
Citation: Menegatto, M.; Lezzi, S.;

Musolino, M.; Zamperini, A. The

Psychological Impact of Per- and

Poly-Fluoroalkyl Substances (PFAS)

Pollution in the Veneto Region, Italy:

A Qualitative Study with Parents. Int.

J. Environ. Res. Public Health 2022, 19,

14761. https://doi.org/10.3390/

ijerph192214761

Academic Editors: Zhaomin Dong,

Ying Wang and Xiaomin Li

Received: 20 October 2022

Accepted: 8 November 2022

Published: 10 November 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

The Psychological Impact of Per- and Poly-Fluoroalkyl
Substances (PFAS) Pollution in the Veneto Region, Italy:
A Qualitative Study with Parents
Marialuisa Menegatto , Sara Lezzi, Michele Musolino and Adriano Zamperini *

FISPPA Department, University of Padova, Via Venezia 14, 35131 Padova, Italy
* Correspondence: adriano.zamperini@unipd.it

Abstract: Little is known about the psychosocial impact on people who live in polluted areas,
and its consequences for the parental role have been neglected. This study addresses this gap,
proposing qualitative research referring to the case of per- and poly-fluoroalkyl substances (PFAS)
water pollution in the Veneto Region of Italy. The purpose of this study was to investigate the
chronic exposure contamination (CEC) experience of parents. Semi-structured interviews were
conducted with 32 parents living in the so-called ‘Red Area’ considered to have had maximum
exposure. Grounded theory was used to analyse the data. The three themes to emerge were three
phases of a dynamic process: shock around the discovery (phase 1), lifestyle change (phase 2), and
living with PFAS (phase 3). The two transitions (loss of innocence and environmental adaptation)
linked the phases. Our findings show that PFAS CEC experience is a process whereby parents need
to move from the shock of discovery to adapting to the new situation in order to incorporate a change
into their daily life, especially in regard to children. Two emerging aspects that characterised the
process as a constant were uncertainty and health concerns, while role strains could be a stress source
in the context of CEC. We suggest introducing the notion of chronic role strain (CRS).

Keywords: chronic role strain; stress; chronical contamination exposure; family; personal
violation; PFAS

1. Introduction

The publication of Rachel Carson’s Silent Spring in 1962 [1] marked a turning point
in public environmental awareness of the importance of industrial pollution, especially
by synthetic chemicals. This influential book exhaustively discussed the indiscriminate
and extensive use of chemical pesticides and the damage they caused to the ecosystem and
human health. Today, environmental pollution has become a global public health issue,
and humans are increasingly exposed to a proliferation of toxic chemicals. According to
the United Nations, global chemical production is predicted to double by 2030 [2], while
plastic production could jump three- to fourfold by 2050, according to a World Economic
Forum report of 2016 [3]. Among these toxic chemicals, perfluoroalkyl and polyfluoroalkyl
substances, commonly known by the acronym PFAS, were an emerging issue in the early
2000s, although their severe toxicity was already well known [4]. In fact, researchers have
long demonstrated that PFAS pollution has affected wildlife (bears, seals, birds, and other
animals) worldwide [5]. From these research data, the first questions arose regarding
the understanding of PFAS sources, environmental transport pathways, methods used to
assess PFAS exposure, PFAS bioaccumulation in humans and wildlife, and consequences
for human health [6], posing a remarkable number of challenges.

PFAS are a group of more than 4700 human-made chemicals containing an aliphatic
fluorinated carbon chain of variable length (from 4 to 16), manufactured for diverse uses [7].
For many years the most used PFAS have been those with eight carbon atoms, such as
perfluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid (PFOA), the so-called
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long-chain PFAS. PFAS represent some of the most innovative material developments be-
cause of their particular chemical and physical properties. Due to these unique properties,
including oil and water repellence, and temperature and chemical resistance, PFAS have
been extensively used. Indeed, providing numerous benefits, they have been in common
use since the late 1940s [8] for a wide variety of industrial applications and consumer
products, such as disposable food packaging, cookware, outdoor gear, furniture, carpets,
ski wax, personal care products, cream and cosmetics, textile treatments for stain and
water repellency, medical devices, outdoor gear, paints and photography, chrome plat-
ing, pesticides, pharmaceuticals, and firefighting foams in frequent use at airports and
military bases for firefighting and training activities [9,10]. It is essential to state this list
of PFAS applications because it captures their diversity and suggests that they are part
of our everyday life, with the high resistance to biodegradation that has earned PFAS
the moniker ‘forever chemicals’ [11,12], resulting in exposure to and uptake by animals
and humans. In summary, it is well recognised that, by virtue of their physico-chemical
properties, their widespread use, and their extreme resistance to thermal, chemical, or
biotic degradation, which causes environmental persistence, PFAS pose serious concerns to
human and environmental health [13].

In fact, concerns over the potential of PFAS to adversely affect human health arise
from the ease with which they are absorbed into and distributed through the body. In
general, the population is exposed to PFAS pollution through food consumption, drinking
water, and house dust [14–16]. However, drinking water has been identified as the major
source of exposure in polluted communities [6,17–19]. In fact, the best known PFAS
pollution cases involve the water: in the USA, in the Ohio Valley [20], the Cape Fear River
in North Carolina [21], and Michigan State [22,23]; in Ronneby, southern Sweden [24,25];
and in Dordrecht, The Netherlands [26]. At least 90 sites across Australia are also under
investigation for elevated levels of PFAS [27].

PFAS can be defined as ‘endocrine disruptors’—exogenous substances that might
affect the endocrine system, compromising many of the processes of the human body [28].
Current scientific research reports that human exposure to PFAS has been associated with
adverse effects on the immune [29], endocrine, metabolic, and reproductive systems (includ-
ing fertility and pregnancy outcomes), and increased risk of cancer [30,31]. Epidemiological
studies have reported that other health issues associated with high PFAS exposure are hy-
pertension, higher cholesterol levels, ulcerative colitis, thyroid disease, pregnancy-induced
hypertension [6,20,32–36], platelet alterations, and cardiovascular diseases [35,37].

In the field of industrial and occupational exposure, many studies have shown increased
incidence of cancer, including bladder, kidney, prostate, and liver [38–40], leukaemia [39],
kidney disease [31], and elevated cholesterol [41,42]. These data have been confirmed by a
longitudinal study [43] on a cohort of 1002 Swedish individuals. However, there are still
major gaps in translating knowledge about the health effects linked to PFAS exposure into
clinical guidance.

The existing literature on environmental pollution suggests that the experience of being
exposed to toxic substances can be psychologically stressing, generating a complex range of
discomforts: insecurity, disruption of routine, concerns, anxiety, sense of helplessness, and
anticipatory fears and disorders [44,45]. In particular, stress affects family roles. Role strain
was first introduced by Goode (1960) [46] to describe difficulty in meeting the expectations
of roles and balancing multiple, at times conflicting, ambiguous, or overloading roles,
as well as the stress that results from the differing demands and expectations associated
with the social role [47]. Role strain is usually experienced as heavy and fatiguing. In the
literature on role strain, family relationships between parents and children are generally
centred on general problems, such as deviant behaviour, poor academic performance, and
aggression towards parental authority [48]. In this paper, we suggest the extension of
the role strain concept to environmental disasters. In fact, in the case of environmental
pollution, the daily routine is interrupted by a dramatic and unforeseen event for which
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parents are unprepared. This gives them the burden of additional educational effort with
no certainty of being able to meet the expectations and responsibilities of their role.

In the Love Canal environmental pollution affair, Stone and Levine [49] found a high
level of strain in families. Analysing the Legler affair, a case of water pollution caused by a
municipal landfill, Edelstein [50] highlighted the impact on family dynamics, both among
couples (conflicts and separations) and in the parental role. For example, parents’ concerns
about child safety lessened the quality of family life, especially when coupled with the
difficulties of teaching new behaviours, such as being afraid of tap water [51]. As regards
PFAS pollution, specifically, role strains on parents have additional aspects. In fact, as
evidenced by research [36,52], PFAS accumulated in the mother’s body can be transmitted
to the unborn child through the placenta and during lactation. This intergenerational
transmission from mother to child biologically intoxicates the unborn child and could
psychologically undermine the mother’s childcare and protection role. Despite a recent
increase in research focusing on the effects of PFAS on physical health [53], there is as yet,
unfortunately, little research analysing the psychological impact [54], and its consequences
on the parental role remain neglected. The purpose of this article is to contribute to filling
this research gap. The case under examination concerns an episode of PFAS water pollution
in some areas of the Veneto Region (Northern Italy) associated with the activity of an
industrial plant located in the area where, for decades, PFAS were produced.

2. PFAS Pollution in the Veneto Region, Italy

In late spring 2013, a vast area of the Veneto Region of north-eastern Italy was found
to be polluted by PFAS. This was revealed by a study begun some years before, in 2011,
when the Italian Ministry for the Environment, Land, and Sea commissioned the Institute
of Water Research of the National Research Centre (IRSA–CNR) to evaluate PFAS pollution
in major Italian river basins [55]. This study was triggered by the European PERFORCE
project, an investigation launched in 2006 with the aim of assessing the exposure of per-
fluorinated substances in the European environment, including the waters of European
rivers. In Italy, the Po River, located to the north of the country, showed the highest con-
centrations of PFOA [56], and a few years later it was the turn of the Brenta River basin in
the Veneto Region to show certain ‘hot spots’ where PFAS were found in both surface- and
groundwater [57].

After this pollution was discovered, the Agency for Environmental Prevention and
Protection of the Veneto Region (ARPAV), together with other regional authorities, took
a series of measures to determine its extent and level and to limit human exposure to
PFAS [58] through an environmental monitoring plan.

The results showed high levels of pollution in three provinces: Vicenza, Padova, and
Verona (see Figure 1); the pollution involved groundwater, surface freshwater, and drinking
water, and hundreds of thousands of people were at risk. Initially, an area of maximum
exposure of about 200 km2 was identified [59] and named the ‘Red Area’. It was composed
of 21 municipalities with 126,000 inhabitants. In 2018, nine municipalities were added.
At present, the ‘Red Area’ is 595 km2 wide and has a total population of approximately
140,000 people [60]; however, the extent of the territory involved will increase due to water
mobility. For decades, residents and workers of these communities have been exposed to
PFAS through the use of contaminated ground (bore) water and town water, as well as
from local produce, among other exposure pathways. This technological environmental
disaster is considered the third-largest pollution event worldwide due to the extent of the
water pollution involved [58].

The source of the pollution was mainly associated with the activity of an industrial
plant located in Trissino, in the province of Vicenza. The Miteni Group (formerly called Ri-
mar), a reference company in fluorine chemistry which has produced PFAS since 1968, was
identified as responsible for the disaster [57]. For many years, the factory has continuously
produced PFAS-releasing waste and wastewater without any environmental protection or
security and safety measures due to a lack of specific regulations.
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In July 2013, activated carbon filters were installed by water service companies in the
plants treating the public drinking water distribution system. At the same time, private
wells were mapped, and citizens were obliged to assess PFAS levels in them and to avoid
using water where pollution was found. In 2016, a biomonitoring study was conducted
on a randomly selected group of citizens living in the polluted area and on non-exposed
citizens in order to assess PFAS exposure. The study was designed and conducted by the
Italian National Institute for Health (Istituto Superiore di Sanità, ISS) in collaboration with
the Region and with the support of the Prevention Departments of Local Health Authorities
(Aziende Unità Locali Socio-Sanitarie, AULSSs) with specifically appointed personnel,
including Environmental Health Officers and Health Visitors. The results showed that the
median value for the PFOA concentration was about eight times higher in locals than in
non-exposed people; it tended to be higher in men than in women, and the consumption of
tap water was positively correlated with its concentration [61]. The same study observed
that PFAS concentrations in the serum of exposed farmers and breeders were higher than
in those of unexposed people [62]. Girardi and Merler [63,64], in an observational mortality
study involving male workers at the Miteni plant, found that mortality from liver cancer
and lymphatic and haematopoietic tissue (LHT) malignant neoplasm was more than double,
considering regional rates as reference.
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Since then, a health surveillance program for residents of the ‘Red Area’ has been
implemented in response to public and private concerns about the health impact of exposure
to PFAS pollution. The aim is to use epidemiological evidence to aid in the prevention,
early diagnosis, and treatment of some of the chronic disorders. The surveillance program
is ongoing.

In 2021, the trial of the managers of the Miteni factory began. They were charged
with causing environmental disaster, and over 100 victims of PFAS pollution participated,
demanding justice and compensation for damages (for the timeline, see Table 1).
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Table 1. Timeline of PFAS contamination in the Veneto Region.

1966 The Rimar Company began to produce Per- and Poly-Fluoroalkyl Substances (PFAS) in Trissino.
1977 Local Media announced the pollution of the aquifer by benzotrifluorides. The origin is identified as the Rimar Company.
1990 Miteni knew about the contamination.
2006 The European PERFORCE project was launched.

Efsa imposed first European safety limits of PFAS concentrations.

2009 Through private analysis, Miteni found high levels of PFAS in their workers’ blood. No communication was had with
Institutions.

2011–13 Water Research Institute IRSA-CNR carried out MATTM-CNR study to assess the environmental and health risk
associated with PFAS substances in the Po River Basin and in the main Italian river basins.

2013 Regional Agency for Environmental Protection and Prevention (ARPAV) identified Miteni as responsible for the
pollution.
Veneto Region started to identify the Municipalities with contaminated drinking water.
Activated carbon filters were installed by the water-service companies in the treatment plants of the public
drinking-water distribution system.

2014 Superior Institute of Health (ISS) indicated PFAS performance levels.
Veneto Region began food monitoring.

2015 Environmental Health Perspective published the Madrid Declaration about PFAS.
Veneto Region and ISS applied an explorative biomonitoring study on exposed and unexposed residents and farmers.

2016 ARPAV identified 17.164 ng/l of PFAS in the discharge treatment in Trissino plant.
2017 Veneto Region established an Inquiry Commission for polluted water in Veneto related to PFAS contamination.

The Health Surveillance plan on exposed residents in Red Area started.
The Health Surveillance plan was extended to ex-Miteni workers and exposed people.
Veneto Region imposed new PFAS limits.

2019 The Community Health Resilience (CHR) project at the University of Padova was launched.
2020 The CHR first study: research data were collected from a group of resident parents.
2021 The trial against Miteni Company started in Vicenza.
2021 Visit by the United Nations Special Rapporteur on toxics and human rights, Marcos A. Orellana.

3. Materials and Method

The present study is the first phase of a mixed-methods community health resilience
(CHR) research project, currently in progress, based at the University of Padova (Italy)
(FISPPA Department). It is designed to investigate psychosocial risk factors, psychological
discomfort, community conflicts, and resilience strategies among the population of those
areas of the Veneto Region (Italy) that have been exposed to PFAS pollution. The study
included numerous visits to communities polluted by PFAS, during which we conversed
with formal and informal leaders and engaged in many forms of observation. In combi-
nation with the existing literature on environmental pollution [50,54] and an analysis of
government documents [65–67], these visits to communities informed the development of
the topics covered in the interviews. In-depth interviews were preferred because they are
more suitable to capture the concerns, opinions, perceptions, emotions, and experiences of
locals, providing an opportunity to explore topics that inform the development of further
studies using quantitative methods [68]. Topics covered in these interviews included the
discovery of PFAS pollution, experience of being exposed to pollution, loss of resources,
family life, changes in lifestyle, search for information on the harm caused by PFAS, and
efforts to obtain justice and compensation for damages.

3.1. Recruitment and Data Collection

The recruitment of participants in qualitative research with in-depth interviews is a
complex process which basically consists of creating a connection with people who have
relevant experience and agree to share it [69]. In our study, we involved a grassroots
movement, ‘MammeNoPfas’ (MothersNoPfas), an association committed to denouncing
PFAS contamination in the Veneto Region, as a mediator. This mediator used its position
and formal and informal relationships to facilitate contact between us, the researchers,
and potential participants. After identifying a mediator, we planned the recruitment
strategies [70]. Seeking to create a connection between researchers and participants, we
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first implemented a communication strategy to let potential participants know about the
study and how they could become involved. We also tried to demonstrate the social value
of the research, offering all the scientific and ethical information at our disposal to give
credibility to the study and establish a relationship of trust. Finally, the researchers made
themselves available to carry out the interviews on any day of the week and in any time
slot, ensuring maximum flexibility for the participants.

General inclusion criteria for the study were to be resident in the ‘Red Area’, considered
the area of maximum exposure; to have resided there since before 2013, the year the
pollution was discovered; and to be a parent. Residents who met the study criteria were
selected from January to March 2020.

Thirty-two community members (n = 25 female and n = 7 male) of the polluted area of
the Veneto Region responded to our request and were admitted based on the study criteria.
They came from different municipalities of the ‘Red Area’. Due to the explosion in Italy of
the COVID-19 pandemic in February 2020 and in accordance with the consequent health
emergency and lockdown measures adopted, it was not possible to conduct in-person
interviews. As a result, we reconsidered our approach. As advances in communication
technologies offer new opportunities for conducting qualitative research [71–73] and online
methods can replicate traditional methods, including in-person interviews [74], we used a
videoconferencing platform to collect interview data.

Two researchers (Michele Musolino and A.Z.) interviewed the participants. All in-
terviews were between 60 and 90 min long and were audio- and video-recorded and
transcribed verbatim; participants reaffirmed consent verbally prior to the online inter-
views. Although some participants in the study experienced some degree of difficulty in
joining the session (due to initial technical difficulties and low Internet bandwidth), all
described their online interview experience as satisfactory and convenient, particularly in
terms of time effectiveness, given their location and busy work schedules. As researchers,
this technology gave us a wider geographical reach by extending our recruitment strategy
to all municipalities in the ‘Red Area’. All interviews took place between April and July
2020. Using the data saturation strategy suggested by Charmaz (2014) [75], we considered
stopping at 32 participants because no new insights or themes emerged thereafter in the
data gathered [76]. Our sample size for saturation also conforms to the research parameters
obtained through a systematic review by Hennink and Kaiser [77].

We obtained written informed consent from all participants prior to the online inter-
views. This study followed the American Psychological Association Ethical Principles of
Psychologists and Code of Conduct and the principles of the Declaration of Helsinki and
was approved by the Ethics Committee of the Università degli Studi di Padova (Protocol
Number 1D4BA484CC28FCDA6984C4F21E59DEA6).

3.2. Data Analysis

The data were analysed using thematic analysis [78], a qualitative method used for
analysing data by identifying patterns and organising them into themes. The analysis
process was in line with the phases of thematic analysis identified by Braun and Clarke
(2006) [79]. The software package Atlas.ti was used to facilitate qualitative data analy-
sis. Each transcript text was initially read and reread in an active manner to allow the
researchers to become familiar with the data, after which initial codes were created through
the selection of text parts, named quotations; thereafter, codes were grouped into categories
and categories into themes. The coding scheme was developed both deductively and
inductively to allow for the inclusion of several patterns suggested by the literature and
to consider specific elements present in the data. A thematic structure was developed
with themes and subthemes. Two independent coders and a third external coder analysed
the data.

Themes that were endorsed totally by participants were considered prominent themes
and subthemes that were endorsed by half or more of the participants were considered
prominent subthemes; thus, these themes and subthemes are described in depth through-
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out the results section. Descriptors were systematically used to denote the number of
community members who participated in the study and endorsed each theme and sub-
theme, where ‘no’ indicated 0% of the group, ‘few’ indicated 1–25%, ‘some’ indicated
25–50%, ‘many’ indicated 50–75%, ‘most’ indicated 75–99%, and ‘all’ indicated 100%. Such
descriptors are conventionally used in thematic analysis to represent the prevalence of
themes and subthemes in the data [79].

4. Results
4.1. Participant Demographics

Thirty-two community members participated in the study, of whom n = 25 were female
(mothers) and n = 7 were male (fathers). They ranged in age from 39 to 65 (Mean = 52.63;
SD = 7.53); n = 27 participants were married, n = 3 were living with a common-law
partner, and n = 2 were separated/divorced. Twenty-three had received a middle-level
education (71.8%). All were parents of at least one child and a maximum of five. As
concerns the children of participants, n = 31 were under 18 years old, ranging in age from
1 to 18 (Mean = 12.52; SD = 4.37), and n = 34 were over 18, ranging in age from 19 to 43
(Mean = 26.35; SD = 5.74). All participants came from municipalities located in the ‘Red
Area’, where they had resided for an average of 35.86 years, ranging from 10 to 62 years.
All owned the houses in which they lived, most of which had gardens, vegetable gardens,
and private wells, and had, in many cases, been inherited from parents and were therefore
the residences where participants had spent their childhood, having been rebuilt over time
(see Table 2).

Table 2. Characteristics of the Study Participants (n = 32).

Gender Female 25
Male 7

Age Mean 52.63
Range 39–65
SD 7.53

Family status Married 27
Living with a common-law
partner 3

Separated/divorced 2
Children Under 18 31

Mean 12.52
Range 1–18
SD 4.37
Over 18 34
Mean 26.35
Range 19–43
SD 5.74

Education level * Higher education 7
Tertiary education 23
Secondary education 2

Occupation Company employee 13
Entrepreneur/freelance 7
Teacher/educator 4
Nurse 2
Retired 4
Housewife 2

Years of residence Mean 35.86
Range 10–62

Homeowner Apartment 1
Home with garden and land 31

* Higher: university/doctoral level; tertiary: middle education; secondary: lower.

4.2. Themes, Subthemes, and Transitions

All findings were summarised into 3 themes and 10 subthemes. The themes and sub-
themes are represented as three different phases—parts of a dynamic process determined
by the interaction of parents with the traumatic event due to the PFAS pollution. In this
psychological impact process, two subthemes (uncertainty and health concerns) emerged
as constants, because they are present in all textual data shown in the three phases. These
three phases denoted how parents dealt with the PFAS event over time, while the two
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transitions (loss of innocence and environmental adaptation) indicated the parents’ need to
adapt to the new situation, or circumstances, in order to incorporate a change into their
daily lives (see Table 3).

Table 3. The Process of Psychological Impact of the PFAS Contamination in Parents.

Phase 1 Phase 2 Phase 3

Theme Theme Theme
Shock around the discovery

(100.00%) First transition Lifestyle change
(100.00%) Second transition Living with PFAS

(100.00%)
Subthemes Subthemes Subthemes

Unanticipated event
(100.00%)

Stressful role demands
(100.00%)

Invisible enemy
(75.00%)

Ignorance and information
needs

(93.75%)
Loss of innocence Forced protective behaviours

(90.62%)
Environmental

adaptation
Parental guilt

(78.12%)

Personal violation
(87.50%)

Social support
(96.87%)

Civic engagement
(81.25%)

Uncertainty and Health concerns
(100.00%)

Note. Percentages of participants that endorsed each theme and subtheme are indicated in parentheses.

4.2.1. Phase 1: Shock around the Discovery

This theme emerged when the parents involved in the study described the moment
they discovered they were living in PFAS-polluted land and, a few years later, of being
personally polluted. In general, parents learned about the pollution after the results of the
early studies, when the first news began to circulate in the community through local media
articles or was passed by word of mouth among local citizens in 2013–2014. This circulation
of knowledge was the cause of serious social alarm and deep concern to residents; as one
mother said, “we were very worried and lived in apprehension”. In 2017, it was discovered
that all participants were part of a polluted community when their children were recruited
for the first biomonitoring study and the results of the blood testing undeniably determined
high levels of PFAS. All parents reported an initial reaction of shock and devastation
following the awareness that the pollution had affected the bodies of their children. They
declared that the discovery was surprisingly sudden, powerful, and a difficult situation to
deal with. They reported being confused after hearing the bad news and experiencing a
sense of surrealism and disbelief; for example, one parent said that “it was like being in a
film”, while another stated, “I was shocked . . . It took me about an hour to come back to
myself, I lost my mind”. Another parent, a mother of two adopted daughters who were
tested, said, “when I saw their results, I was hurt . . . I had told myself that they were
lucky as they hadn’t lived here for many years before being adopted . . . instead, they had
high levels, I felt truly lost”. Most mothers argued that it was a shock to see the analysis
written on the report with the name of their own child, as conveyed in the following quote:
“discovering something unknown, which has never been seen before, was indescribable;
you cannot express it in words. It is a profound and incomparable shock”.

Unanticipated Event

This subtheme refers to one characteristic of the event that attacked their global belief
system. The parents said that their sense of shock was due to the fact that the event was
unanticipated. For decades prior to 2013, inhabitants had known nothing of the severity of
the pollution, so they never imagined that, on one day in their life, a dangerous substance
would taint the tap water. As one mother reported, “my municipality being a tanning
district, it has always been famous for pollution. There were occasional accidents, such as a
stream that became discoloured, after which everything seemed to return to normal, local
institutions giving us reassurances”.

Concerning the Miteni plant, only one parent said they remembered this name (in
reference to Rimar becoming Miteni); however, they did not know what it produced exactly,
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merely considering it one of many local companies in the tanning district. This parent is
a father who said, “I only remember its name. When I was young, my grandparents and
my mother told me about an incident that happened during the 1970s at a local plant. In
practical terms, the tap water was brought in by tankers. This incident was attributed to
the Rimar”. The other parents knew nothing of the existence of the Miteni plant before
the discovery of the pollution. Further, all reported that this plant is located in an area
completely hidden by trees; in fact, one mother said, “I didn’t ever see it! Yet, I used to pass
by it! It is completely surrounded by large trees”.

Regarding the scale of the event, no one could have imagined that the polluted area was
so big, the second-largest in Europe, the size of Lake Garda. As one mother said, “I never
expected this, we have a polluted aquifer as big as Lake Garda, completely compromised.
It’s unacceptable, because we’ll never use this water”. Considering the relationship with
institutions, the parents would never have expected that they would underestimate the
situation and fail to take safety measures; in addition, they could not believe that the control
and security authorities had not previously been aware of the pollution. In fact, all parents
declared that “they had trusted the institutions, and this massive problem wasn’t supposed
to happen”. Most parents said that, beyond the shock of the change to their own and their
children’s condition, there was also the shock of an unexpected and incredible situation.
They had entered a world which would, to that date, have been completely unthinkable: as
one father said, “unimaginable, we didn’t imagine a thing like this could happen”. This
triggered the need to make new sense of the experience.

Ignorance and Information Needs

When the participants learned they had been exposed to toxic chemicals for decades
and their children had high levels of PFAS, they wondered what it meant for their health.
At the beginning of the period of social alarm, little information was immediately available;
later, with the biomonitoring study, they felt that they had not been offered either sufficient
health information or professional support to cope when they found out the results of
the blood tests or the necessary information to protect themselves, their family, and their
children. In both cases, most parents stressed that information about PFAS had been absent,
incomplete, and insufficient. One parent said that “at a personal level of knowledge, at the
beginning of the discovery, we didn’t even know what PFAS were”. Another mother argued
that “at a community and institutional level, we should also be provided with guidance on
actions to take”. With regards to the biomonitoring test, many parents affirmed that “in the
absence of information about health effects or clear guidelines regarding how people can
protect themselves, testing could do more harm than good because test results could merely
raise concerns without any helpful support offered”. All parents were motivated to access
as much information as possible, even if they met considerable difficulty and obstruction
doing so. Most participants reported having sought information from the first accessible
resource, namely the Internet. One participant mother declared, “I immediately looked for
more information on the Internet, helped by my son... Not to go adrift . . . I needed to clear
my head”. In addition, participants described a variety of human sources consulted to
learn about pollution. Many parents used personal contacts within the community, asking
for information from neighbours, acquaintances, community leaders, family doctors, and
work colleagues: “I met the priest and I asked him, I met my doctor and I asked him . . .
but nobody knew”. All parents experienced that, at community level, information was
confused, negligible, and full of contradictions.

Personal Violation

From the results descripted above, one consequence of the discovery of pollution can
be identified as emotional impact. This experience is akin to a traumatic event, when this
causes a strong emotional experience. Feelings aroused from the discovery of the PFAS
pollution involved several negative emotions. When parents were asked to define the
emotional consequences of shock, they reported feeling numb, dazed, panicked, afraid,
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and worried. Words such as sad, devastating, heartbreaking, and sense of alarm were also
used to illustrate the emotional impact of the discovery of PFAS pollution. All parents
declared that the discovery was a dramatic experience, especially given their position as the
parents of the children tested. One mother remembered the shock when “the results of my
sixteen-year-old daughter arrived by an email, she had eleven times the tolerable amount of
PFAS in her blood”. However, anger and worry were the main manifestations of the feeling
of personal violation. One mother said, “I felt that my body, my privacy, my family had
been stolen; it is as if thieves came into my home from the tap”. Another mother referred to
the results of the blood testing in these terms: “I couldn’t accept that these substances had
come into my blood, my body, through drinking water and food . . . I never really thought
it would happen to me”. Participants captured and emphasised that they were unsafe at
home because home had become a place where they felt threatened, rather than a protective
place. One father said, “we want a home free from these dangerous chemicals; they are
everywhere”, while a mother reported, “I consume water inside my home, a place where I
should be safe . . . I don’t feel protected”. Fear was the most commonly elicited emotion.
This illustrated the threat of being a victim (direct or indirect) of a potential disease or the
worsening of pathologies already in progress. Mothers placed more emphasis on these
emotions than fathers, showing greater emotional expressivity, especially stressing their
feelings of fear, worry, and anger.

First Transition: Loss of Innocence

The ‘loss of innocence’ represented the transition from shock to awareness of the pollution.
Specifically, the discovery started when parents perceived a threat, through some

external information, based in the polluted land. Although the discovery initially referred
to something completely unknown, the initial alarm was linked to the extent of the pol-
lution due to the industrial exploitation perpetrated by the polluting company, whose
existence had previously been unknown to all interviewees. One father said, “I realised
the crime and madness of the industrial system; we have lost groundwater as large as
Lake Garda”. Through the health surveillance program and biomonitoring test, pollution
became something that affected the parents and their children. Human biomonitoring
plays a fundamental role in assessing the degree of pollution; it removes all doubt and hope,
forcing parents to recognise that PFAS contamination affects them directly. One mother
underlined that “now we are all poisoned”.

4.2.2. Phase 2: Lifestyle Change

Since it was no longer possible to ignore the situation, parents described a process of
protecting their children and family and coping with the PFAS pollution. All participants
inquired about the potential health implications of the pollution and, accordingly, reported
that their lifestyle necessarily changed: they reviewed their life, re-evaluating and changing
their priorities to seek safety and security. Due to the PFAS pollution, there was a sudden
and radical change in the lives and habits of the parents, obliging them to make healthier
choices and adopt a healthier lifestyle.

In general, there were two aspects to the change: the first, controlling the risk of
pollution consisted of reducing, even eliminating, the chemicals in their own home; the
second consisted of adopting prevention measures in order to look after their health and
avoid chronic pathologies or other adverse health consequences. Maintaining a healthy
nutrition status was crucial; it was therefore unsurprising that all parents referred to
controlling the primary source of pollution, the drinking water, alongside food. Referring
to dietary habits, maintaining a balanced diet, and paying attention to food frequency,
such as weekly meat consumption, or other food likely to have been in contact with PFAS-
polluted packaging, such as pizza boxes, emerged as a new lifestyle, especially in regard to
children. Indeed, all parents paid extra attention to the lifestyle of their children, such as
ensuring they ate a healthy and balanced diet, including their education.
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This new role, of being careful about what their children eat and drink and educating
them to adopt a healthy diet, was considered worrisome and laborious by many mothers.
For example, one mother said, “every morning, it is not easy to tell my son to take bottled
water, to be careful about the food at school; I haven’t got into the habit of doing it yet!”.
Concerning lifestyle habits, it changed the way parents bought their groceries. As one
mother stated, “before, I used to buy food just about anywhere, for convenience. Now, I’m
very careful about everyday choices, above all for food; for example I buy it in Gruppi di
Acquisto Solidale (GAS; ethical purchasing collectives). Moreover, adopting a vegan diet
was an important change for one mother and her family: “I adopted a vegan diet for me
and my husband. I told my daughter what had happened and the reason we were eating
vegan food. I also buy vegan biscuits for the dog”.

Practising physical activities, or doing so more frequently, also emerged as playing an
important preventive role. For instance, many parents declared that they went walking
more in the open air of the mountains. Many interviewees described how, over time, they
formed a new lifestyle routine, especially in regard to their children. This ‘educational
work’ not only increased after the discovery of the PFAS pollution, but changed quickly,
with little notice, and with many difficulties: as one mother reported, “it was very difficult
for me! At first my children refused these new styles; they didn’t want to hear! They didn’t
understand the danger, not even my concerns. They came to understand it gradually”.

Stressful Role Demands

All 32 interviewees expressed their discomfort dealing with the PFAS pollution and its
implications for their own family roles and health obligations. Pollution was the starting
point in the adoption of new educational roles by parents, which had to be seen as more
important than previously. As one father said, “before the pollution we lived just a normal
routine. Now it is as if a chain had broken into various parts. I must think and reason
about every link in the chain! I must plan and re-evaluate everything, especially for our
child. This is a source of great discomfort in our lives”. Indeed, parents had to re-teach
relationships with water, in particular, which was commonly reported by many parents as
“really hard work”. A prevalent manifestation of difficult role demands among parents was
their concern about their children’s health and their ability to educate them to apply new
safety rules, why the new rules were necessary, and, above all, what the new dangers were,
such as being afraid of the water. One mother explained it well: “I taught my children that
water is a danger . . . to be careful when cooking and washing, also when we give water to
our dog, and then, with time, I explained something to them about the pollution caused by
the Miteni Company”. These new roles included teaching the children to be careful what
water they drink, to take bottled water everywhere, and not to drink tap water in schools,
gyms, and football clubs.

Even if the parents both reported being involved in and sharing this educational
role, many mothers faced increasing stress when taking up the role of ‘supervisor’ and
ensuring the children observed the new rules. This parental burden was more intense at the
beginning, when parents had to step into the new role of coaching their children, helping
them to recognise danger, and remaining alert and watchful. One mother stated that, “since
we had to stock up on water, I had to teach my son how to do it. But he often forgot so I got
nervous all the time, it was hard for me to remind him every time and to make sure he did
it”. According to another, “above all, at first, it was difficult, we always had to be careful,
always telling him what he can and can’t do or interrogating him about what he had eaten
at school”. Interestingly, another mother, by profession a primary school teacher, declared
that she had found it hard to decide what to convey to her daughter about safety without
scaring her: “finding the balance between fear that protects and fear that inhibits can be
very difficult”.
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Forced Protective Behaviours

Faced with the reality of the pollution, parents were forced to take action immediately,
before illnesses occurred. The discovery of PFAS pollution motivated the parents involved
in this study to adopt protective behaviours and provided a framework for personal safety,
allowing families to feel safe in their homes. For most parents, these behaviours initially
consisted of no longer drinking water from the tap and using alternative sources: most
declared they had started purchasing bottled water, and one chose to obtain PFAS-free
water from mountain sources far from the polluted land. The water from alternative sources
was used by participants to cook all types of foods, for personal hygiene, and for pets.
As one participating mother reported, “our water use was completely changed . . . We
exclusively used tap water for washing dishes or doing laundry . . . We no longer use
it to cook food, even to brush our teeth . . . We don’t even give it to our dog”. A father
said, “we started immediately to cook food with bottled water, everything! Such as pasta,
soup, herbal tea, coffee; we are still doing it now”. The water from private wells was no
longer used to provide small summer pools, irrigate vegetable gardens, and raise livestock,
leading these activities to come to an end. Consequently, many participants who had
vegetable gardens have let them go completely.

Once they had completed controls on the primary polluted resource, domestic water,
all parents focused their efforts on removing all of their PFAS cookware from their house.
They also removed from the pantry any items that could contain unsafe chemicals in the
food packaging, such as microwave popcorn bags and plastic containers. In addition,
checking the origins of local food, especially fish, eggs, and vegetables, and no longer
consuming certain traditional local products, were practices that have continued into the
post-discovery period to deal with the pollution. All parents who endorsed this subtheme
supported measures to reduce pollution, being particularly careful about the food supply
chain to eliminate potentially dangerous food produced in polluted areas. As one father
stated, “at the beginning, we eliminated local market foods, or in any case, any food that we
knew came from the polluted area”. However, this implied a cognitive fatigue described
well by one mother: “I have to be very careful about grocery, I take four times as long,
and this leaves me exhausted”. Additionally, an economic burden emerged; in fact, a few
participants installed private reverse-osmosis filters, reducing PFAS levels in tap water, and
purchased new PFAS-free products for themselves and own children, including upholstery
and carpets, water-resistant clothing, personal care products such as dental floss, and
cleaning products. Interestingly, one mother started making detergents at home.

Second Transition: Environmental Adaptation

Parents’ stressful role demands, together with their commitment to changing lifestyle,
take us to the second transition, namely environmental adaptation. Two key elements in
the adaptive experience of the parents were identified. The first was a private proactive
behaviour consisting of an independent search for information (including the Internet)
or authoritative advice (scientific literature), by which the parents became aware of the
gravity of the pollution. A second crucial element was identified as self-management of
chronic pollution, a process through which individuals actively coped with their chronic
disease in the context of their daily lives. In fact, as the parents could not eliminate the
PFAS from their environment, their efforts were concentrated on containing and mitigating
damages. All interviewed parents were aware that they could only deal with this situation
reactively. Therefore, for all parents, adaption and mitigation actions and measures became
increasingly necessary for protection and safety. As one father said, “we adapted. It’s like
for those who live in a seismic zone and have to adapt”. However, one mother described
well the process from the first transition to the second one: “at the beginning, when there
were no water filters, using bottled water to boil pasta was troublesome, very difficult
for me to manage, very stressful, on top of the economic impact on the family. Then we
adapted, and the change has become a habit”.
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4.2.3. Phase 3: Living with PFAS

This theme reconstructs the time process, establishing connections from the past, the
discovery of PFAS pollution, and the loss of innocence, with the future; thus, it represents
a connection with the passage of time that characterises the transition through chronic
pollution. When interviewed parents were asked to describe their experience of living
with PFAS pollution, they generally answered that “we find hard to leave our roots”, so
they decided to continue living in the area and adapted. One of the main reasons for this
is because they have historically, generation after generation, lived in that area. In many
cases, their home was inherited from parents or grandparents, leading to a particular place
attachment. As one mother reported, “this is the house of my grandparent, that he bought
thanks to hard work in the mines in America. He was an emigrant post-war. So, for me, this
home has an enormous emotional value”. Another reason is family commitment. All the
parents had children who had friends and schoolmates; therefore, they felt a commitment
to staying there and thought it would be unfair and disruptive to move away. Additionally,
most would have found it hard to have to start over, without the guarantee of a new job.
This was well expressed by one mother: “Now, we have adapted, but at first, we often
thought maybe it was better to move out. But where would we go? Then, I absolutely love
my job, I’m an educator in a therapeutic community for eating disorders, and it would have
been difficult to find an alternative. Lastly, my daughter was opposed to the idea because
she wanted to be close to her grandparents, friends, schoolmates”. Another significant
reason for not relocating was that the parents did not have the funds to do so, and there
was no insurance compensation, as is the case in an earthquake or fire; therefore, it was
more feasible to deal with the PFAS pollution than move away from their homes. This is
well reflected in the words of one father: “I had just invested a lot of money in renovating
my parents’ house, I have a mortgage to pay, we have to stay there, even if I feel like I’m
just stuck”. In turn, works on the local aqueduct to have PFAS-free water and a surveillance
program put in place by the Veneto Region to lower the risks have made them feel prepared
to deal with the effects of the damage caused by the pollution.

Invisible Enemy

Many interviewees commonly described critical issues related to the experience of
PFAS pollution using the metaphor of ‘the enemy’. Phrases commonly cited were “water
became an enemy”, “a polluted environment can be hostile, it seems to wear a mask”, “an
enemy came from drinking water”, “an invisible enemy”, and “there seems to be an enemy
in everything”. In fact, the parents were dealing with a great unknown: they could not
verify the presence of PFAS, because PFAS are invisible and odourless; how could they
know if their health was affected? In other words, whereas in other types of pollution one
can see or feel certain effects, understanding the danger of water is difficult. Lastly, the
PFAS in one’s own body work on a pattern of guesses, and consequently they can blow
up at any time. As one mother said, “it’s like inside your blood there is a bomb that can
explode at any time. We don’t know if it will happen, when it will happen and how much”,
and only then does the invisible become visible in the shape of an illness. Moreover, to face
chronic pollution takes so much time and energy that it feels as if one’s life is on hold.

It is like being trapped in a war against something that is everywhere, even inside you.
Every day consists merely of a battle in which people are protecting themselves and their
children from an invisible enemy with no real guarantee about what will work and what
will not. As one father said, “sometimes, I think we are in a long-term war. I think of it as
an undetonated bomb, which only causes harm when it actually explodes”.

Parental Guilt

Most of the participating mothers who endorsed this subtheme reported feeling guilty
about the transmission of PFAS substances to their child through breastfeeding, pregnancy,
or a diet they believed was healthy and chemical-free. One mother who felt persistent
guilt felt as if she were the only one responsible for having polluted her son: “I feel very
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guilty, maybe I have delegated to others something that I should have done . . . as parents,
we had to be very careful”. Many, reflecting on their pregnancy and post-partum period,
remembered these as troubled and difficult to handle: “I was the first one to pollute my
daughters with PFAS through pregnancy and then by breastfeeding; this is a very hard
feeling of responsibility to bear. As a mother, it is very difficult to endure. We did not
commit this crime, but at the end, we feel guilty”. Another said: “I breastfed my daughter
until she was three, thinking I was doing my duty as a mother”.

Then, when it came to supervising their children in the area of a healthy diet, mothers
said that if they had known about the pollution, they would have avoided polluted sources
such as drinking water or local food. As one mother reported, “I thought I was feeding
my children the best vegetables, the best fruit, safe food, and they were delicious; however,
I was poisoning my children and my husband”. Additionally, two mothers of adopted
daughters tested, with high PFAS levels in their blood, said they felt guilty for not having
given them a better life. For the interviewed fathers, guilt arose when they became aware
that, as parents, they had failed to be the best they could have been for their children.
As one father said, “as a parent, you try your best. We were careful they didn’t smoke,
didn’t drink alcohol, that they were wearing safety belts while driving. We took various
precautions for their safety. Instead, the danger has come from the water and the food that
we thought were healthy, if we had known it before . . . ”

Social Support

For most participants, social support played a central role in the beginning of their
engagement to deal with PFAS pollution. They stated that social support was found
from other community members involved in the pollution in the form of looking for and
sharing information and caring for each other, which was especially helpful in finding
quick solutions. Community meetings were pointed to as an important source of support
by many parents. In fact, most parents declared that they had met people at initial and
ongoing initiatives “with whom one could feel comfortable and had a common goal”, as
one father said. At the beginning, the first initiatives were organised as informal meetings
at the community level (“there was a mum who was offering her basement room for the
evening meeting. At each meeting she prepared us local pancakes, so we laughed, talked,
joked, even if we were desperate, and even when the meeting ended with nothing”, as one
mother reported) or in previously formed groups, such as the local GAS. Additionally, and
above all for many of the interviewed mothers, emotional support, especially during acute
moments, was found in regular exchanges with other mothers: “there, you could also talk
about things that were bothering you at the moment or just vent. Knowing that if there
was a problem we would meet up shortly. That really helped me a lot”. In these meetings,
the parents called experts to explain what PFAS were and their consequences for health, as
well as to share concerns and, finally, to expand their knowledge of the phenomenon.

Civic Engagement

After the embryonic local meetings, the parents moved from one municipality to the
next, involving other community members and relatives. Gradually, grassroots groups
took shape. An intensive network was constructed throughout the polluted area joining
diverse local communities and, at the same time, extended to other parts of the polluted
area of the Veneto Region. For many parents, learning was initially improvised, after which
it became part of a continuous process in their life. At this stage, most parents involved the
community in the role of informal education about the PFAS pollution. For example, many
parents started informing those of their children’s schoolmates. As one mother stated,
“my need was to gradually inform families, neighbours, acquaintances, schools, because
what had been happening was serious”. Some started to write a collective complaint
from residents, collect signatures, and raise people’s awareness of the issue. A mother
said, “we went to the square every Friday of the month to collect signatures. This was the
beginning of informing my fellow citizens what was happening”. In this way, the parents
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started forming groups on social networks such as Facebook and Telegram in order to share
information quickly and effectively. They also created courses and educational materials
in schools.

4.2.4. Uncertainty and Health Concerns

Two common subthemes emerge from the data and are present in each of the three
phases of the psychological impact due to PFAS: uncertainty and health concerns. Parents
explicitly expressed concerns about the health of their children. For example, one mother
asked whether exposure to pollution could cause future diseases: “during pregnancy I
drank water polluted by PFAS. What will be the consequences for my daughter? Who
should I ask? No one can give me an answer”. A father pointed out similar concerns: “it
is really worrying that no one has been able to tell us how things really went, how much
pollution my children have suffered, what damage I might have caused to my children by
giving them tap water to drink, and what risks I have to face”.

Once the awareness of living in a polluted environment had matured, the concerns
regarded behaviours required to limit exposure and reduce damage: “I made the whole
family change its diet, I strove to teach my children to be afraid of the water they drink, I
even forbade my daughter to go swimming in the municipal pool, but will my children
really understand? Will they follow my instructions? And will all these efforts have any
effect?”. When parents had entered the phase of ‘life with PFAS’, concerns continued to
characterise their daily life. “Who can assure us that the filters at the aqueduct retain the
PFAS?” one father asked, and a mother reiterated that “we live everyday with danger,
inside our bodies and inside the bodies of our children, scattered everywhere around us:
in the soil, in our wells, in our gardens, and in the food. And we don’t really know how
to neutralise it and, most of all, if we will ever manage to”. Persistent worries are always
associated with a pervasive sense of uncertainty.

5. Discussion

The psychological impact of PFAS pollution in the Veneto Region presents aspects
that are traceable in the experiences of other communities damaged by pollution by toxic
chemicals [51]. All the interviewees reported stress levels and were particularly anguished
about the implications for their lives and those of their relatives. Despite the installation
of active carbon filters to prevent the pollution of drinking water from aqueducts, the
psychological condition of the interviewees is aligned with Couch’s (1996) [80] description
of a community affected by a disaster, trapped in the warning, threat, and impact stages,
unable to foresee a recovery stage [81]. If, in the long term, two solutions are offered to
a seriously polluted community, namely some form of clean-up of the polluted territory
or community relocation [80], polluted communities in the Veneto Region currently have
to live with PFAS. In fact, the extent of the pollution has not yet been fully clarified, and
the large affected area is densely populated and rich in productive activities; this makes
extreme measures impracticable, even if some interviewees expressed a desire to move
somewhere else.

Moreover, despite the general expectation, no clean-up has been carried out yet; it
is difficult to implement because the pollution has affected a large aquifer that moves
subterraneously, transporting PFAS to areas at a considerable distance from the polluting
industrial site. Since the environmental damage (to the territory) and the biological damage
(to people) have already occurred, after the initial shock parents could only try to limit
further damages by making lifestyle changes, particularly as regards the consumption of
water and local food, trying to reduce the bioaccumulation of PFAS in the body and thus
find some form of adaptation to a polluted environment.

As revealed by the interviews, the psychological impact derived from the empirical
analysis as a construction of themes (and subthemes) is a process that, from the initial
shock, becomes an awareness of a forced and necessary coexistence with PFAS by means of
efforts to reorganise the family’s lifestyle. It is a psychological passage characterised by two
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transitions: loss of innocence and environmental adaptation. The phenomenon of transition
has a long history, and it is conceptualised in the scientific literature in several ways [82]. In
our study, it indicates a ‘transformation’ that forces parents to reorganise their own existence
and role to cope with and adapt to new circumstances. For the parents interviewed, the
transition occurred because of a rupture in their life context [83], causing a forced change
that resulted in the need to build a new social and family reality. The two transitions that
emerged from the interviews occurred because the participants acquired knowledge of
the changes that were happening. This awareness was followed by a commitment on the
part of the parents to immerse themselves in the transition process and engage in activities
such as seeking information or support, recalibrating educational efforts, identifying new
lifestyles, and modifying previous routines. Therefore, it is the level of awareness that
influences their involvement in the management of the psychological impact caused by
PFAS pollution. In fact, thanks to this acknowledgment, it is possible to reinterpret what is
happening and strive to try to reorganise their parental roles and family organisation [84].
As reported in a recent review [44], chronic environmental contamination (CEC) is the
experience of living in an area where hazardous substances are known or perceived to
persist over time in air, water, or soil at elevated levels. Certainly, it poses toxicological
health risks for directly exposed people, but the experience of living in an area exposed to
long-term environmental pollution can also be psychologically stressful for the members of
an affected community [85–87].

Based on our study of PFAS-contaminated areas, we believe that one source of this
stress may be the tensions suffered in the parental role. For this reason, in the context of
CEC phenomena, we suggest introducing the notion of chronic role strain (CRS) to explain
a continuous tension that parents have to endure to meet the responsibility connected to
their parental role and reorganise and lead their family life in the daily presence of the
‘PFAS enemy’.

Overall, the three identified phases (shock, change in lifestyle, and living with PFAS)
are all characterised by uncertainty and health concerns. The literature on role strain shows
how these tensions generate stress as they threaten a sense of mastery and self-esteem [48].

In the specific case study investigated here, parents reported that they felt violated
and deprived of the skills (including information) to deal with the situation, thus feeling
a sense of helplessness. In addition, the parental role was overloaded with thoughts of
behavioural self-blame for failing to protect children against exposure to pollutants in the
past. Moreover, mothers lived, and live, with the inner anguish of their awareness that they
had passed on PFAS to their children during pregnancy and breastfeeding.

The very fact of being forced to live with PFAS means that these role strains become
a relatively stable presence in the life of these parents, increasing their power to interfere
with the way parents think about themselves and their own roles. The greater presence of
mothers than fathers among the participants in this study on the one hand confirms the
higher concern among the female gender generally encountered in the literature concerning
environmental pollution [88,89] and, on the other, points out that those who, due to gender
and cultural characteristics, are invested with the social role of caring for offspring are
more affected by the psychological impact of environmental pollution, perceiving a strong
parental tension and consequently taking action. An indirect confirmation of this tension
of the parental role is also given by the high levels of agreement among parents when the
Veneto Region first called on them to participate in the health surveillance program to
monitor the presence of PFAS in the body [90].

Of course, experiencing CEC and feeling the weight of a CRS motivate people to
commit themselves to try somehow to correct and/or limit the circumstances behind such
threats. In our study, parents claimed to be committed to building a support network.
Indeed, social resources are important to mitigate role strains. The most common social
resource is social support, which may include listening, sharing, encouragement, and
transmission of information [91]. The main way they tried to cope with CRS was by building
a network of parents to study PFAS pollution, circulate information in the community,
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organise claims and protest actions, and constitute reference points (e.g., websites and
social networks) to offer support to other parents and to the entire population.

The present study is not without limitations. For example, research participants are
likely to belong to that category of people who, in the presence of serious environmental
pollution, become aware of what has happened and do not deny/ignore the situation [92].
Additionally, they are parents in a strong social support network built to address PFAS
contamination. Therefore, the PFAS affair is the central topic of their social exchanges. The
interactions that occur in this group context, in comparison with the general population of
the areas of Veneto Region contaminated by PFAS, might contribute to amplifying the risk
perception. Consequently, these parents are more motivated to change their lifestyles and
adopt measures to protect their health. Thus, it remains to be investigated whether and
how we can talk about CRS for those parents who do not explicitly recognise the problem
of environmental pollution. In addition, it should be considered that the participants in
this study belong to the middle class of the Venetian population, a population segment
with good social and cultural capital. Therefore, the study did not include fathers and
mothers belonging to more marginal strata, such as low-income households or ethnic
minority families. Future studies should use culturally appropriate approaches to reach
marginalised communities and explore their experiences of exposure to contamination.
Moreover, as role strain can also be generated by having to assume several roles at once [48],
it remains to be investigated how a parent who is already weakened by the burden on
children caused by toxic pollution can successfully cope with the existential situation in
which they also become an environmental activist. It is plausible that this second role
could accentuate their CRS, as they have two entities to deal with: the family and the
community. Furthermore, more analysis is needed in regard to the age of children. It
is likely that the role strains are different for parents of minor children than they are for
parents of adult offspring, as various factors come in to play, one being that children are
perceived as more vulnerable than adults. Finally, the present study focused exclusively
on the CRS of mothers and fathers exposed to CEC. Emphasizing parental figures in
childcare and family protection, it did not directly explore the presence or absence of public
support resources. When people face uncertainties, concerns related to health risks and
the possibility of being further exposed to contaminants every day (for example, through
water consumption), coping resources external to the family (for example, at school, which
provides environmental education) could be a mitigating factor for CRS. The matter will
have to be deepened in further studies to improve the relationship between families and
communities while facing environmental contamination.

6. Conclusions

Our analysis of PFAS pollution in the Veneto Region (Northern Italy) is part of the
wider literature on environmental pollution. The literature has demonstrated that human-
made, slowly evolving environmental disasters such as mountaintop mining [93], oil
spills [94], or PFAS pollution [50,54] have negative psychosocial impacts on communi-
ties [95,96] whose members have to face many stressors [97,98]. In recent qualitative
studies, a pervasive uncertainty about health effects has emerged as a key characteristic
related to how PFAS contributes to stress [54,99]. This is particularly true for families with
children: parents’ anxiety regarding the health and future quality of life of their children,
combined with their sense of responsibility towards them, are often the most troublesome
stressors faced [100]. Since the psychological impact of environmental pollution is poorly
considered by the political and health authorities responsible for managing such disasters,
we believe that attention to the role strains experienced by parents can contribute to devel-
oping and strengthening the necessary awareness. CRS is constituted by the persistence of
unwanted and harmful conditions of distress. For parents forced to experience CEC, the
persistence of these strains is an indication that it is out of their power to avoid them. CRS is
a daily reminder for parents of their inability to change the unwanted conditions in which
they are entangled. To the extent that parents feel they are not able to control the forces that
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significantly affect their lives and those of their children, the adversities they face in order
to live with the PFAS can negatively affect their self-image. They represent, in the first place,
the inability to control the destiny of their own family or to remove those aspects of life that
are particularly harmful. Secondly, insofar as the continuing role strains are interpreted
as a crisis or failure of the parental role, they can induce a process of self-blaming, up to
the extreme of self-denigration. The results of our study suggest that CRS might have an
erosive and threatening effect on the image of oneself as a parent. As role strains directly
involve the self of parents, and threats to the self directly lead to stress, role strain indirectly
results in stress [48]. Although the results of our study may be relevant for environmental
pollution and health in general, they are particularly relevant for PFAS pollution, a global
problem which has an impact on countless communities and important implications for
human rights, the protection of the environment, and the use of water.

Author Contributions: Conceptualization, M.M. (Marialuisa Menegatto) and A.Z.; Data cura-
tion, M.M. (Marialuisa Menegatto), M.M. (Michele Musolino) and A.Z.; Formal analysis, M.M.
(Marialuisa Menegatto); Investigation, M.M. (Marialuisa Menegatto), M.M. (Michele Musolino) and
A.Z.; Methodology, M.M. (Marialuisa Menegatto) and A.Z.; Supervision, A.Z.; Writing—original draft,
M.M. (Marialuisa Menegatto), S.L. and A.Z.; Writing—review & editing, M.M. (Marialuisa Menegatto),
S.L. and A.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study followed the American Psychological Association
Ethical Principles of Psychologists and Code of Conduct and the principles of the Declaration of
Helsinki and was approved by the Ethics Committee of the Università degli Studi di Padova (Protocol
Number 1D4BA484CC28FCDA6984C4F21E59DEA6).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Carson, R. Silent Spring; Houghton Miffin: Boston, NY, USA, 1962.
2. United Nations Environment Programme. From Pollution to Solution: A Global Assessment of Marine Litter and Plastic Pollution.

Kenya, Nairobi. 2021. Available online: https://www.unep.org/resources/pollution-solution-global-assessment-marine-litter-
and-plastic-pollution (accessed on 26 April 2022).

3. World Economic Forum. The New Plastic Economy. Rethinking the Future of Plastics. Cologny, Geneva, Switzerland. Available
online: https://www3.weforum.org/docs/WEF_The_New_Plastics_Economy.pdf (accessed on 22 April 2022).

4. Lau, C.; Butenhoff, J.L.; Rogers, J.M. The developmental toxicity of perfluoroalkyl acids and their derivatives. Toxicol. Appl.
Pharmacol. 2004, 198, 231–241. [CrossRef] [PubMed]

5. Giesy, J.P.; Kannan, K. Global Distribution of Perfluorooctane Sulfonate in Wildlife. Environ. Sci. Technol. 2001, 35, 1339–1342.
[CrossRef] [PubMed]

6. Sunderland, E.M.; Hu, X.C.; Dassuncao, C.; Tokranov, A.K.; Wagner, C.C.; Allen, J.G. A review of the pathways of human
exposure to poly- and perfluoroalkyl substances (PFASs) and present understanding of health effects. J. Expo. Sci. Environ.
Epidemiol. 2019, 29, 131–147. [CrossRef] [PubMed]

7. The Organisation for Economic Co-Operation and Development (OECD). Toward a New Comprehensive Global Database of Per-
and Polyfluoroalkyl Substances (PFASs): Summary Report on Updating the OECD 2007 List of Per and Polyfluoroalkyl Substances
(PFASs). Series on Risk Management, N. 39; Paris, France. 2018. Available online: https://www.oecd.org/officialdocuments/
publicdisplaydocumentpdf/?cote=ENV-JM-MONO(2018)7&doclanguage=en (accessed on 6 May 2022).

8. Armitage, J.; Cousins, I.T.; Buck, R.C.; Prevedouros, K.; Russell, M.H.; MacLeod, M.; Korzeniowski, S.H. Modeling Global-Scale
Fate and Transport of Perfluorooctanoate Emitted from Direct Sources. Environ. Sci. Technol. 2006, 40, 6969–6975. [CrossRef]
[PubMed]

9. Glüge, J.; Scheringer, M.; Cousins, I.T.; De Witt, J.C.; Goldenman, G.; Herzke, D.; Lohmann, R.; Ng, C.A.; Trieri, X.; Wangj, Z. An
overview of the uses of per- and polyfluoroalkyl substances (PFAS). Environ. Sci. Process. Impacts 2020, 22, 2345–2373. [CrossRef]
[PubMed]

10. Panieri, E.; Baralic, K.; Djukic-Cosic, D.; Djordjevic, A.B.; Saso, L. PFAS Molecules: A Major Concern for the Human Health and
the Environment. Toxics 2022, 10, 44. [CrossRef]

https://www.unep.org/resources/pollution-solution-global-assessment-marine-litter-and-plastic-pollution
https://www.unep.org/resources/pollution-solution-global-assessment-marine-litter-and-plastic-pollution
https://www3.weforum.org/docs/WEF_The_New_Plastics_Economy.pdf
http://doi.org/10.1016/j.taap.2003.11.031
http://www.ncbi.nlm.nih.gov/pubmed/15236955
http://doi.org/10.1021/es001834k
http://www.ncbi.nlm.nih.gov/pubmed/11348064
http://doi.org/10.1038/s41370-018-0094-1
http://www.ncbi.nlm.nih.gov/pubmed/30470793
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-JM-MONO(2018)7&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-JM-MONO(2018)7&doclanguage=en
http://doi.org/10.1021/es0614870
http://www.ncbi.nlm.nih.gov/pubmed/17154003
http://doi.org/10.1039/D0EM00291G
http://www.ncbi.nlm.nih.gov/pubmed/33125022
http://doi.org/10.3390/toxics10020044


Int. J. Environ. Res. Public Health 2022, 19, 14761 19 of 22

11. Miner, K.R.; Clifford, H.; Taruscio, T.; Potocki, M.; Solomon, G.; Ritari, M.; Napper, I.E.; Gajurel, A.P.; Mayewski, P.A. Deposition
of PFAS ‘forever chemicals’ on Mt. Everest. Sci. Total Environ. 2021, 759, 144421. [CrossRef]

12. Prevedouros, K.; Cousins, I.T.; Buck, R.C.; Korzeniowski, S.H. Sources, Fate and Transport of Perfluorocarboxylates. Environ. Sci.
Technol. 2006, 40, 32–44. [CrossRef]

13. Cousins, I.T.; DeWitt, J.C.; Gluge, J.; Goldenman, G.; Herzke, D.; Lohmann, R.; Miller, M.; Ng, C.A.; Scheringer, M.; Vierke, L.;
et al. Strategies for grouping per- and polyfluoroalkyl substances (PFAS) to protect human and environmental health. Environ.
Sci. Process. Impacts 2020, 22, 1444–1460. [CrossRef]

14. Ericson, I.; Martí-Cid, R.; Nadal, M.; Van Bavel, B.; Lindström, G.; Domingo, J.L. Human Exposure to Perfluorinated Chemicals
through the Diet: Intake of Perfluorinated Compounds in Foods from the Catalan (Spain) Market. J. Agric. Food Chem. 2008, 56,
1787–1794. [CrossRef]

15. Haug, L.S.; Huber, S.; Becher, G.; Thomsen, C. Characterisation of human exposure pathways to perfluorinated compounds—
Comparing exposure estimates with biomarkers of exposure. Environ. Int. 2011, 37, 687–693. [CrossRef] [PubMed]

16. DeLuca, N.M.; Minucci, J.M.; Mullikin, A.; Slover, R.; Hubal, E.A.C. Human exposure pathways to poly- and perfluoroalkyl
substances (PFAS) from indoor media: A systematic review. Environ. Int. 2022, 162, 107149. [CrossRef] [PubMed]

17. Hu, X.C.; Andrews, D.Q.; Lindstrom, A.B.; Bruton, T.A.; Schaider, L.A.; Grandjean, P.; Lohmann, R.; Carignan, C.C.; Blum, A.;
Balan, S.A.; et al. Detection of Poly- and Perfluoroalkyl Substances (PFASs) in U.S. Drinking Water Linked to Industrial Sites,
Military Fire Training Areas, and Wastewater Treatment Plants. Environ. Sci. Technol. Lett. 2016, 3, 344–350. [CrossRef] [PubMed]

18. Banzhaf, S.; Filipovic, M.; Lewis, J.; Sparrenbom, C.J.; Barthel, R. A review of contamination of surface-, ground-, and drinking
water in Sweden by perfluoroalkyl and polyfluoroalkyl substances (PFASs). Ambio 2017, 46, 335–346. [CrossRef] [PubMed]

19. De Silva, A.O.; Armitage, T.J.; Bruton, M.A.; Dassuncao, C.; Heiger-Bernays, W.; Hu, X.C.; Kärrman, A.; Kelly, B.; Ng, C.; Robuck,
A.; et al. PFAS Exposure Pathways for Humans and Wildlife: A Synthesis of Current Knowledge and Key Gaps in Understanding.
Environ. Toxicol. Chem. 2021, 40, 631–657. [CrossRef]

20. Frisbee, S.J.; Brooks, A.P.; Maher, A.; Flensborg, P.; Arnold, S.; Fletcher, T.; Steenland, K.; Shankar, A.; Knox, S.S.; Pollard, C.; et al.
The C8 Health Project: Design, Methods, and Participants. Environ. Health Perspect. 2009, 117, 1873–1882. [CrossRef] [PubMed]

21. National Resources Defense Council (NRDC). New York. 2021. Available online: https://www.nrdc.org/stories/drinking-water-
crisis-north-carolina-ignored (accessed on 3 July 2022).

22. The Michigan PFAS Action Response Team. Available online: http://www.michigan.gov/pfasresponse/ (accessed on
11 May 2022).

23. State of Michigan. Available online: https://www.michigan.gov/som (accessed on 16 May 2022).
24. Li, Y.; Fletcher, T.; Mucs, D.; Scott, K.; Lindh, C.; Tallving, P.; Jakobsson, K. Half-lives of PFOS, PFHxS and PFOA after end of

exposure to contaminated drinking water. Occup. Environ. Med. 2018, 75, 46–51. [CrossRef]
25. Xu, Y.; Nielsen, C.; Li, Y.; Hammarstrand, S.; Andersson, E.M.; Li, H.; Olsson, D.S.; Engström, K.; Pineda, D.; Lindh, C.H.; et al.

Serum perfluoroalkyl substances in residents following long-term drinking water contamination from firefighting foam in
Ronneby, Sweden. Environ. Int. 2021, 147, 106333. [CrossRef]

26. Gebbink, W.A.; van Leeuwen, S.P.J. Environmental contamination and human exposure to PFASs near a fluorochemical production
plant: Review of historic and current PFOA and GenX contamination in The Netherlands. Environ. Int. 2020, 137, 105583.
[CrossRef]

27. Australian National University. Available online: https://nceph.anu.edu.au/research/projects/pfas-health-study#acton-tabs-
link--tabs-0-footer-1 (accessed on 16 May 2022).

28. Bonato, M.; Corrà, F.; Bellio, M.; Guidolin, L.; Tallandini, L.; Irato, P.; Santovito, G. PFAS Environmental Pollution and Antioxidant
Responses: An Overview of the Impact on Human Field. Int. J. Environ. Res. Public Health 2020, 17, 8020. [CrossRef]

29. National Toxicology Program (NTP). National Toxicology Program Monograph on Immunotoxicity Associated with Exposures
to PFOA and PFOS. 2016. Available online: https://ntp.niehs.nih.gov/ntp/ohat/pfoa_pfos/pfoa_pfosmonograph_508.pdf
(accessed on 10 May 2022).

30. Agency for Toxic Substances and Disease Registry (ATSDR). Per- and Polyfluoroalkyl Substances (PFAS) and Your Health. 2020.
Available online: https://www.atsdr.cdc.gov/pfas/health-effects.html (accessed on 15 May 2022).

31. Steenland, K.; Winquist, A. PFAS and cancer, a scoping review of the epidemiologic evidence. Environ. Res. 2021, 194, 110690.
[CrossRef] [PubMed]

32. Bruton, T.A.; Blum, A. Proposal for coordinated health research in PFAS-contaminated communities in the United States. Environ.
Health 2017, 16, 1–6. [CrossRef] [PubMed]

33. Rappazzo, K.M.; Coffman, E.; Hines, E.P. Exposure to Perfluorinated Alkyl Substances and Health Outcomes in Children: A
Systematic Review of the Epidemiologic Literature. Int. J. Environ. Res. Public Health 2017, 14, 691. [CrossRef] [PubMed]

34. Kirk, M.; Smurthwaite, K.; Bräunig, J.; Trevenar, S.; D’Este, C.; Lucas, R.; Lal, A.; Korda, R.; Clements, A.; Mueller, J.; et al. The
PFAS Health Study: Systematic Literature Review; The Australian National University: Canberra, Australia, 2018.

35. Stanifer, J.W.; Stapleton, H.M.; Souma, T.; Wittmer, A.; Zhao, X.; Boulware, L.E. Perfluorinated chemicals as emerging environ-
mental threats to kidney health: A scoping review. Clin. J. Am. Soc. Nephrol. 2018, 13, 1479–1492. [CrossRef] [PubMed]

36. Blake, B.E.; Fenton, S.E. Early life exposure to per- and polyfluoroalkyl substances (PFAS) and latent health outcomes: A review
including the placenta as a target tissue and possible driver of peri- and postnatal effects. Toxicology 2020, 443, 152565. [CrossRef]

http://doi.org/10.1016/j.scitotenv.2020.144421
http://doi.org/10.1021/es0512475
http://doi.org/10.1039/D0EM00147C
http://doi.org/10.1021/jf0732408
http://doi.org/10.1016/j.envint.2011.01.011
http://www.ncbi.nlm.nih.gov/pubmed/21334069
http://doi.org/10.1016/j.envint.2022.107149
http://www.ncbi.nlm.nih.gov/pubmed/35240384
http://doi.org/10.1021/acs.estlett.6b00260
http://www.ncbi.nlm.nih.gov/pubmed/27752509
http://doi.org/10.1007/s13280-016-0848-8
http://www.ncbi.nlm.nih.gov/pubmed/27844420
http://doi.org/10.1002/etc.4935
http://doi.org/10.1289/ehp.0800379
http://www.ncbi.nlm.nih.gov/pubmed/20049206
https://www.nrdc.org/stories/drinking-water-crisis-north-carolina-ignored
https://www.nrdc.org/stories/drinking-water-crisis-north-carolina-ignored
http://www.michigan.gov/pfasresponse/
https://www.michigan.gov/som
http://doi.org/10.1136/oemed-2017-104651
http://doi.org/10.1016/j.envint.2020.106333
http://doi.org/10.1016/j.envint.2020.105583
https://nceph.anu.edu.au/research/projects/pfas-health-study#acton-tabs-link--tabs-0-footer-1
https://nceph.anu.edu.au/research/projects/pfas-health-study#acton-tabs-link--tabs-0-footer-1
http://doi.org/10.3390/ijerph17218020
https://ntp.niehs.nih.gov/ntp/ohat/pfoa_pfos/pfoa_pfosmonograph_508.pdf
https://www.atsdr.cdc.gov/pfas/health-effects.html
http://doi.org/10.1016/j.envres.2020.110690
http://www.ncbi.nlm.nih.gov/pubmed/33385391
http://doi.org/10.1186/s12940-017-0321-6
http://www.ncbi.nlm.nih.gov/pubmed/29132367
http://doi.org/10.3390/ijerph14070691
http://www.ncbi.nlm.nih.gov/pubmed/28654008
http://doi.org/10.2215/CJN.04670418
http://www.ncbi.nlm.nih.gov/pubmed/30213782
http://doi.org/10.1016/j.tox.2020.152565


Int. J. Environ. Res. Public Health 2022, 19, 14761 20 of 22

37. De Toni, L.; Radu, C.M.; Sabovic, I.; Di Nisio, A.; Dall’Acqua, S.; Guidolin, D.; Spampinato, S.; Campello, E.; Simioni, P.; Foresta,
C. Increased Cardiovascular Risk Associated with Chemical Sensitivity to Perfluoro–Octanoic Acid: Role of Impaired Platelet
Aggregation. Int. J. Mol. Sci. 2020, 21, 399. [CrossRef]

38. Alexander, B.J.; Olsen, G.W.; Burris, J.M.; Mandel, J.H.; Mandel, J.S. Mortality of employees of a perfluo-rooctane sulfonyl fluoride
manufacturing facility. Occup. Environ. Med. 2003, 60, 722–729. [CrossRef] [PubMed]

39. Consonni, D.; Straif, K.; Symons, J.M.; Tomenson, J.A.; van Amelsvoort, L.G.P.M.; Sleeuwenhoek, A.; Cherrie, J.W.; Bonetti, P.;
Colombo, I.; Farrar, D.G.; et al. Cancer Risk Among Tetrafluoroethylene Synthesis and Polymerization Workers. Am. J. Epidemiol.
2013, 178, 350–358. [CrossRef]

40. Lundin, J.I.; Alexander, B.H.; Olsen, G.W.; Church, T.R. Ammonium Perfluorooctanoate Production and Occupational Mortality.
Epidemiology 2009, 20, 921–928. [CrossRef]

41. Costa, G.; Sartori, S.; Consonni, D. Thirty Years of Medical Surveillance in Perfluooctanoic Acid Production Workers. J. Occup.
Environ. Med. 2009, 51, 364–372. [CrossRef]

42. Sakr, C.J.; Kreckmann, K.H.; Green, J.W.; Gillies, P.J.; Reynolds, J.L.; Leonard, R.C. Cross-Sectional Study of Lipids and Liver
Enzymes Related to a Serum Biomarker of Exposure (ammonium perfluorooctanoate or APFO) as Part of a General Health
Survey in a Cohort of Occupationally Exposed Workers. J. Occup. Environ. Med. 2007, 49, 1086–1096. [CrossRef]

43. Salihovic, S.; Stubleski, J.; Kärrman, A.; Larsson, A.; Fall, T.; Lind, L.; Lind, P.M. Changes in markers of liver function in relation to
changes in perfluoroalkyl substances—A longitudinal study. Environ. Int. 2018, 117, 196–203. [CrossRef]

44. Schmitt, H.J.; Calloway, E.E.; Sullivan, D.; Clausen, W.; Tucker, P.G.; Rayman, J.; Gerhardstein, B. Chronic environmental
contamination: A systematic review of psychological health consequences. Sci. Total Environ. 2021, 772, 145025. [CrossRef]

45. Sullivan, D.; Schmitt, H.J.; Calloway, E.E.; Clausen, W.; Tucker, P.; Rayman, J.; Gerhardstein, B. Chronic environmental contamina-
tion: A narrative review of psychosocial health consequences, risk factors, and pathways to community resilience. Soc. Sci. Med.
2021, 276, 113877. [CrossRef]

46. Goode, W.C. A Theory of Role Strain. Am. Sociol. Rev. 1960, 25, 483–496. [CrossRef]
47. Burr, W.R.; Hill, R.; Nye, F.I.; Reiss, I. (Eds.) Contemporary Theories About the Family; Free Press: New York, NY, USA, 1979.
48. Kaplan, H. Psychosocial Stress. Trends in Theory and Research; Academic Press: New York, NY, USA, 1983.
49. Stone, R.A.; Levine, A.G. Reactions to collective stress: Correlates of active citizen participation at love canal. Prev. Hum. Serv.

1985, 4, 153–177. [CrossRef]
50. Edelstein, M. Contaminated Communities: Coping with Residential Toxic Exposure; Routledge: New York, NY, USA, 2018.
51. Wickham, G.M.; Shriver, T.E. Emerging contaminants, coerced ignorance and environmental health concerns: The case of per-

and polyfluoroalkyl substances (PFAS). Sociol Health Illn. 2021, 43, 764–778. [CrossRef]
52. Johnson, P.I.; Sutton, P.; Atchley, D.S.; Koustas, E.; Lam, J.; Sen, S.; Robinson, K.A.; Axelrad, D.; Woodruff, T. The Navigation

Guide—Evidence-Based Medicine Meets Environmental Health: Systematic Review of Human Evidence for PFOA Effects on
Fetal Growth. Environ. Health Perspect. 2014, 122, 1028–1039. [CrossRef] [PubMed]

53. Fenton, S.E.; Ducatman, A.; Boobis, A.; DeWitt, J.C.; Lau, C.; Ng, C.; Smith, J.S.; Roberts, S.M. Per- and Polyfluoroalkyl Substance
Toxicity and Human Health Review: Current State of Knowledge and Strategies for Informing Future Research. Environ. Toxicol.
Chem. 2021, 40, 606–630. [CrossRef]

54. Calloway, E.E.; Chiappone, A.L.; Schmitt, H.J.; Sullivan, D.; Gerhardstein, B.; Tucker, P.G.; Rayman, J.; Yaroch, A.L. Exploring
Community Psychosocial Stress Related to Per- and Poly-Fluoroalkyl Substances (PFAS) Contamination: Lessons Learned from a
Qualitative Study. Int. J. Environ. Res. Public Health 2020, 17, 8706. [CrossRef]

55. Valsecchi, S.; Rusconi, M.; Mazzoni, M.; Viviano, G.; Pagnotta, R.; Zaghi, C.; Serrini, G.; Polesello, S. Occurrence and sources of
perfluoroalkyl acids in Italian river basins. Chemosphere 2015, 129, 126–134. [CrossRef]

56. De Voogt, P.; Berger, U.; de Coen, W.; de Wolf, W.; Heimstad, E.; McLachlan, M.; van Leeuwen, S.; van Roon, A. Perfluorinated
Organic Compounds in the European Environment (Perforce); University of Amsterdam: Amsterdam, The Netherlands, 2006;
pp. 1–126.

57. Polesello, S.; Pagnotta, R.; Marziali, L.; Patrolecco, L.; Rusconi, M.; Stefani, F.; Valsecchi, S. Realizzazione di uno Studio di
Valutazione del Rischio Ambientale e Sanitario Associato alla Contaminazione da Sostanze Perfluoro-Alchiliche (PFAS) nel
Bacino del Po e nei Principali Bacini Fluviali Italiani. Relazione Finale. 2013. Available online: http://www.minambiente.it/
sites/default/files/archivio/allegati/reach/progettoPFAS_ottobre2013.pdf (accessed on 22 May 2022).

58. World Health Organization (WHO). Keeping Our Water Clean: The Case of Water Contamination in the Veneto Region, Italy.
Copenhagen, Denmark. 2017. Available online: https://www.euro.who.int/__data/assets/pdf_file/0019/341074/pfas-report-20
170606-h1330-print-isbn.pdf (accessed on 12 January 2022).

59. Tromba, C. Inquinamento da PFAS in Veneto. Dopo gli USA tocca all’Italia. Epidemiol. Prev. 2017, 41, 232–236.
60. Regione del Veneto. Modifica del “Piano di Sorveglianza Sulla Popolazione Esposta Alle Sostanze Perfluoroalchiliche”, di cui

all’Allegato A Alla D.G.R. n. 2133 del 23/12/2016. Deliberazione della Giunta Regionale, n, 691, 21 Maggio 2018. Available
online: https://bur.regione.veneto.it/BurvServices/pubblica/DettaglioDgr.aspx?id=370611 (accessed on 6 December 2021).

61. Ingelido, A.M.; Abballe, A.; Gemma, S.; Dellatte, E.; Iacovella, N.; De Angelis, G.; Zampaglioni, F.; Marra, V.; Miniero, R.; Valentini,
S.; et al. Biomonitoring of perfluorinated compounds in adults exposed to contaminated drinking water in the Veneto Region,
Italy. Environ. Int. 2018, 110, 149–159. [CrossRef] [PubMed]

http://doi.org/10.3390/ijms21020399
http://doi.org/10.1136/oem.60.10.722
http://www.ncbi.nlm.nih.gov/pubmed/14504359
http://doi.org/10.1093/aje/kws588
http://doi.org/10.1097/EDE.0b013e3181b5f395
http://doi.org/10.1097/JOM.0b013e3181965d80
http://doi.org/10.1097/JOM.0b013e318156eca3
http://doi.org/10.1016/j.envint.2018.04.052
http://doi.org/10.1016/j.scitotenv.2021.145025
http://doi.org/10.1016/j.socscimed.2021.113877
http://doi.org/10.2307/2092933
http://doi.org/10.1080/10852358509511166
http://doi.org/10.1111/1467-9566.13253
http://doi.org/10.1289/ehp.1307893
http://www.ncbi.nlm.nih.gov/pubmed/24968388
http://doi.org/10.1002/etc.4890
http://doi.org/10.3390/ijerph17238706
http://doi.org/10.1016/j.chemosphere.2014.07.044
http://www.minambiente.it/sites/default/files/archivio/allegati/reach/progettoPFAS_ottobre2013.pdf
http://www.minambiente.it/sites/default/files/archivio/allegati/reach/progettoPFAS_ottobre2013.pdf
https://www.euro.who.int/__data/assets/pdf_file/0019/341074/pfas-report-20170606-h1330-print-isbn.pdf
https://www.euro.who.int/__data/assets/pdf_file/0019/341074/pfas-report-20170606-h1330-print-isbn.pdf
https://bur.regione.veneto.it/BurvServices/pubblica/DettaglioDgr.aspx?id=370611
http://doi.org/10.1016/j.envint.2017.10.026
http://www.ncbi.nlm.nih.gov/pubmed/29108835


Int. J. Environ. Res. Public Health 2022, 19, 14761 21 of 22

62. Ingelido, A.M.; Abballe, A.; Gemma, S.; Dellatte, E.; Iacovella, N.; De Angelis, G.; Marra, V.; Russo, F.; Vazzoler, M.; Testai, E.; et al.
Serum concentrations of perfluorinated alkyl substances in farmers living in areas affected by water contamination in the Veneto
Region (Northern Italy). Environ. Int. 2020, 136, 105435. [CrossRef]

63. Girardi, P.; Merler, E. Valutazione degli Effetti a Lungo Termine Sulla Salute dei Dipendenti di Un’azienda Chimica che ha
Prodotto Intermedi per L’industria Agro- Alimentare, L’industria Farmaceutica e Derivati Perfluorurati (PFOA, PFOS). An
Assess-ment of Long-term Effects over Health of Workers of a Chemical Industry That Produced Chemical Intermediates for
Food-farming, Pharmaceutical Industry and PFASs (PFOA, PFOS). 2017. Available online: http://repository.regione.veneto.it/
public/ee9ba54d89c499264600f8c1bff85a83.php?lang=it&dl=true (accessed on 21 January 2021).

64. Girardi, P.; Merler, E. A mortality study on male subjects exposed to polyfluoroalkyl acids with high internal dose of perfluorooc-
tanoic acid. Environ. Res. 2019, 179, 108743. [CrossRef]

65. Deliberazione Giunta Regionale, n. 1490 del 12.08.2013: Istituzione della Commissione Tecnica per la Valutazione della Problem-
atica della Presenza di Sostanze Perfluoro-Alchiliche (PFAS) nelle Acque Potabili e nelle Acque Superficiali della Provincia di
Vicenza e Comuni Limitrofi, e per la Formulazione di Proposte in Ordine Alla Tutela della Salute Pubblica. Available online:
https://bur.regione.veneto.it/BurvServices/Pubblica/DettaglioDgr.aspx?id=255032 (accessed on 22 May 2022).

66. Deliberazione Giunta Regionale, n. 764 del 27.05.2014: Approvazione Dell’accordo di Collaborazione tra la Regione del Veneto e
l’Istituto Superiore di Sanità (ISS) Finalizzato al “Supporto Tecnico Scientifico, Analitico e Consultivo per L’analisi di Rischio
Correlata Alla Contaminazione da PFAS di Matrici Ambientali e Filiera Idro-Potabile in Talune Circostanze Territoriali e Potenziale
Trasferimento di PFAS Alla Filiera Alimentare e allo Studio di Biomonitoraggio”. Available online: https://bur.regione.veneto.it/
BurvServices/Pubblica/DettaglioDgr.aspx?id=275287 (accessed on 22 May 2022).

67. Deliberazione Giunta Regionale, n. 661 del 17.05.2016: Affidamento Dell’incarico All’istituto Superiore di Sanità della Predis-
posizione di uno Studio Epidemiologico Osservazionale Sulla Popolazione Esposta Alla Contaminazione da Sostanze Perfluo-
roalchiliche (PFAS) in Alcuni Comuni del Territorio della Regione del Veneto. Available online: https://bur.regione.veneto.it/
BurvServices/Pubblica/DettaglioDgr.aspx?id=323316 (accessed on 22 May 2022).

68. Creswell, J.W. Research Design: Qualitative, Quantitative, and Mixed Methods Approaches; Sage: Thousand Oaks, CA, USA, 2003.
69. Kristensen, G.K.; Ravn, M.N. The voices heard and the voices silenced: Recruitment processes in qualitative interview studies.

Qual. Res. 2015, 15, 722–737. [CrossRef]
70. Bonisteel, I.; Shulman, R.; Newhook, L.A.; Guttmann, A.; Smith, S.; Chafe, R. Reconceptualizing Recruitment in Qualitative

Research. Int. J. Qual. Methods 2021, 20, 1–12. [CrossRef]
71. Hanna, P. Using internet technologies (such as Skype) as a research medium: A research note. Qual. Res. 2012, 12, 239–242.

[CrossRef]
72. Deakin, H.; Wakefield, K. Skype interviewing: Reflections of two PhD researchers. Qual. Res. 2014, 14, 603–616. [CrossRef]
73. Archibald, M.M.; Ambagtsheer, R.C.; Casey, M.G.; Lawless, M. Using Zoom Videoconferencing for Qualitative Data Collection:

Perceptions and Experiences of Researchers and Participants. Int. J. Qual. Methods 2019, 18, 1–8. [CrossRef]
74. Braun, V.; Clarke, V.; Gray, D. Innovations in qualitative methods. In The Palgrave Handbook of Critical Social Psychology; Gough, B.,

Ed.; Palgrave Macmillan: Basingstoke, UK, 2017; pp. 243–266.
75. Charmaz, K. Constructing Grounded Theory; Sage: Thousand Oaks, CA, USA, 2014.
76. Guest, G.; Bunce, A.; Johnson, L. How many interviews are enough? An experiment with data saturation and variability. Field

Meth. 2006, 18, 59–82. [CrossRef]
77. Hennink, M.M.; Kaiser, B.N.; Marconi, V.C. Code saturation versus meaning saturation: How many interviews are enough? Qual.

Health Res. 2017, 27, 591–608. [CrossRef]
78. Starks, H.; Trinidad, S.B. Choose Your Method: A Comparison of Phenomenology, Discourse Analysis, and Grounded Theory.

Qual. Health Res. 2007, 17, 1372–1380. [CrossRef] [PubMed]
79. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]
80. Couch, S.R. Environmental contamination, community transformation and the centralia mine fire. In The Long Road to Recovery:

Community Responses to Industrial Disaster; Mitchell, J.K., Ed.; The United Nations University: Tokyo, Japan; New York, NY, USA;
Paris, France, 1996; pp. 60–85.

81. Couch, S.R.; Coles, C.J. Community Stress, Psychosocial Hazards, and EPA Decision-Making in Communities Impacted by
Chronic Technological Disasters. Am. J. Public Health 2011, S101, S140–S148. [CrossRef]

82. Kralik, D.; Visentin, K.; Van Loon, A. Transition: A literature review. J. Adv. Nurs. 2006, 55, 320–329. [CrossRef]
83. Bury, M. Chronic illness as biographical disruption. Sociol. Health Illn. 1982, 4, 167–182. [CrossRef]
84. Soloman, S.D.; Bravo, M.; Rubio-Stipec, M.; Canino, G. Effect of family role on response to disaster. J. Trauma Stress 1993, 6,

255–269. [CrossRef]
85. Baum, A.; Fleming, I. Implications of psychological research on stress and technological accidents. Am. Psychol. 1993, 48, 665–672.

[CrossRef]
86. Haavenar, J.-M.; van den Brink, W. Psychological factors affecting health after toxicological disaster. Clin. Psychol. Rev. 1997, 17,

359–374. [CrossRef]
87. Tucker, P. Report of the Expert Panel Workshop on the Psychological Response to Hazardous Substances; USDHHS (U.S. Department of

health and Human Services): Atlanta, GA, USA, 1998. Available online: https://www.atsdr.cdc.gov/hec/prhs/psych5ed.pdf
(accessed on 1 June 2022).

http://doi.org/10.1016/j.envint.2019.105435
http://repository.regione.veneto.it/public/ee9ba54d89c499264600f8c1bff85a83.php?lang=it&dl=true
http://repository.regione.veneto.it/public/ee9ba54d89c499264600f8c1bff85a83.php?lang=it&dl=true
http://doi.org/10.1016/j.envres.2019.108743
https://bur.regione.veneto.it/BurvServices/Pubblica/DettaglioDgr.aspx?id=255032
https://bur.regione.veneto.it/BurvServices/Pubblica/DettaglioDgr.aspx?id=275287
https://bur.regione.veneto.it/BurvServices/Pubblica/DettaglioDgr.aspx?id=275287
https://bur.regione.veneto.it/BurvServices/Pubblica/DettaglioDgr.aspx?id=323316
https://bur.regione.veneto.it/BurvServices/Pubblica/DettaglioDgr.aspx?id=323316
http://doi.org/10.1177/1468794114567496
http://doi.org/10.1177/16094069211042493
http://doi.org/10.1177/1468794111426607
http://doi.org/10.1177/1468794113488126
http://doi.org/10.1177/1609406919874596
http://doi.org/10.1177/1525822X05279903
http://doi.org/10.1177/1049732316665344
http://doi.org/10.1177/1049732307307031
http://www.ncbi.nlm.nih.gov/pubmed/18000076
http://doi.org/10.1191/1478088706qp063oa
http://doi.org/10.2105/AJPH.2010.300039
http://doi.org/10.1111/j.1365-2648.2006.03899.x
http://doi.org/10.1111/1467-9566.ep11339939
http://doi.org/10.1002/jts.2490060208
http://doi.org/10.1037/0003-066X.48.6.665
http://doi.org/10.1016/S0272-7358(97)00009-3
https://www.atsdr.cdc.gov/hec/prhs/psych5ed.pdf


Int. J. Environ. Res. Public Health 2022, 19, 14761 22 of 22

88. Brown, P.; Ferguson, F.I.T. ‘Making a big stink’: Women’s work, women’s relationships, and toxic waste activism. Gend. Soc. 1995,
9, 145–172. [CrossRef]

89. Blocker, T.J.; Eckberg, D.L. Environmental issues as women’s issues: General concerns and local hazards. Sociology 1989, 70,
586–593.

90. Pitter, G.; Da Re, F.; Canova, C.; Barbieri, G.; Jeddi, M.Z.; Daprà, F.; Manea, F.; Zolin, R.; Bettega, A.M.; Stopazzolo, G.; et al. Serum
Levels of Perfluoroalkyl Substances (PFAS) in Adolescents and Young Adults Exposed to Contaminated Drinking Water in the
Veneto Region, Italy: A Cross-Sectional Study Based on a Health Surveillance Program. Environ. Health Perspect. 2020, 128, 027007.
[CrossRef]

91. Creary, S.J.; Gordon, J.R. Role conflict, role overload, and role strain. In The Wiley Blackwell Encyclopedia of Family Studies; Shehan,
C.L., Ed.; John Wiley & Sons: New York, NY, USA; Hoboken, HJ, USA, 2016; pp. 1700–1705.

92. Caputo, A.; Tomai, M.; Lai, C.; Desideri, A.; Pomoni, E.; Méndez, H.C.; Castellanos, B.A.; La Longa, F.; Crescimbene, M.; on behalf
of the “Agua Futura” Consortium; et al. The Perception of Water Contamination and Risky Consumption in El Salvador from a
Community Clinical Psychology Perspective. Int. J. Environ. Res. Public Health 2022, 19, 1109. [CrossRef] [PubMed]

93. Shriver, T.E.; Cable, S.; Kennedy, D. Mining for Conflict and Staking Claims: Contested Illness at the Tar Creek Superfund Site.
Sociol. Inq. 2008, 78, 558–579. [CrossRef]

94. Palinkas, L.A.; Petterson, J.S.; Russell, J.; Downs, M.A. Community patterns of psychiatric disorders after the Exxon Valdez oil
spill. Am. J. Psychiatry 1993, 150, 1517–1523. [CrossRef]

95. Norris, F.H.; Friedman, M.J.; Watson, P.J.; Byrne, C.M.; Diaz, E.; Kaniasty, K. 60,000 Disaster Victims Speak: Part I. An Empirical
Review of the Empirical Literature, 1981–2001. Psychiatry 2002, 65, 207–239. [CrossRef]

96. Gill, D.A.; Picou, J.S. Technological disaster and chronic community stress. Soc. Nat. Resour. 1998, 11, 795–815. [CrossRef]
97. Defur, P.L.; Evans, G.W.; Hubal, E.A.C.; Kyle, A.D.; Morello-Frosch, R.A.; Williams, D.R. Vulnerability as a Function of Individual

and Group Resources in Cumulative Risk Assessment. Environ. Health Perspect. 2007, 115, 817–824. [CrossRef]
98. Molina-Jiméneza, T.; Gutiérrez-Garcíaa, A.G.; Hernández-Domíngueza, L.; Contreras, C.M. Estrés psicosocial: Algunos aspectos

clínicos y experimentales. An. Psicol. 2008, 2, 353–360.
99. Zamperini, A.; Menegatto, M. Cattive Acque. Contaminazione Ambientale e Comunità Violate [Dark Waters. Environmental Contamina-

tion and Violated Communities]; Padova University Press: Padova, Italy, 2021.
100. Hastrup, J.L.; Thomas, S.N.; Edelstein, M. Fear of Cancer in a Rural Appalachian Community Following Notification of an

Environmental Hazard. In Cultures of Contamination (Research in Social Problems and Public Policy); Edelstein, M.R., Tysiachniouk,
M., Smirnova, L.V., Eds.; Emerald Group Publishing Limited: Bingley, UK, 2007; Volume 14, pp. 93–115.

http://doi.org/10.1177/089124395009002002
http://doi.org/10.1289/EHP5337
http://doi.org/10.3390/ijerph19031109
http://www.ncbi.nlm.nih.gov/pubmed/35162132
http://doi.org/10.1111/j.1475-682X.2008.00258.x
http://doi.org/10.1176/ajp.150.10.1517
http://doi.org/10.1521/psyc.65.3.207.20173
http://doi.org/10.1080/08941929809381119
http://doi.org/10.1289/ehp.9332

	Introduction 
	PFAS Pollution in the Veneto Region, Italy 
	Materials and Method 
	Recruitment and Data Collection 
	Data Analysis 

	Results 
	Participant Demographics 
	Themes, Subthemes, and Transitions 
	Phase 1: Shock around the Discovery 
	Phase 2: Lifestyle Change 
	Phase 3: Living with PFAS 
	Uncertainty and Health Concerns 


	Discussion 
	Conclusions 
	References

