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As we continue to face the challenges of the 

COVID-19 pandemic and the climate crisis, it 

is more urgent than ever to address issues of 

emerging public health and environmental 

concern. Per- and polyfluoroalkyl substances 

(PFAS), colloquially known as ñforever 

chemicals,ò are a class of environmentally 

persistent chemicals associated with a range of 

adverse health effects. PFAS are widely used in 

industrial applications and in end products, such 

as non-stick cookware, water-repellent clothing, 

and firefighting foam. Due to their widespread 

use and disposal, PFAS have been detected in 

our drinking water, groundwater, rivers, soil, 

wastewater, and other environmental media 

that can put our health at risk.  

 

As legislators, we first learned about PFAS 

when the chemicals were detected in the 

drinking water supplies of several towns we 

represent. As our communities grappled with 

the aftermath of PFAS detection, it became clear 

that municipalities alone could not shoulder the 

significant financial challenges of remediating 

PFAS in drinking water. We also saw the need 

for a consistent approach to mitigating and 

remediating PFAS contamination that could 

leverage best practices and shared resources. 

 

The experiences of our communities served 

as the catalyst for the creation of the PFAS 

Interagency Task Force. We proposed 

legislation to establish the Task Force with 

the purpose of convening legislators, agency 

officials, PFAS experts, and other stakeholders 

to develop a policy framework that addresses 

PFAS along their entire lifecycle, not just after 

our drinking water has been contaminated. State 

leadership has demonstrated commitment to 

tackling the urgent issue of PFAS contamination 

in the Commonwealth by passing our bill as part 

of the FY21 budget and allocating millions of 

dollars for PFAS testing and remediation. 

 

The Task Force is proud to share its findings 

from nine public hearings and written testimony 

submitted by members of the public. It was 

crucial for the Task Force to hear from a range 

of voices, and we thank all those who shared 

their stories and expertise with us. The Task 

Force proposes a comprehensive set of 

recommendations that build upon existing 

efforts to detect and remediate PFAS, prevent 

PFAS contamination at the source, broaden the 

scope of PFAS regulation, and support impacted 

communities. 

 

The extent of PFAS contamination is vast, and 

the time to act is now. We invite you to join our 

efforts to protect the people of the 

Commonwealth and our environment. 

Rep. Kate Hogan 

Third Middlesex 

Speaker Pro Tempore 

Sen. Julian Cyr 

Cape and Islands 

Assistant Majority Whip 
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Per- and polyfluoroalkyl substances (PFAS) are 

a class of synthetic chemicals that have been 

detected in drinking water supplies across the 

Commonwealth of Massachusetts. To help 

protect residents from the adverse health effects 

associated with PFAS, the state established the 

PFAS Interagency Task Force through the 

Fiscal Year 2021 Budget. Throughout 2021, the 

Task Force held nine public hearings to 

investigate PFAS detection in multiple 

environmental media, known and potential 

exposure pathways, associated health and 

environmental impacts, possible sources of 

contamination, state and federal action, costs 

and challenges, and potential solutions. The 

Task Force, which is composed of state 

officials and experts, heard testimony from a 

wide range of stakeholders, including 

researchers, advocacy groups, community 

members, municipal officials, state agencies, 

public water systems, industry groups, and 

legislators. Based on its findings, the Task 

Force recommends the following set of 

measures for the Commonwealth of 

Massachusetts to implement in order to protect 

public health and the environment from PFAS 

contamination.  
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Given the adverse health effects and 

environmental impacts associated with PFAS, it 

is critical for the state to accurately assess the 

full extent of PFAS contamination. This will 

require appropriating funds for the 

Massachusetts Department of Environmental 

Protection (MassDEP) and the Massachusetts 

Department of Public Health (DPH) to conduct 

PFAS testing in drinking water, groundwater, 

surface water, wastewater, residuals, soil, air, 

fish tissue, and other environmental media. 

These funds would also support testing and 

investigation in locations with known or 

suspected PFAS releases to identify sources of 

contamination.  

 

As a result of the maximum contaminant level 

(MCL) that MassDEP established for six PFAS 

in drinking water, known as PFAS6, the state 

now requires treatment of drinking water 

supplies in instances where these specific PFAS 

exceed the MCL of 20 parts per trillion (ppt). 

MassDEP also established cleanup standards 

for PFAS6 in groundwater and soil. The state 

could provide assistance to municipalities, 

public water systems, and homeowners facing 

the high cost of PFAS remediation by 

appropriating funds to the Clean Water Trust 

and establishing a PFAS Remediation Fund to 

distribute grants. 
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Environmental Justice (EJ) communities are 

minority, low-income, tribal or indigenous 

populations that may be disproportionately 

impacted by environmental and health hazards. 

EJ communities may have heightened exposure 

to PFAS through a variety of pathways, such as 

subsistence fishing in waterbodies with 

elevated levels of PFAS, but have fewer 

resources to address PFAS contamination. The 

state could provide additional support to EJ 

communities through the Clean Water Trustôs 

Drinking Water State Revolving Fund 

Disadvantaged Communities program by 

increasing the loan forgiveness percentage for 

eligible projects. DPH could conduct outreach 

in EJ communities to ensure residents have 

information on PFAS in accessible language.  
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While it is important to address the immediate 

impacts of PFAS contamination by funding 

testing and remediation, it would be ineffective 

for the state to continue treating PFAS 

contamination without also addressing the issue 

further upstream. The state could reduce PFAS 

exposure and contamination by regulating the 

sale of consumer products that contain 

intentionally added PFAS. This includes 

phasing out the sale of these products by 2030, 

identifying priority products for an earlier 

phase-out, enacting PFAS disclosure  

 

requirements for manufacturers of consumer 

products for sale in Massachusetts, and  

implementing PFAS labeling requirements. 

Priority products could include textiles, food 

packaging, and childrenôs products. 

 

To reduce the risk of regrettable substitutions, 

the state could take a class-based approach to 

regulating PFAS in consumer products and 

define PFAS as ñfluorinated organic chemicals 

containing at least one fully fluorinated carbon 

atom.ò DPH, in consultation with MassDEP, 

could grant temporary exemptions to consumer 

products that do not currently have PFAS 

alternatives and that the agencies have 

determined to be environmentally preferable 

products or essential to the health and safety of 

the Commonwealth. The state could provide 

research grants to support the identification and 

development of safe PFAS alternatives in 

consumer products that have been granted 

temporary exemptions. 

 

/XJ"@- J4"N M/5Q>"P7B@ 

Currently, the Massachusetts MCL for six 

PFAS in drinking water is 20 ppt and cleanup 

standards for the same six PFAS in 

groundwater and soil are 20 ppt and 0.3 to 2 

parts per billion, respectively. Known as 

ñPFAS6,ò the six regulated PFAS are PFOS, 

PFOA, PFHxS, PFNA, PFHpA, and PFDA. 

There is a growing body of research on adverse 

health effects associated with PFAS that are not 

currently regulated in Massachusetts. MassDEP 

will review its drinking water standards over 
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the next two years and will consider 

establishing standards for additional PFAS. 

MassDEP is evaluating additional avenues of 

PFAS exposure and is encouraged to develop 

standards in those areas. 

 

MassDEP requires wastewater treatment plants 

to screen for 16 PFAS and is conducting 

technical work and stakeholder engagement to 

establish interim screening levels for PFAS in 

residuals. To reduce the amount of PFAS 

entering groundwater and wastewater treatment 

plants, the state could incorporate PFAS 

conditions in groundwater discharge permits 

for industrial wastewater and establish limits to 

PFAS in effluent for industrial surface water 

discharge permits.  
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Residents who rely on private wells for 

drinking water are uniquely vulnerable to PFAS 

contamination in groundwater. Homeowners 

may have limited resources to conduct regular 

PFAS testing and install treatment systems. As 

a result, they may experience extended 

exposure to PFAS. Homeowners may also be 

reluctant to test their wells for PFAS due to 

liability concerns. The state could identify 

strategies to reduce the cost of testing and 

municipalities could institute a PFAS testing 

requirement for PFAS during the transfer of 

property with a private well and with new well 

permits. The state could develop a loan 

program to support private well PFAS 

remediation.  
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Due to the use of PFAS in aqueous film-

forming foams (AFFF) and firefighter personal 

protective equipment, also known as turnout 

gear, firefighters can experience elevated 

exposure to PFAS. Local fire departments 

currently lack the funds to collect and dispose 

of AFFF, clean up storage facilities and 

equipment exposed to AFFF, and buy safer 

alternative foams. The state could assess the 

current inventory of AFFF, fund a second 

round of MassDEPôs AFFF Take-Back 

Program that includes cleanup of facilities and 

equipment and replacement of AFFF with 

fluorine free foam, and direct the Department 

of Fire Services to develop standards for 

equipment cleanup. The state could prohibit the 

use of AFFF for firefighting training and 

maintenance, support efforts to reduce the use 

of AFFF in emergency responses, and require 

fire departments to notify MassDEP of releases 

of AFFF. 

 

Only textiles containing PFAS can meet the 

current standards for firefighter turnout gear, 

which can lead to elevated PFAS exposure 

among firefighters. Manufacturers have 

developed low-PFAS turnout gear that does not 

contain PFAS in the outer shell but still 

contains PFAS in the moisture barrier. The 

state could take steps to protect firefighters 

from PFAS exposure by requiring 

manufacturers to disclose the inclusion of 

PFAS in turnout gear, supporting efforts to 

review turnout gear standards, identifying 
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efficacious alternatives, and once there are 

viable alternatives in the marketplace, banning 

the sale of turnout gear with PFAS.  

 

Firefighters experience higher rates of cancer 

diagnosis and cancer-related deaths compared 

to the general population. The Department of 

Fire Services and the Massachusetts Fire 

Academy offer cancer awareness trainings and 

cancer screening referrals to eligible 

firefighters. The state could increase funding 

for the program to offer screenings for cancers 

associated with PFAS exposure, which are 

frequently not covered by health insurance. The 

state may also direct the Massachusetts Cancer 

Registry to retroactively standardize 

ñfirefighterò as an occupation and collect data 

on occupational exposure to PFAS. 
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While private wells are regulated by local 

boards of health, MassDEP regulates the 

unpermitted release of oil and hazardous 

material, including PFAS6, into the 

environment under the state superfund law, 

Chapter 21E of the Massachusetts General 

Laws, and the Massachusetts Contingency 

Plan. Homeowners may face significant legal 

and fiscal responsibilities if their property is 

determined by MassDEP to be the source of 

PFAS contamination. Although MassDEP 

considers this to be an unusual circumstance, 

the potential liability may deter homeowners 

from testing their private wells for PFAS.    

Fire departments are also concerned about 

potential liability for the release of AFFF 

during emergency responses and past training 

events. While MassDEP has discretionary 

authority in issuing Notices of Responsibility 

under Chapter 21E, fire departments may be 

subject to liability claims from third parties. 

The state may consider identifying paths for 

adopting reasonable limitations for liability 

claims against homeowners and municipalities 

for PFAS contamination. 

 

The cost of PFAS detection and remediation 

has primarily fallen on those who have not 

contributed to PFAS contamination ï 

individuals, communities, public water 

systems, and states ï while manufacturers 

continue to profit from the production and use 

of PFAS. Towns in Massachusetts have begun 

filing lawsuits against PFAS manufacturers to 

seek monetary damages for costs related to 

PFAS contamination. In the past decade, other 

states have settled PFAS pollution claims 

against PFAS manufacturers and have used 

settlement funds to assist communities 

impacted by PFAS contamination. 

Massachusetts may continue evaluating 

potential claims against PFAS manufacturers to 

seek remediation costs and other damages for 

PFAS contamination. 

 

In response to the use of AFFF at military 

installations, the Department of Defense (DOD) 

is investigating known or suspected releases of 

PFAS at military installations and initiating 
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remedial actions for PFAS cleanup. DOD has 

initiated response actions when PFAS levels 

exceed the U.S. Environmental Protection 

Agencyôs lifetime health advisory of 70 ppt for 

PFOS and PFOA. This health advisory is 

significantly higher than the Massachusetts 

MCL of 20 ppt for PFAS6. In 2021, DOD 

issued guidance that recognizes the role of state 

MCLs in DODôs removal actions. MassDEP 

could work with DOD to implement this 

guidance to initiate removal actions when 

PFAS levels in drinking water exceed the 

Massachusetts MCL as a result of PFAS 

contamination from military activity. 
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An important component of protecting the 

public from PFAS contamination is to educate 

Massachusetts residents on how they may be 

exposed to and impacted by PFAS. Currently, 

public water systems and municipalities issue 

public education and public notice 

announcements upon detection of PFAS6 in 

drinking water exceeding the MCL. The state 

could take a more proactive approach to 

educating the public by directing MassDEP and 

DPH to build upon existing outreach efforts to 

jointly conduct public education and awareness 

campaigns. Additionally, DPHôs existing 

partnerships with health care providers to 

increase outreach and education could be 

further leveraged to provide guidance to 

additional health providers about how best to 

assess and discuss PFAS exposure and health 

risks with patients.  
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The PFAS Interagency Task Force was established by Outside Section 98 of the Fiscal Year 2021 

Budget, which Governor Baker signed into law on December 11, 2020.  

 

There shall be an interagency task force to review and investigate water and 

ground contamination of per- and polyfluoroalkyl substances across the 

commonwealth. The task force shall consist of 19 members: 3 members who shall 

be appointed by the senate president, 1 of whom shall serve as co-chair; 1 of 

whom shall be a scientist with expertise in per- and polyfluoroalkyl substance-

contaminated water; 1 member who shall be appointed by the minority leader of 

the senate; 3 members who shall be appointed by the speaker of the house of 

representatives, 1 of whom shall serve as co-chair; 1 member who shall be 

appointed by the minority leader of the house of representatives; 1 of whom shall 

be a physician trained in environmental medicine; the attorney general or their 

designee; the secretary of energy and environmental affairs or their designee; the 

secretary of public safety and security or their designee; the commissioner of 

environmental protection or their designee; the commissioner of public health or 

their designee; the commissioner of agricultural resources or their designee; the 

director of the Massachusetts emergency management agency or their designee; 

the state fire marshal or their designee; the executive director of the 

Massachusetts Municipal Association, Inc. or their designee; the executive 

director of the Massachusetts Water Resources Authority or their designee; and 

the executive director of the Massachusetts Water Works Association, Inc. or their 

designee. 

 

The task force shall: (i) gather and review information regarding known locations 

of per- and polyfluoroalkyl substances detection and create response plan 

strategies; (ii) identify significant data gaps in the knowledge of per- and 

polyfluoroalkyl substances and develop recommendations to address the gaps; 

(iii) identify opportunities for public education regarding per- and polyfluoroalkyl 

substances contamination and the effects of its exposure on public health and the 

environment; (iv) identify the sources of per- and polyfluoroalkyl substances 

contamination and exposure pathways that pose the greatest risk to public health 

and the environment; (v) examine the benefits and burdens of various treatment 

and disposal options for per- and polyfluoroalkyl substances contaminated 

media; (vi) assess how state agencies can most effectively use their existing 
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authority and resources to reduce or eliminate priority risks from per- and 

polyfluoroalkyl substances contamination; (vii) determine the inventory and use 

of fluorinated aqueous forming foam in firefighting and fire training activities and 

evaluate effective non-fluorinated alternatives; (viii) examine data regarding per- 

and polyfluoroalkyl substances contamination in freshwater fish and marine 

organisms and determine whether further examination is warranted; (ix) examine 

and estimate the cost to mitigate per- and polyfluoroalkyl substances 

contamination in known locations across the commonwealth; and (x) examine 

ways to limit exposure of Massachusetts residents to per- and polyfluoroalkyl 

substances through food packaging. 

 

The task force shall file a report of its findings and recommendations, together 

with drafts of legislation necessary to carry those recommendations into effect, by 

filing the same with the clerks of the senate and the house of representatives, the 

chairs of the senate and house committees on ways and means, the senate and 

house chairs of the joint committee on environment, natural resources and 

agriculture, the senate and house chairs of the joint committee on public health, 

the senate and house chairs of the joint committee on the judiciary and the senate 

and house chairs of the joint committee on public safety and homeland security 

not later than December 31, 2021. 

 

 

The PFAS Task Force report deadline was extended to June 30, 2022, per an amendment in the 

supplementary budget bill, H.4578 - An Act making appropriations for fiscal year 2022 to provide 

for supplementing certain existing appropriations and for certain other activities and projects. 

 

SECTION 65. The interagency task force established in section 98 of chapter 227 

of the acts of 2020 to review and investigate water and ground contamination of 

per- and polyfluoroalkyl substance is hereby revived and continued to June 30, 

2022. The task force shall submit a report of its findings and recommendations, 

together with any drafts of legislation necessary to carry those recommendations 

into effect, by filing the same with the clerks of the senate and house of 

representatives, the senate and house committees on ways and means, the joint 

committee on environment, natural resources and agriculture, the joint committee 

on public health, the joint committee on the judiciary and the joint committee on 

public safety and homeland security not later than June 30, 2022. 
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Rep. Kate Hogan 

Third Middlesex District 

Speaker Pro Tempore 
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Sen. Julian Cyr 

Cape and Islands District 

Assistant Majority Whip 

Rep. Sally Kerans 

13th Middlesex District 

 

Martin Suuberg 

Massachusetts Department of 

Environmental Protection 

 

Bethany Card 

Executive Office of Energy 

and Environmental Affairs 

 

Patrick Carnevale 

Massachusetts Emergency 

Management Agency 

 

Jennifer Pederson 

Massachusetts Water Works 

Association 

 

David Reckhow 

University of Massachusetts 

Amherst 

Rep. Kelly Pease 

4th Hampden District 

 

Peter Ostroskey 

Massachusetts Department of 

Fire Services 

 

Alicia Fraser 

Massachusetts Department of 

Public Health 

 

Suzanne Condon 

Formerly Massachusetts 

Department of Public Health 

 

Connor Read 

Massachusetts Municipal 

Association 

 

Jeffrey Arps 

Tighe & Bond 

Andrew Goldberg 

Attorney Generalôs Office 

 

Jeanne Benincasa Thorpe 

Executive Office of Public 

Safety and Security 

 

John Lebeaux 

Massachusetts Department of 

Agricultural Resources 

 

Rebecca Weidman 

Massachusetts Water 

Resources Authority 

 

Blair Wylie 

Beth Israel Deaconess Medical 

Center 
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Per- and polyfluoroalkyl substances (PFAS) are 

a class of several thousand human-made 

chemicals. Estimates for the number of 

chemicals in this class range from 4,000 to over 

12,000.1 PFAS have been widely applied in 

commercial and industrial settings and several 

PFAS have been associated with adverse 

human health effects. On a molecular level, 

PFAS consist of a carbon chain in which one or 

more of the carbon-hydrogen bonds have been 

replaced by bonds to fluorine atoms.2,3,4 PFAS 

with all of their carbons fully fluorinated are 

called perfluoroalkyl substances and PFAS 

with partially fluorinated carbon chains are 

called polyfluoroalkyl substances.5 Unlike a 

carbon-hydrogen bond, a carbon-fluorine (C-F) 

bond is highly stable, extraordinarily strong, 

and rarely found in non-synthetic compounds.  

 

As a result of their chemical structure, many 

PFAS exhibit qualities of water-repellency and 

oil-repellency, water solubility, environmental 

persistence, and bioaccumulation. Because C-F 

bonds remain strong, even under heat and 

chemical exposure, PFAS do not easily break 

down. This bond stability contributes to the 

persistence of PFAS in the environment and 

living organisms. While PFAS repel oil and 

water in their uncharged state, their chemical 

head groups easily deprotonate to form charged  

 

 

molecules that persist and accumulate in water 

and water-rich environments. As a result, PFAS 

are capable of persisting and accumulating 

without degradation in freshwater and marine 

ecosystems, as well as drinking water, 

groundwater, and wastewater. For some PFAS, 

the time required for a human or animal body 

to expel half of a chemicalôs total 

concentration, known as elimination half-life, is 

on the scale of years to decades.6  

 

Highly stable C-F bonds provide PFAS with a 

number of industrially and commercially useful 

properties. PFAS remain stable when exposed 

to a wide range of temperatures, highly reactive 

chemicals, and acidic and oxidizing 

environments.7 When applied to materials, 

PFAS are capable of lowering surface tension 

and repelling oil and water, which has 

contributed to their widespread use in 

commercial and industrial applications that 

require long-lasting water-resistance or oil-

resistance. Commercially, PFAS are used as 

water-resistant components of textiles, 

cosmetics, household products, food packaging, 

and other single-use plastics. Industrially, 

PFAS are present in surfactants, emulsifiers, 

paints, non-stick coatings, and various stages of 

commercial production.  
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While the basic chemical structure of PFAS 

consists of a carbon chain in which one or more 

of the carbons are also bonded to fluorine 

atoms, these carbon chains can vary in length, 

branching, and chemical functional groups. 

These carbon chains can be linear, defined by 

carbons that bond to two or fewer other carbons 

to generate a single chain, or branched, which is 

defined by one or more carbons bonded to one 

or more other carbons to generate multiple 

branches from a single chain. Other PFAS may 
have additional functional groups, such as 

epoxides, which alter their chemistry. 

 

These chemical distinctions influence various 

properties of PFAS, as well as their production, 

use, phase-out, and regulation. Chemical 

manufacturers and the U.S. Environmental 

Protection Agency (EPA) have used 

distinctions between short-chain and long-chain 

PFAS and between linear and branched-chain 

PFAS to define categories of PFAS. 

Researchers, regulatory bodies, and industry 

have typically defined long-chain PFAS as 

PFAS with six or more carbons linked together 

in at least one chain and short-chain PFAS as 

fewer than six carbons linked together in at 

least one chain.8 EPA has partnered with 

industry stakeholders to voluntarily phase out 

perfluorooctane sulfonic acid (PFOS) and 

perfluorooctanoic acid (PFOA). PFOS and 

PFOA are long-chain PFAS associated with 

adverse health effects and are known as ñlegacy  

 

 

PFAS.ò Industry stakeholders have since 

replaced legacy PFAS with short-chain 

compounds and compounds with ether groups 

and other functional groups.9 These compounds 

are often included in the category of ñnovel 

PFAS.ò While these short-chain PFAS 

compounds are thought by some to accumulate 

in human tissues less than long-chain 

compounds, ongoing studies indicate that these 

short-chain PFAS may also be associated with 

adverse health impacts, such as 

immunotoxicity.10,11 

 

Aside from chain length, there are other 

methods to group PFAS into categories and 

subcategories. These grouping methods include 

chemical structure and properties, risk 

assessment, and applications. Grouping PFAS 

by essential and non-essential use has been 

proposed as a framework for regulating PFAS 

in the European Union and is currently being 

used in Maine and California. See Appendix C 

for an overview of the grouping methods, their 

defining characteristics, required data types, 

advantages and disadvantages, and situations in 

which it may be best applied. It may be 

challenging to conduct direct comparisons 

between these grouping methods as they were 

developed for different contexts and rely on 

different data.12 Each method has the potential 

to reduce the research and regulatory resources 

required to assess chemicals on an individual 

basis.  
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PFOS and PFOA were first synthesized in 1938 

and have been in use since the 1940s. E. I. du 

Pont de Nemours and Company and the 3M 

Company were the primary manufacturers of 

PFOS and PFOA up until the early 2000s.13 

The history of DuPont and 3Môs knowledge of 

the toxic, persistent, and bioaccumulative 

effects of PFOS and PFOA in humans, animals, 

and the environment became public record as 

part of personal and class action litigation in 

West Virginia, Ohio, and Minnesota.14 

Beginning in 2000, 3M voluntarily phased out 

PFOS, precursors that could break down into 

PFOS, and its six-carbon and ten-carbon  

 

homologues.15 DuPont later joined EPAôs 

PFOA Stewardship program in 2006 with the 

goal of complete emissions phase-out of PFOA 

and its precursors by 2015. See Appendix D for 

a description of PFAS precursors.16 

 

Certain PFAS used as replacements for PFOA, 

such as GenX, have been found to be 

environmentally persistent and associated with 

similar adverse health effects.17
 As of 2020, 

chemical manufacturing companies revealed 

that they still used other PFAS that can break 

down into PFOS and PFOA later in their life 

cycle.18 



 

J4"N s| ®rk +~{{~|µk^z®r ~p ?^««^gr¯«k®®«  Đ  ¿Å 

J4"N BV/MV7/W 

/XJBNQM/ J"P6W"YN 

EPAôs definition of an exposure pathway is how a ñstressorò comes into contact with a ñreceptor.ò 

Such stressors include chemicals that may have an adverse effect on receptors, i.e., humans and the 

environment. Within this framework, exposure pathways can have the following components: 

 

1. Source: the space and time at which the stressor enters the environment. 

2. Media: the method by which the stressor travels from the source into the environment. 

3. Exposure: where the receptor and media meet. 

4. Exposure route: how stressors enter the bodies of receptors. 

5. Receptors: any part of the ecosystem that is exposed to the stressor. 

 

Figure 1. Some pathways for environmental PFAS contamination and human exposure to PFAS 

Source: Walnut Valley Water District 

https://www.wvwd.com/water-quality/
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Stressors and Sources 

PFAS are commonly used as processing aids, 

mist suppressants, surface active agents, 

solvents for cleaning and degreasing, adhesive 

and sealant chemicals, and finishing agents in a 

wide range of sectors.19 These sectors include 

electronics manufacturing, paint and coating 

manufacturing, metal plating, oil and gas 

drilling, and fluoropolymer production. The 

application of PFAS in manufacturing can 

introduce PFAS into the environment through 

landfill disposal, wastewater treatment plant 

(WWTP) effluent, and septic systems, among 

other pathways, which can contaminate 

drinking water, groundwater, and surface water. 

See Appendix E for examples of stressors. See 

Appendix F for a list of ñindustry branches and 

other use categories where PFAS were or are 

employedò developed by Gl¿ge et al.  

 

Widespread use of PFAS in consumer products, 

such as food packaging, household materials, 

personal care products, non-stick cookware, 

and water-resistant clothing, can result in 

human exposure to PFAS through ingestion, 

dermal absorption, and inhalation. PFAS that 

are used as water-resistant and oil-resistant 

coatings on cookware and food packaging can 

migrate into butter, oils, vinegar, and drinking 

water. PFAS have been detected in indoor dust 

and may come from household materials, such 

as carpet, furnishings, upholstery, paints, 

polishes, and other building materials.20 

Cosmetic products, including lip products, 

mascara, and foundation, can contain PFAS 

that are ingested or absorbed through the skin.21 

 

Emergency use products, such as aqueous film-

forming foam (AFFF), can generate a stream of 

water-based and air-based media that disperses 

sulfonated and fluorotelomeric PFAS into air-

based and water-based exposure pathways. 

AFFF is a water-based fire suppressant used to 

extinguish class B hydrocarbon fuel fires. 

AFFF is most commonly used in sites with 

significant flammable liquid hazards, such as 

military facilities, airports or airfields, chemical 

plants and storage facilities, and oil refineries. 

Municipal fire departments use AFFF for 

emergency responses and have trained with the 

material. PFOS and PFOA can be found in 

legacy PFOS AFFF and legacy fluorotelomer 

AFFF, which were phased out in the United 

States in 2002 and 2016, respectively. As an 

alternative to legacy AFFF, manufacturers have 

been producing short-chain (C6) 

fluorosurfactants, which do not break down to 

PFOS or PFOA but may break down to other 

short-chain PFAS.22 

 

Media 

Media by which PFAS enter and spread 

through the environment include groundwater, 

surface water, wastewater, soil, and air. PFAS 

contamination in groundwater can lead to 

elevated levels of PFAS in drinking water 

supplies. Due to the persistence of PFAS in 

aquatic environments, the ocean has been 

suggested as the final environmental sink for 

many PFAS.23 PFAS contamination in 

wastewater can come from domestic 

wastewater when residents use and wash  
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products containing PFAS and from industrial 

wastewater generated by facilities that 

manufacture or use PFAS. Biosolids, a product 

of the wastewater treatment process, are often 

used as fertilizer and can contribute to the 

spread of PFAS in the environment if the 

wastewater from which it was produced 

contained PFAS. In the atmosphere, PFAS can 

travel as vapors or adsorbed substances on 

airborne particles that later deposit onto 

surfaces or waterways. Airborne PFAS sources 

include emissions from industrial facilities and 

PFAS incineration sites.24 These sources may 

deposit PFAS in soil, groundwater, and surface 

water in surrounding areas. Studies show that 

indoor dust levels, which may contain PFAS 

precursors, positively correlate with PFAS 

concentrations in human blood.25 

 

Disposal of materials containing PFAS leads to 

a cyclical problem of releasing PFAS into solid 

waste, atmospheric, and aqueous pathways, 

which can result in continued human exposure 

to PFAS. Landfilling of these materials can 

contribute to PFAS in leachate, sludge, and 

wastewater. PFAS in wastewater can spread 

into the environment through effluent and 

residuals, such as biosolids, if PFAS are not 

fully removed. Wastewater treatment options 

for removing PFAS are limited and not readily 

available. Incineration of materials containing 

PFAS can lead to the incomplete breakdown 

and spread of PFAS, as well as the release of 

pollutants such as greenhouse gases.  

 

Human Exposure 

PFAS ingestion is considered the predominant 

pathway for human bioaccumulation of 

PFAS.26 PFAS can be ingested through primary 

pathways, such as drinking water and PFAS- 

contaminated food, or secondary pathways, 

such as food packaging. Studies conducted by 

the New Jersey Department of Environmental 

Protection indicate that drinking water is the 

main source of PFAS exposure for people 

whose drinking water supplies are 

contaminated with PFAS.27,28 For people whose 

drinking water does not contain PFAS, the 

majority of PFAS exposure can be attributed to 

other sources, such as ingestion of food and 

other materials contaminated with PFAS.29 

 

PFAS contamination in food can occur as a 

result of environmental contamination or 

migration from food packaging that contains 

PFAS. Surface water contaminated with PFAS 

can lead to higher levels of PFAS in fish, 

shellfish, and other animals. Subsistence 

fishers, such as residents of Environmental 

Justice communities or tribal communities, may 

experience higher risk of exposure to PFAS if 

the waterbodies they fish in are contaminated 

with PFAS. In November 2021, Maine 

Department of Inland Fisheries and Wildlife 

issued a ñDo Not Eatò advisory for deer in 

areas with high levels of PFOS in soil and 

surface water.30 The U.S. Food & Drug 

Administration (FDA) has developed validated  
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methods to test for 20 PFAS in a diverse 

sample of foods. Additionally, the FDA 

conducts PFAS testing for food produced in 

areas with known PFAS contamination, such as 

industrial facilities where PFAS are produced 

or applied and areas where AFFF has been 

released.31 The application of biosolids that 

contain PFAS on farms can lead to 

contamination of crops and livestock. In 2016, 

Maine Department of Agriculture, 

Conservation & Forestry detected high levels of 

PFOS in milk produced on certain dairy farms. 

In 2021, Maine Department of Environmental 

Protection began investigating PFAS 

contamination in communities as a result of 

land application of biosolids. 

 

While ingestion is considered the primary 

pathway for PFAS exposure among the general 

population, other potential routes of exposure 

include inhalation and dermal contact. The 

relative weight of exposure pathways may vary 

by population and occupation. For instance, 

workers at facilities that produce or use PFAS 

may experience elevated exposure to PFAS 

through inhalation and dermal contact.32 

Firefighters may be exposed to PFAS through 

their turnout gear, which can contain PFAS in 

the outer shell and moisture barrier.  

 

M/?/-7"P7B@ 

Due to the stability of PFAS, remediation 

strategies for PFAS are unlike those for other 

chemical pollutants. Bioremediation cannot 

occur because bacteria do not naturally break 

the C-F bonds. PFAS oxidation can break down 

some of the chemicals but does not completely 

destroy them.  

 

There are two traditional strategies for large-

scale PFAS remediation in aqueous exposure 

pathways, particularly those located in the 

subsurface environment. One strategy is ñdig 

and haul,ò which consists of off-site disposal of 

soil contaminated with PFAS. Determining the 

extent of PFAS contamination in soil requires 

extensive soil testing, which can be disruptive 

and expensive. There are concerns about 

spreading PFAS into the environment through 

soil disposal. Soil burial in landfills may lead to 

the contamination of surface water and 

groundwater from landfill leachate containing 

PFAS if the leachate is not collected and 

treated. Incineration may spread PFAS through 

airborne distribution and deposition. 

 

Another strategy is groundwater extraction and 

treatment, colloquially known as ñpump and 

treatò methods. The most common treatment  
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uses granular activated carbon (GAC) for 

drinking water. PFAS molecules adsorb or 

attach to GAC, enabling the removal of PFAS 

in drinking water. Variations exist between the 

kinds of GAC, sources, and efficacy.33,34 

Research suggests that activated carbon, both 

granular and powdered, can be sourced from 

various agricultural wastes, such as husks, bark, 

and shells, in addition to the more conventional 

coal-based sources.35 The carbon filtration 

matrices used in GAC treatment require 

periodic flushing or cleaning, which results in 

the collection of waste products that must be 

managed and disposed of to reduce further 

release of PFAS to the environment.  

 

Adsorption and retention on ion exchange resin 

is another method of remediating PFAS in 

drinking water. Resin beads are adsorbents with 

a neutral carbon backbone that concludes a 

charged functional group. In aqueous 

environments, many PFAS contain a charged 

functional group, which enables their bonding 

to oppositely charged functional groups on 

resin beads. Beads that have accumulated 

PFAS can then be filtered and removed. The 

efficacy of ion exchange resins is determined 

by factors like a resinôs affinity for other 

charged particles in water and the electric 

charge of particular PFAS.36,37 Treatment using 

ion exchange resins requires recharging the 

matrix and managing the resulting wastes. 

 

GAC and ion exchange resins are effective at 

treating PFAS in drinking water to levels below 

EPAôs health advisory of 70 parts per trillion 

(ppt) and the Massachusetts PFAS6 Maximum 

Contaminant Level (MCL) of 20 ppt.38 Other 

strategies for PFAS remediation include high 

pressure membrane filtration, advanced 

oxidation, direct photolysis, oxidation/

reduction, photocatalysis, and electrochemical 

reaction.39   
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Growing concerns over widespread PFAS 

exposure have spurred research on the potential 

health and environmental impacts of PFAS. 

Both experimental and observational studies 

have indicated associations between PFAS 

exposure and several adverse health effects. 

There is emerging evidence that short-chain 

PFAS are also associated with similar health 

impacts. Environmental Justice communities 

may be disproportionately impacted by PFAS 

contamination.  

 

6Q?"@ 6/">P6 

Due to the ubiquity and persistence of PFAS in 

the environment and their associated health 

impacts, PFAS are considered a risk to human 

health, especially among highly exposed 

populations. Researchers have detected elevated 

serum levels of certain PFAS among workers in 

facilities that produce or use PFAS, residents 

living near these facilities, and firefighters.40,41 

Other highly exposed populations include 

residents near military bases, fire training sites, 

and airfields. PFAS have also been detected at 

lower levels in the general population as a result 

of widespread exposure to PFAS and the long 

elimination half-lives of the chemicals. A 2016 

study found that the concentration of PFOS and 

PFOA in large public water systems that serve a 

combined six million U.S. residents exceeded 

EPAôs lifetime health advisory of 70 ppt.42 

Other studies estimate that tap water for 18-80 

million U.S. residents contains PFOS and 

PFOA at a concentration of 10 ppt or greater.43 

The Centers for Disease Control and Prevention 

(CDC) estimates most U.S. residents have 

PFOS and PFOA in their blood.44  

 

In recent decades, researchers have produced a 

growing body of evidence for health hazards 

associated with exposure to a variety of PFAS.45 

Much of the current knowledge of associated 

health effects are derived from toxicological 

and epidemiological studies of four PFAS: 

PFOS, PFOA, PFHxS, and PFNA.46 The C8 

Health Project is regarded as the largest study 

on the health effects of exposure to 

perfluorocarbon compounds and, in particular, 

PFOA. As part of a settlement agreement for a 

class action lawsuit, DuPont provided funding 

to monitor over 69,000 residents in six water 

districts near the DuPont Washington Works 

facility in West Virginia.47 The study identified 

six diseases associated with PFOA exposure: 

kidney and testicular cancer, ulcerative colitis, 

thyroid disease, high cholesterol, and pregnancy

-induced hypertension.48 

 

In addition to the health effects identified in the 

C8 Health Project, PFOA is associated with 

suppressed immune responses to vaccines and 

lower birth weight.49 A recent study of COVID-

19 disease severity found a correlation between 

higher serum levels of PFBA in patients and 

more severe COVID-19 disease incidence.50 

PFOS, PFOA, and PFHxS may lead to 

decreased immune response from vaccines in 

children, particularly for tetanus and  
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diphtheria.51 In 2017, the International Agency 

for Research on Cancer classified PFOA as a 

possible human carcinogen. Other PFAS, 

including PFOS, PFNA, and PFHxS, are 

associated with changes to the liver, endocrine 

disruption, and developmental effects.52 

Additional research is needed to understand the 

cumulative effects of exposure to multiple 

PFAS. 

 

Throughout the 2000s, major U.S. 

manufacturers of PFAS voluntarily phased out 

production of PFOS and PFOA. By 2014, CDC 

detected lower serum levels of PFOS and 

PFOA in the general population compared to 

serum levels in 1999.53 However, many 

industries have replaced long-chain PFAS with 

short-chain PFAS. While short-chain PFAS are 

not as commonly detected in the blood, 

researchers have detected the chemicals in 

human organs and breast milk.54 Certain short-

chain PFAS, such as PFHxA, PFBS, and 

PFBA, are associated with adverse health 

impacts on the liver, endocrine system, 

development, and reproduction.55 Compared to 

long-chain PFAS, short-chain PFAS may have 

a greater ability to bind to biomolecules and 

may exhibit greater persistence in living 

organisms.56,57 Conventional methods of 

removing long-chain PFAS from drinking 

water are less effective at removing short-chain 

PFAS, which have been detected in public 

drinking water supplies.58 
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In 2001, PFAS garnered international attention 

when researchers documented the presence of 

PFOS in wildlife around the world.59 Since 

then, researchers have detected 

bioaccumulation of PFAS in a range of biota, 

including aquatic organisms, birds, and plants. 

Out of all the PFAS currently being studied, 

PFOS is found in the highest concentration in 

biota.60 Researchers have detected PFAS in 

whole fish and fish liver at varying 

concentrations and bioaccumulation of short-

chain PFAS in plants.61,62,63  

 

PFAS are released into aquatic environments 

via point sources, such as sewage treatment 

plants, manufacturing plants, and landfills, as 

well as nonpoint sources, such as atmospheric 

deposition, septic systems, and groundwater 

that discharges to surface water. Continuous 

exposure to PFAS in rivers and oceans, 

especially near contaminated sites, may cause 

adverse effects in aquatic organisms.64 In 

certain families of fish, studies suggest an 

association between PFAS exposure and 

changes in growth, development, and 

reproduction.65 Researchers have observed 

adverse effects on embryonic survival and 

reproduction among birds exposed to PFAS.66 

Field and laboratory studies of mammals, while 

limited, have detected changes in liver function 

and immunologic function associated with 

PFAS exposure above certain concentrations. 
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Disposal of PFAS-containing waste via 

incineration may release toxic air pollutants and 

greenhouse gases.67 Due to the stability of the 

carbon-fluorine bond, destruction of these 

bonds requires thermal treatment at very high 

temperatures. While thermal destruction of 

PFOS and PFOA generally requires 

temperatures of 1000ÁC or higher, the efficacy 

of thermal incineration may vary for different 

PFAS. There are concerns that treatment 

temperatures that are too low can lead to the 

release of PFAS into the atmosphere. It can 

also lead to the emission of fluorinated 

greenhouse gases, such as 1H-

pentafluoroethane, whose ability to raise global 

temperatures is 3,500 times more potent than 

that of carbon dioxide.68 Additional research 

and monitoring of PFAS air emissions and 

commercially run incinerators is needed to 

ensure complete destruction of PFAS, 

particularly in light of the severe impacts of 

climate change. 
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A polymer is a chemical molecule made almost 

entirely of many similar or the same repeating 

monomer subunit chemically bonded together. 

Polymers are often large compounds consisting 

of hundreds of monomer subunits. Fluorinated 

polymers are molecules composed of 

monomers that contain one or more fluorine 

atoms in their chemical structure. 

 

Fluoropolymers are a subset of fluorinated 

polymers. Following the industry-derived 

definition in Buck et al. 2011, a fluoropolymer 

refers to a long, high-molecular weight 

fluorinated polymer that forms through 

chemical bonds between similar carbon-

fluorine monomers.69 Before these monomers 

bond to form a long polymer chain, these 

monomers each contain a carbon-carbon double 

bond in their chemical structure.70 

Fluoropolymers differ from side-chain 

fluorinated polymers, which break down into 

non-polymeric PFAS in the environment.71 

 

Properties of fluoropolymers include common 

characteristics of PFAS, such as environmental 

persistence, water-resistance, and oil-resistance. 

Fluoropolymers are solid plastics with 

properties that make them important 

components of industrial processes and 

consumer products.72 Widely used 

fluoropolymers include Teflonôs primary 

component fluoropolymer, 

polytetrafluoroethylene (PTFE), which is 

present in Teflon-coated cookware, medical 

devices, and other water-resistant and highly 

durable plastic-coated products.73 Firefighter 

turnout gear commonly includes PTFE and 

other fluoropolymers in the moisture barrier 

and outer shell. When fluoropolymers degrade 

over time, they can migrate to the thermal layer 

and they can be released as dust.74 Skin contact  
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or inhalation of dust with polymer byproducts 

are additional sources of human exposure to 

fluoropolymers.75,76 

 

Human and environmental exposure to 

fluoropolymers largely occurs through the 

production, use, and disposal of products 

containing fluoropolymers. The production of 

materials that contain fluoropolymers often 

involves using other PFAS as processing aids, 

additives, or chemical intermediate.77 

Historically, PFOA and PFNA have been used 

as emulsifiers in the industrial polymerization 

process. PFOA and PFNA have been released 

into the environment through industrial 

effluent. Although use of PFOA has been 

phased out in the United States, replacements 

such as GenX and other short-chain PFAS have 

demonstrated properties similar to that of 

PFOA, such as environmental persistence, 

stability in water, bioaccumulation in humans 

and animals, and potential for long-range 

transport.78 

 

Fluoropolymer disposal can result in airborne 

or waterborne release of breakdown products 

into the environment. Landfilled 

fluoropolymers can release PFAS into soil and 

water leachates, as well as contribute to 

environmental microplastic concentrations.79
 

Animals, particularly marine animals, ingest 

microplastic. These plastics then absorb and 

concentrate other contaminants, including 

PFAS, and pose a growing risk to marine 

ecosystem diversity.80,81 Incinerating 

fluoropolymers at insufficiently high 

temperatures can release dust or gases that are 

associated with adverse health effects.82,83 
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The environmental justice movement seeks to 

provide equitable environmental protection to 

all communities and to engage all people in the 

development and implementation of 

environmental laws and regulations. 

Environmental Justice (EJ) communities, or 

ñoverburdened communities, are defined by 

EPA as ñminority, low-income, tribal or 

indigenous populations or geographic locations 

in the United States that potentially experience 

disproportionate environmental harms and 

risks.ò84 Communities located near polluting 

industries are at risk for increased cumulative 

exposure to a range of toxic chemicals through 

contaminated land, water, and air.85 The health 

impacts associated with environmental hazards 

can add to the existing burden of chronic 

diseases in these communities. 

 

EJ communities may be disproportionately 

impacted by PFAS contamination for a number 

of reasons. Residents of EJ communities may 

be more likely to consume recreationally 

caught fish, which would increase their 

exposure to PFAS if the fish they consume live 
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in contaminated waterbodies and have elevated 

levels of PFAS. Low-income communities are 

less likely to have the resources for PFAS 

detection and remediation in drinking water and 

other environmental media, which can lead to 

prolonged exposure to PFAS. Outreach 

regarding PFAS that is conducted only in 

English may miss residents who experience 

literacy challenges or for whom English is not 

their first language. To achieve an equitable 

distribution of environmental risks and benefits, 

it is critical to engage in meaningful 

partnerships with EJ communities, accurately 

assess the impact of PFAS contamination on 

these communities, and provide financial 

support and technical assistance. 
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