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■ INTRODUCTION

Per- and polyfluoroalkyl substances (PFAS) are a class of over
9000 persistent hazardous chemicals used in industrial
processes and consumer goods. They are ubiquitous in the
environment and in people, who are exposed to PFAS via
contaminated food and water, consumer products, and
workplaces.1 Exposure to several PFAS has been linked to a
plethora of health effects in both animal and human studies,
even at background levels. They are so environmentally
persistent that they have been termed “forever chemicals.”
While in many ways PFAS contamination problems reflect

broader issues with the chemicals regulatory system in the
United States, a key feature of this industry is that only a
handful of companies have produced the basic chemical
building blocks for PFAS chemicals. These companies have
known about the potential toxicity, human exposure, and
extreme persistence of PFAS since the 1970s, yet have
continued and expanded production.2

In the 2000s, in response to mounting pressure from the
U.S. Environmental Protection Agency (EPA) about risks to

human and environmental health, PFAS manufacturers agreed
to phase out U.S. production of perfluorooctanoic acid
(PFOA), perfluorooctanesulfonate (PFOS), and some related
PFAS. Replacement PFAS, including new chemicals developed
by industry, are widely used in more than 200 use categories,3

despite growing concerns about exposures, persistence, and
toxicity.4

The PFAS industry claims that the chemicals’ use in
consumer goods and industrial applications brings wide
benefits, valuing the U.S. fluoropolymer segment at $2 billion
a year.5 However, it fails to mention the costs of exposure,
which are long-term, wide-ranging, routinely externalized onto
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the public, and disproportionately experienced. Focusing on a
narrow, short-term view of PFAS benefits ignores how costs
are displaced to communities and governments, despite
existence of safer alternatives in most product sectors.
This review of the true costs of PFAS highlights the need to

act now to ensure that exposures are capped at current levels
by reducing the production and use of PFAS. It calls attention
to systematic failures of U.S. chemical regulation, including
inadequate premarket review of new compounds, data gaps
that prevent and delay the regulation of existing chemicals, and
the widespread externalization of social costs of pollution onto
the public.

■ SNAPSHOT OF THE PROBLEM
Shifting the Burden to Public Utilities. Widespread

contamination of surface water and groundwater due to
industrial releases of PFAS or use of PFAS-containing
firefighting foams is now a major problem in the United
States and globally. An estimated 200 million U.S. residents,
nearly two-thirds of the U.S. population, receive municipally
provided drinking water that is contaminated with PFAS.6

Methods to reduce levels of PFAS in drinking water include
filtration with granular activated charcoal treatment, reverse
osmosis, ion exchange, or blending with less contaminated
water from other sources, none of which fully eliminate PFAS.
Municipalities may also opt to buy water from other
distributors, but each method involves significant capital
costs for new infrastructure and ongoing maintenance costs.
For example, following extensive contamination by a PFAS
manufacturer in the Cape Fear River watershed, Brunswick
County, North Carolina spent $99 million on a reverse
osmosis plant and will incur $2.9 million annually in operations
expenses. Orange County, California estimates that the
infrastructure needed to lower the levels of PFAS in its
drinking water to the state’s recommended levels will cost at
least $1 billion.
These costs of cleaning up PFAS contamination of water are

rarely internalized by chemical manufacturers or other
responsible parties. Instead, they are usually displaced onto
public utilities, their ratepayers, and state and local govern-
ments.
Communities with PFAS-contaminated drinking water also

incur expenses related to testing and monitoring the
contamination, informing the public, gathering information
on treatment alternatives, studying the feasibility of infra-
structure investments, and staff time for these projects. Low-
income communities may be unable to cover such
expenditures and often have few options for cost recovery,
especially when the source of the PFAS contamination has not
been determined. Additionally, PFAS contamination is likely to
disproportionately impact vulnerable communities due to
historic racial discrimination in housing and occupational
sectors, and inequitable enforcement of environmental
regulations that concentrate point sources of pollution
proximal to these communities.
PFAS in wastewater can lead to additional expenses for

public utilities. Wastewater treatment plants are designed to
remove solids and pathogens, not persistent chemicals, and so
any PFAS coming into the treatment plant are largely
discharged into receiving waters or left as contaminants in
sewage sludge. Needed treatment to remove contaminants will
result in increased costs, and failure to treat may decrease
existing revenue streams. For example, the public utility

managing Merrimack, New Hampshire’s wastewater currently
earns $400,000 annually from processing sludge into compost
for public sale as fertilizer. If the utility can no longer sell the
sludge due to PFAS contamination, it will instead have to
spend $2.4 million annually in landfill charges.

Other Externalized Costs of PFAS. Many other PFAS-
related costs are routinely passed on to the public, rather than
paid by the responsible polluters. For example, to prevent
further contamination of water resources, the stock of
fluorinated aqueous film-forming foams (AFFFs) still in
place at military bases, airports, industrial sites, and local fire
stations needs to be replaced with nonfluorinated foams. This
requires collecting the AFFFs and then decontaminating or
replacing equipment. The unused AFFFs and the PFAS-laden
rinsewater must be contained, and no safe, permanent
destruction methods currently exist.
The process of deciding what to do with hot spots of PFAS

contamination is labor-intensive, time-consuming, and ex-
pensive. Testing of soil and water to determine the extent of
contamination typically costs hundreds of dollars per sample,
and few cleanup options exist. Landfilling of contaminated soil
involves transportation costs and tip fees, and PFAS are only
sequestered for the lifespan of the landfill. Incineration may
destroy PFAS but only at extremely high temperatures, and has
not been shown to work at large scale. Concerns about
emissions from PFAS incineration, as well as public outrage at
incineration testing in impacted communities, point to both
health and political costs of PFAS incineration.
PFAS contamination may also reduce property values of

homes and businesses. The discovery of water contamination,
or even the perceived risk of potential contamination, can
depress property values and stigmatize neighborhoods,
potentially leading to lower home values and blocking
residents’ from selling properties, particularly when contami-
nation achieves a level of public notoriety.7

Households and local businesses seeking to avoid exposure
to contaminated drinking water may have to purchase bottled
water or install and maintain home water filtration systems. In
cases where the polluter is known, these costs may be
recoverable through costly litigation. More often, however, the
precise source of PFAS contamination is unclear, contested, or
involves multiple polluters, making litigation or regulatory
outcomes uncertain. Additionally, residents living outside of
established boundaries or whose water is below specific action
levels may not qualify for alternative water supplies, even if
distribution systems exist.
Farms in areas with PFAS-contaminated water or soil may

be forced to destroy harvests or products, or even to cease
operation. As examples, dairy farms in more than one state
were forced to dump milk contaminated with PFAS from
agricultural applications of sludge and to euthanize their herds,
while an organic farm near Colorado’s Fort Peterson Air Force
Base completely ceased production after learning that their
irrigation water was highly contaminated.
Again, the governance and research expenses in such

instances are substantial. In addition to technical expertise
and staffing related to exposure assessment, human bio-
monitoring, and cleanup efforts, local and state governments
must invest significant resources in public engagement and
communications, and in managing PFAS programs and task
forces. For example, North Carolina has allocated over $5
million for its PFAS Testing Network to address ongoing
questions about PFAS exposure.

Environmental Science & Technology pubs.acs.org/est Viewpoint

https://doi.org/10.1021/acs.est.1c03565
Environ. Sci. Technol. 2021, 55, 9630−9633

9631

pubs.acs.org/est?ref=pdf
https://doi.org/10.1021/acs.est.1c03565?rel=cite-as&ref=PDF&jav=VoR


State and local governments may also incur significant legal
expenses. States including New Hampshire and New Jersey
have been sued by PFAS manufacturers opposed to health-
protective drinking water regulations. States have occasionally
received compensation from the companies responsible for
PFAS pollution in their environs, including Minnesota ($850
million), Alabama ($39 million), and Michigan ($168
million).8 The number of lawsuits and the size of settlements
indicates the nation-wide scope of PFAS contamination and
the costs of exposure. Legal actions such as these require
significant time and resources from state-employed and
contracted lawyers, consultants, and other professionals.
Moreover, these legal actions happen after the damage has

occurred. Since complete remediation of PFAS in the
environment is impossible at this time, exposures will remain
for generations to come.
Health Impacts: The Biggest Externality. Exposure to

PFAS via contaminated drinking water has been linked to
kidney and testicular cancer, ulcerative colitis, pregnancy and
fertility problems, liver diseases, thyroid disease, and high
cholesterol.1,9 PFAS exposure is also linked to immunotoxic
effects, including decreased response to vaccines and possible
increases in COVID-19 severity.10 Even low-level exposure is
associated with serious health consequences. For example,
multiple studies have linked prenatal PFAS exposure with low
birth weight, a particularly concerning end point that is
associated with higher risk of cardiovascular disease,
respiratory disease, and diabetes in adulthood, as well as
impaired cognitive development and lower lifetime earnings.11

The impacts on human health due to PFAS exposure are
immense. A recent analysis of impacts from PFAS exposure in
Europe identified annual direct healthcare expenditures at
€52−84 billion.12 Equivalent health-related costs for the
United States, accounting for population size and exchange
rate differences, would be $37−59 billion annually. These costs
are not paid by the polluter; they are borne by ordinary people,
health care providers, and taxpayers.
Indirect social costs are also extensive, though more difficult

to calculate. They include lost wages; lost years of life; reduced
quality of life; increased stress, anxiety, and depression; and
subsequent impacts on families and communities. Such social
costs are quantifiable and can guide policy,13 but no such
analysis currently exists for health impacts from PFAS in the
United States.
Finally, other significant health-related costs borne by

government institutions and taxpayers include biomonitoring
and health monitoring of exposed populations, and govern-
ment research expenditures aimed at identifying PFAS toxicity
and extent of exposures. In a more equitable world, this
research would be carried out by the producer before the
chemical came onto the market.

■ DISCUSSION
The health, societal, and economic impacts of contamination
from PFAS production and use are multifaceted and broadly
distributed. The costs of these impacts are long-term,
incompletely understood, and externalized onto individuals,
communities, and government at all levels, while profits accrue
to corporations shielded from these costs by the protections
built into our chemical regulatory laws and practices.14 The
continued use of PFAS will lead to increases in contamination
and exposures in the future. But these exposures can be capped
if steps are taken now to reduce and eventually phase out

production and use of PFAS in all nonessential applications. In
the meantime, the responsibility for paying for the legacy
contamination should rest on the companies who continue to
produce and market these chemicals even though they know
about the chemicals’ toxicity and extreme persistence.
Under a precautionary system of chemicals production in

which companies had to demonstrate the safety of their
products before accessing markets, costs could be substantially
reduced by avoiding the production of toxic substances, and
remaining costs would be internalized by PFAS producers into
the price of their products. But in the United States, these costs
are largely borne by the public and public institutions.
As this review of PFAS externalities shows, meaningful

action must address not just remediation and cleanup of legacy
contamination, but must also reduce current production and
uses of PFAS, in order to limit the extent of future exposures.
Class-based regulation of all PFAS is needed,15 and California’s
recent action to regulate PFAS as a class in consumer products
demonstrates that class-based restrictions are possible and
desirable.16

Ubiquitous exposure to many toxic chemicals, not just
PFAS, reflects a failure of regulatory systems to adequately
reduce risk, and a privileging of short-term industry profits over
long-term public health and environmental impacts. While the
costs of drinking water treatment and PFAS remediation are
substantial, the potential health-related costs of continued
exposure to PFAS are much larger and will likely impact
vulnerable communities disproportionately. Failing to take
timely action to reduce the production and use of PFAS will
result in exponentially higher costs to be paid by exposed
populations for generations to come.
Understanding the true extent of these costs will clarify the

benefits of improved regulatory controls and timely clean-ups.
It will enable residents and policy makers to make informed
decisions about who should rightfully bear responsibility for
impacts and compensation. A strengthened regulatory system
is needed, both in terms of enforcement of existing regulations
and enactment of stronger, class-based laws to internalize the
costs and reduce or eliminate the production of persistent,
mobile, bioaccumulative, and toxic compounds. Only a
strengthened regulatory system can adequately protect public
health and the environment, and end the practice of forcing the
public and future generations to bear the financial and health
burden of pollution.
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(3) Glüge, J.; Scheringer, M.; Cousins, I. T.; DeWitt, J. C.;
Goldenman, G.; Herzke, D.; Lohmann, R.; Ng, C. A.; Trier, X.;
Zhanyun, W. An overview of the uses of per-and polyfluoroalkyl
substances (PFAS). Environ. Science: Process. Impacts 2020, 22, 2345−
2373.
(4) Wang, Z.; DeWitt, J. C.; Higgins, C. P.; Ian, T. C. A never-
ending story of per-and polyfluoroalkyl substances (PFASs). Environ.
Sci. Technol. 2017, 51, 2508−2518.
(5) Wood Environment & Infrastructure Solutions UK Limited.
2020. Socio-Economic Assessment of the US Fluoropolymer Industry
-Executive Summary. https://fluoropolymerpartnership.com/wp-
content/uploads/2020/03/Socio-Economic-Assessment-of-the-US-
Fluoropolymer-Industry-Executive-Summary.pdf (accessed 2021/3/
1).
(6) Andrews, D. Q.; Olga, V. N. Population-wide exposure to per-
and polyfluoroalkyl substances from drinking water in the United
States. Environ. Sci. Technol. Lett. 2020, 7, 931−936.
(7) Zabel, J. E.; Dennis, G. A hedonic analysis of the impact of
LUST sites on house prices. Resour. Energy Econ. 2012, 34, 549−564.
(8) Gardella, John. 2020. Are the Floodgates Open for PFAS
Product Liability Cases? National Law Review XI (94), https://www.
natlawreview.com/article/pfas-product-liability-cases-are-floodgates-
now-open (accessed 2021/3/1).
(9) C8 Science Panel. 2012. C8 Probable Link Reports. http://www.
c8sciencepanel.org/prob_link.html (accessed 2021/3/1).
(10) Grandjean, P.; Timmermann, C. A.G.; Kruse, M.; Nielsen, F.;
Vinholt, P. J.; Boding, L.; Heilmann, C.; Kåre, M. Severity of COVID-
19 at elevated exposure to perfluorinated alkylates. PLoS One 2020,
15, No. e0244815.

(11) EFSA (European Food Safety Authority) Panel on
Contaminants in the Food Chain. Risk to human health related to
the presence of perfluoroalkyl substances in food. EFSA J. 2020, 18,
6223.
(12) Goldenman, G.; Menna, F.; Michael, H.; Tugce, T.; Amanda,
N.; Cindy, S.; Alicia, M. Cost of Inaction: A Socio-economic Analysis of
Environmental and Health Impacts Linked to Exposure to PFAS; Nordic
Council of Ministers, Copenhagen, 2019. http://norden.diva-portal.
org/smash/record.jsf?pid=diva2%3A1295959&dswid=6315 (accessed
2021/3/1).
(13) IOM (Institute of Medicine). Cost of Environmental-Related
Health Effects: A Plan for Continuing Study; The National Academies
Press: Washington, DC, 1981; DOI: 10.17226/812.
(14) Gold, S. C.; Wendy, E. W. Filling gaps in science exposes gaps
in chemicals regulation. Science 2020, 368, 1066−1068.
(15) Kwiatkowski, C. F.; Andrews, D. Q.; Birnbaum, L. S.; Bruton,
T. A.; DeWitte, J. C.; Knappe, D. R.U.; Maffini, M. V.; Miller, M. F.;
Pelch, K. E.; Reade, A.; Soehl, A.; Trier, X.; Venier, M.; Wagner, C.
C.; Wang, Z.; Arlene, B. Scientific basis for managing PFAS as a
chemical class. Environ. Sci. Technol. Lett. 2020, 7, 532−543.
(16) Bal̆an, S. A.; Vivek, C. M.; Dennis, F. G.; André, M. A.. 2021.
Regulating PFAS as a chemical class under the California Safer
Consumer Products Program. Environ. Health Perspect. 129,
DOI: 10.1289/EHP7431.

Environmental Science & Technology pubs.acs.org/est Viewpoint

https://doi.org/10.1021/acs.est.1c03565
Environ. Sci. Technol. 2021, 55, 9630−9633

9633

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rosie+Mueller"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sharyle+Patton"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Derrick+H.+Salvatore"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Leonardo+Trasande"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.est.1c03565?ref=pdf
https://www.atsdr.cdc.gov/toxprofiles/tp200.pdf
https://doi.org/10.1177/0306312718799960
https://doi.org/10.1177/0306312718799960
https://doi.org/10.1039/D0EM00291G
https://doi.org/10.1039/D0EM00291G
https://doi.org/10.1021/acs.est.6b04806?ref=pdf
https://doi.org/10.1021/acs.est.6b04806?ref=pdf
https://fluoropolymerpartnership.com/wp-content/uploads/2020/03/Socio-Economic-Assessment-of-the-US-Fluoropolymer-Industry-Executive-Summary.pdf
https://fluoropolymerpartnership.com/wp-content/uploads/2020/03/Socio-Economic-Assessment-of-the-US-Fluoropolymer-Industry-Executive-Summary.pdf
https://fluoropolymerpartnership.com/wp-content/uploads/2020/03/Socio-Economic-Assessment-of-the-US-Fluoropolymer-Industry-Executive-Summary.pdf
https://doi.org/10.1021/acs.estlett.0c00713?ref=pdf
https://doi.org/10.1021/acs.estlett.0c00713?ref=pdf
https://doi.org/10.1021/acs.estlett.0c00713?ref=pdf
https://doi.org/10.1016/j.reseneeco.2012.05.006
https://doi.org/10.1016/j.reseneeco.2012.05.006
https://www.natlawreview.com/article/pfas-product-liability-cases-are-floodgates-now-open
https://www.natlawreview.com/article/pfas-product-liability-cases-are-floodgates-now-open
https://www.natlawreview.com/article/pfas-product-liability-cases-are-floodgates-now-open
http://www.c8sciencepanel.org/prob_link.html
http://www.c8sciencepanel.org/prob_link.html
https://doi.org/10.1371/journal.pone.0244815
https://doi.org/10.1371/journal.pone.0244815
https://doi.org/10.2903/j.efsa.2020.6223
https://doi.org/10.2903/j.efsa.2020.6223
http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1295959&dswid=6315
http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1295959&dswid=6315
https://doi.org/10.17226/812?ref=pdf
https://doi.org/10.1126/science.abc1250
https://doi.org/10.1126/science.abc1250
https://doi.org/10.1021/acs.estlett.0c00255?ref=pdf
https://doi.org/10.1021/acs.estlett.0c00255?ref=pdf
https://doi.org/10.1289/EHP7431
https://doi.org/10.1289/EHP7431
https://doi.org/10.1289/EHP7431?ref=pdf
pubs.acs.org/est?ref=pdf
https://doi.org/10.1021/acs.est.1c03565?rel=cite-as&ref=PDF&jav=VoR

