentration
• Calculate IA concentration 

based on HLC and 
attenuation factor

• Compare to background
• Limited tox data available1,
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KEY 
POINT

It’s possible to perform a VI screening/ 
lines of evidence evaluation for certain 
PFAS, but many uncertainties.
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Wrap-up
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USEPA 2022

Are PFAS a VI Problem?
• Depends which PFAS
• Traditional volatility criteria and 

screening methods may apply for some 
PFAS, but not others

• Updated conceptual model needed

Challenges Ahead
• Availability & range of Henry’s Law 

Constants
• Limited inhalation tox data
• Analytical issues
• Analytical methods under development  

?
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PFAS in AFFF Headspace

KEY POINT Sixteen PFAS detected in AFFF headspace but unclear 
why PFCAs detected by GC/MS. 

Adapted from Roth et al., 
2020, Environmental Science 

& Technology Letters



Results
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Adapted from Figure 2 and Table 1, Abusallout et al., 2022, Journal of Hazardous Materials Letters 



Results
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Adapted from Figure 3, Abusallout et al., 2022, Journal of Hazardous Materials Letters 



Measured and Modeled Henry’s Law Constants 
(Averages)
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