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Polymers

Fluoropolymers Polymeric 
perfluoropolyethers

Side-chain Fluorinated 
polymers

Fluorinated urethanes Fluorinated 
acrylates/methacrylates Fluorinated oxetanes

Very large compounds;  
Only carbons in the 
backbone, fluorine 
attached to carbon 
backbone (e.g., plastics)

Carbon and oxygen 
backbone, fluorine attached 
to carbons along backbone 
(e.g., lubricants)

Fluorine containing side chain, 
attached to hydrocarbon-based 
backbone (e.g., surface protection 
products)

Fluoropolymers 



What constitutes a PFAS?
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OECD, 2021 = “fluorinated substances that contain at least one fully 
fluorinated methyl or methylene carbon atom (without any H/Cl/Br/I atom 

attached to it), i.e. with a few noted exceptions, any chemical with at least a 
perfluorinated methyl group (–CF3) or a perfluorinated methylene group (–

CF2–) is a PFAS.”  

USEPA Office of Pollution Prevention and Toxics: Instructions for Reporting 
PFAS Under TSCA Section 8(a)(7), 2023

1. R-(CF2 )-CF(R’)R’’, where both the CF2 and CF moieties are saturated carbons
2. R-CF2 OCF2 -R’, where R and R’ can either be F, O, or saturated carbons
3. CF3 C(CF3 )R’R’’, where R’ and R” can either be F or saturated carbons

Delaware = "non-polymeric perfluoroalkyl and polyfluoroalkyl substances 
that are a group of man-made chemicals that contain at least 2 fully 

fluorinated carbon atoms, excluding gases and volatile liquids”



What is a PFAS?
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PFAS List #

EPA SDWA: Contaminant Candidate 
List (CCL 5)

10,239

Industry/commercial products 
today ~600

Target analyte list: commercial labs ~40 - 70

Target analyte list: academic labs ~500

Toxicity value (human health) ~8

Standardized methods for soil/water 40

Fluoxetine

PaxlovidPTFE

GenX

6:2-FTOHPFOS



Screening 
Methods

• TF
• TOF
• TOP
• PIGE
• INAA

EPA Promulgated 
Methods

• 1621 AOF
• 1633
• 537.1
• 8327
• 533

Other Test 
Methods

• OTM-45 (SVOC)
• OTM-50 (VFC)

Analytical Chemistry Methods

7



› Total fluorine methods:
› Total Fluorine analysis (TF)

› Performed by Combustion Ion 
Chromatography (CIC)

› Total Organic Fluorine (TOF):
› Falls into two areas:
› Extractable Organic Fluorine (EOF) – 

used for solids
› Absorbable Organic Fluorine (AOF) – 

used for aqueous samples, mostly 
drinking water

› Measure fluorine/fluoride by CIC

› Additional thoughts:
› Both methods are or can be destructive
› TF measures all fluorine, whether organic 

or inorganic – from any source(s)
› TF is not a promulgated method
› TOF can bifurcate fluorine and fluoride
› TOF-EOF not a promulgated method
› TOF-AOF – Method 1621

› AOF promulgated for DW ONLY
› Potential to measure fluorine from other 

sources – pharma and Ag. chemicals
8

Screening Methods
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Screening methods – TOF 



› Total Oxidizable Precursors 
(TOP):
› Blasting the matrix with very 

strong oxidative condition
› Likely marginally applicable to 

fluorotelomers
› Theory is to oxidize all ”PFAS” 

to  “terminal products” 
› Terminal products would be 

fully-fluorinated “PFAS”

› Additional thoughts:
› Not a promulgated method
› TOP conditions not relevant to any 

environmental or biological 
process

› Not useful for sites heavily 
contaminated with fluorotelomers

› Likely limited impact on fully-
fluorinated compounds
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Screening Methods



› Surface Methods:
› PIGE = Particle induced gamma 

emission
› INAA = Instrument Neutron 

Activation Analysis 
› Aiming a beam (gamma or 

neutron) at the matrix and 
measuring emission – 
supposedly emission is 
proportional to fluorine

› Additional thoughts:
› Measures all fluorine, whether 

fluoride or fluorine
› Measures fluorine from other 

sources – pharma and Ag.
› Measures fluorine/fluoride only on 

the surface
› Not promulgated methods
› Not readily reproducible
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Screening Methods



› EPA Method 1621:
› Measures TOF via AOF 
› Absorb PFAS onto a matrix, 

back flush with MeOH
› Method calls for measurement 

of total fluorine via CIC
› Applicable to ONLY DW

› Additional thoughts:
› Method is pretty robust
› “Modifications” can be made to 

utilize analytes on 1633 analyte list
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EPA Promulgated Methods



› EPA Method 1633:
› Measures 40 individual 

analytes
› Isotope dilution method
› Promulgated for aqueous, 

solids, sediments, and complex 
matrices (with some help)

› Additional thoughts:
› Still some issues with fish tissue
› Eurofins have 70 individual analytes 

that can be measured with 1633
› Internal standards are not available 

for all 40 analytes
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EPA Promulgated Methods



› EPA Method 537.1:
› First promulgated method for 

“PFAS”
› Isotope dilution method
› 18 individual analytes
› Promulgated for only DW

› Additional thoughts: 
› Can also be “modified” for 

complex matrices
› Can be “modified” to 40 

analytes under 1633
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EPA Promulgated Methods



› EPA Method 533:
› Measures 25 individual analytes
› Promulgated for only DW
› Isotope dilution method
› Can be “modified” in a number of 

ways:
› 1633 list of individual analytes
› 537.1 combo – adds 4 analytes to make 29
› For complex matrices

› Additional thoughts:
› Method does not have a full list of 

internal standards
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EPA Promulgated Methods



› OTM-45 – SVOC:
› Measurement of selected PFAS 

from stationary sources
› Measures >50 individual analytes
› Samples withdrawn iso-kinetically 

from stream and collected in 
sample probe

› “Maybe used for federally or local 
enforcement programs…”

› Additional thoughts:
› Method does not have a full list of 

internal standards
› Not a promulgated method
› Third-party validation
› Reproducibility questions
› Variability in SOP for sample 

collection
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Other Test Methods - OTMs



› OTM-50 – VFCs:
› Volatile Fluorinated Chemicals 

(VFCs) from stationary sources
› Uses a passive stainless-steel 

cannister with absorbent
› Measures 30 individual 

analytes
› “Maybe used for federally or 

local enforcement programs…”

› Additional thoughts:
› Method does not mention internal 

standards
› Not a promulgated method
› Third-party validation
› Reproducibility questions
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Other Test Methods - OTMs



› Fluorinated chemicals that are 
outside any typical analyte list

› EPA ORD and others have 
performed this analysis

› Not entirely a random 
screening

› Analyze for exact Mw; 
extrapolate to elemental 
analysis; propose structure(s)

› Additional thoughts:
› Not a promulgated method
› Some judgment required
› Internal standards
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Non-Targeted Analysis (NTA)



› Gel Permeation 
Chromatography (GPC)
› GPC – Mw, MWD, oligomeric 

content
› Method can be modified

› GC-MS – residual monomers
› Extraction followed by LC-MS – 

leaching test
› 1H NMR & 19F NMR

› For individual FPs only

› Additional thoughts:
› Not a promulgated methods
› SOP variable
› May not be environmentally 

relevant
› Life-cycle analysis
› PLC criteria
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Fluoropolymers
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Fluoropolymers



› Choose the lab with caution
› Accreditation(s)
› ISO and ASTM 
› Communication with lab is key – matrix interferences

› Choose the promulgated method with caution
› Screen or individual analytes?
› How many analytes?

› Before analysis establish clear objectives from the analysis
› “PFAS” Analysis = Disclosure

› If the analysis is being done for internal knowledge – ensure confidentiality
› Part of a lawsuit – confirmatory analysis – replication 

Conclusions and Precautions

21



› MDLs – caution when being promised the earth
› For complex matrices – maybe 0.5 ppb at best

› Internal standards are limited – adds some uncertainty
› Screening is fine – with lots of caveats

› These screening methods are NOT a surrogate for individual analyte 
analysis

Conclusions and Precautions (cont.)
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QUESTIONS?
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