PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Banwell C, Housen T, Smurthwaite K,
Trevenar S, Walker L, Todd K, et al. (2021) Health
and social concerns about living in three
communities affected by per- and polyfluoroalkyl

substances (PFAS): A qualitative study in Australia.

PLoS ONE 16(1): €0245141. https://doi.org/
10.1371/journal.pone.0245141

Editor: Jamie C. DeWitt, East Carolina University,
UNITED STATES

Received: June 23, 2020
Accepted: December 22, 2020
Published: January 14, 2021

Copyright: © 2021 Banwell et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Data cannot be
shared publicly because of the requirements of the
relevant human research ethics committees.
Researchers may contact Australian National
University Human Research Ethics Committee
(Protocol 2017/816, 2018/151) at human.ethics.
officer@anu.edu.au, the Departments of Defence
and Veterans Affairs Human Research Ethics
Committee (Protocol 024-17, 055-018) at ddva.
hrec@defence.gov.au, and the Northern Territory
Department of Health and Menzies School of

RESEARCH ARTICLE

Health and social concerns about living in
three communities affected by per- and
polyfluoroalkyl substances (PFAS): A
qualitative study in Australia

Cathy Banwell®'*, Tambri Housen'®, Kayla Smurthwaite'®, Susan Trevenar'®,
Liz Walker', Katherine Todd', May Rosas?, Martyn Kirk’

1 National Centre for Epidemiology and Population Health, Research School of Population Health, The
Australian National University, Canberra, ACT, Australia, 2 Ngaigu-Mulu Aboriginal Corporation, Katherine,
NT, Australia

@ These authors contributed equally to this work.
* Cathy.banwell@anu.edu.au

Abstract

Background

Exposure to per- and polyfluoroalkyl substances (PFAS) is a public health issue globally. In
Australia high concentrations of PFAS have been found in environments close to sites
where Aqueous Film Forming Foams (AFFF) were historically used for firefighting activities.
This has resulted in significant community concern about the potential long-term health
effects of these chemicals.

Objective

We describe residents’ perceptions and experiences of PFAS in three regional Australian
towns where exposure has occurred.

Methods

We conducted focus groups to generate free-flowing open discussion on PFAS in three
affected communities, including some with significant numbers of First Nations Peoples. We
recruited participants using a range of media outlets and postal services. Focus group tran-
scripts were analysed thematically to identify major shared concerns using Atlas Ti.

Results

One hundred and eighty residents attended fifteen focus groups that were conducted in the
three communities. They included 69 First Nations People living in three communities near
the town of Katherine in the Northern Territory. Study participants were concerned about
potential physical health effects of exposure to PFAS, such as cancer clusters, unexplained
deaths, potential exacerbation of existing health conditions, and the future health of their
children. They expressed feelings of stress and anxiety about living with uncertainty related
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to the possible health and the socio-economic impacts of PFAS contamination in their
communities.

Conclusion

While research has concentrated on the physical health effects of PFAS, more attention
needs to be given to the immediate psychosocial impacts of living in an affected community.

Introduction

Human exposure to per- and polyfluoroalkyl substances (PFAS) is an issue of global public
health importance. PFAS are highly inert, synthetic substances produced since the 1950s for a
wide range of consumer products and industrial applications [1]. The extensive use of PFAS
led to substantial environmental distribution of the chemicals, resulting in uptake by animals
and humans [2, 3]. PFAS has been detected in human blood serum samples from the general
population. However, consuming food and drinking water from PFAS contaminated environ-
ments may result in people having higher blood serum concentrations of PFAS than the gen-
eral population [4].

Environmental contamination by PFAS has generated significant community concern
about the potential long-term health effects. Research has investigated exposure pathways and
epidemiological associations between PFAS and a range of human health outcomes, such as
metabolic, reproductive, neurodevelopmental and immunological effects [5]. Studies of popu-
lations with elevated exposure levels have reported an increased risk of dyslipidaemia with
increasing blood serum PFAS concentrations, in particular perfluorooctanoic acid (PFOA)
and perfluorooctane sulfonic acid (PFOS) [6-9]. While this finding is supported by several epi-
demiological studies of the general population [10-12], the biological pathway of this effect is
unclear in humans [13, 14]. Recent systematic reviews have also reported additional health
outcomes associated with exposure to PFAS, including: decreased renal function and increased
risk of renal cancer; and inverse immune outcomes in children, such as reduced vaccine-
derived immunity against specific vaccine preventable infections [15-17]. However, uncer-
tainty remains for many other health effects resulting from exposure to this class of chemicals.

It is now widely accepted that proximity to environmental contaminations may affect resi-
dents’ psychosocial health [18]. Studies have shown that human-made, slowly-evolving envi-
ronmental disasters [19], such as mountain top mining [20] or oil spills [21], have negative
social and psychological impacts on communities [22, 23], particularly those that are disadvan-
taged [24, 25]. As environmental disasters unfold and persist they can undermine the psycho-
logical resilience of communities [26, 27] resulting in trauma, stress, and loss of trust [28], and
social capital [29]. Communities may become divided, struggle for a collective response, and
experience economic vulnerability. For example, the BP deepwater horizon oil spill is cited as
an example of institutional recreancy linked with heightened community distrust, and the
need for better risk communication and resident involvement [30].

The Australian PFAS experience

PFAS were first introduced to Australia in the 1950s and used for firefighting activities on
Defence Force bases from the 1970s. Aqueous Film Forming Foams (AFFF) containing PFOA
and PFOS were phased out of use by the Defence Force in 2004 [31]. Concern about PFAS has
grown across Australia since then, stimulated in part by class action suites and by visits from

PLOS ONE | https://doi.org/10.1371/journal.pone.0245141 January 14, 2021 2/18


https://doi.org/10.1371/journal.pone.0245141
mailto:Ethics@menzies.edu.au

PLOS ONE

Health and social concerns from PFAS

Katherine, NT

Population

6,303

Main exposure sources

Tindal RAAF Base;

contamination of town water and bore water

Additional information
Located on the Katherine River, which runs through the

Oakey, QLD

Population

4,705

Main exposure sources

QOakey Army Aviation Centre;
contamination of bore water

Additional information

A service centre for surrounding agriculture,

Katherine Gorge, an international tourist attraction. mainly cattle production.
Approximately 25% of the population are Aboriginal

and/or Torres Strait Islander people.

Williamtown, NSW
Population
885

Main exposure sources

Williamtown RAAF Base;

contamination of bore water

Additional information

Close proximity to the coast north of Newcastle.
Agricultural producers and small acreages, home
to hobby farmers and retirees.

Fig 1. Characteristics of the PFAS affected communities of Williamtown, Oakey and Katherine. Population data sourced from QuickStats,
Australian Census, 2016 (Australian Bureau of Statistics 2016).

https://doi.org/10.1371/journal.pone.0245141.9001

Erin Brockovich who labelled the Australian Government’s response at the time as “inade-
quate” [32].

While PFAS has been widely used across Australia for domestic and industrial purposes,
three regional towns have been singled out for government action due to heavy use of PFAS
on nearby Australian Defence Force bases. They are: Williamtown in New South Wales,
Oakey in Queensland and Katherine in the Northern Territory (Fig 1). All three communities
are situated on flood-prone areas located within a 10km radius of the bases where PFAS were
used for firefighting. Residents and workers of these communities have been potentially
exposed to PFAS through the consumption of contaminated ground (bore) water and town
water, and from local produce, among other exposure pathways. The Australian Government
Department of Health established a PFAS coordination unit to facilitate health related work in
Oakey and Williamtown and in late 2017 extended it to Katherine. Part of this work was to
measure community serum PFAS levels and commission the current PFAS Health Study to
investigate exposure to and the health effects of PFAS and to assist policy makers’ response to
PFAS contamination issues.

Thus far, little scholarly attention has been paid to the psychosocial health effects of living
in PFAS-contaminated areas due in part to the relatively recent acknowledgement of its poten-
tial environmental impacts by the Australian government. In this paper, we analyse the experi-
ences of people living, working or owning property in a PFAS affected community. Our aim
was to understand residents’ and workers’ perceptions of health and other PFAS exposure
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risks in these three regional Australian towns where community exposure to PFAS has been
measured. This exploratory qualitative study is part of the larger study, currently in progress.

Materials and methods

This focus group study was the first phase in a sequential mixed-methods study—The PFAS
Health Study (pfas.anu.edu.au) that includes a cross-sectional survey to investigate socio-
demographic and other risk factors associated with high serum PFAS, health problems and
psychological distress, a study comparing blood serum levels of residents and non-residents,
and a data linkage study of PFAS candidate diseases among people living in affected areas and
the general population. As focus group discussions are inductive and exploratory they are well
suited to collecting data to inform quantitative research [33]. Group-interviews were preferred
over in-depth interviews as they facilitate discussions of community events that generate
shared public knowledge, underlying attitudes, and perceptions and opinions. This method
suits exploration of a range of views on community topics [34], which may reveal concerns
and issues generated by group interactions and have been used in similar research elsewhere
[30]. Interpretivist group discussions such as these, focus on participants’ meaning of reality
[35]. Rather than aiming for statistical representativeness, we intended to capture a range of
community views and experiences related to PFAS contamination. In addition to providing
early insight into residents’ perceptions and experiences, community discourse and concerns
captured during the focus groups will inform the development of the survey and contribute to
synthesis of qualitative and quantitative findings [33].

Recruitment and data collection

We conducted twelve focus group discussions with community residents and workers in Wil-
liamtown, Oakey and Katherine between January and August 2018 (Table 1). A further three
focus groups of 69 people were held specifically in communities with First Nations People in

Table 1. Composition of focus group discussions, PFAS health study, Australia, February-August 2018.

Male
>50 years old
Education
Incomplete secondary
Secondary
Certificate/Diploma
Bachelor or above
Married or co-habiting
Employment
Casual employment
Part-time employment
Full-time employment
Retired
Unemployed
Children living at home
Own home

Lived in area 10 or more years

Oakey 4 Focus Groups (n = 36) Williamtown 4 Focus Groups (1 = 46) Katherine 4 Focus Groups (1 = 29)
58% 46% 34%
75% 65% 66%
22% 6% 10%
30% 41% 10%
25% 37% 34%
22% 15% 45%
83% 74% 55%

3% 4% 11%
6% 4% 0%

50% 39% 43%
35% 46% 39%
6% 7% 7%

36% 65% 34%
92% 80% 72%
72% 65% 89%

(Note table does not include participants from First Nations focus groups.)

https://doi.org/10.1371/journal.pone.0245141.t001
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Katherine. In total, 180 people attended 15 focus group discussions. We recruited community
members at each location through advertisements using traditional and social media, includ-
ing websites and community reference groups. Residents and workers who were interested in
participating in the focus groups registered with the study team. Participants were sent a
detailed participant information sheet about the nature of the discussions. To recruit partici-
pants from three First Nations communities in Katherine, an Aboriginal Elder visited each
community to explain to community members the purpose and content of the focus groups,
and agree when the team could visit their community. The Elder was consulted earlier about
how to introduce and conduct the study and she facilitated the focus groups.

A research team led by an experienced qualitative researcher conducted group discussion
sessions during the day and at night in a convenient central location to enable a range of par-
ticipants to attend. In each town, we conducted one separate focus group discussion with peo-
ple connected to the local Australian Government Department of Defence site, including
workers and immediate family members. Some residents indicated that they joined focus
groups with people whom they knew shared similar views so that potential discord within
groups was reduced. The facilitator and team made opportunities for less vocal groups mem-
bers to speak.

All study participants provided informed consent and completed a brief socio-demographic
questionnaire. The team provided information on local counselling services at the start of each
discussion and participants were able to leave the discussions at any time. Participants were
asked to adopt a pseudonym to reduce the risk of their real names being inadvertently used in
the discussions. Maintaining confidentiality and privacy for all was important and participants
were asked to refrain from discussing focus group discussion contents with others in the
community.

An Elder facilitated discussions with Katherine First Nations Peoples on their community
lands over a two-day period. Participants were not asked to complete the socio-demographic
questionnaire as the discussions were adapted to be culturally appropriate. They were informal
and included large numbers of people who moved about. Most participants were women,
often with children, with men sitting separately on the margins. All the group discussions were
held in central outdoor facilities. The communities varied somewhat in size and distance from
Katherine and represented the main First Nation communities in the area affected by PFAS
contamination.

We used an interview guide to generate discussion covering the following broad areas:
health; risk perception and understanding of PFAS exposure; emotional responses; stigma;
practical issues; connection to local land and water sources; and perceptions of the media’s
reporting of PFAS. Each discussion lasted between one and two hours. All focus group discus-
sions were audio-recorded with consent and transcribed. The focus group discussions did not
obtain information about the results of blood tests carried out by the Departments of Health
or Defence, land or water contamination levels or actual government remediation or commu-
nication strategies. Our aim was to understand people’s perceptions of these experiences.

Data analysis

After each focus group, study team members discussed and made joint field-notes of the mood
of the group and significant statements made by participants. We used thematic analysis to
provide “a rich and detailed, yet complex account of data” [36]. After familiarisation with the
content of the transcripts, we constructed a mixed inductive and deductive coding matrix [36]
before manually applying code words and phrases to the texts. These were later entered into a
qualitative software package (Atlas ti version 8) to assist in data management. We grouped
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coded segments of text into broader level themes that loosely aligned with the aims of the
study although we monitored for unexpected findings.

Ethics

This project was approved by the Australian National University Human Research Ethics
Committee (Protocol 2017/816, 2018/151), the Departments of Defence and Veterans Affairs
Human Research Ethics Committee (Protocol 024-17, 055-018) and the Northern Territory
Department of Health and Menzies School of Health Research Human Research Ethics Com-
mittee (Protocol 2018-3121).

Results

A total of 111 people participated in 12 focus groups in the three communities (Table 1). On
average, participants were over 50 years, and were either retired or working full-time. Most
owned their own homes and had lived in the area for long periods of time. On average, focus
groups participants differed from the general population by being older, better educated and
less likely to be employed full time compared to the Australian Bureau of Statistics 2016 census
data. Katherine participants included slightly more women, and more people with tertiary
education. Focus group members were not recruited to be statistically representative. They
appeared to be people who had a long-term commitment to the area in which they lived.

This paper is organised to reflect five major inductive and deductive inter-related themes
arising from our analysis: challenging exposures, questioning health, financial uncertainty,
eroding trust, and finally stigma and disunity. First Nations people shared elements of over-
arching themes such as concern for their own and their children’s health, but their fundamen-
tal relationship to land and property was so different that their results are presented separately.

Challenging exposures

In all three communities, participants told us about, and challenged, the way in which PFAS
levels were measured in water and soil by consultants commissioned by the Department of
Defence. This testing had occurred before focus groups were held. Participants disputed the
boundaries of PFAS contaminated areas as arbitrary, particularly when someone living on one
side of a street was affected while neighbours on the other side were not. Representatives from
the Commonwealth Departments of Defence and Health then held town hall meetings in the
communities to inform the communities about sources of PFAS contamination. Participants
understood that it was the PFAS contamination originating from Defence Force bases in each
affected community which had then brought them into contact with the chemicals through
bore and surface water on their properties, consuming local produce and, in Katherine, the use
and consumption of contaminated town water. Older residents of Oakey and Williamtown
also told stories about years past before the risks were known, when firefighters sprayed foam
at community Christmas events, presumably to replicate snow, for children to play in. It was
clear that participants perceived the movement of PFAS contaminated water through their
environment as dynamic and contested. The boundaries of affected areas have been remea-
sured as they have shifted over time, creating confusion and uncertainty. Questions remained
about the adequacy of treatment of drinking water in some communities.

Participants reported being advised by government representatives not to eat fresh produce
grown on their properties using this contaminated groundwater, including eggs from their
chickens and to minimize consumption of their livestock and products from livestock. Rural
residents who were transferred from bore water to town water to reduce exposure reported
that this water was too expensive for agricultural purposes and it increased operating costs. All
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three affected communities had experienced severe floods, including several in recent years.
Some participants attributed PFAS polluted topsoil, even on land outside areas of investiga-
tion, to these events which in turn added to their worries about contaminated produce and

livestock. Some rural properties were remediated with new top soil or were given rainwater
storage tanks to replace bore water.

Discrepancies between the scientific evidence and personal experience intensified partici-
pants’ confusion and uncertainty. Participants said that there were “a lot of unknowns”, and a
“lot of misinformation” about PFAS exposure. During discussions, they generated the sense
that almost every aspect of PEAS contamination and exposure was unclear, leaving them
doubtful about how to respond or move forward. Their difficulty in determining their expo-
sure to PFAS contributed to their uncertainty about the potential health effects.

The differing published research findings also contributed to community concerns. Some
participants had located large numbers of studies online containing an array of findings that
could support their view. This contributed to the distrust of government agencies’ information
and advice, which tended to show that health risks were lower than reported in the interna-
tional studies participants had found on the internet.

Questioning health

Participants sought ways to assess their physical health risks based on a combination of sci-
entific reports, local knowledge and everyday experiences. A few were reassured because
local wildlife and livestock living in contaminated areas were apparently healthy. One
person questioned expert advice to not consume home-grown agricultural produce saying
that local “animals would know what is good water and what is not”. In contrast,

some livestock producers observed a significant reduction in animals’ fertility and an
increase in stillbirths and other health problems, which they postulated was due to PFAS
exposure.

Many participants expressed fears for their future health and even more so for their chil-
dren’s health. They were concerned that they had subjected their children to an increased risk
of developing diseases, particularly cancer, as well as increasing their own risk of cancers. They
were convinced that what they understood as “cancer clusters” in their area were due to PFAS
exposure. One person noted that “there were 51 with cancer when we went to the last meeting
in one community”. A very few people, like this participant, however expressed uncertainty
about this.

“Is there a spike in bowel cancer in the area because people have got it in their family? Pros-
tate cancer, it’s an aging disease, is that why we’ve got so much of it around, we’re living
longer, or is it something to do with the PFAS exposure? Nobody knows”.

Apart from cancers, participants generally did not attribute specific health conditions to
PFAS. Several wondered whether an existing health condition, usually breast or prostate can-
cer or in one case a chronic degenerative disease might have been either caused or exacerbated
by exposure to PFAS. Participants who worked on the Defence Force bases speculated about
the risks of long-term health outcomes. They and others like them had been exposed to high
levels of PFAS in the past, some directly through contact with firefighting foams. Several
recalled themselves or their children experiencing immediate skin symptoms following direct
exposure to the foams or bore water on the bases, which they described as “itchiness”, “hives”
and “skin crawling”. However, as veterans of the Australian Defence Forces they were eligible
for government supported health care.
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In Katherine, participants were concerned about swimming in, and drinking water from,
the Katherine River which was a major recreation site for the area. They also expressed con-
cern for the health of ‘Country’ in the context of their attachment to the land and environment
in which they live.

Participants, such as this one, linked psychosocial and physical health.

“My main concern is the long term health of the people who are well above the average
PFAS content in their blood. And the second main concern is the mental health of the peo-
ple ... that have been subjected to extreme pressure. Not only of the blood tests, but also of
their property values and their lifestyle”.

Although participants usually cited their physical health as their primary concern, their dis-
cussions often focused on their emotional responses to their current situation. A participant
observed that community members “talk about stress of health and mental stress” and another
group member from the same town thought that their community was brought together by
“the anger and negativity”, going on to say:

“That’s the mental side of it. Is that you don’t know, you get sick and you don’t know
whether to [attribute] it to the pollution here . .. and there’s that psychological side. That
you sort of—is what I've got caused by this or is it something else?”

While participants acknowledged that it was “very difficult to prove” the link between
PFAS and physical health problems, they said “it’s still there in your mind”. They observed
that local residents were “stressing, [they] are angry . .. about their house”. One person com-
mented that contradictions in their situation exacerbated their poor mental state.

“This block of land has been my home, it’s where I brought up my kids, its everything to
me and yet at the same time it’s a contaminated piece of land and you're holding these
two things in your hand, and the confusion of it, these two opposing truths, it drives you
nuts”.

Anger and guilt was heightened by fear that they had potentially exposed their children to
chemicals, often since they were young. As one person noted: “I don’t have the right to con-
taminate my grandkids”. Another participant explained:

“We’ve got two teenage kids. And [its] the [health] unknown of [that] they’ve been eating
our fruit and vegetables that we’ve been growing until recently. And we were told that it
was safe to do so”.

Participants were monitoring, obtaining and comparing information about PFAS; they felt
that this time could have been better spent on activities like generating income or on leisure.
They primarily associated their stress, anxiety and anger with uncertainty over long-term
health prospects, and with disruptions to their social and economic situation.

Some participants added that the need to respond to potential physical health problems
aggravated their poorer mental health. For example, one person observed that getting pre-test
counselling for blood testing had resulted in them feeling in “worse shape”. However, others
acknowledged that it was almost impossible to know whether future health problems could be
attributed to PFAS exposure.
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Financial uncertainty

Participants observed that there had been a major decline in property and house prices due to
PFAS contamination. One person described the low relative value of a small semi-rural prop-
erty equivalent to eight hectares:

“20 acres, $100,000 four bedroom house. I don’t know anywhere else in Australia that you'd
get something like that, maybe [the other PFAS affected sites]”.

People living in affected communities stated they were unable to sell or improve their prop-
erties because banks had stopped lending money on homes in the ‘contamination area’. Several
said that they could not get their properties even valued. The banks applied the same approach
to non-residential business properties, suggesting that lending policies were based primarily
on a financial rather than health risk assessment. They were unwilling to maintain and
improve properties if they could not recoup the costs but were distressed to see their properties
deteriorating.

Several participants had bought properties which they planned to sell later to finance their
retirement and aged care. They contemplated loss of financial independence simultaneously
with the burdens of ill-health and aging. An older person explained:

“We’re caught. If I spend my super [retirement savings] and buy another house I won’t
have any money to live. Certainly, 'm not happy. I was happy here for a long time, or rea-
sonably happy but since this started, I don’t want to live here anymore”.

Furthermore, they did not want to pass on their contaminated properties to children
because of health and financial risks as this person observed. “I've got a property there that my
kids wouldn’t be able to sell and they don’t want it, they sure don’t want it”. Other participants
wanted to move elsewhere but were unable to sell their properties causing them to say they feel
“stuck”—a term which was widely used in all the focus groups.

Attempts to minimize exposure to PFAS imposed additional financial burdens. Participants
reported buying bottled water despite assurances that the free town water was safe. People liv-
ing on rural land purchased town water for agricultural purposes rather than using free bore
water. Some were forced to purchase additional food on the advice not to consume products
from their properties due to PFAS.

“I wanted [Defence] to shut my bore down and compensate for my cost of the bore and
then to pay my excess water and use town water. And they said no but yet they told me
don’t drink the water and don’t put it on your veggie patch”.

Many did not have high disposable incomes or had chosen a sustainable and self-sufficient
lifestyle, while others were rural producers who raised livestock or grew fresh produce that
they either sold commercially or consumed themselves. Commercial producers were con-
cerned about reputational damage and loss of business income. They felt uncomfortable selling
livestock grown in affected areas, despite receiving advice that it was safe for commercial sale.
Some stopped raising animals, euthanized livestock, and replaced contaminated soil because
of financial losses. One person explained the difficulty in leaving their property which had eco-
nomic and emotional value, and representing deep family connections to identity and place.
“We’ve been there 30 years and you can’t walk away and where do you live?” Another partici-
pant added:
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“We built the place. We dug it from the ground up and brought our kids up there and
there’s a lot of emotional attachment to it. It is not just financial”.

Eroding trust

Participants expressed high levels of suspicion and mistrust resulting from PFAS contamina-
tion. They felt that they had been deliberately misinformed or dismissed by government offi-
cials from the Departments of Health and Defence during community meetings because
questions were avoided or left unanswered, and the information they received was insufficient
or contradictory. One person told us they became more angry after attending a meeting,
because of the way the meeting was conducted and community members were treated. Partici-
pants were particularly suspicious of the Australian Government Department of Defence and
mentioned conflict of interest because members of the affected bases had been involved in
managing the response to PFAS. Others differentiated between the Defence Force as a Federal
Government institution, and local Defence Force personnel, whom they considered to be
absolved of responsibility for the contamination. However, several Defence Force personnel
thought they were viewed negatively by community members.

There was a level of suspicion of other stakeholder groups, such as real estate agents and
lawyers. Real estate agents were reported to sell properties without disclosing the PFAS prob-
lem to buyers while an ongoing lawsuit exacerbated tensions between community groups. In
one community, people thought that contamination boundary lines were drawn to exclude
“big businesses that are worth millions”. Some participants who had made submissions or had
followed the proceedings closely of an Australian Government Senate Enquiry into PFAS
observed that none of the recommendations had been adopted [37, 38].

Community members had differing views on the role of the media when reporting health
effects and the scale of contamination. Generally, the media was seen as a useful tool for
attracting attention to their concerns and providing a mechanism to nudge government. Oth-
ers thought the media was purely interested in using the PFAS story to sell content, irrespective
of whether the story was true or damaging to the community. Some distrusted the media
almost as much as government representatives, bureaucrats and other experts because their
“scare-mongering” and “sensationalism” contributed to community stigma.

Affected communities were highly suspicious of information provided by government
agencies associated with PFAS. This distrust affected the reception of public health research
into PFAS. Some participants associated researchers in general with government and others
felt that monies could be better spent on finding a solution, or that it would take too long to
conduct the research which would allow the government to avoid responsibility.

Distrust was linked to a sense of injustice and unfairness. Participants described themselves
as hard-working Australians who had paid taxes and contributed to their community. Some
thought that the government was failing in its role to protect them as citizens. Several com-
mented that if they were to contaminate their neighbors’ land they would be expected to pay,
but because a government agency was the source of contamination there was no accountabil-
ity; they felt that there were two sets of rules. Members of all three communities commented
that their geographic distance from the center of Federal Government diminished their influ-
ence on the policy decisions and interventions regarding PFAS. A further reflection came
from a participant who observed that the experts and bureaucrats who visited them:

“.. .[they] don’t have to live here you see, they can breeze in and breeze out, the same with
the pollies [politicians]. I've seen dozens of them, they come in and promise you this and
that and they’re gone, never see them again”.
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Paradoxically, the Commonwealth Department of Health’s program of free voluntary blood
testing may have increased community confusion and distrust. The program was established
in response to community demands when the PFAS contamination became widely known.
The bloods were tested at a national private laboratory and the results were fed back to com-
munity members through local medical staff. At the time of this research, some people had
paid for their own blood tests, while others had participated in the free government program.

Discussion among focus group participants suggested that people who had been tested had
varying experiences of the program. They were often unclear about the meaning of results,
which were not well explained by local doctors, leading to further confusion, uncertainty and
distress. Participants said they were not provided with baseline measures with which to com-
pare their results. Participants found that PFAS levels in affected residents’ blood did not
match with the measures of PFAS in environmental samples. For example, people said that
produce from their property showed high PFAS levels, while their own blood tests were low or
vice versa. Community members compared results and discussed discrepancies among them-
selves. A repeated concern was how to respond to the results of blood tests particularly if they
showed high levels of PFAS. A great source of stress was high PFAS blood levels in children.
Some participants chose not to get their children tested to avoid the anxiety of high PFAS lev-
els. There was also confusion about whether the purpose of the tests was to determine individ-
ual or community PFAS contamination levels.

Stigma and disunity

Segments of communities that were agitating for government assistance formed support and
advocacy groups. Some joined a class action suit led by a commercial law firm which brought
Erin Brockovich the famous environmental activist to the communities, to encourage people
to sign up. Groups collaborated with each other, forming channels of communication between
the three communities while deepening divisions within groups in their own community who
wanted the issue ignored. Widespread media reporting across Australia of PFAS contamina-
tion of the three communities also contributed to disunity. Residents were concerned that
their communities had become publicized for having non-potable water, which had a negative
effect on tourism and agricultural businesses. Others encouraged press coverage to pressure
the government into responding.

In all three affected communities, participants were asked how they would move forward
from PFAS contamination. They envisaged a range of solutions consistent with the diversity of
their views. Some wanted to move away from contaminated land but could not afford to
because of the drop in property values, so they wanted financial support. Others wanted to
remain where they currently lived if the health risk was removed. One person said, “I want
them to decontaminate my property, to make it livable”. Yet others wanted to be confident
about the health effects of PFAS so they could make an “informed” decision. They hoped that
good research into the problem would provide this. Participants living in the town of Kather-
ine were more likely than others to say that they did not want to move. Part of this was the
expressed attachment to Country and to the Katherine River. Members of the general and
First Nations communities resented being told not fish or swim in the river. Participants also
wanted greater transparency in government’s response to PFAS and clearer information. They
said that the government agencies should listen to them and treat them respectfully.

First Nations perspectives

First Nations participants were concerned about the potential impact of PFAS on their own
health, and particularly on the health of their children “and their future”. This concern or
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“worry” was exacerbated by high levels of existing illness in the communities, which left partic-
ipants wondering if PFAS had contributed. One person observed that a “lot of people die . . .
too young” and another said “there’s a lot of sick people in the community”. A woman ques-
tioned whether the recent death of a child was due to sickness from PFAS while another person
said “when I water [plants], if it touches your skin, ’'m thinking about you might get cancer
the long way round [over time]”. Participants linked their health concerns about PFAS to the
“health of Country” an expression which refers to an “interdependent relationship between
Indigenous peoples and their ancestral lands and seas” [39].

There was little discussion of mental health concerns in these groups, except for general
statements about being “worried”. Apart from these comments, participants generally did not
link PFAS with specific health conditions. First Nations members’ perceptions of their poor
health appeared to intensify their feelings of vulnerability to PFAS. However, PFAS seemed
less immediate to them than their existing health concerns.

First Nations participants appeared uncertain about the impact of PFAS on their environ-
ment. Most people had heard or had seen signs saying that they should only eat one river fish a
day because the river and the fish in it were contaminated. The advice to limit fish consump-
tion had considerable cultural and economic significance. People said that they had previously
fished frequently in the river and often consumed large quantities of fish of different types, tur-
tles and their eggs, mussels, as well as crocodiles and their eggs. They talked about PFAS as
though it was a disease that people could catch from contact with river water or river foods-if
“we eat the fish that’s infected, do you think that we’ll get infected too?” People were unaware
that some types of fish were less contaminated with PFAS than others and were therefore safer
to eat. They requested more information about the safety of tap water, organ meat from local
animals, and river foods, such as eggs, shellfish and crocodiles.

Most First Nations participants did not want to move elsewhere because of PFAS—as one
person said, “This is our home”. They were unsure about whether their land had been contam-
inated during previous floods, and whether it had been tested for PFAS. One person observed:
“They damaged the Country, yeah, they poisoned the river”. Running through an often dry
landscape, the river was central to many of their activities and recreation with a person com-
menting that: “the river is our life”. Someone wondered why “they say that you can go swim-
ming and that, but don’t drink the water”. Nevertheless, people were unclear about the safety
of swimming in the river particularly for children.

Although it was difficult to estimate, First Nations participants said that they spent more of
their income than previously, or a “lot of money”, on supermarket food to replace bush foods
and fish. Many now bought bottled water. Participants also reported that the bush foods
bought in the shops “like kangaroo, crocodile, whatever doesn’t taste the same like the bush
one” and that they had replaced wild meat and fish with farmed red meat, suggesting that the
PFAS contamination may contribute to a move away from traditional diets.

First Nations participants said that they did not attend community information sessions
run by government representatives because they were located in places in which they did not
feel comfortable. Overall, they did not appear to have received the same level of detailed and
specific knowledge that many townspeople had obtained. Others mentioned that they heard
about it from the media or from other people. They were upset that the dangers of PFAS had
been known about long before they were informed. Referring to the importance of guidance in
managing Country from older custodians they asked:

“But why we weren’t told back then, you know, in the ‘80s, we weren’t told. And we had,
our old people were still alive, and they didn’t speak and tell our Elders while they were still
alive”.
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From their accounts, it seems that little had been done to explicitly develop communication
strategies for their communities.

Discussion and conclusion

In this study, PFAS-affected communities in three rural communities in Australia reported
concerns about health, financial impacts, distrust of government agencies, and stigmatisation
of communities. They felt that the risk of PFAS had been downplayed by government agencies
and that it had been difficult to draw attention to their plight. Participants across all three com-
munities expressed broadly similar understandings and concerns about PFAS, related in part
to dwelling in and around small towns that catered to agricultural production and in Kather-
ine’s case a strong tourist industry and the nearby First Nations communities. Residents who
were concerned about PFAS shared information and advice between the three locations which
may have contributed to similar views expressed by residents across all three communities.

Within communities there were differences of opinion between those who wanted to publi-
cise the problem in order to provoke a more supportive government response, while others
preferred that it be downplayed so that tourism or local business wouldn’t be affected. Gener-
ally, professional and hobby farmers and domestic property owners were more concerned
about economic and reputational damage from contamination than town-based and tourist
businesses.

A somewhat different perspective was offered by some people who had worked on the
Defence Force bases. Despite their fears of heavy PFAS exposure in the past, they were more
likely to contextualise their health concerns in light of their workplace exposure to other toxi-
cants, and hazard reduction training. As most of them no longer lived in contaminated areas
they were less affected by the social and financial implications and their healthcare was pro-
vided through the Defence Force. Those who remained in contaminated areas shared similar
concerns with other local residents.

The major differences between the sites related to the experiences of Katherine’s First
Nations communities who had few economic assets and did not own properties individually.
They focussed on their connection to Country, the effects on land and waterways, and loss of
access to indigenous foods and rather than diminishing property values. In this regard their
concerns were similar to the Mohawk people experiences of PFAS contamination in North
America [40]. The health and environmental complexities of PFAS are driven by interactive,
dynamic elements that challenge experts and community members alike to explain and under-
stand them. Qualitative approaches, such as this, help as they are considered “important to
community environmental health research, as they give voice to individuals and community-
based organizations and characterize the community in a full and complex fashion” [41].
Community members in our study were confronted by the pervasiveness of the impact of
PFAS on their everyday lives. The plethora of contradictory evidence on the internet and else-
where resulted in confusion and stress as people tried to navigate information to inform them-
selves about potential health risks. Overwhelming concerns led them to seek clarity and
certainty, sometimes by attempting to identify an individual component that they thought
could produce an easy, quick solution. These feelings were exacerbated by the slowly unfolding
nature of PFAS contamination, delays in authorities’ responses, uncertain health effects, per-
ceived lack of transparency and poor risk communication.

Generally, communities experience greater negative emotional effects in response to
human-made disasters [42]. These contamination events also differed from many of the US
major industry-generated contamination events because they occurred though government-
related activities. Our study suggests a future research topic would be to investigate whether
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responses from affected communities was influenced by which organisations generated the
contamination. Community members acknowledged that the Australian government had
responded but criticised it for downplaying the risks and for being insensitive, slow and
unhelpful. The blood testing program was prompted by community demands but generated
considerable anxiety, particularly for people with a high blood concentration of PFAS because
the results were difficult to interpret or lead to a course of action. It seems that research recom-
mendations to develop specific protocols to inform and engage communities in research [43]
were not well employed, exacerbating negative views of government. Overall, some partici-
pants’ sense of injustice was heightened because they believed that their government should
have protected them more quickly and effectively.

First Nations participants felt that their unique dietary and cultural practices were not fac-
tored into risk assessments and communication. The location of community consultations
and information meetings excluded First Nations People and contributed to their lower aware-
ness of PFAS and how to minimize risk of exposure. It appears that there had been minimal
attempts by government agencies to develop communications designed specifically for these
communities. The relationship with Country is vital to Australian First Nations People, hold-
ing spiritual, cultural, traditional significance as well as being a source of livelihood. In this
regard, they share loss of traditional foods from culturally significant sites such as rivers with
other First Nations People [40]. In keeping with other research findings, greater effort was
needed to ensure Indigenous populations are fully informed and consulted with. In discus-
sions they requested information on the impact of PFAS on traditional practices such as hunt-
ing, eating bush foods and fishing [44-47].

The social and economic impact of PFAS contamination such as land devaluation, difficulty
selling contaminated properties, and loss of financial security was discussed in focus groups.
Future research could provide useful quantitative economic analysis. Participants had been
forced to alter retirement plans, travel, holidays and financial planning, and felt deprived of
being able to leave a legacy for their children. Food producers could not to eat their own pro-
duce even though they could sell it on the market.

This study, with others, promotes an understanding that including people’s experiences
may usefully inform more effective risk communication [35, 48, 49] that is transparent, clear
and empathetic [50]. The perceived lack of transparency from visiting government officials
fuelled community members’ distrust. Research has found that engaging communities early in
environmental contamination events and providing a safe space to express concerns [51]
improves communication and trust. Community involvement in the co-design of responses
has been shown to provide a greater sense of control and reduce negative mental health effects
[52]. For First Nations communities, it is vital to recognise their close connection to land, the
importance of physical, socio-economic and cultural well-being, and to strengthen their capac-
ity to “identify, understand and control impacts associated with development” [53].

PFAS contamination joins the list of environmental disasters that are difficult to detect,
evolve slowly, involve human causality and are persistent, thus creating existential uncertainty
[19]. Often the government or official response to these events is mainly scientific and excludes
subjective experiences even though risk uncertainty, mistrust, confusion, and outrage are com-
mon community responses [54]. Accordingly, these complex events uneasily span the scien-
tific world of risk assessment and lived experience [55] contributing to competing
explanations and understanding. PFAS contamination, like other environmental contamina-
tions, mainly attracts a scientific response [56], although it is characterized by “ambiguity and
conflict regarding [its] nature and impact” [19] which contributes to individual and commu-
nity level stress. In these situations, it is also difficult to define who are the victims and what
are their needs [19]. It has been observed that when faced with contamination events over
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time, social and familial relationships may fracture, community tensions rise, and social capital
declines as residents leave [26, 27]. The Australian PFAS affected communities displayed some
elements of declining community capital, such as dissension, despite efforts to build and main-
tain social bonds in the face of adversity.

Focus groups discussions are designed to capture a range of shared community experiences
and views through group interactions rather than sensitive individual perceptions and experi-
ences. The self-selection of participants into groups facilitated data collection over a range of
community views at the group, rather than the individual, level. Our study was not intended to
be representative, but rather shed light on the important issues impacting people’s lives and
livelihoods. The findings provide insight into the experience of living in PFAS-contaminated
areas and can be used to better inform risk communication, and engagement with communi-
ties in future. This qualitative exploratory study has been used to inform the development of
questions for a larger cross-sectional survey administered in affected communities.

In Australia and globally, PFAS is increasingly recognised as a long-term contaminant of
land and water. Affected communities may face a spectrum of negative mental and physical
effects related to uncertainty around long-term health outcomes, social and economic disrup-
tion, and a distrust of government’s ability to regulate and remediate environmental contami-
nation. Better understanding of members’ experiences and perceptions of living in PFAS
affected communities will contribute to strategies to address the mental health consequences
and reduce future health costs, while improving risk communication and community engage-
ment strategies.

Acknowledgments

We thank the study participants for their contribution to this study. We thank Emeritus Pro-
fessor Bruce Armstrong for reviewing a draft of the report that formed the basis of this paper.

Author Contributions

Conceptualization: Cathy Banwell, Martyn Kirk.

Data curation: Tambri Housen, Kayla Smurthwaite, Susan Trevenar.
Formal analysis: Cathy Banwell.

Methodology: Liz Walker, Katherine Todd, May Rosas.

Writing - original draft: Cathy Banwell.

Writing - review & editing: Tambri Housen, Kayla Smurthwaite, Susan Trevenar, Martyn
Kirk.

References

1.  Smart BE. Characteristics of C-F systems. In: Banks R, Smart B, Tatlow J, editors. Organofluorine
Chemistry: Principles and commercial applications. Boston, MA: Springer; 1994. p. 57-88.

2. BuckRC, Franklin J, Berger U, Conder JM, Cousins IT, de Voogt P, et al. Perfluoroalkyl and polyfluor-
oalkyl substances in the environment: Terminology, classification, and origins. Integrated Environmen-
tal Assessment and Management. 2011; 7(4):513—-41. https://doi.org/10.1002/ieam.258 PMID:
21793199

3. KannanK, Tao L, Sinclair E, Pastva SD, Jude DJ, Giesy JP. Perfluorinated compounds in aquatic
organisms at various trophic levels in a Great Lakes food chain. Archives of environmental contamina-
tion and toxicology. 2005; 48(4):559-66. https://doi.org/10.1007/s00244-004-0133-x PMID: 15883668

4. Holzer J, Midasch O, Rauchfuss K, Kraft M, Reupert R, Angerer J, et al. Biomonitoring of perfluorinated
compounds in children and adults exposed to perfluorooctanoate-contaminated drinking water.

PLOS ONE | https://doi.org/10.1371/journal.pone.0245141 January 14, 2021 15/18


https://doi.org/10.1002/ieam.258
http://www.ncbi.nlm.nih.gov/pubmed/21793199
https://doi.org/10.1007/s00244-004-0133-x
http://www.ncbi.nlm.nih.gov/pubmed/15883668
https://doi.org/10.1371/journal.pone.0245141

PLOS ONE

Health and social concerns from PFAS

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

Environmental Health Perspectives. 2008; 116(5):651-7. https://doi.org/10.1289/ehp.11064 PMID:
18470314

Bruton TA, Blum A. Proposal for coordinated health research in PFAS-contaminated communities in
the United States. Environmental Health. 2017; 16(1):120—. https://doi.org/10.1186/s12940-017-0321-6
PMID: 29132367

Steenland K, Tinker S, Frisbee S, Ducatman A, Vaccarino V. Association of perfluorooctanoic acid and
perfluorooctane sulfonate with serum lipids among adults living near a chemical plant. American journal
of epidemiology. 2009; 170(10):1268-78. https://doi.org/10.1093/aje/kwp279 PMID: 19846564

Frisbee SJ, Shankar A, Knox SS, Steenland K, Savitz DA, Fletcher T, et al. Perfluorooctanoic acid, per-
fluorooctanesulfonate, and serum lipids in children and adolescents: results from the C8 Health Project.
Arch Pediatr Adolesc Med. 2010; 164(9):860-9. https://doi.org/10.1001/archpediatrics.2010.163 PMID:
20819969

Winquist A, Steenland K. Modeled PFOA exposure and coronary artery disease, hypertension, and
high cholesterol in community and worker cohorts. Environmental health perspectives. 2014; 122
(12):1299-305. https://doi.org/10.1289/ehp.1307943 PMID: 25260175

LiY, Barregard L, Xu Y, Scott K, Pineda D, Lindh CH, et al. Associations between perfluoroalkyl sub-
stances and serum lipids in a Swedish adult population with contaminated drinking water. Environmen-
tal Health. 2020; 19(1):1-11.

Eriksen KT, Raaschou-Nielsen O, McLaughlin JK, Lipworth L, Tjonneland A, Overvad K, et al. Associa-
tion between plasma PFOA and PFOS levels and total cholesterol in a middle-aged Danish population.
PloS one. 2013; 8(2):e56969. https://doi.org/10.1371/journal.pone.0056969 PMID: 23441227

Dong Z, WangH, Yu YY, Li YB, Naidu R, Liu Y. Using 2003-2014 US NHANES data to determine the
associations between per-and polyfluoroalkyl substances and cholesterol: Trend and implications. Eco-
toxicology and environmental safety. 2019; 173:461-8. hitps://doi.org/10.1016/j.ecoenv.2019.02.061
PMID: 30798190

Seo S-H, Son M-H, Choi S-D, Lee D-H, Chang Y-S. Influence of exposure to perfluoroalkyl substances
(PFASSs) on the Korean general population: 10-year trend and health effects. Environment international.
2018; 113:149-61. https://doi.org/10.1016/j.envint.2018.01.025 PMID: 29425899

Fletcher T, Galloway TS, Melzer D, Holcroft P, Cipelli R, Pilling LC, et al. Associations between PFOA,
PFOS and changes in the expression of genes involved in cholesterol metabolism in humans. Environ-
ment international. 2013; 57:2—10. https://doi.org/10.1016/j.envint.2013.03.008 PMID: 23624243

Behr A-C, Plinsch C, Braeuning A, Buhrke T. Activation of human nuclear receptors by perfluoroalky-
lated substances (PFAS). Toxicology in Vitro. 2020; 62:104700.

Stanifer JW, Stapleton HM, Souma T, Wittmer A, Zhao X, Boulware LE. Perfluorinated chemicals as
emerging environmental threats to kidney health: A scoping review. Clinical Journal of the American
Society of Nephrology. 2018; 13(10):1479-92. https://doi.org/10.2215/CJN.04670418 PMID: 30213782

Sunderland EM, Hu XC, Dassuncao C, Tokranov AK, Wagner CC, Allen JG. A review of the pathways
of human exposure to poly- and perfluoroalkyl substances (PFASs) and present understanding of
health effects. Journal of Exposure Science & Environmental Epidemiology. 2019; 29(2):131-47.

Rappazzo KM, Coffman E, Hines EP. Exposure to perfluorinated alkyl substances and health outcomes
in children: a systematic review of the epidemiologic literature. International journal of environmental
research and public health. 2017; 14(7):691. https://doi.org/10.3390/ijerph14070691 PMID: 28654008

Prior JH, Gorman-Murray A, Mclntyre E, Connon |, Adams J, Madden B. A geography of residents’
worry about the disruptive effects of contaminated sites. Geographical Research. 2019; 57(1):52—66.

Cline R, Orom H, Child J, Hernandez T, Black B. Social support functions during a slowly-evolving envi-
ronmental disaster: The case of amphibole asbestos exposure in Libby, Montana. Health Communica-
tion. 2015; 30(11):1135—48. https://doi.org/10.1080/10410236.2014.922456 PMID: 25365594

Cordial P, Riding-Malon R, Lips H. The Effects of Mountaintop Removal Coal Mining on Mental Health,
Well-Being, and Community Health in Central Appalachia. Ecopsychology. 2012; 4(3):201-8.

Osofsky HJ, Osofsky JD, Hansel TC. Deepwater Horizon Qil Spill: Mental Health Effects on Residents
in Heavily Affected Areas. Disaster Medicine and Public Health Preparedness. 2011; 5(4):280-6.
https://doi.org/10.1001/dmp.2011.85 PMID: 22146666

Barnes G, Baxter J, Litva A, Staples B. The social and psychological impact of the chemical contamina-
tion incident in Weston Village, UK: a qualitative analysis. Social Science & Medicine. 2002; 55
(12):2227—41. https://doi.org/10.1016/s0277-9536(01)00367-7 PMID: 12409136

Barnes GJ, Litva A, Tuson S. The social impact of land contamination: reflections on the development
of a community advocacy and counselling service following the Weston village incident. Journal of Pub-
lic Health. 2005; 27(3):276-80. https://doi.org/10.1093/pubmed/fdi036 PMID: 15985449

PLOS ONE | https://doi.org/10.1371/journal.pone.0245141 January 14, 2021 16/18


https://doi.org/10.1289/ehp.11064
http://www.ncbi.nlm.nih.gov/pubmed/18470314
https://doi.org/10.1186/s12940-017-0321-6
http://www.ncbi.nlm.nih.gov/pubmed/29132367
https://doi.org/10.1093/aje/kwp279
http://www.ncbi.nlm.nih.gov/pubmed/19846564
https://doi.org/10.1001/archpediatrics.2010.163
http://www.ncbi.nlm.nih.gov/pubmed/20819969
https://doi.org/10.1289/ehp.1307943
http://www.ncbi.nlm.nih.gov/pubmed/25260175
https://doi.org/10.1371/journal.pone.0056969
http://www.ncbi.nlm.nih.gov/pubmed/23441227
https://doi.org/10.1016/j.ecoenv.2019.02.061
http://www.ncbi.nlm.nih.gov/pubmed/30798190
https://doi.org/10.1016/j.envint.2018.01.025
http://www.ncbi.nlm.nih.gov/pubmed/29425899
https://doi.org/10.1016/j.envint.2013.03.008
http://www.ncbi.nlm.nih.gov/pubmed/23624243
https://doi.org/10.2215/CJN.04670418
http://www.ncbi.nlm.nih.gov/pubmed/30213782
https://doi.org/10.3390/ijerph14070691
http://www.ncbi.nlm.nih.gov/pubmed/28654008
https://doi.org/10.1080/10410236.2014.922456
http://www.ncbi.nlm.nih.gov/pubmed/25365594
https://doi.org/10.1001/dmp.2011.85
http://www.ncbi.nlm.nih.gov/pubmed/22146666
https://doi.org/10.1016/s0277-9536%2801%2900367-7
http://www.ncbi.nlm.nih.gov/pubmed/12409136
https://doi.org/10.1093/pubmed/fdi036
http://www.ncbi.nlm.nih.gov/pubmed/15985449
https://doi.org/10.1371/journal.pone.0245141

PLOS ONE

Health and social concerns from PFAS

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Markstrom CA, Charley PH. Psychological effects of technological/human-caused environmental disas-
ters: examination of the Navajo and uranium. American Indian and Alaska Native Mental Health
Research: The Journal of the National Center. 2003; 11(1):19-45.

Mohai P, Pellow D, Roberts JT. Environmental justice. Annual review of environment and resources.
2009; 34:405-30.

Cline R, Orom H, Chung JE, Hernandez T. The role of social toxicity in responses to a slowly-evolving
environmental disaster: The case of amphibole asbestos exposure in Libby, Montana, USA. American
Journal of Community Psychology. 2014; 54(1-2):12-27. https://doi.org/10.1007/s10464-014-9660-4
PMID: 24819552

Sandifer P, Walker A. Enhancing Disaster Resilience by Reducing Stress-Associated Health Impacts.
Frontiers in Public Health. 2018; 6(373). https://doi.org/10.3389/fpubh.2018.00373 PMID: 30627528

Kroll-Smith S, Couch S. Symbols, Ecology, and Contamination: Case Studies in the Ecological-Sym-
bolic Approach to Disaster. Research in Social Problems and Public Policy. 1993; 5:47-73.

Ritchie LA, Gill DA. Social capital theory as an integrating theoretical framework in technological disas-
ter research. Sociological Spectrum. 2007; 27(1):103-29.

Gordon JS. Perceptions of recreancy in the BP deepwater horizon oil spill: a study of two Mississippi
coastal communities: Natural Hazards Center; 2010.

Department of Defence. PFAS Investigation & Management Program: Australian Government; 2016.
Available from: https://www.defence.gov.au/Environment/PFAS/.

Barraud A, Kelsey-Sugg, A. Landmark class action over PFAS contamination in Australia announced
by Erin Brockovich. Law Report, ABC Radio National. 05:30 ed2019.

Creswell JW. Research design: Qualitative, quantitative, and mixed methods approaches. 2nd edition
ed. Thousand Oaks, California: Sage; 2003.

Krueger RA. Focus groups: a practical guide for applied research. 2nd Edition ed. Thousand Oaks,
California: Sage; 1994.

Scammell MK, Senier L, Darrah-Okike J, Brown P, Santos S. Tangible evidence, trust and power: public
perceptions of community environmental health studies. Social Science & Medicine. 2009; 68(1):143—
58. https://doi.org/10.1016/j.socscimed.2008.10.002 PMID: 18995942

Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology. 2006; 3
(2):77-101.

Australian Government. Australian Government response to the Senate Foreign Affairs, Defence and
Trade References Committee report: Inquiry into firefighting foam contamination Part A-RAAF Base
Williamtown. Canberra2016. p. 12.

Foreign Affairs Defence and Trade References Committee. Inquiry into firefighting foam contamination
Part A—RAAF Base Williamtown. Canberra2016. p. 106.

Burgess CP, Johnston FH, Berry HL, McDonnell J, Yibarbuk D, Gunabarra C, et al. Healthy country,
healthy people: the relationship between Indigenous health status and “caring for country”. Medical
Journal of Australia. 2009; 190(10):567-72.

Hoover E. Environmental reproductive justice: intersections in an American Indian community impacted
by environmental contamination, Environmental Sociology,2018 4:1, 8-21, https://doi.org/10.1080/
23251042.2017.1381898

Brown P. Qualitative methods in environmental health research. Environmental Health Perspectives.
2003; 111(14):1789-98. https://doi.org/10.1289/ehp.6196 PMID: 14594634

Gill DA, Picou JS, Ritchie LA. The Exxon Valdez and BP oil spills: A comparison of initial social and psy-
chological impacts. American Behavioral Scientist. 2012; 56(1):3—23.

Ohayon JL, Cousins E, Brown P, Morello-Frosch R, Brody JG. Researcher and institutional review
board perspectives on the benefits and challenges of reporting back biomonitoring and environmental
exposure results. Environmental Research. 2017; 153:140-9. https://doi.org/10.1016/j.envres.2016.12.
003 PMID: 27960129

Daley K, Castleden H, Jamieson R, Furgal C, Ell L. Water systems, sanitation, and public health risks in
remote communities: Inuit resident perspectives from the Canadian Arctic. Social Science & Medicine.
2015; 135:124-32.

Friendship KA, Furgal CM. The role of Indigenous knowledge in environmental health risk management
in Yukon, Canada. International Journal of Circumpolar Health. 2012; 71(1):190083. https://doi.org/10.
3402/ijch.v71i0.19003 PMID: 22868192

Galway L. Boiling over: A descriptive analysis of drinking water advisories in First Nations communities
in Ontario, Canada. International Journal of Environmental Research and Public Health. 2016; 13
(5):505. https://doi.org/10.3390/ijerph13050505 PMID: 27196919

PLOS ONE | https://doi.org/10.1371/journal.pone.0245141 January 14, 2021 17/18


https://doi.org/10.1007/s10464-014-9660-4
http://www.ncbi.nlm.nih.gov/pubmed/24819552
https://doi.org/10.3389/fpubh.2018.00373
http://www.ncbi.nlm.nih.gov/pubmed/30627528
https://www.defence.gov.au/Environment/PFAS/
https://doi.org/10.1016/j.socscimed.2008.10.002
http://www.ncbi.nlm.nih.gov/pubmed/18995942
https://doi.org/10.1080/23251042.2017.1381898
https://doi.org/10.1080/23251042.2017.1381898
https://doi.org/10.1289/ehp.6196
http://www.ncbi.nlm.nih.gov/pubmed/14594634
https://doi.org/10.1016/j.envres.2016.12.003
https://doi.org/10.1016/j.envres.2016.12.003
http://www.ncbi.nlm.nih.gov/pubmed/27960129
https://doi.org/10.3402/ijch.v71i0.19003
https://doi.org/10.3402/ijch.v71i0.19003
http://www.ncbi.nlm.nih.gov/pubmed/22868192
https://doi.org/10.3390/ijerph13050505
http://www.ncbi.nlm.nih.gov/pubmed/27196919
https://doi.org/10.1371/journal.pone.0245141

PLOS ONE

Health and social concerns from PFAS

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

McAuley C, Knopper LD. Impacts of traditional food consumption advisories: Compliance, changes in
diet and loss of confidence in traditional foods. Environmental Health. 2011; 10(1):55. https://doi.org/10.
1186/1476-069X-10-55 PMID: 21651789

Cappelletto F, Merler E. Perceptions of health hazards in the narratives of Italian migrant workers at an
Australian asbestos mine (1943-1966). Social Science & Medicine. 2003; 56(5):1047-59.

Higginbotham N, Freeman S, Connor L, Albrecht G. Environmental injustice and air pollution in coal
affected communities, Hunter Valley, Australia. Health & Place. 2010; 16(2):259-66. https://doi.org/10.
1016/j.healthplace.2009.10.007 PMID: 19884036

Griffin RJ, Neuwirth K, Dunwoody S, Giese J. Information Sufficiency and Risk Communication. Media
Psychology. 2004; 6(1):23-61.

Haynes E, Elam S, Burns R, et al. Community engagement and data disclosure in environmental health
research. Environmental Health Perspectives 2016; 124(2):A24—A7. https://doi.org/10.1289/ehp.
1510411 PMID: 26829152

Council on Environmental Quality. Collaboration in NEPA: A handbook for NEPA practitioners. Wash-
ington, DC: Council on Environmental Quality; 2007.

Kwiatkowski RE, Tikhonov C, Peace DM, Bourassa C. Canadian Indigenous engagement and capacity
building in health impact assessment. Impact Assessment and Project Appraisal. 2009; 27(1):57-67.

Sandman P, Miller P, Johnson B, Weinstein N. Agency Communication, Community Outrage, and Per-
ception of Risk: Three Simulation Experiments. Risk Analysis. 1993; 13(6):585-98.

Clapp JT, Roberts JA, Dahlberg B, Berry LS, Jacobs LM, Emmett EA, et al. Realities of environmental
toxicity and their ramifications for community engagement. Social Science & Medicine. 2016; 170:143—
51. https://doi.org/10.1016/j.socscimed.2016.10.019 PMID: 27783970

Guelfo JL, Marlow T, Klein DM, Savitz DA, Frickel S, Crimi M, et al. Evaluation and Management Strate-
gies for Per- and Polyfluoroalkyl Substances (PFASSs) in Drinking Water Aquifers: Perspectives from
Impacted U.S. Northeast Communities. Environmental Health Perspectives. 2018; 126(6):065001—.
https://doi.org/10.1289/EHP2727 PMID: 29916808

PLOS ONE | https://doi.org/10.1371/journal.pone.0245141 January 14, 2021 18/18


https://doi.org/10.1186/1476-069X-10-55
https://doi.org/10.1186/1476-069X-10-55
http://www.ncbi.nlm.nih.gov/pubmed/21651789
https://doi.org/10.1016/j.healthplace.2009.10.007
https://doi.org/10.1016/j.healthplace.2009.10.007
http://www.ncbi.nlm.nih.gov/pubmed/19884036
https://doi.org/10.1289/ehp.1510411
https://doi.org/10.1289/ehp.1510411
http://www.ncbi.nlm.nih.gov/pubmed/26829152
https://doi.org/10.1016/j.socscimed.2016.10.019
http://www.ncbi.nlm.nih.gov/pubmed/27783970
https://doi.org/10.1289/EHP2727
http://www.ncbi.nlm.nih.gov/pubmed/29916808
https://doi.org/10.1371/journal.pone.0245141

