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Statements

The Madrid Statement:

“As scientists and other professionals from a variety of disciplines, 
we are concerned about the production and release into the 
environment of an increasing number of poly- and perfluoroalkyl
substances (PFASs) for the following reasons:”



Outline
 What are PFAS

- terminology
- uses
- sources & occurrence
- exposure & health effects
- regulations

 PFAS Properties
- chemical structure
- transport and fate in the environment

 Case Study



Terminology

• Originally referred to as PFCs --- Perfluorinated
chemicals

- Confusion with perfluorocarbons (refrigerants)

• EPA standardizing terminology

- Per- and poly-fluorinated compounds (PFAS) or 
(PFASs)



PFAS Compounds

PFAS Molecule (example):

(image credit: NIEHS)



PFAS Compounds

The two most widely investigated & regulated PFAS:

PFOS:

PFOA:

= perfluorooctanesulfonic acid

= perfluorooctanoic acid 



PFAS Compounds
PFAS comprise a large family of compounds (example):



PFAS Compounds

“In total, 4730 PFAS-related CAS numbers have 
been identified and manually categorised in this 
study”

TOWARD A NEW COMPREHENSIVE GLOBAL DATABASE OF PER- AND
POLYFLUOROALKYL SUBSTANCES (PFASs):

SUMMARY REPORT ON UPDATING THE OECD 2007 LIST OF PER- AND
POLYFLUOROALKYL SUBSTANCES (PFASs)

Organisation for Economic Co-operation and Development 

May 2018

CAS = Chemical Abstracts Service



The FluoroCouncil is a global organization representing the 
world’s leading FluoroTechnology companies

https://fluorocouncil.com/

Uses



Uses
PFAS have been used for many purposes (examples):

• Consumer products
- Nonstick materials--- Teflon
- Stain-resistant textiles--- Scotchguard, Stainmaster
- Water-resistant textiles--- Gore-Tex
- Personal care products (cosmetics, shampoo)
- Cleaning products
- Paints
- Food packaging (fast foods)

• Fire-fighting foams major issue at many military installations

• Engineered coatings

• Plastics



Uses- Coatings & Textiles
• Non-stick and stain-, grease-, and water-resistant properties



From: Schaider et al., 2017

Uses- Food Packaging
Fluorinated Compounds in U.S. Fast Food Packaging



Uses- Fire Fighting Foam

• AFFF- aqueous film forming foam
– for Class B: flammable liquids (hydrocarbons)

• Airports

• Military Bases



Sources to the Environment
• Manufacturing facilities >>> Output to:

-atmosphere

-surface water

-soil

-groundwater

From: ITRC, 2018



Sources to the Environment
• Point of use Sites

– Fire-training facilities
>>> Output to:

-atmosphere

-surface water

-soil

-groundwater

From: ITRC, 2018



Sources to the Environment
• Disposal Sites

Landfills

Wastewater treatment plants Biosolids application sites

From: ITRC, 2018



Occurrence

• Present at many military installations

• Present at airports

• Present at manufacturing plants

• Drinking water



Occurrence – DOD Sites
From: Testing for Pease, 2017



PFAS sites with ATSDR involvement [Agency for Toxic Substances and Disease Registry]
https://www.atsdr.cdc.gov/pfc/atsdr_sites_involvement.html

~30 Sites

Occurrence – ATSDR Sites

Oatman Water 
Company (AZ)



EWG Study- 2018
Public water supply with PFAS detection--- 16 M people affected

Site with identified PFAS in groundwater--- 172 sites

Source: Environmental Working Group & SSEHRI-Northeastern University
https://www.ewg.org/research/update-mapping-expanding-pfas-crisis



PFOA & PFOS in Tucson GW

Map from Tucson Water

[PFAS] > 70 ng/L
non detect

https://www.tucsonaz.gov/water/pfas



PFAS in US Drinking Water

Recent survey was conducted to 
determine the occurrence of select 
PFAS in drinking water for all 4064 
public water supplies that serve 
>10,000 individuals in the US.

Drinking water supplies for 6 million 
U.S. residents exceed US EPA's 
lifetime health advisory for
PFOS/PFOA

From: Hu et al., 2016.

*Used EPA data



Human Exposure

• CDC National Health and 
Nutrition Examination Survey

– PFAS detection in blood of 
humans

– Most people (97%) in the US 
have one or more PFAS in 
their blood

From: ATSDR, 2017



Human Exposure
• CDC National Health and Nutrition Examination Survey

– from 2000 to 2014, PFOS & PFOA blood levels have 
declined

From: ATSDR, 2017



Health Effects
• From ATSDR website:
Some, but not all studies in humans have shown that certain PFAS may:

- affect growth, learning, and behavior of infants and children

- lower a woman’s chance of getting pregnant 

- interfere with the body’s natural hormones

- increase cholesterol levels

- affect the immune system

- increase the risk of cancer

• EPA– ongoing toxicological research



Regulations

• PFAS not regulated under the Safe Drinking Water Act
- No national primary drinking water regulations (MCLs)

• PFOS & PFOA listed in the  EPA Contaminant Candidate 
List 3  - 2009

• EPA issued lifetime health advisories (LHAs) for long-term 
exposures to PFOA and PFOS through drinking water 
(2016)

- 70 ng/L (combined) parts per trillion



State-level Regulatory Activity
From: GES – Groundwater & Environmental Services, Inc
https://www.gesonline.com/insights/2018-01-12/pfas-primer



Regulations

Plan Includes:

• Evaluate the need for a maximum 
contaminant level (MCL) for PFOA and 
PFOS

• Beginning the necessary steps to 
propose designating PFOA and PFOS as 
“hazardous substances”

• Developing groundwater cleanup 
recommendations for PFOA and PFOS at 
contaminated sites

https://www.epa.gov/pfas/epas-pfas-
action-plan



Regulations
• May 2000: Following negotiations between EPA and 3M, the 

company announced that it would voluntarily phase out PFOS

• 2006: EPA established a voluntary stewardship program with 8 
chemical manufacturers to phase out production of PFOA by 2015

• Toxic Substances Control Act (TSCA): EPA issues Significant New 
Use Rules (SNURs) for chemical manufacturing

- Since 2002, issued a series of SNURs affecting dozens of 
PFAS chemicals

• Stockholm Convention--- Persistent Organic Pollutants (POPs)
- PFOS is listed
- PFOA under consideration



Phase-out & Replacement

• Initial PFAS used in products are starting to be phased 
out and replaced

CNBC- Dec 2018:
Whole Foods removes packaging with a 
cancer-linked chemical from its stores

Gorefabrics.com- Jan 2014:
GORE completes elimination of PFOA 
from raw material of its functional fabrics

DOD Denix- 2011:
PFOS use in AFFF phased out after 2000



Short-Chain PFAS Alternatives
• Less potential for bioaccumulation
• Higher mobility
• Less research available about the environmental and human 

health impacts

Perfluorobutanoic acid Perfluorobutane sulfonic acid



Physicochemical Properties
PFAS have a unique set of properties:

• Many PFAS are surfactants

Hydrophobic & 
Oleophobic TailHydrophilic 

Headgroup

*Provides water and oil repellency



Physicochemical Properties
PFAS have a unique set of properties:

• Several different classes of compounds--- different surfactant 
headgroups

Anionic

Zwitterionic

Cationic

Nonionic



Physicochemical Properties
PFAS have a unique set of properties:

• Several different structures

Straight-chained perfluoroalkyls

Polyfluoroalkyls

Branched perfluoroalkyls



Physicochemical Properties
PFAS have a unique set of properties:

• Possess extremely strong carbon-fluorine bonds
- very resistant to transformation reactions persistent

Prepared by S. Van Glubt



Transport & Fate
• Transport and fate behavior is a function of molecular structure

• General behavior

– Low volatilities

– Relatively high aqueous solubilities

– Low transformation potential (except for “precursors”)

– Often present as mixtures

– Retention processes
• Sorption by solid phases (soil, sediment, aquifer material) has been a major focus of 

study for past decade



Transport & Fate
• Sorption of PFAS by soil, sediment, and aquifer material 

(geomedia) is complex

• Function of PFAS molecular structure and the geochemical 
properties of the geomedia

Geomedia are heterogeneous

From: Li et al., 2018



Transport & Fate
• Transport and fate of PFAS in source zones even more 

complex: Additional retention processes:

From: Brusseau, 2018

Prepared by S. Van Glubt



Transport & Fate
• Transport and fate of PFAS in source zones even more 

complex: Additional retention processes:

– Adsorption at the air-water interface in vadose zone

– Adsorption at the NAPL-water interface in NAPL source zones

• NAPL = nonaqueous-phase liquid  chlorinated solvents, fuels

From: Brusseau et al., 2019



Transport & Fate

Data for 42 PFAS

From: Brusseau, 2019



Case Study
Redevelopment of Pease AFB, NH

• 1989- Closure decision finalized
– officially closed in 1991

• Listed on the NPL in 1990
– 41 hazardous waste sites (chlorinated solvents)
– 63 petroleum release sites
– Multiple remedial actions implemented

• The original remediation effort did
not include PFAS

>>>PFAS-based foam used at
fire-training areas on base



Case Study
Redevelopment of Pease AFB, NH

• Early 1990’s- AFB redeveloped into a tradeport
– 250+ businesses
– 2 daycare facilities
– Hotels, restaurants
– Healthcare facilities
– ~8000 workers



Case Study

Redevelopment of Pease AFB, NH

• Three wells on the former AFB used to supply potable water to the 
Tradeport facility

• 2013- sampling of site groundwater revealed presence of PFAS
– 2014 sampling of water supply wells
– 2015 EPA issues Admin Order to Air Force to investigate & remediate
– Air Force has spent ~$55M to date (http://nhpr.org/post/air-force-give-update-cleanup-

efforts-pease)

• Concern over long-term exposure of workers, children, and prior AFB 
personnel

http://nhpr.org/post/air-force-give-update-cleanup-efforts-pease


Case Study
Redevelopment of Pease AFB, NH

• 2014 groundwater data

Final LHA = 0.07 ug/L

From: City of Portsmouth, 2014



Summary

• PFAS have many uses and sources

• Widespread in the environment

• Significant analytical constraints

• Persistent in the environment

• Complex transport behavior

• Difficult to treat

Difficult & costly to assess and 
mitigate risk



Resources
Rapidly Evolving Field

Resources:

- EPA:  https://www.epa.gov/pfas

- ITRC:  https://www.itrcweb.org/Team/Public?teamID=78

- ATSDR:  https://www.atsdr.cdc.gov/pfas/

- NIEHS:  https://www.niehs.nih.gov/health/topics/agents/pfc/index.cfm

- NGWA:  https://www.ngwa.org/what-is-groundwater/groundwater-
issues/Groundwater-and-PFAS

- Enviro Wiki:  
https://www.enviro.wiki/index.php?title=Perfluoroalkyl_and_Polyfluoroalkyl_
Substances_(PFASs)

https://www.epa.gov/pfas
https://www.itrcweb.org/Team/Public?teamID=78
https://www.atsdr.cdc.gov/pfas/
https://www.niehs.nih.gov/health/topics/agents/pfc/index.cfm
https://www.ngwa.org/what-is-groundwater/groundwater-issues/Groundwater-and-PFAS


Thank You

• Supported by the NIEHS Superfund 
Research Program
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