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ABSTRACT
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Government websites are an important tool for communicating
information about environmental exposures and emerging public
health concerns to the public. This includes how US state websites
frame risks associated with per- and polyﬂuoroalkyl substances (PFAS)
and how these risks are communicated to the public through egovernment. We conducted a content analysis of US states’ websites
about PFAS, analyzing narratives on federal regulation, health
outcomes, the framing of risk, and the role of individual behavior in
exposure reduction. We found that 70% (35/50) of states had PFASspeciﬁc websites. On these sites, personal responsibility was
emphasized over corporate accountability, and health risks were
communicated unevenly across states. Discrepancies in the type and
availability of information presented could make it diﬃcult for residents
to be adequately and equally informed about PFAS contamination and
associated adverse health outcomes.
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Introduction
The growing attention to contamination from per- and polyﬂuoroalkyl substances (PFAS) has
sparked public and scientiﬁc interest in their impact on human health and the environment.
PFAS are a class of over 9500 human-made chemicals that are widely used in industrial production
and activities, certain types of ﬁreﬁghting foams, and consumer products including clothing, carpeting, and food packaging (Lau, 2015; US EPA, 2020). Exposure to PFAS is ubiquitous, and an
estimated 200 million residents receive PFAS-contaminated drinking water (Andrews & Naidenko,
2020; Centers for Disease Control and Prevention, 2017). Health outcomes associated with PFAS
include certain cancers, liver eﬀects, decreased immune response, and developmental eﬀects
(ATSDR, 2020; National Toxicology Program, 2016).
US federal regulation of PFAS is limited (Richter et al., 2018, 2020), but drinking water guidelines are an area of regulatory activity that has seen meaningful attention in recent years. In 2016,
the US Environmental Protection Agency (EPA) established a non-enforceable lifetime health advisory level (EPA HAL) of 70 nanograms per liter (ng/L or parts per trillion) for PFOA and PFOS in
drinking water, two common and well-studied PFAS chemicals (US EPA, 2016). In the absence of
an enforceable federal standard, multiple states have started to establish their own regulatory
limits for PFAS. At least nine states have proposed or promulgated drinking water levels lower
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than 70 ng/L: California, Illinois, Massachusetts, Michigan, Minnesota, New Hampshire, New Jersey, New York, and Vermont (ITRC, 2020, 2021). This suggests that multiple states view the EPA
HAL as “not suﬃciently protective” (Cordner et al., 2019), alongside growing research and pressure
from aﬀected communities to take regulatory action (PFAS Action Agenda, 2021).
Together with regulatory action, citizens increasingly expect government to provide information
about environmental hazards and risk communication via e-government, the implementation of
information and communication technologies to more eﬀectively deliver government services to
the public (Harder & Jordan, 2013). E-government may improve the state’s ability to provide
such information quickly, possibly enhancing democratic governance by improving two-way information communication, oﬀering transparent information disclosure, and ultimately increasing the
public’s trust in government (Lee-Geiller & Lee, 2019).
Understanding how public institutions such as state governments engage in risk communication
on environmental health concerns requires knowledge of how those issues are framed for the public. Frames are collective constructions of meaning that should resonate with and be judged as credible by the targeted audience (Benford & Snow, 2000). An extensive body of research examines the
role of framing by powerful institutions, including the news media and the state, in shaping public
opinion and understanding of environmental and health policies and issues (e.g. Benford & Snow,
2000; Campbell, 2013). Frames in the news media, for example, can deﬁne and limit public understanding of current events (Miles & Morse, 2006). As another example, environmental health advocates often criticize both state and federal oﬃcials and certain disease charities for framing disease
prevention as primarily a matter of individual behavior, rather than of systematic contamination
and regulatory failure (MacKendrick, 2018). Thus frames establish how debates, controversies,
and events will be portrayed to the public by institutions (Nelson et al., 2015).

Methods
To better understand how PFAS risks are communicated to the public, we conducted a content analysis of US state government websites about PFAS through July 2020. Using state names and keywords
(Search terms: state name AND pfas OR pfc OR pfoa OR pfos), we used Google search engine to identify sites with a “.gov” web address. States were considered to have a PFAS website if there was a website
(s) dedicated to PFAS. Each website was analyzed using codes deductively developed based on prior
research on PFAS (Cordner et al., 2016, 2019; Richter et al., 2018, 2020), as well as inductively based on
close reading of several state websites. Codes were developed from emergent themes in addition to
being informed by the conceptual framework of the study. Our codes included: structural description
(e.g. location on agency website, word count), discussion of state and federal drinking water standards, toxicity or exposure, usability, risk and safety, regulation, and any other state action. We evaluated the transparency of information about PFAS water testing on state websites by qualitatively
assessing the availability, clarity, and thoroughness of website material. We examined frames of federal PFAS regulation, risk, individual responsibility, and vulnerable populations.
To quantitatively examine diﬀerences in number of contamination sites between states with and
without a PFAS-website, we used publicly available data from the PFAS Contamination Site Database and simple descriptive statistics. The database contains quantitative data from each known site
of PFAS contamination in the US, extracted from government websites, new articles, and publicly
available reports and documents (Social Science Environmental Health Research Institute, 2020).

Findings
In July 2020, 70% (35/50) of states had information regarding PFAS on a state-run website
(Table 1). The remaining 15 states had no dedicated PFAS page or provided only a PDF with information, and were coded as not having a PFAS website. Of the states with PFAS websites, 21 were
located within an environmental agency and nine within a health agency. Arizona, Wisconsin, and
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Table 1. US states with and without dedicated PFAS websites (through July 2020).
Dedicated PFAS website
State name

More than 10,000 words
California
Michigan
Ohio
1,001-9,999 words
Alabama
Colorado
Massachusetts
Montana
New Jersey
North Carolina
Tennessee
Vermont
Washington
Fewer than 1,000
words
Alaska
Delaware
Indiana
Kansas
Maine
New Mexico
South Carolina

Average number of known PFAS contamination
sites

Arizona
Idaho
Minnesota
New
Hampshire
New York
Oregon
Rhode Island
Utah
Wisconsin
Connecticut
Florida
Iowa
Georgia
Maryland
Pennsylvania
Virginia
9.71

No dedicated PFAS website
No website
Arkansas
Illinois
Louisiana
Mississippi
Missouri
Nebraska
Nevada
Oklahoma
South Dakota
West Virginia
Wyoming
Only 3 sentences on PFAS:
Texas
Only an informational
PDF:
Hawaii
Kentucky
North Dakota

3.13

Virginia each had two separate PFAS pages, within both health and environment agency websites.
Colorado and South Carolina PFAS pages were located within combined health and environment
websites.
Websites varied greatly in terms of quantity of information provided about PFAS (Table 1). Three
states (Ohio, Michigan, and California) had websites with over 10,000 words and 15 states had under
1000. More states in the West and Northeast had PFAS websites as compared to the Midwest and
South. As exceptions, Nevada had no PFAS page, while Minnesota, Wisconsin, and Michigan did.
Using data from the PFAS Contamination Site Database (Social Science Environmental Health
Research Institute, 2020), states with a PFAS website had a mean of 9.71 PFAS-contaminated sites,
while states without a PFAS website had a mean of 3.13 PFAS-contaminated sites, a statistically signiﬁcant diﬀerence (p-value < 0.04, one-tailed t-test) (Table 1).
Transparency
Almost every state with a PFAS website mentioned water contamination, but many only provided
testing data if levels were found above the EPA HAL. Of the 20 websites that provided any water
testing data, most did not make it easily accessible or interpretable. Alabama, for example, required
the user to follow complicated steps, including entering public water system IDs, and the resulting
data was pages in length with no interpretation instructions. In contrast, California, Maine, and
Michigan provided thorough public access to statewide testing data designed to be easy to interpret
and understand for non-experts, with engaging visuals and explanations of quantitative information, including a comprehensive user guide.
Framing of federal PFAS regulation on state websites
State websites frequently discussed the EPA HAL. Out of the 35 states with PFAS websites, 24 (68%)
mentioned the EPA HAL, four (11%) mentioned the HAL but not speciﬁcally the 70 ng/L level, and
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seven (20%) made no mention of the EPA HAL. Citing the EPA HAL was common among states
that had not set their own regulatory levels. Every state with a promulgated and enforceable PFAS
drinking water level had a PFAS website; this includes Massachusetts, Michigan, New Hampshire,
New Jersey, New York, and Vermont.
Ten states (29%) presented the HAL as suﬃciently protective of human health, six (17%) presented it as not protective, and 15 (43%) presented it neutrally. States that presented the HAL as
protective typically contended that if detected levels in drinking water were below the HAL, residents were protected from potential adverse health outcomes. Tennessee, Georgia, and Idaho all
described the HAL using exact phrasing from the EPA: “[the HAL will] provide Americans, including the most sensitive populations such as children and pregnant women, with a margin of protection from exposure to PFOA and PFOS in drinking water” (US EPA, 2020), signaling clear
deference to the justiﬁcation provided by the US EPA.
In contrast, six states described the EPA HAL as insuﬃciently protective. For example, Michigan, with regulatory standards for drinking water PFAS lower than the EPA HAL, wrote:
[Michigan] also coordinated with an independent science panel of national PFAS experts who in 2018 advised
the state that the US EPA’s health advisory level of 70 parts per trillion (ppt) for two compounds, PFOS and
PFOA, was not protective of public health. (Michigan.gov, 2020)

Framing of PFAS risk, individual responsibility, and vulnerable populations
Of states with a PFAS website, most (77%) mentioned speciﬁc potential health impacts and 6 (17%)
described common routes of exposure. Frequently listed health impacts included eﬀects on the
immune system, liver, thyroid, and growth and development. Exposure was commonly framed
in terms of individual-level consumption practices, such as drinking contaminated water or
using PFAS-containing household products. This narrative was seen on the Wisconsin Department
of Natural Resources page:
In EPA’s health advisory documents for PFOS and PFOA, EPA reviewed the research pertaining to the sources
of PFAS exposure. They concluded that diet is the major contributor of exposure to PFAS compounds, with
drinking water and/or dust being additional exposure sources. (Wisconsin Department of Natural Resources,
2020)

Industrial sources of pollution and responsible parties were rarely discussed directly on websites. Some websites mentioned the use of products containing PFAS (particularly ﬂuorinated
ﬁreﬁghting foams) at airports, in ﬁreﬁghting activities, or at military sites, but rarely named
speciﬁc airports or the military as the source of PFAS contamination at a given location.
Only two states, Arizona and Maryland, explicitly mentioned the military as a potentially
responsible party. Corporations were almost never mentioned as potential sources of contamination. North Carolina was one exception with discussion about PFAS contamination from the
Fayetteville Chemours plant. New York also had a page on its Department of Conservation website focused on contamination by the Saint-Gobain Performance Plastics facility in Hoosick
Falls, though this is not part of its main PFAS webpage so was not directly included in our
analysis. This individualization of PFAS risks redirects the narrative away from collective, industry, or governmental causes of PFAS contamination.
Seventeen websites (49%) diﬀerentiated risks for vulnerable populations, including those highly
exposed, pregnant or breastfeeding, and children, but did not also emphasize the need to protect
these sensitive populations. Rather, websites expressed conﬁdence in the EPA HAL or framed
risk as too uncertain to be a valid cause for concern. For example, Ohio’s website stated, “The
[Ohio] EPA expects that these recommended drinking water levels should be safe for all individuals
including babies exposed during pregnancy, nursing infants, and children, even if these water levels
are consumed over a person’s lifetime” (Ohio EPA, 2020).
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Discussion and conclusion
Having a dedicated PFAS website indicates that a state agency has the desire to communicate PFASspeciﬁc information broadly to residents, as well as the capacity to develop such communication
metrics. We found wide variation in the amount and type of information provided by state governments about PFAS exposure and risk. Given the scale of PFAS contamination in the US, it is concerning that as of July 2020, 30% (15/50) of states did not provide PFAS information. This may be
related to resource challenges at the state level, such as lack of technical expertise, limitations on
analytical methods, and the inability of certain states to set drinking water guidelines more protective than the federal standard (Longsworth, 2021). This parallels a state’s ability to develop their
own PFAS guidelines, supported by our ﬁnding that all states with internally-developed PFAS
drinking water levels had PFAS websites as well. This development in regulation in part helps
explain why states like Minnesota, Wisconsin, and Michigan have thorough PFAS websites and
have introduced PFAS-related regulations even though overall the Midwest had fewer state websites
than the West and Northeast. Despite these challenges, states may increasingly be recognizing the
need to provide PFAS information to their residents; we are aware of at least two states, Hawaii and
Illinois, that have developed PFAS websites since our data collection ended in July 2020.
A statistically signiﬁcant diﬀerence in the average number of identiﬁed PFAS contamination
sites between states with and without a PFAS website may be due to motivation of states with
more known contamination, such as New York or New Hampshire, to provide information to
their residents than states with fewer known contamination sites, such as Arkansas. However,
the number of known sites is a function not just of underlying PFAS contamination, but also of
state-initiated testing programs, related legislation, and capacity and obligation to report PFAS testing data.
Very few states had PFAS websites that comprehensively conveyed possible human health risks
associated with exposure. While many states presented information about PFAS that was accessible
to non-expert audiences, clear presentation of potential health risks, as well as best practices for
reducing exposure, is needed. For example, this could include identifying steps that individuals
can take to reduce personal exposure, such as avoiding purchasing stain-resistant carpets, treatments, and waterprooﬁng sprays, and avoiding take-out containers and other food packing containing PFAS. These informational needs have similarly been identiﬁed in research for other
environmental contaminants such as lead; instead of eﬀectively communicating strategies for reducing lead exposure, governmental public health websites in Australia normalized lead in the
environment and failed to indicate that no safe level of exposure exists (Sullivan & Green, 2016).
Research on government websites found variation in governance activities provided and pointed
to the roles of both resource limitations and diﬀerent values placed on public administration versus
resident engagement (D’Agostino et al., 2011). Despite these challenges, the signiﬁcant information
inequalities for residents of diﬀerent states create the potential for gaps and unevenness in public
health information and literacy around this pressing public health issue. States unable to develop
their own PFAS communication materials could link to states with comprehensive, accessible
PFAS information, and to other independent organizations (e.g. AAAS, 2021; ERIS, 2021; ITRC,
2021; PFAS Exchange, 2020).
Many state websites emphasized personal responsibility for PFAS exposure. Focusing on uncertainty regarding PFAS health eﬀects rather than encouraging exposure reduction and remediation is
reminiscent of prior attempts to manufacture uncertainty and delay or prevent meaningful regulatory intervention in cases ranging from leaded gasoline to ﬂame retardants (Michaels, 2020). Narratives that emphasize only self-protection risk exacerbating inequalities while avoiding meaningful
improvements in public health (Brown, 2007; Szasz, 2007). Framing PFAS exposure only in terms of
personal action directs attention from collective and institutional accountability while leaving individuals with a false sense of control. Instead, a collective and institutional approach to PFAS risk
communication would include strategies more likely to result in meaningful public health

6

H. ZINDEL ET AL.

improvements, such as identifying PFAS users and polluters, encouraging state and federal monitoring and regulation of PFAS, and risk reduction by eliminating non-essential uses of PFAS (Cousins et al., 2019). Our analysis is limited to data gathered in the summer of 2020. Increased public
awareness and concern regarding PFAS could increase internal motivation for and external
pressure on state governments to provide websites with information for residents or to make
that information more accessible. A future comparative analysis would yield valuable information
about whether and how states communicate PFAS risk across time. Additional research should
explore how residents utilize state websites alongside other resources for information on environmental exposures, examine the strength of relevant variables such as state public health index, PFAS
litigation, and presence of PFAS activism.
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