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The latest research indicates that per- and help you stay informed. States have been issuing PFAS
polyfluoroalkyl substances (PFAS) may have potential assessment orders for entities such as water purveyors,
adverse human health and environmental impacts. This airports, landfills, and specific manufacturing facilities.
has resulted in the creation of health-based standards, Some states are planning to continue to issue orders to
including mandatory state orders for various entities various facilities (such as petrochemical and wastewater
requiring investigation of potential PFAS contamination.  treatment plants in California) and to request additional
The regulatory climate is evolving as the scientific and sampling from impacted public water supply wells.
regulatory communities continue to learn about PFAS

and their environmental and health impacts. AQUEOUS FILM-FORMING FOAM (AFFF) FOR FIREFIGHTING

To make informed decisions about if, when, and how There are two main types of firefighting foam in use

to investigate, potentially responsible parties must around the world. Firefighters use Class A foams
understand the use of PFAS in their existing and to lower the surface tension of water, primarily for
historical operations, including technical and operational  extinguishing structure fires and wildfires. They deploy
details. Haley & Aldrich's PFAS Technical Updates will Class B foams containing synthetic surfactants for
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fires involving combustible liquids. One of the most
common synthetic firefighting foams is aqueous
film-forming foam (AFFF). AFFF was developed in
the 1960s and is a water-based foam containing
PFAS. It became the standard fire suppressant for

the Department of Defense (DoD) in 1969 (Interstate

Technology & Regulatory Council [[TRC] 2018).
The active ingredients in AFFF include fluorinated
alkyl surfactants and hydrocarbon surfactants. The

fluorinated alkyl surfactants lower the surface tension,
resulting in an aqueous film across the surface of liquid
hydrocarbon fuel that extinguishes flames and forms

a barrier that prevents reignition (Moody and Field,

2000). Firefighters use AFFF at their training centers,

as well as where there are significant flammable

liquids stored or used, including oil refineries, bulk fuel

storage farms, fuel terminals, airports, and military
facilities (ITRC, 2018).

PFAS IN AFFF

Manufacturers used two processes,

fluorotelomerization and electrochemical fluorination,

to produce AFFFs (Schultz, Barofsky, and Field,
2004a; 2004b). These different processes produce
AFFF with unique chemical signatures, which can be
useful for source identification and differentiation:

= The electrochemical fluorination process produces
mixtures of linear and branched chains with both odd

and even numbers of fluorinated carbons (Schultz,
Barofsky, and Field, 2004a); and

= The fluorotelomerization process yields products
that have linear homologous fluoroalkyl chains and
contain only even numbers of fluorinated carbons

(Lindstrom, Strynar, and Libelo, 2011), although odd

numbers of carbon may be formed through natural
biotransformation processes (Liu et al., 2010).

Experts consider the use of AFFF for firefighting

training and emergency response to be one of the most
common sources of PFAS released to the environment.
AFFF is typically applied repeatedly during firefighting

training and has been discharged to the ground
surface over several decades, often without full
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THERE ARE THREE TYPES
OF AFFF PRODUCTS THAT
CONTAIN PFAS:

(ITRC, 2018)

Legacy perfluorooctane sulfonic acid

1 (PFOS) AFFF: These foams contain PFOS
and precursors that could potentially
transform to PFOS (Backe, Day, and Field,
2013). 3M manufactured these exclusively
inthe U.S. from the late 1960s until 2002
and sold them with the brand name Light
Water (DoD, 2014).

Legacy fluorotelomer AFFF: U.S.

2 manufacturers produced these foams—
which contain 50% to 98% short-chain
(<CB) PFAS and a remaining balance of
long-chain PFAS—from the 1970s until
2016. (Weiner et al., 2013). These foams
include all brands of AFFF except Light
Water (Schultz, Barofsky, and Field, 2004).

Modern fluorotelomer AFFF: These foams
3 contain short-chain (<C6) PFAS, which
scientists consider lower in toxicity and to
have significantly reduced bioaccumulation
potential compared to long-chain PFAS.
Most of the AFFF manufacturers have
transitioned to producing short-chain
fluorotelomer-based PFAS in response
to the U.S. Environmental Protection
Agency's (EPA) voluntary perfluorooctanoic
acid (PFOA) Stewardship Program, which
eliminated all PFOA production and product
content by 2015 (EPA, 2016).
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containment or wastewater management (Bell et al.,
20109). Firefighting training areas typically consist of

paved or unpaved areas where fuel-based fires are set.

The fires are extinguished by applying AFFF during

firefighting training exercises or emergency responses.

Waste firefighting water containing residual fuels and
AFFF are often conveyed via unlined site drainage
ditches to basic effluent treatment centers primarily
designed to remove hydrocarbons (but not PFAS)
and are then discharged to third-party wastewater
treatment plants, surface water, or groundwater via

percolation pits (Bell et al., 2019). Such practices,

as well as the incomplete capture of fire suppression
fluids within the firefighting training area, stormwater
runoff, and/or leaks through cracks in concrete pads
and associated drainages, have resulted in releases of
PFAS to the environment (Bell et al., 2019). As aresult,
PFAS are often found within shallow surface soils as
well as groundwater and surface water around and
beneath firefighting training areas (Weber et al., 2017)
and other locations where Class B fires have been
suppressed using synthetic firefighting foam (Filipovic
etal. 2015).
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PFAS PRODUCTION AND USE
1947

3M starts mass-manufacturing PFOA, one of the
best-known members in a family of thousands of
fluorochemicals called PFAS.

¥ 1951

DuPont starts using PFOA to make Teflon™.

11e}3is

A close relative of PFOA - PFOS - is usedin

textiles, as it repels oil and water. 19 6 8

3M and the U.S. Navy develop “aqueous film-
forming foam,” firefighting foam containing PFOS

19708 and PFOA.

Worldwide military sites, civilian airports, and

firefighting training centers start using AFFF. 2 O 0 O

3M announces it will voluntarily halt production
of PFOS and PFOA and will stop putting them in

2006 products by 2002.

EPA launches the PFOA Stewardship Program o
with the goal of eliminating PFOA and precursors
from emissions and products by 2015. 2 O 15
Y All participating companies state that they have
met the PFOA Stewardship Program'’s goal of
eliminating PFOA and precursors from emissions
and products by 2015.
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