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Ultrashort PFAS: 

Understanding Their Measurement and 
Relevance for Remediation Monitoring
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PFAS Definitions

• A structure that contains the unit R-CF2-CF(R')(R''), where 
R, R', and R'' do not equal "H"

• The carbon-carbon bond is saturated

• Branching, heteroatoms, and cyclic structures are included

• Multiple definitions, none include only one CF3

USEPA

• Any chemical with at least a perfluorinated methyl group

(–CF3) or a perfluorinated methylene group (–CF2–)

• At least one fully fluorinated CF3 or CF2

OECD

• Any chemical with at least a perfluorinated methyl group

(–CF3) or a perfluorinated methylene group (–CF2–)

• At least one fully fluorinated CF3 or CF2

Canada
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Ultra-short PFAS

“Ultrashort” = carbon chain length < 4

Source: Ateia et al.: “The overlooked short- and ultrashort-chain poly- and perfluorinated 
substances: A review”. Chemosphere 220 (2019) pp 866-882

Using current definitions, trifluoroacetic acid (TFA) 

and Trifluoromethanesulfonic acid (TFMS) are not 

PFAS in the US, but PFAS in Canada/Europe

• Concerns around ultrashorts are emerging 

given multiple possible sources

• Contribute a significant proportion of the total 

PFAS measured at landfill sites (The missing 

link in PFAS mass in landfill leachates?)

• “New” chromatographic approaches make 

analyses almost routine

• Currently measurement of ultrashort PFAS is 

an independent method from 1633

• Extension of the PFAS analyte list to include 

ultrashorts has the potential to enhance thee 

utility of the TOP assay
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Concerns around ultrashort PFAS are NOT new…
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Sources of TFA and PFPrA

• Ice core records in the Arctic show TFA and 

PFPrA are increasing in the studied environments

• Several sources are likely, but it is suggested that 

TFA likely stems from perfluoroacyl halide 

hydrolysis of specific PFAS, e.g., 
• HCFC-124

• HFC-134

• Other sources in polluted environments include:
• Precursor transformation of specific PFAS in AFFF, e.g.,  

heptafluoropropane, HFC-227ea and perfluoro-2-methyl-3-

pentanone

• General fluorotelomer transformation

Source: Pickard et al: Geophysical Research Letters, 47(10) 2020
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Rainwater TFA Estimates – High ng/L Background

Source: Wang et al: Environ Sci Technol, 52(5) 2018
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Drugs, Agrichemicals and Trifluoromethylation

Paxlovid constituent

Fluoxetine (Prozac)

• Adding a CF3 group to a molecule 

(trifluoromethylation) is a well-known technique to 

improve biological activity, chemical or metabolic 

activity, and chemical or metabolic stability

• 15-20% of all FDA-licensed drugs and >50% of 

bestselling drugs contain fluorine

• Also common herbicides such as trifluralin

• This CF3 group breaks off to form TFA
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TFA Predominates Among PFAAs in US Landfills

• High levels of TFA most 

likely from fluorotelomer 

transformation and chain 

shortening

Source: Tsou et al: Environ Sci Technol Water, 3 2023
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Occurrence of Ultrashort Chain Sulfonates

• Presence of PFEtS (C2) PFPrS (C3) 

sulfonates noted in legacy 3M AFFF 

(Barzon-Hanson and Field (2015))
• PFEtS 7-13 mg/L

• PFPrS 120-270 mg/L

• Björnsdotter et al. (2019) recently 

published on occurrence in Sweden
• Detection frequencies 94, 71 and 88% for C1, 

C2, C3

• TFMS up to 1000 ng/L, PFEtS and PFPrS up to 

1700 and 15000 ng/L

• AFFF sites main source

• Other sources? Ionic Liquids? More study 

is needed

Source: Björnsdotter et al.: Environ Sci Technol Water, 53(19) 2019
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Regulatory Drivers

• EPA Regional Screening Levels (RSLs) for TFSI and PFPrA 

Source: USEPA - https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
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Ultrashort Target Compound List

Analytes Acronym Formula

Aqueous 

Reporting 

Limit (ng/L 

at 0.02 L)

Solid 

Reporting 

(ng/g)

Surrogate 

Standard

Carboxylates (PFCA)

Trifluoroacetic acid TFA or PFEtA CF3-COOH 100 1.6 13C2-PFEtA

Pentafluoropropionic acid PFPrA CF3-CF2-COOH 20 0.32 13C3-PFPrA

Sulfonates (PFSA)

Trifluoromethanesulfonic acid PFMeS CF3-SO4H 10 0.16 13C3-PFPrA

Pentafluoroethanesulfonic acid PFEtS CF3-CF2-SO4H 5 0.08 13C3-PFPrA

Heptafluoropropanesulfonic acid PFPrS
CF3-CF2-CF2-

SO4H

5
0.08 13C3-PFPrA

• Focusing on 5 perfluorinated alkyl acids

• Extendable to polyfluorinated acids as needed
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Extending TOP Analysis

• Extending TOP assay to cover TFA and PFPrA uncovers much of that “missing” mass 

fluorotelomer PFAS

Source: Tsou et al: Environ Sci Technol Water, 3 2023
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Conversion of Selected PFAS to Ultrashort PFAS 

• TOP oxidation produces 

significant  ultrashort 

PFAS. 

• The values agree with 

those generated by Tsou 

et al. 2023
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Experimental – Study sites and Methods

• Study sites: Two municipal solid waste landfills

I. Active site – Site 1
• In operation since the 1960s

II.Closed site – Site 2
• Site inactive since around late 1980s

• Analytical methods: – 5 methods, 79 analytes

I. Pre-oxidation
• SGS AXYS Method MLA-110 – US EPA method 1633   - 40 analytes

• SGS AXYS Method MLA-120 – Ultrashort PFAS  - 5  analytes

• SGS AXYS method MLA-121 – Extended list of PFAS  - 34 analytes

II.Post-oxidation
• SGS AXYS Method MLA-111 – TOP Assay protocol  - 19 terminal acids

• SGS AXYS method MLA-122 – TOP Assay for Ultrashort PFAS - 5 terminal acids
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Results – Occurrence of PFAS – by Analyte

• PFEtA, i.e., TFA (20,000 ng/L and 

5,588 ng/L) showed the highest 

conc. of any PFAS in leachates from 

both sites.

• PFMeS (16,600 ng/L), another 

ultrashort PFAS,  showed the 

second highest conc in the leachate 

from the active landfill. It was not 

detected in the closed landfill. 

• Excluding the ultrashort PFAS, the 

highest concentration was observed 

for 5:3 FTCA.

• PFPrA was NOT detected in pre-

oxidation TOP measurements.
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Results – Adding Ultrashorts to TOP 

• The conc of PFEtA (TFA) 

increased by 14% in the active 

landfill and by 7% in the leachate 

from the closed landfill. 

• The concentration of PFEtA 

(TFA), PFBA, PFHxA, PFPrA, 

PFPeA, and PFOA increased 

after top Oxidation

• PFMeS was not detected after 

TOP oxidation

• The significance of ultrashort 

PFAS is highlighted for both pre 

and post oxidation measurement 

of PFAS in landfill leachates. 
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To Conclude…

• Ultrashort PFAS contribute a significant proportion (>80%, and 30% at the closed and active 

sites by conc.) of the total PFAS measured at both the landfill sites studied and likely provide 

the missing link in PFAS mass in landfill leachates. 

• Results demonstrate the importance of monitoring ultrashort PFAS in landfill leachate samples. 

• PFMeS (a C1 ultrashort PFAS) was measured at the second highest concentration at the active 

landfill site. This analyte was not detected post-oxidation in the TOP measurements.

•

• PFPrA (a C3 ultrashort PFAS) was detected after oxidation in the TOP assay, but was not 

detected in the pre-oxidation samples

• Future study – we plans to investigate landfill leachates further using non-targeted analytical 

methods
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Thank you!

Do you have any questions?

terry.obal@sgs.com

+1 437-341-0149

www.sgs.com/industry

mailto:ivana.vukovic@sgs.com
http://www.sgs.com/industry
https://www.facebook.com/sgs
https://www.linkedin.com/company/sgs
https://www.instagram.com/sgsglobal/
https://twitter.com/SGS_SA
https://www.youtube.com/user/sgseditor
https://www.slideshare.net/SGSgroup

