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Per – and Polyfluoroalkyl Substances
Overview of physical properties, regulation and 
remediation.
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Chemistry & Analysis of PFAS
Taryn McKnight
TestAmerica Laboratories, Inc. 



Briefly - What are PFASs?
Class of synthetic compounds containing 
thousands of chemicals formed from 
carbon chains with fluorine attached

The C-F bond is one 
of the shortest and 
strongest in nature

Toxic

Bio-
accumul

ative

Persistent



Nomenclature

Not the 
greenhouse 

gas



Chemical Structure

•Chain Length

•Carbon Backbone

•Functional Group



Carbon Chain Nomenclature

Acronym Compound Name Carbon Chain 
Length

PFUnA Perfluoroundecanoic acid C11

PFDA Perfluorodecanoic acid C10

PFNA Perfluorononanoic acid C9

PFOA Perfluorooctanoic acid C8

PFHpS Perfluoroheptanesulfonic acid C7

PFHxS Perfluorohexanesulfonic acid C6

PFBS Perfluorobutanesulfonic acid C4



Properties

Fluorocarbon “Tail” = Hydrophobic and Oleophobic

Functional Group “Head” = Hydrophilic



Branched & Linear Isomers



PFAS Formation

ECF Reaction = B&L & Unintended Byproducts

Telomer Reaction: Unintended Byproducts

+ + =

F(CF2)2I F(CF2)nI F(CF2)nCH2CH2I F(CH2)nCH2CH2OH→ → →
Telomer alcoholsPFEI Telomer A Telomer B





Precursors



PFCA Pattern – MeFOSA Precursor
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PFAS – Regulatory Timeline
When Who What Happened

2002 US EPA Initiated voluntary phase out of PFOS

2002 3M Voluntarily discontinued making PFOS (7 other makers 
complied)

2006 US EPA PFOA Stewardship Program initiated

2008 Canada Regulated and prohibited PFOS imports to Canada

2009 UN Stockholm Convention  - adds PFOS to Annex B

2010 US EPA PFOA Stewardship Program  - PFOA reduced by 95%

2015 US EPA Eliminate the use of PFOA by December 31, 2015

May 
2016 US EPA

PFOS and PFOA lifetime health advisory limits reduced 
to 70 ppt combined



State PFOA ppt PFOS ppt Comments
California Prop 65 Prop 65

Washington NA TBD Listed PFOS as PBT

Oregon 24000 300000
PFHpA, PFNA, 

PFOSA
North Carolina 2000 NA “GenX” 140 ppt
Alaska 400 400

Texas 290 560 PCLs for 16 PFCs

Illinois 400 200
Kentucky 400 200
Ohio 400 200
Alabama 70 70

Connecticut 70 70
PFNA, PFHxA, 
PFPeA, PFHpA

Delaware 70 70
Georgia 70 70 Proposed
Iowa 70 70
Maine 70 70
Maryland 70 70

Michigan 70 70 5ppt TDL
New Hampshire 70 70
New York 70 70
Rhode Island 70 70

Pennsylvania 70 70 May lower to 6ppt

Minnesota 35 27
Vermont 20 20

New Jersey 14 TBD PFNA 13 ppt



Replacement Chemicals



Regulatory Challenges

Formal 
Guidance

Screening 
Levels

Target 
Analytes

Methods



EPA Method 537 
“A Finished Drinking Water Method”



Groundwater, Soil, Tissue? 

What method 
do we use for 
non-potable 
water 
matrices? 



537 “Modified”



Reducing Variability



Labeled Analogues

The Parr Family = Native PFOS The Incredible Family = Labeled PFOS

= 13C

=



Branched and Linear Error  

Standard

Sample

B and L L only

0.99 vs 1.20 ng/ml



Secondary Ion Transition - PFOS

Standard

Sample

Primary Ion Transition Secondary Ion Transition

Primary Ion Transition Secondary Ion Transition



Proficiency Testing



Why are PFAS a concern?

• Social drivers in response to:
• Lowered USEPA drinking water advisory levels

• Drinking water concentrations > advisory levels

• Fish consumption advisories

• Wide variety of sources

• Lots of unknowns



Potential Exposure Pathways – Drinking Water

SOURCE: Hu, Xindi C., et al. "Detection of poly-and perfluoroalkyl substances (PFASs) in US drinking water linked to industrial 
sites, military fire training areas, and wastewater treatment plants." Environmental science & technology letters 3.10 (2016): 344.



Potential Exposure Pathways – Drinking Water

US EPA’s Health 
Advisory is 70 ng/L

SOURCE: Hu, Xindi C., et al. "Detection of poly-and perfluoroalkyl substances (PFASs) in US drinking water linked to industrial 
sites, military fire training areas, and wastewater treatment plants." Environmental science & technology letters 3.10 (2016): 344.



Potential Exposure Pathways – Consumption Fish and PFOS

SOURCE: US EPA. 2016. Fish and Shellfish Program Newsletter



Potential Exposure Pathways – Commercial and 
Consumer Products

SOURCE: ITRC – History and Use of PFAS Fact Sheet 2017

SOURCE: www.atsdr.cdc.gov/pfas



Status of PFAS Investigations in Michigan

SOURCE: www.Michigan.gov/documents/deq/deq-map-confirmedPFASsites_611932_7.pdf



Status of PFAS Investigations in Michigan

SOURCE: MDEQ: https://www.michigan.gov/deq/0,4561,7-135--468979--,00.html



Sampling Challenges – PFAS

• PFAS are ubiquitous

• Can be on samplers clothing, gloves, 
sampling equipment 

• Waterproof field note books

• Glass bottles can cause loss of analyte

• Water for blanks (must be certified-PFAS free)

• Clean hands / Dirty hands



Sampling Challenges – PFAS



Remediation Challenges – PFAS

SOURCE: ITRC’s Remediation Technologies and Methods for PFAS – Fact Sheet



Remediation Challenges – PFAS

Biodegradation
• Very limited research to date showing 

biodegradation of Per-PFAS

• Evidence of transformations of Poly-PFAS 

• Ability to treat to the proposed standards?

SOURCE: XDD Environmental – PFAS Remediation Webinar – Part 1

Oxidative / Reductive Technologies
• Requires high energy and/or diverse reactive 

species – complex chemistry

• Several bench studies and few pilots performed 
showing destruction of PFAS

• Research is ongoing to treat precursors



Remediation Challenges – PFAS

Extremely recalcitrant to degradation or destruction

Technologies under 
investigation:

• Biodegradation

• Flocculation

• Sorption



Remediation Challenges – PFAS

Biodegradation
• Biodegradation of PFOS under aerobic 

conditions in wastewater treatment sludge 
has been observed 

• Organism identified as Pseudomonas 
aeruginosa strain HJ4

• 67% of PFOS was biologically 
decomposed

• Research is ongoing

SOURCE: Chemosphere 109 (2014) 221 – 225 



Remediation Challenges – PFAS

Flocculation
• PerfluorAd®

• Surface active liquid reagent

• Non-toxic and biodegradable

• Causes flocculation and precipitation of PFAS from water

• Approximately 95% removal of PFAS

• Mobile treatment system is available

SOURCE: tersusenv.com



Remediation Challenges – PFAS

Sorption
• Activated Carbon or RemBind®

• RemBind recently used in Australia to 
treat 1,000 tonnes of soil impacted with 
PFAS

• Mixing soil with 5% RemBind® decreased 
leaching of PFAS from soil to below the 
analytical detection limit

SOURCE: tersusenv.com




