
Ramboll

INTRODUCTION TO PFAS

 Paul Hare, CPG, PG (NY, PA)

 Black River Watershed Conference

 June 14, 2023

Per- and Polyfluoroalkyl 
Substances 



Ramboll

Topics

2

01 What are PFAS?

02 Key federal activities

03 Key NYSDEC activities

04 Sampling & analysis primer

05 Aqueous treatment primer



RambollRamboll

What are PFAS?
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PFAS are among the most significant environmental 
regulatory developments in the last 40+ years 
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PFAS are 
in books

PFAS are in the news

PFAS are in social media

PFAS are in the 
movies



Ramboll 5

What are PFAS?

01 PFAS is a generic term for a large (>10,000) subclass of 
human-made fluorinated chemicals

02 Used in a wide range of industrial and commercial applications, 
consumer products, and firefighting foams

03 Unique because of their ability to repel oil, grease 
and water

04 Exceptionally stable, non-reactive chemicals,
resistant to degradation naturally and heat resistant

05 Properties/behavior varies dramatically

PFOA, PFOS and GenX are probably the most well known PFAS

PFOA – perfluorooctanoic acid
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PFOS – perfluorooctane sulfonic acid
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Perfluoroalkyl moiety (CnF2n+1-)
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Why the interest in PFAS?

Ubiquitous in the environment

Relatively mobile in the environment, moderately soluble

Potential human toxicity

Environmentally persistent

Lengthy and varied history of use

USEPA has identified more than 10,000 individual PFAS compounds

Many PFAS are classified by regulatory agencies as persistent, 
bioaccumulative and toxic compounds (PBTs)
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The complex world of PFAS
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PFAS

(>10,000
compounds)

Non-Polymers
(surfactants)

Polymers

Perfluoroalkyl 
substances

Polyfluoroalkyl 
substances

Fluoropolymers

Perfluoropolyethers

Side-chain fluorinated 
polymers

Perfluoroalkyl Carboxylic 
Acids (PFCAs)

• PFOA  (8C)
• PFNA  (9C)

Perfluoroalkyl Sulfonic 
Acids (PFSAs)

• PFHxS (6C)
• PFOS  (8C)

• N:2 FtOHs*
• N:3 FTCAs*
• N:2 FTSs*
• N:2 FTABs*

• PFPEs

• Fluorinated urethane 
polymers *

• PTFE
• PVDF

Surfactants in AFFF, 
intermediates, 
degradation products

Coatings, plastic articles

Functional fluids, processing 
aids, textiles, etc.

Textiles, carpets, leather, 
paper, etc. Surfactants, 

terminal 
degradation 
products,
primary 
environmental 
concern

*Compounds can transform into terminal degradation products (PFOA, PFOS, etc.)
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“Precursor” PFAS can transform to other PFAS

• Thousands of PFAS

• Some break down into the perfluorinated compounds of 
greatest interest – these are called “precursors”

• Example:

• Concentrations of precursors can be significant (e.g., in most fire fighting foams)

• Many/most precursors are not quantified during current commercial analyses

Is something else 
present that can 
transform to the 
PFAS of interest?

6:2 Fluorotelomer Sulfonate (6:2FtS)

8
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Household/
cooking

• Cookware

• Packaging

• Carpet/fiber protector

• Floor finishing

Apparel/
textiles

• Stain-resistant clothing

• Outdoor gear

Personal care/ 
healthcare

• Eyewear coating

• Cosmetics

• Biomaterials

• Medical devices

Industrial/
specialized

• Firefighting foams

• Chrome plating

• Aviation hydraulic fluids

• Semiconductor

• Coatings/adhesives

What are some of the many sources of PFAS?

PFAS are ubiquitous! 9
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Brief chronology of PFAS 

PTFE 
"discovery"

"Rain & stain" 
repellent 
"discovery"

AFFF development 
begins (ECF)

MIL-SPEC for AFFF for fresh and 
marine hydrocarbon fires

ECF 
developed

Teflon® 
commercialized

PFAS as wetting agents/fume 
suppressants for chrome plating

PFOA and PFOS 
phased out

AFFF produced by 
telomerization only

PFOA 
stewardship
program

Increasing awareness of occurrence

Transition to 
C6-based AFFF

Transition to 
GenX as PFOA 
replacement

PFBS developed as 
PFOS replacement

Scotchgard®
commercialized

Fluorotelomer-
based AFFF 

Adapted and expanded from Lindstrom et al. 
2011. Environ. Sci. Technol. Vol. 45: 

7954−7961

Increasing regulations

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

10



Ramboll

Consumers

Public, 
emergency 
responders, ski 
resorts, medical 
community, etc.

PFAS distribution chain
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Primary 
manufacturing

Producers of 
PFAS chemistries

Secondary 
manufacturing

Producers of PFAS 
coatings, formulations, 
surfactants, etc.

Tertiary 
manufacturing

Users of PFAS 
formulations 
(e.g., apparel, 
electronics, etc.)

Environmental releases and global burden
Air, wastewater (POTWs), storm/surface water, groundwater, landfills
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Deposition

to WWTP

Biosolids

Transformation

Direct 
discharge

to WWTP

Effluent discharge

Infiltration

SW-GW InteractionPrecursor Transformation

Ingestion

On-Site 
Septic

Drinking water

Manufacturing 
Facility

Landfills

Firefighting 
foams

Soil/Land SurfaceSurface Water

Groundwater

Domestic Households

Consumer Products

PFAS distribution in the environment

Uptake
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PFAS are everywhere!

Carpet treatment

Aviation fluids

Medical products

Paints/coatings

Firefighting foam

Food packaging

Nonstick cookware

Electronic devices

13
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Key federal activities
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Key federal activities
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PFOA 
Stewardship 
Program

Provisional Health 
Advisory Levels 
(PHALs; 200 ppt PFOS, 
400 ppt PFOA

Method 537 
(drinking water, 
14 PFAS, 
revised 2009)

2006 - 2015 2008 2009 2013 - 2015

Unregulated Contaminant 
Monitoring Rule 3 (UCMR3; 
six PFAS, all PWSs >10,000 
users, 800 randomly 
selected smaller PWSs)
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PFAS in drinking water
UCMR3 data 2013-2015 for six PFAS in public supplies

Average of all drinking water samples from public water systems 
per zip code

PFOA/PFOS treatment system for 
5 MGD municipal supply

A lot of NDs, but most small PWSs not sampled and relatively high reporting limits (10 to 90 ppt)

Compound

ND_PFCs

PFCs

16
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Key federal activities (cont’d)
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May 2016 November 2018 February 2019 December 2019 September 2021 October 2021

Lifetime Health 
Advisory Levels 
(LHALs; 70 ppt PFOS 
and PFOA, individually 
and combined)

PFAS 
Action Plan

Method 1633 
(draft, v1; 40 PFAS, 
isotope dilution, 
non-potable waters, 
solids, tissues)

Method 537.1 
(drinking water, 
18 PFAS)

Method 533 
(drinking water, 
25 PFAS, isotope 
dilution)

PFAS Strategic 
Roadmap
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USEPA’s PFAS strategic roadmap

USEPA’s approach to tackling PFAS: Principles

PFAS contamination poses unique challenges, and 
USEPA must use every tool in its tool box; USEPA's 
approach is centered around the following principles: 

• Consider the lifecycle of PFAS

• Get upstream of the problem 

• Hold polluters accountable

• Ensure science-based decision-making

• Prioritize protection of disadvantaged communities

18Source: PFAS Strategic Roadmap: EPA’s Commitments to Action 2021-2024 
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Key federal activities (cont’d) 
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June 2022 August 2022 December 2022 March 2023 2023-2025

Interim Lifetime Health 
Advisory Levels (ILHALs; 
0.004 ppt PFOA, 0.02 ppt 
PFOS, 10 ppt GenX, 
2,000 ppt PFBS) 

Method 1633 (draft, v3; 
40 PFAS, isotope 
dilution, non-potable 
waters, solids, tissues)

Unregulated Contaminant 
Monitoring Rule 5 (UCMR5; 
29 PFAS, lower reporting 
limits, all PWSs >3,300 
users, 800 randomly 
selected smaller PWSs)

PFOA and PFOS 
proposed as Hazardous 
Substances under 
CERCLA

MCLs proposed for six 
PFAS (4 ppt PFOA, 4 ppt 
PFOS, and Hazard Index 
of 1.0 for mixture of 
PFNA, PFBS, PFHxS
and GenX) 
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Key NYSDEC activities
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Key NYSDEC activities

• Aftermath of Village of Hoosick Falls

• February 2016 – Water Quality Rapid Response Team formed (with NYSDOH)

• April 2016 – Emergency regulations under Part 597 (subsequently finalized)

• Designated PFOA and PFOS as Hazardous Substances 
(RQ = 1 pound)

• Restricted storage, training, and use of fire fighting foams

• Surveyed >1,750 fire departments, airports and petroleum storage facilities

• Information requests send to >150 industrial facilities

• April 2017 – $2.5B Clean Water Infrastructure Act signed by Gov. Cuomo

• April 2017 – New York State Drinking Water Quality Council established

21
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Key NYSDEC activities (cont’d)

• May 2017 – NYSDEC begins requiring existing remedial sites to sample groundwater for PFAS, and to include 
PFAS in investigations for new remedial sites

• Summer 2017 – NYSDEC begins evaluating/prioritizing closed landfills 

• November 2018 – NYSDEC using screening levels for groundwater PFAS results

• 70 ppt for PFOA and PFOS (individually and combined; USEPA’s LHALs)

• 100 ppt any single other PFAS

• 500 ppt sum of other PFAS  

• February 2019 – NYSDEC revises guidance document to require PFAS analysis of imported fill at remedial 
sites

• January 2020 – NYSDEC revises guidance document to adopt 10 ppt as screening level for PFOA and PFOS 
(DWQC’s recommended MCLs) and apply to surface water as well as groundwater 

• October 2020 – NYSDEC revises guidance document to include criteria for soil

22
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Key NYSDEC activities (cont’d)

• October 2021 – TOGS 1.1.1 addendum proposed with guidance values for PFOA and PFOS

• Class GA and GSA groundwaters – 6.7 ppt PFOS, 2.7 ppt PFOA 

• Surface waters – Various criteria depending on Class

• December 2021 – Changes to Part 375 proposed, including addition of Soil Cleanup Objectives (SCOs) for 
PFOA and PFOS

• Public comments accepted through April 2022

• Not yet finalized 

• March 2023 – TOGS 1.1.1 addendum finalized (no changes)

23
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Sampling & analysis 
primer

24
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• Method 537 (November 2008)

• SDWA method, drinking water, 14 PFAS

• Method 537, Revision 1 / Version 1.1 (September 2009)

• SDWA method, drinking water, 14 PFAS

• Method 537.1 (November 2018)

• SDWA method, drinking water, 18 PFAS

• Method 533 (December 2019) 

• SDWA method, drinking water, 25 PFAS, isotope dilution

• Method 1633, draft, v3 (December 2022)

• CWA method, non-potable waters, solids and tissues, 40 PFAS, 
isotope dilution

Dominant USEPA analytical methods

25

~ $200-$250

Modified by numerous 
labs to quantify more 
PFAS, at lower detection 
limits, in non-potable 
media, with isotope 
dilution

Currently being 
requested by NYSDEC

~ $350-$400
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Sampling procedures 
are very important

• Use appropriate containers from the 
laboratory

• Use “PFAS free” equipment and 
materials

• Use “PFAS free” water to 
decontaminate re-usable equipment 

• Don new nitrile gloves before each 
sample

• Pay attention to clothing, cosmetics, 
etc.

• Properly preserve samples to ≤6oC 
using bagged ice

26
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QA/QC samples

Methods blanks (MBs)

• Prepared and analyzed by the 
laboratory

• Check on the lab’s “PFAS free” water

Field reagent blanks (FRBs)

• Use “PFAS free” water sent by the lab

• Check on potential for sample 
contamination by air, clothing, 
cosmetics, etc.

Field QC samples are 
good practice and 
are required if data 
validation is going to 
be performed

27

Equipment blanks (EBs)

• Samples of “PFAS free” water poured 
over/through sampling equipment

• Check on potential for contamination 
from sampling equipment and sample 
handling

Duplicates (Dups)

• Check on the reproducibility of the lab 
results

Matrix spike/matrix spike duplicates 
(MS/MSDs)

• Assess potential matrix interference
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Aqueous treatment 
primer
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Aqueous 
treatment 
technologies

29

PFAS D
Reductive
Defluorination

Fungal
Enzymes

Foam
Fractionation

Flocculation/
Electrocoagulation

Activated
Carbon

Reverse 
Osmosis/
Nanofiltration

Ion 
Exchange
Resin

Ozofractionation

Polymeric
Adsorbents

Photo-Catalyzed 
Ox/Red

Chemical
Oxidation

Plasma

Sonolysis

Range of practicality
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Not Viable Feasible

Photolysis

Electrochemical
Oxidation

Adsorptive/Separation

Destructive

Current Drinking 
Water Technologies
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• Currently the most common treatment technology

• According to USEPA, “Activated carbon treatment is the most studied 
treatment for PFAS removal”

• Capable of 90 to >99% removal efficiency

• Treatment efficiency is dependent on type of PFAS, terminal functional 
group, molecular weight, etc.

• High TOC, TSS, TDS impact effectiveness

• Subject to back-desorption – by displacement of PFAS compounds by 
organics with stronger affinities, or by lower influent concentrations 
(reverse concentration gradient)

• Precursor compounds can transform within the vessels

• Spent carbon requires offsite disposal or reactivation

30

Granular activated carbon (GAC)

Photo courtesy of Calgon Carbon Corporation, 2018

Adsorption of molecules to 
charged surfaces through van 
der Waals forces

FeasibleNot Yet

Mature

Experimental
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Thank you!

Paul Hare
Ramboll
paul.hare@ramboll.com
518 724 7274
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