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1. Getting to Know Per- and Polyfluoroalkyl 
Substances (PFAS)

• PFAS is an acronym for per- and 
polyfluoroalkyl substances.

• A group of synthetic organofluorine 
chemical compound.

• PFAS are defined as fluorinated 
substances that contain at least one fully 
fluorinated methyl or methylene carbon 
atom.

• PFAS are referred to as “forever 
chemicals” because of their persistence 
in the environment.

• There are thousands of different PFAS, 
some of which have been more widely 
used and studied than others

Leung, S.C.E., Wanninayake, D., Chen, D., Nguyen, N.T. and Li, Q., 2023. Physicochemical properties and interactions of perfluoroalkyl 
substances (PFAS)-Challenges and opportunities in sensing and remediation. Science of The Total Environment, p.166764.

https://fluoropolymers.eu/wp-content/uploads/2023/12/Fluoropolymers-versus-Side-Chain-Fluorinated-Polymers.pdf
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1.1 What are PFAS? • Industrial uses of PFAS have 
extended to > 200 diverse 
applications of > 1400 individual 
PFAS

• Some example of PFAS, 
• PFOS:  Perfluorooctane sulfonic acid 
• PFOA:  Perfluorooctanoic acid
• GenX
• PFBS 
• perfluorohexane	sulfonate	(PFHxS)

• POPs (Stockholm Convention for 
the protection of human health 
and the environment from 
persistentorganic pollutants): 
• PFOS (2009) and
• PFOA (2019)

PFOS

PFOA

PFBS 
Leung, S.C.E., Wanninayake, D., Chen, D., Nguyen, N.T. and Li, Q., 2023. Physicochemical properties and interactions of perfluoroalkyl 
substances (PFAS)-Challenges and opportunities in sensing and remediation. Science of The Total Environment, p.166764.

https://cen.acs.org/environment/persistent-pollutants/US-EPA-deems-two-GenX-PFAS-chemicals-more-toxic-than-PFOA/99/i40
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1.2 Properties of PFAS

Structure of PFAS molecule

• A perfluorinated chain (Rf) is essentially an 
alkyl chain with all the hydrogen atom 
replaced by fluorine atoms and the head can 
be a sulfonate or carboxylate.
• Fluorine is the most electronegative element, 

and when bonded to carbon, forms one of 
the strongest and the most inert single bonds 
found in organic compounds .
• The three lone pairs of fluorine atoms and the 

negative partial charge create a steric shield 
and an electrostatic shield. Kinetic stability is 
achieved through the shielding of the central 
carbon atom by the fluorine which 
safeguards PFAS against nucleophilic attack 
of the central carbon atom

Leung, S.C.E., Wanninayake, D., Chen, D., Nguyen, N.T. and Li, Q., 2023. Physicochemical properties and interactions of perfluoroalkyl 
substances (PFAS)-Challenges and opportunities in sensing and remediation. Science of The Total Environment, p.166764.
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1.2 Properties of PFAS • Due to the larger radious of fluorine (1.47 Å) 
when compared to hydrogen (1.20 Å), steric 
congestion happens when all of hydrogen 
atoms in the Rf are replaced by fluorine 
atoms, leading to a dramatic change in the 
conformation of the molecule.
• PFAS show very weak intramolecular and 

intermolecular interactions due to the 
low polarizability of fluorine,

Hydrocarbon Perfluoroalkyl

Trans zigzag Helical
Leung, S.C.E., Wanninayake, D., Chen, D., Nguyen, N.T. and Li, Q., 2023. Physicochemical properties and interactions of perfluoroalkyl 
substances (PFAS)-Challenges and opportunities in sensing and remediation. Science of The Total Environment, p.166764.
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1.3 PFAS Can Be Found in Many Places

https://static.ewg.org/ewg-tip-sheets/EWG-
AvoidingPFCs.pdf?_gl=1*3mu2k6*_gcl_au*MjA3Mzg3NDAzMy4xNzMyNjYzMzc5*_ga*MTc3MjM5OTgwOS4xNzMyNjYzMzgw*_ga_CS21G
C49KT*MTczMjc4MzAzNS43LjEuMTczMjc4MzAzNy41OC4wLjU1MDM0MjI2MA..
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Evich, M.G., Davis, M.J., McCord, J.P., Acrey, B., Awkerman, J.A., Knappe, D.R., Lindstrom, A.B., Speth, T.F., Tebes-Stevens, C., 
Strynar, M.J. and Wang, Z., 2022. Per-and polyfluoroalkyl substances in the environment. Science, 375(6580), p.eabg9065.
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2. The Dangers of PFAS Chemicals 

• Ongoing research aims to understand how exposure 
to various PFAS contributes to different health effects. 
Studies indicate that certain levels of PFAS exposure 
could result in

https://www.epa.gov/system/files/documents/2023-10/final-virtual-pfas-explainer-508.pdf

2.1 Are PFAS Safe? 
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2.2 People Can Be Exposed to PFAS

• Working in occupations such as firefighting or chemicals 
manufacturing and processing.

• Using products made with PFAS or that are packaged in 
materials containing PFAS.

• Drinking water contaminated with PFAS.
• Eating certain foods that may contain PFAS
• Swallowing contaminated soil or dust.
• Breathing air containing PFAS.

https://www.epa.gov/system/files/documents/2023-10/final-virtual-pfas-explainer-508.pdf
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2.3 Certain People May Have Higher Exposure to PFAS

• Adults: Some people have higher exposures to PFAS than others 
because of their jobs or where they live. For example:

• Industrial workers who are involved in making or processing PFAS or people who live or 
recreate near PFAS-producing facilities.

• Pregnant and lactating women tend to drink more water per pound of body weight.

• Children: Because children are still developing, they may be highly 
sensitive to the harmful effects of chemicals such as PFAS.

• Drinking more water, eat more food, and breathe more air per pound of body weight
• Crawling on floors and putting things in their mouths.

https://www.epa.gov/system/files/documents/2023-10/final-virtual-pfas-explainer-508.pdf
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Strynar, M.J. and Wang, Z., 2022. Per-and polyfluoroalkyl substances in the environment. Science, 375(6580), p.eabg9065.11

3. The Current 
Severity of PFAS 
Contamination



3. The Current 
Severity of PFAS 
Contamination

Ackerman Grunfeld, D., Gilbert, D., Hou, J., Jones, A.M., Lee, M.J., Kibbey, T.C. and O’Carroll, D.M., 2024. Underestimated burden of per-and polyfluoroalkyl substances in global surface 
waters and groundwaters. Nature Geoscience, pp.1-7.
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https://tinyurl.com/2mvwnjf6
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Administrative Recommendation Setting of Several 
Nations for Controlling PFAS Level in the Water

On April 10, 2024, EPA announced the final National Primary 
Drinking Water Regulation (NPDWR) for six PFAS.

Leung, S.C.E., Wanninayake, D., Chen, D., Nguyen, N.T. and Li, Q., 2023. Physicochemical properties and interactions of perfluoroalkyl 

substances (PFAS)-Challenges and opportunities in sensing and remediation. Science of The Total Environment, p.166764.
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• In August 2022, the EPA proposed to add PFOA and PFOS to its 
list of hazardous substances under the Superfund law. EPA issued 
a final rule in April 2024, which requires that polluters pay for 
investigations and cleanup of these substances

• In April 2024, the EPA issued a final drinking water rule for PFOA, 
PFOS, Gen X, PFBS, PFNA, and PFHxS. Within three 
years, public water system must remove these six PFAS to near-
zero levels.
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