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What are PFAS?

Polymers

Fluoropolymers
Side-chain 

fluorinated polymers

Non-polymers

Substances with 
at least one 

perfluorinated 
carbon

Family of 
>6300 

manmade 
fluorinated 
chemicals

Small to polymeric 
chemicals, highly 
fluorinated carbon 
backbone, may be 

functionalized

Perfluorooctanoic 
acid (PFOA)

Perfluorooctane sulfonic 
acid (PFOS)
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Properties of PFAS

• Effectively repels water and prevents 
staining

Water and Stain 
Resistant

•Stable Carbon-Fluorine bonds withstand 
high temperatures

Heat Resistant

• Lowers surface tension, enabling better 
mixing with other substances

Surfactant 
Characteristics (when 

functionalized)

•Resistant to degradation in the both the  
environment and the human body

Chemical Stability 

• Persistent in ecosystems; accumulates 
in soil, water, and living organisms

Health and 
Environmental 

Concerns
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Firefighter Concerns About PFAS Exposure

Firefighters have higher serum 
PFAS concentrations than the 
public and are concerned about 
cancer risk.

Cancer risks from PFAS 
exposure are not firmly 
established but are of great 
concern to firefighters and 
firefighter unions/trade groups.

Other health risks are more 
established (e.g., decreased 
vaccine response).
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PFAS Exposure from Firefighting Equipment

Moisture Barrier

Firefighting foams often contain PFAS for 
their effectiveness in fire suppression

PFAS commonly used in firefighter gear for 
their water and oil repellency and heat 
resistance. 

Firefighters can be exposed to PFAS 
through skin absorption or inhalation of 
contaminated dust from their gear.
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Identification and quantification 
of PFAS in firefighting textiles

The 2020 National Defense 
Authorization Act directs NIST 

to “examine…the identity, 
prevalence, and concentration 

of per- and polyfluoroalkyl 
substances…in the personal 

protective equipment worn by 
firefighters….”

NDAA 2020 Mandate: PFAS in FFG
Introduction



Analyte List

Perfluorocarboxylic acids (C3-C13), all nonvolatile

Perfluoroalkyl sulfonates (C3-C10), all nonvolatile

Perfluoroalkyl sulfonamides (C4-C8), mix of nonvolatile and 
semivolatile

Ether-containing PFAS (C4-C8), all nonvolatile

Fluorotelomerization-derived PFAS (C4-C10), all volatile 
except n:2 FTS, which is nonvolatile

Method



Firefighter Gear Textiles
Structural Firefighter Gear
• 9 Outer Shells  
• 6 Moisture Barriers
• 5 Thermal Liners

Wildland Firefighter Gear
• 9 Single-Layered Garments

Structural Firefighter Gloves
• 4 Outer Shells (OS)
• 4 Moisture Barriers (MB)
• 3 Thermal Liners (TL)
• 4 Inner Liners (IL)

Structural Firefighter Hoods
• 8 Single-Layered Hoods

Method



Structural Firefighter Gear
Method



Structural Firefighter Gloves and Hoods
Method



Wildland Firefighter Gear
Method



Nonvolatile PFAS Extraction Method

Samples cut from 
textiles (approx. 

0.1 g)

Addition of PFAS 
target and 

internal standards

3 Rounds of:

•Addition of methanol extraction solvent

•Sonication at 25 °C for 30 mins

•Centrifugation for 5 mins

• Filtration through graphitized non-porous 
carbon solid phase extraction tubes

Combined 
extracts 

evaporated to 
dryness under 

nitrogen at 40°C

Reconstitution 
with methanol 

and filter through 
nylon syringe 

filter

Liquid 
chromatography-

tandem mass 
spectrometry (LC-

MS/MS)

Method



Semivolatile and Volatile PFAS Extraction

Samples cut from 
textiles (approx. 

0.1 g)

Addition of PFAS 
target and 

internal standards

3 Rounds of:

•Addition of ethyl acetate extraction solvent

•Sonication at 25 °C for 30 mins

•Centrifugation for 5 mins

• Filtration through graphitized non-porous 
carbon solid phase extraction tubes

Combined 
extracts 

evaporated to 2 
mL under 

nitrogen at 35 °C

Filter through 
nylon syringe 

filter

GC-MS for volatile 
PFAS; LC-MS/MS 
for semivolatile 

PFAS

Method



PFAS in Firefighter Gear Textiles
MB OS TL

• 26 unique PFAS quantified 
above reporting limits across 
all 20 moisture barrier (MB), 
outer shell (OS), and thermal 
liner (TL) textiles.

• Between 1-17 individual PFAS 
in each textile detected.

• Highest concentrations are 
fluorotelomerization derived 
compounds with 6 
perfluorinated carbons.

• Perfluorocarboxylic acids 
(PFCA) detected widely at 
lower concentrations.  

Results



PFAS in Outer Shell Textiles

• Summed PFAS > 500 µg/kg 
in all intact outer shells, < 2 
µg/kg in scoured.

• Total PFAS concentrations 
ranged from 629 μg/kg ± 79 
μg/kg (OS-G) to 1,890 
μg/kg ± 180 μg/kg (OS-B).

• 6:2 FTMAC, 6:2 FTOH 
present in all intact outer 
shells, but not identified in 
scoured textiles.

Outer Shell
ScouredIntact
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• Summed PFAS concentrations 
showed highest variation of any 
textile type, from 11.1 μg/kg ± 
1.8 µg/kg to 1865 μg/kg ± 88 
µg/kg.

• Where present, 6:2 FTMAC, 6:2 
FTOH, 6:2 FTS were the 
highest concentration PFAS.

PFAS in Moisture Barrier Textiles

Moisture Barrier

Results



• Total PFAS concentrations 
ranged from 0.190 μg/kg ± 
0.014 μg/kg (TL-E) to 5.66 
μg/kg ± 0.19 μg/kg (TL-C).

• 6:2 FTMAC, 6:2 FTOH, and 
6:2 FTS were not detected, 
with highest individual PFAS 
being PFBS in TL-C at 1.23 
μg/kg ± 0.08 μg/kg.

• Thermal liners are layered 
closest to firefighter skin, 
may indicate lower firefighter 
PFAS exposure.

PFAS in Thermal Liner Textiles

Thermal Liner

Results



PFAS in Firefighter Glove Textiles

Glove A Glove B Glove D • 12 unique PFAS quantified 
above reporting limits 
across all 15 glove layers.

• Between 0-7 individual 
PFAS in each textile 
detected.

• Highest concentrations 
are Perfluoroalkyl 
sulfonamides (FASA) with 
4 perfluorinated carbons.

• Perfluorobutane sulfonic 
acids (PFBS) detected at 
lower concentrations.  

Glove C

Results



PFAS in Firefighter Glove Textiles (cont.)

• Total PFAS levels in all 
glove layers were below 
150 µg/kg. 

• Moisture barrier layers  
contained the highest 
PFAS concentrations 
among all glove layers.

• Highest individual PFAS 
concentrations 
measured was MeFBSA, 
at 117.2 µg/kg ± 7.0 
μg/kg (GL-B-MB).

Results



PFAS in Firefighter Hood Textiles

• 5 unique PFAS quantified 
above reporting limits across 
all 8 firefighter hoods.

• Between 0-3 individual PFAS 
in each textile detected.

• Perfluorooctanesulfonic acid  
(PFOS) was detected in 3 
hoods at concentrations up to 
0.15 ± 0.07 μg/kg. 

Results



PFAS in Firefighter Hood Textiles (cont.)

• Total PFAS levels in all hood 
layers were below 1 µg/kg. 

• Highest summed PFAS 
concentration totaled 0.6 
µg/kg ± 0.1 μg/kg (HD-B).

• Perfluorocarboxylic Acids 
(PFCA), Perfluorosulfonic Acid 
(PFSA), and 
perfluorooctanesulfonamide 
(FOSA) accounted for 100% of 
the PFAS detected in hoods.  

Results



PFAS in Wildland Firefighter Textiles

• 11 unique PFAS quantified above 
reporting limits across all 20 textiles.

• Between 0-9 individual PFAS in each 
textile detected.

• Highest concentrations are 
fluorotelomerization derived 
compounds with 6 perfluorinated 
carbons.

• Perfluorocarboxylic acids (PFCA) 
detected widely at lower 
concentrations.  

Results



PFAS in Wildland Firefighter Textiles (cont.)

• Summed PFAS concentrations 
varied from no PFAS detected to 
4240 µg/kg ± 890 μg/kg in WL-F.

• Highest individual concentrations 
measured:
o 6:2 FTMAC detected at up to 

2980 µg/kg ± 820 μg/kg
o 6:2 FTOH detected at up to 

1250 µg/kg ± 330 μg/kg

• 6:2 FTMAC and 6:2 FTOH 
contributed over 95% of the total 
summed PFAS in 7 of 9 wildland 
firefighter gear textiles. 

Results



Summed PFAS Comparisons
Results

Highest Outer Shell (OS)

1890 µg/kg ± 180 μg/kg

Highest Moisture Barrier 
(MB) 

1865 µg/kg ± 88 μg/kg

Highest Wildland (WL)

4240 µg/kg ± 890 μg/kg

Highest Glove (GL)

118.9 µg/kg ± 7.1 μg/kg

Highest Hood (HD)

0.6 µg/kg ± 0.1 μg/kg 



Implications

6:2 fluorotelomer methacrylate           
(6:2 FTMAC)

6:2 fluorotelomer alcohol                           
(6:2 FTOH)

6:2 fluorotelomer sulfonate                    
(6:2 FTS)

• Three PFAS account for vast 
majority of identified PFAS 
mass. 

• Allows targeting of PFAS 
toxicology and epidemiology 
efforts.

• Summed PFAS 
concentrations vary in 
textiles, will vary in gear. 

Conclusion

MB OS WL



• Multiple PFAS compounds are present in firefighter textiles, 
but a small number of manufacturing residues account for 
most of the total PFAS mass.

• While total PFAS concentrations differ across gear, this 
does not directly indicate higher exposure risk or adverse 
health effects. 

Takeaways
Conclusion
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