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What are PFAS?
“Per- and Poly-Fluoro-Alkyl Substances” (PFAS)

Consist of more than 3,000 chemicals

• Became widely used due to unique chemical properties

1) Repel oil and water (coatings)

2) Temperature resistant (fire-fighting foams)

3) Reduce friction (lubricants)



First PFAS discovered

Polytetrafluoroethylene (PTFE ) was accidentally 
discovered by Dupont chemist Roy J. Plunkett in 1938



• Stain-resistant clothing, carpeting, upholstery
• Household products such as non-stick cookware, 
• Polishes, waxes, and paints
• Food packaging-popcorn bags, pizza boxes, fast food 

wrappers/containers
• Metal plating and electronics manufacturing

Where are they found?



Unique Properties of PFAS

C-H Bond C-F Bond

• 1.09 Å average bond 
length

• 347-377 kJ/mol bond 
dissociation energy

• Hydrogen covalent 
radius = 31 pm

• 1.35 Å average bond 
length

• 481 kJ/mol bond 
dissociation energy

• Fluorine covalent radius 
= 57 pm



• Many PFAS bioaccumulate

• Nearly everyone in the US has been exposed to PFAS

• PFOA, PFNA, PFHxS, and PFOS most common

• Studies suggest that exposure to PFOA and PFOS can lead to adverse health 
effects

• Studies with laboratory animals have shown PFOA and PFOS can affect 
reproduction and development, kidney and liver function, and cause 
immunological effects

• Increased cholesterol levels

• Low birth weights

• Thyroid hormone disruption

• Possible carcinogen

Why does it matter?



Contaminated drinking water:
• Public and private systems typically with localized release

Food sources:
• Eating plants and meat, including fish that accumulated PFAS
• Consumption of food that came into contact with PFAS containing products

At Home: Household products and indoor dust containing PFAS
In the Workplace: Chemical production facility (Manu. use PFAS.)
To the environment:

• Aqueous film forming foam (AFFF)

• Manufacturing facilities

• Landfills

• Wastewater effluents

Routes of Exposure



AFFF (Aqueous Film Forming Foam)

Wikimedia Commons. https://commons.wikimedia.org/wiki/File:Perfluorooctanesulfonic-
acid-3D-balls.png (Accessed 2023-04-18)

Consumer Notice https://www.consumernotice.org/environmental/afff/ (Accessed 
2023-04-18)

National Center for Biotechnology 
Information 
https://www.ncbi.nlm.nih.gov/pmc/arti
cles/PMC5719435/ (Accessed 2023-04-
20)



AFFF Pollution

Interstate Technology Regulatory Council  Firefighting Foams. https://pfas-1.itrcweb.org/3-
firefighting-foams/#3_2 (Accessed 2023-04-18) 

Air Combat Command. https://www.acc.af.mil/News/Article-
Display/Article/199717/airmen-test-foam-suppression-system/ (Accessed 2023-04-18) 

Wikipedia. https://en.wikipedia.org/wiki/Per-_and_polyfluoroalkyl_substances (Accessed 
2023-04-20) 

https://pfas-1.itrcweb.org/3-firefighting-foams/#3_2


EPA 537.1



SPE (Solid Phase Extraction)
• Analytes in solution interact with a solid sorbent bed to 

remove them from solution
• Once the entire sample matrix has passed through the SPE 

cartridge, the analytes are eluted from the cartridge using a 
solvent that has stronger interactions with the analytes than 
the SPE sorbent. 



SPE (Solid Phase Extraction)



High Performance Liquid Chromatography (HPLC)

• Separation technique where a liquid mobile phase is 
pumped through a column containing a solid sorbent 
stationary phase. 

• The analytes will separate based on their individual 
interaction with both the mobile phase and the stationary 
phase.

• The time it takes for an analyte to travel from the injection 
site to the detector is called the “retention time”, this can be 
determined individually for each analyte.



High Performance Liquid Chromatography (HPLC)

LC Resources. 
http://www.lcresources.com/resources/getstar
t/i.htm (Accessed 2023-04-26) 

Waters. https://www.waters.com/waters/en_US/How-Does-HighPerformance-Liquid-Chromatography-
Work%3F/nav.htm?locale=en_US&cid=10049055 (Accessed 2023-04-26) 

LC Resources. 
http://www.lcresources.com/reso
urces/getstart/i.htm(Accessed 
2023-04-26) 

http://www.lcresources.com/resources/getstart/i.htm


High Performance Liquid Chromatography (HPLC)



Mass Spectrometry
• Analytical technique where analytes are detected by their 

mass-to-charge (m/z) ratio
• The analytes must be ionized prior to being analyzed by 

mass spectrometry
• Mass spectrometry is typically used to determine what 

products were formed during organic synthesis



Triple Quad Mass Spectrometry
• Analytes are identified by m/z ratio, then fragmented.
• The fragments are then identified by their unique m/z ratio
• Triple quad mass spectrometry is a powerful detection 

technique, because there are two events where the analyte 
are identified

Wikimedia Commons. https://commons.wikimedia.org/wiki/File:Perfluorooctanesulfonic-
acid-3D-balls.png (Accessed 2023-04-18)

• PFOS: 500.119 amu

• Fluorinated Carbon Chain: 419.054

• Sulfonate Head: 81.065



Triple Quad Mass Spectrometry



Triple Quad Mass Spectrometry

Sciex. https://www.sciex.com/tech-notes/technology/------powerful-scan-modes-of-qtrap--system-
technology- (Accessed 2023-04-26) 



LC systems typically contain fluoropolymer tubing and 
components

Therefore…
-Replace factory tubing with polyetheretherketone (PEEK) 
tubing
-Use delay column: PFAS from mobile phase or LC system 
elutes after PFAS in sample

Solid phase extraction (SPE) manifold and procedure
-Remove Teflon® guide needles
-Replace Teflon® tubing present in large volume samplers

EPA 537.1 Implementation Challenges



EPA 537.1 Implementation Challenges

• Polypropylene autosampler vials are only good for one 
injection

• PEEK plumbing is not always rated for higher pressures



537.1 QA/QC Parameters



537.1 QA/QC Parameters



EPA 533



Isotope Dilution
• Isotopically labeled analytes are added to the sample prior 

to extraction
• Native analytes are extracted alongside their isotopic 

analogue 
• The amount of analyte in solution is identified based on the 

extraction efficiency of the isotopically labeled analyte

Wikimedia Commons. https://commons.wikimedia.org/wiki/File:Perfluorooctanesulfonic-
acid-3D-balls.png (Accessed 2023-04-18)

• PFOS: 500.119 amu

• M8PFOS: 508.055 amu 



Weak Anion Exchange
• Stationary phase consists of positively-charged ligand that 

interacts with negatively charged analytes. 
• The stationary phase is conditioned with a basic solution to 

ensure that ligands are positively charged.
• When negatively charged analytes pass through, they will 

bind to the stationary phase. 
• After loading, the analytes are eluted from the stationary 

phase using a basic solution that will recharge the stationary 
phase, releasing the analytes.



ELI 537 MOD
Analyte Acronym Formula Analyte Acronym Formula

PFBA C3F7CO2H 4:2 FTS CF3(CF2)3(CH2)2SO3Na
PFPeA C4F9CO2H 6:2 FTS CF3(CF2)5(CH2)2SO3Na
PFHxA C5F11CO2H 8:2 FTS CF3(CF2)7(CH2)2SO3Na
PFHpA C6F13CO2H FOSA CF3(CF2)7SO2NH2
PFOA C7F15CO2H NMeFOSAA C8F17S(O2)N(CH3)CH2CO2H
PFNA C8F17CO2H NEtFOSAA C8F17S(O2)N(C2H5)CH2CO2H
PFDA C9F19CO2H GenX (HFPO-DA) C6H4F11NO3

PFUnA C10F21CO2H ADONA C7H5F12NO4
PFDoA C11F23CO2H F53B Maj (9Cl) Cl(CF2)6O(CF2)2SO3H
PFTrDA C12F25CO2H F53B Min (11Cl) Cl(CF2)8O(CF2)2SO3H

PFTA C13F27CO2H
PFBS C4F9SO3H
PFPeS C5F11SO3H
PFHxS C6F13SO3H
PFHpS C7F15SO3H
PFOS C8F17SO3H
PFNS C9F19SO3H
PFDS C10F21SO3H



ELI 537 MOD
• PFAS extraction of wastewater by WAX SPE (stacked 

cartridge with WAX bed and Graphetized Carbon Black (GCB) 
bed)

• PFAS extraction of soil with GCB pass-through SPE 
• QA/QC parameters per DOD QSM Table B-15



537 MOD QA/QC Parameters



537.1 vs 533 vs 537MOD
• Drinking 

water only
• Internal 

standard 
quantitation

• SDVB SPE
• LCMS analysis
• 14 analytes
• Evaporate to 

dryness

• Drinking 
water only

• Isotope 
Dilution

• WAX SPE
• LCMS analysis
• 25 analytes
• Evaporate to 

dryness

• Surface water, 
groundwater, 
and soil

• Isotope 
dilution

• WAX SPE
• LCMS analysis
• 28 analytes
• GCB cleanup 

step
• Do not 

evaporate to 
dryness. 



537 MOD Limitations
• Dirty sample matrices can clog cartridges and transfer lines
• Sample extracts are not filtered or prescreened, so dilution 

and reanalysis are frequently required
• Minimal GCB cleanup for wastewater samples 
• Sample extracts regularly contaminate instrumentation and 

cause premature wear on columns. 



EPA 1633



EPA 1633



1633 advantages
• Transfer lines are not used and silanized glass wool is added 

to cartridges, so there is reduced risk of clogging
• A specific procedure is written for when cartridges do clog 
• GCB cleanup on extract
• Prescreening of all samples
• Samples with >50mg TSS are rejected
• Subsampling is allowed
• Extracts are filtered prior to instrumental analysis
• Extract concentration step is eliminated (no “blow-down”)
• 12-minute run time
• Bile acid calibration



Sample Loading



QA/QC parameters



Bile Acid Calibration



Bile Acid Calibration

SGS Axys. Bile Acids Interferences in PFAS Analysis - SGS AXYS(Accessed 2023-04-18)

Wikimedia Commons. https://commons.wikimedia.org/wiki/File:Perfluorooctanesulfonic-
acid-3D-balls.png (Accessed 2023-04-18)

• PFOS: 500.119 amu

• Bile salts: 499.2 amu 



• Sub 2um column is used, so UHPLC instrumentation is required 
(~16,000 psi)

• Standards are sold as multiple individual mixes

• Additional consumables and solutions are required and must 
be tested for PFAS interference/enhancement/suppression

• Additional analytes means tedious data analysis

• EPA has not finalized the method

EPA 1633 Implementation Challenges



UHPLC
• HPLC that operates in excess of 6,000 psi
• >2um column with high flow rate 
• Greater separation and resolution are achieved with a 

shorter run time



1633 Development at ELI
• Setup of the new Shimadzu UHPLC was completed April 25th

• The UHPLC will be integrated with the mass spec the week of May 8th

• Compound optimization on Mass Spec will be completed week of May 
15th

• Initial MDL study to follow

• We plan on accepting 1633 samples by July 8th, 2023, barring 
accreditation/approvals



Thank you

Gillette WY

400 West Boxelder Road
Gillette, WY 82718-5315

Phone: 307-686-7175
Fax: 307-682-4625

Casper WY

2393 Salt Creek Highway
Casper, WY 82601-9601

Phone: 307-235-0515
Fax: 307-234-1639

Helena MT

3161 E. Lyndale Ave
Helena, MT 59601-6401

Phone: 406-442-0711
Fax: 406-442-0712

Billings MT

1120 South 27th St.
Billings, MT 59101-4518

Phone: 406-252-6325
Fax: 406-252-6069
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