
PFAS: A REVIEW
“From PFOS to GenX”
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• PFAS as contaminants of environmental  concern
• A bit of history

• What have we learned:
• Exposure and Toxicity
• Sampling and Analysis
• Treatment and Remediation

• The future of PFAS in the environmental marketplace:
• Regulations
• Analytical Needs
• Market Considerations
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ENVIRONMENTAL INTEREST IN PFAS

Perfluorooctanoic Acid

(PFOA)

≈ “Teflon®”

Perfluorooctanesulfonic Acid

(PFOS)

≈ “Scotchguard®”

6:2 Fluorotelomersulfonic Acid
(6:2 FTS)

8:2 Fluorotelomer Alcohol

(8:2 FTOH)

Perfluorooctanesulfonamide

(PFOSA)

N-Ethylperfluorooctanesulfonamidoacetic Acid

(EtFOSAA)

Perfluorobutanoic Acid

(PFBA)

Perfluorononanoic Acid

(PFNA)

2,3,3,3-Tetrafluoro-2-
(heptafluoropropoxy)propanoic acid

(GenX)

9-Chlorohexadecafluoro-3-oxanonane-1-sulfonate

(F53B major)

Dodecafluoro-3H-4,8-dioxanoate

(ADONA)

3000+

Compounds

11-Chlororeicosafluoro-3-oxaundecane-1-sulfonic Acid

(F53B minor)

Where it began… Precursors Replacements

H



CCME guidelines not designed to be specific with high organic content soils.

• Fire training/response sites
• AFFF inventories
• AFFF releases

• Industry
• Dupont ↔ Chemours
• 3M
• 3rd party manufacturers

• Wastewater treatment plants
• Biosolids

• Landfills
• Historic impacts

MAJOR SOURCES OF PFAS IMPACT



CCME guidelines not designed to be specific with high organic content soils.

• Consistent toxicity information is still somewhat elusive

• PFAS may pose potential for adverse human health effects given their potential 

toxicity, mobility and bioaccumulation potential

• Longer chain PFAS have half-lives in the body ranging from 2-9 years

• Potential human toxic effects:
• Toxicity studies (human and animal) are inconsistent and inconclusive, but suggestive PFAS 

toxicity
• Bioaccumulate in the protein rich organs
• IARC has classified PFOA as “possibly carcinogenic”
• EPA has concluded that both PFOA and PFOS are possibly carcinogenic

• Toxicologists agree that harmonize study protocols are required and that 

significant additional reseach is required to conclusively link PFAS to 

carcinogenicity

TOXICITY
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• Strict/rigorous sampling protocols

• Have a solid and defensible field QA 
program

• Sample containers must be PFAS-
free

• Water for QC purposes must be 
PFAS-free

• Adsorption of PFAS onto surfaces 
can be rapid and must be accounted 
for

WHAT HAVE WE LEARNED: SAMPLING



• Through experience, many 
environmental stakeholders are 
adopting a common sense, yet still 
precautionary approach to the 
collection of samples for PFAS

• Three main categories of materials 
associated with sample collection:
• Prohibited materials
• Acceptable materials
• Materials requiring screening

WHAT HAVE WE LEARNED: SAMPLING

Prohibited

• Waterproof field books

• Water and dirt resistant leather gloves

• Decon 90

• Chemical or “Blue” ice

Acceptable

• Aluminum clipboards; Loose paper

• Powderless nitrile gloves

• Alconox®, Liquinox® or Citrinox®

• Regular ice (sealed polyethylene 
bags)

Screen/Verify

• Post-it Notes®

• Any special gloves required as 
specific personal protective 
equipment (PPE)

• Off-brand markers
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• Eliminate all sources of 
contamination

• Isotope Dilution techniques are a 
“must”

• SPE-LC/MS/MS

• Reporting Limits (water) = 2 - 4 ppt
• Detection Limits = 0.1 – 0.5 ppt

• Reporting Limits (soil) = 1 – 2 ppb
• Detection Limits = 0.1 – 0.5 ppb

• Reporting requirements:
• Branched and linear isomers
• Naming conventions (e.g. sulfonate vs. 

sulfonic acid)

WHAT HAVE WE LEARNED: ANALYSIS



General:
• Chemical oxidation method

(Houtz and Sedlak (2012). Environ. Sci. Technol., 46, 

9342-9349)

• Transforms PFAS precursors to 
perfluorocarboxylic acid (PFCA) end products 
without affecting target PFASs 

• Accelerated approach to predicting in situ 
precursor behavior

Limitations:
• Not necessarily a comprehensive indicator of 

total PFAS

• Expensive

WHAT HAVE WE LEARNED: ANALYSIS (TOPs ASSAY)
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THE FUTURE: REGULATIONS

Jurisdiction
PFOA

(μg/L)

PFOS

(μg/L)

PFBA

(μg/L)

PFBS

(μg/L)

PFHxS

(μg/L)

PFPeA

(μg/L)

PFHxA

(μg/L)

PFHpA

(μg/L)

PFNA

(μg/L)

GenX

(μg/L)

Drinking Water

Health Canada(2) Screening 

Value
0.2 0.6 30 15 0.6 0.2 0.2 0.2 0.02 N/V

British Columbia BC CSR 0.2 0.3 N/V 80 N/V N/V N/V N/V N/V N/V

U.S.A - EPA
Health 

Advisory
0.07 0.07 N/V N/V N/V N/V N/V N/V N/V N/V

U.S.A. – Minnesota HBV 0.035 0.027 7 3 0.027 N/V N/V N/V N/V N/V

U.S.A. – New Jersey MCL 0.014 0.013 N/V N/V N/V N/V N/V N/V 0.013 N/V

U.S.A. – N. Carolina IMAC 2 N/V N/V N/V N/V N/V N/V N/V N/V 0.14

Europe – UK HBV 10 0.3 N/V N/V N/V N/V N/V N/V N/V N/V

Australia HBV 0.56 0.07 N/V N/V 0.07 N/V N/V N/V N/V N/V

(1) Sources: ITRC PFAS Regulations, Guidance and Advisories Fact Sheet (June 2018)
(2) Protection of Human Health - [PFOS]/SVPFOS + [PFOA]/SVPFOA ≤ 1
(3) Highlighted values have not yet been promulgated
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New Matrices:
• Air (Stack samples, Ambient Air, Industial Hygiene)

• Biosolids

• Tissue (Plant, Animal)

New Methods:
• Total Organic Fluorine as a replacement for TOPs

• Particle induced gamma emission (PIGE)
• Combustion ion chromatography (CIC)
• Neutron Activation Analysis (NAA)

Remedial Technologies
• Effective technologies for remediating PFAS contaminated sites

• Treatment technologies for all PFAS

• Economically Achievable

THE FUTURE: NEEDS
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THE FUTURE: MARKET CONSIDERATIONS

1,398 Sites in 49 

states…

…expect the number 

and density of sites 

to grow significantly
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THE FUTURE: MARKET CONSIDERATIONS

1,4-Dioxane



THE FUTURE: MARKET CONSIDERATIONS

Anticipated US 

remediation costs…

$160 billion



THE FUTURE: MARKET CONSIDERATIONS
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RESOURCES
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