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Summary

Globally, water resources are under immense and increasing pressure. This, coupled with the
threat of climate change, has increased global interest in water reuse. However, global water
reuse remains limited because of public opposition. This paper thus examines public percep-
tions and attitudes to water reuse across the world. It finds that results from studies of water
reuse acceptance have tended to be context specific, although claims can be made about the
universal relevance of some predictors, underscoring the need for individual water reuse
schemes to carefully consider their local context. Disgust remains a constant in the public
psyche, while public trust in delivery agents as well as how water reuse is communicated
vis-à-vis perceptions about the quality and safety of recycled water are also critical. The latter
particularly highlights public concerns about the indeterminate health risks associated with
water reuse.

Introduction

Global water resources are under immense and increasing pressure because of human popula-
tion increase and dwindling water supplies. This, coupled with the looming threat of climate
change, has ramped up global interest in the potential of water reuse (van Rensburg 2016).
The need for sustainable water sources has never been more urgent (Leong 2016). If the current
global water management configuration remains unaltered, the world may face a 40% water
deficit by 2030 (WWAP 2015). Thus, recycled water reuse presents an important and necessary
alternative; however, only a miniscule proportion of treated wastewater is put to use (Leong
2016, van Rensburg 2016).

Recycled water can be defined as wastewater treated or processed to a certain standard suit-
able for reuse (Ong 2016). Technologically speaking, it is no huge feat to turn wastewater into a
usable resource (Miller 2012). Significant recent improvements in wastewater reuse technology
suggest that in the future highly treated wastewater may become an important element of sus-
tainable solutions to water insecurity (Ormerod & Scott 2013, Wester et al. 2015). However, the
viability of non-traditional sources of water for addressing water insecurity and as a sustainable
water management solution is predicated on its acceptability by culturally diverse communities
across the globe. Across the world, potable water reuse schemes remain contentious in commun-
ities and objects of intense research and public relations campaigning (Ormerod 2016).
Documented cases of successful potable reuse schemes are few, and most of these have occurred
in the USA, with a few others located in the UK, Australia, Belgium, Singapore, South Africa and
Namibia. The success of these schemes, however, has not translated into widespread acceptance
due to continuing public resistance (Kemp et al. 2012, Ormerod & Scott 2013, Wester
et al. 2015).

Critically, public responses to recycled water are still not properly understood by researchers
(Ormerod & Scott 2013). According to Hurlimann and Dolnicar (2016), existing knowledge
gaps hamper a thorough understanding of the specific conditions under which the public is
receptive to alternative sources of water and the ways in which public acceptance can be influ-
enced across locations. The predictors of water reuse acceptance are quite complex as well as
intimately interconnected. This presents considerable conceptual and methodological chal-
lenges to researchers when attempting to isolate and hierarchically scale these predictors.
This review therefore does not focus on individual predictors and their histories, but rather con-
siders their interconnections and how these might aid public engagement interventions vis-à-vis
the mechanics of water reuse communication. As far as this paper is concerned, no known study
has assumed this approach to intentionally focus attention on examining the intersection with
information communication. This paper therefore has two objectives: (1) to provide an integra-
tive synthesis of the existing research on recycled water reuse acceptance; and (2) to examine the
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applicability of water reuse research outcomes to water reuse prac-
tice, especially as it pertains to public information communication.

Review method

To isolate the pertinent literature, the study separately used the fol-
lowing keywords: water reuse, recycled water, disgust, public
acceptance, public attitudes, risk perceptions, risk preferences
and recycled water predictors. The literature search was conducted
in Google Scholar, Web of Science, AgEcon and EconLit databases.
Additionally, the reference sections of key authors were scrutinized
for relevant articles. The articles that were chosen (including
case studies) were mostly those that focused on identifying and
explaining predictors and success factors and that especially high-
lighted knowledge gaps and irregularities. The study intentionally
restricted itself to analyses focusing on centrally delivered recycled
water and primarily considered more recent studies focusing on
recycled water for both potable and non-potable uses. A prior read-
ing of the literature identified important predictors and factors that
became the focus of the review: disgust, risk perceptions, trust in
the authorities and institutions responsible for the delivery of water
recycling schemes and knowledge communication.

Disgust, trust and risk perceptions

The available literature discusses many important factors for
public acceptance of recycled water. Of significance, negative emo-
tional reactions – otherwise often referred to as disgust – have been
given considerable attention (Po et al. 2004). Disgust describes the
visceral psychological reaction of dread or revulsion associated
with recycled wastewater (Smith et al. 2018). An important prob-
lematic for researchers concerns how disgust is constituted, as well
as the extent to which disgust can be considered an important and
independent predictor of public acceptance. Wester et al. (2015)
stated that the real nature of these emotional reactions is not prop-
erly understood – see the same authors for an exemplar problem-
atization of the constitutive nature of the emotion of disgust and
the possible implications that this might have for public commu-
nication. Wester et al. (2016) asserted that people’s decision-
making about water reuse is a function of emotion, cognition
and the interaction between emotion and cognition.

Nancarrow et al. (2008) presented an often-cited study regard-
ing the role played by emotions in predicting willingness to accept
recycled water. Up until this research, few pertinent studies since
the genesis of public attitudes studies in the 1970s had attempted to
systematically decompose the impact of disgust on people’s behav-
ioural intentions. The research explored factors responsible for the
observed disjuncture between public support of the concept of
water reuse as a means of responsible water resources management
and public reactions to the actual use of recycled water. The study
found emotion, subjective norms (the effect of the views and opin-
ions held by people), fairness and health risk to have had significant
relationships with intended behaviour. Health risk was found to be
the only risk component to have a direct influence on intended
behaviour. Trust had no direct effect but mediated the relationship
between health risk and intended behaviour (also see Ross et al.
2014). These results replicate those of prior studies; for example,
Leviston et al. (2006) identified concerns about risk to human
health to have had the most influence on respondent intentions
towards water reuse.

Wester et al. (2015) investigated factors that underlie the neg-
ative emotions thought to be responsible for public opposition:

specifically, what aspects of pathogen disgust sensitivity predict
discomfort at the idea of using recycled water for the purpose of
drinking. Gender (being female), having less education and having
a heightened sense of pathogen disgust were all significantly and
independently associated with feelings of discomfort (also see
Rozin et al. 2015). In view of their findings, Wester et al. (2015)
submitted that the broad conceptualization of negative reactions
to recycled water can be focused on disgust, particularly pathogen
disgust. In other words, public concern over pathogens can be seen
as the principal driver of the emotional reactions towards water
reuse. Wester et al. (2015) supposed that this determines accep-
tance of water reuse alongwith other higher-order cognitive factors
such as trust. Nancarrow et al. (2008, 2009) acknowledged the role
played by negative emotional reactions, and the finding that
women had a heightened sense of pathogen disgust is consistent
with the general literature, which shows that men are generally
more accepting of recycled water reuse (see Tsagarakis et al.
2007, Nancarrow et al. 2008, Dolnicar & Schafer 2009,
Savchenko et al. 2019a). More broadly, however, studies that have
attempted to analyse the effect of demographics on acceptance
have yielded inconsistent results (see Dolnicar et al. 2011,
Mankad & Tapsuwan 2011, Price et al. 2012, Smith et al. 2015,
Savchenko et al. 2018).

Ong (2016) explored the question of quality in reused water for
potable use vis-à-vis the presence of pathogens and chemical con-
taminants and related implications for public health and accep-
tance; he reviewed existing high-specification technologies used
to treat domestic wastewater for indirect potable reuse. Ong
(2016) noted that technologies still possess shortcomings with
regards to the treatment of some biological and chemical molecules
and compounds of emerging concern (also see Saurí & Arahuetes
2019). This raises doubts about the desirability of treated waste-
water in the face of scientific imprecision and uncertainty vis-à-
vis quality and safety assurance, especially in the absence of univer-
sally acceptable guidelines and standards that address water quality
and health. Tortajada and Ong (2016) suggest that in different
parts of the world the main constraint on the implementation of
water reuse schemes appears to have been a lack of full public sup-
port due to perceived health hazards and environmental impacts.
This suggests that the public has concerns about the ability of
recycled water-provisioning authorities to ensure water quality
and safety (see Dolnicar et al. 2014). van Rensburg (2016) exam-
ined barriers to direct potable reuse through a case study review of
the Windhoek recycled water reuse scheme, specifically the tech-
nical and nontechnical barriers to direct potable reuse: whether the
technology is adequate (appropriate and safe) and its proper
management vis-à-vis the effective management of health risks.
van Rensburg (2016) argued that the Windhoek direct potable
reuse scheme has been successful in part because it has satisfied
technological requirements to an extremely high specification;
safety and health risk concerns have been adequately addressed.
The extant research shows that amplified health risk perceptions
correlate with lower acceptance of water reuse (Hurlimann
2006, Nancarrow et al. 2008, 2009, Dolnicar & Hurlimann
2010). This would suggest that water reuse planners should give
careful attention to addressing public fears about health risks.

The existing research also shows that the public is traditionally
less willing to accept recycled water for close-contact applications
(see Kemp et al. 2012). Again, this can be linked to public fears
about contagion (contamination) and the presence of pathogens.
Hurlimann and Dolnicar (2016) compared public acceptance of
recycled water, desalinated water and rainwater across Australia,
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Belgium, Canada, Israel, Japan, Jordan, Mexico, Norway and Los
Angeles (CA, USA). Investigating willingness to use and percep-
tions of alternative sources, they found that water source prefer-
ence varied between water use purposes and perceptions held of
various water sources varied across locations. If anything, the
variation in the perceptions of users from diverse locations sug-
gests that policies need to be cognizant of location-specific drivers.

Consistent with prior studies, recycled water was the least pre-
ferred water source for close-contact applications. In order of pref-
erence, respondents indicated that they intended to use desalinated
water, rainwater and, finally, recycled water (Hurlimann &
Dolnicar 2016). The preference for rainwater over purified and sci-
entifically tested recycled water for close-contact applications likely
signifies revulsion and public health concerns. Smith et al. (2018),
citing prior studies (Bruvold 1985, Callaghan et al. 2012), noted
that support for water reuse tends to decline at the idea of using
recycled water within homes and declines further at the idea of
using it for applications involving personal skin contact or the pos-
sibility of ingestion, such as bathing and drinking. Dolnicar et al.
(2011: 941) had found that study participants’ perceptions in terms
of public health were more positive for desalinated than recycled
water: 38% perceived recycled water as ‘disgusting’, but only 25%
perceived desalinated water as such.

Some studies have explored aversion to recycled water by inves-
tigating consumers’ willingness to pay (WTP) for agricultural
products. Savchenko et al. (2018) determined that consumers
had lower WTP for produce irrigated with recycled water versus
conventional water or an unknown irrigation water source.
Similarly, Ellis et al. (2021) found that among Israeli consumers
demand for agricultural produce declined significantly when irri-
gated with recycled water versus conventional or an unspecified
source of water. This result is particularly interesting given
Israel’s over 36-year history of alternative water use. Li et al.
(2018) found that disclosing that conventional and recycled water
was used to irrigate grapes induced a reduction in WTP for wines
relative to no information being provided. Consumers preferred
ignorance; even positive information about the benefits of recycled
water failed to increase WTP. The drivers behind these reactions
were indeterminate.

Disgust as more than simple revulsion

Following in the footsteps of earlier critics of the singular focus on
disgust as a limiting analytical construct (see Russell & Lux 2009),
some scholars have sought to explain aversion to recycled effluent
by examining social and cultural processes. For instance, Ormerod
and Scott (2013) investigated the relationship between trust in the
professional institutions responsible for municipal water develop-
ment and public willingness to drink recycled water in Tucson
(AZ, USA). The study situated public perception in its social con-
text as opposed to studies that have emphasized disgust and have
tended to privilege the views of experts over those of the ‘lay’ pub-
lic. The emphasis on psychological explanations has led experts to
routinely attribute lack of public acceptance to emotional or irra-
tional aversions; psychological explanations geared towards public
acceptance methodologically reinforce hierarchical technocratic
decision-making, which might explain why water reuse schemes
routinely fail (Ormerod & Scott 2013). Potable reuse may be con-
ceptualized as a politicized issue, where expressed concerns reflect
social–cultural values that aremore complicated than simple revul-
sion (Ormerod & Scott 2013). The suggestion is that conventional
assessment of risk in probabilistic terms is counterintuitive because

the public’s assessment of risk is informed by a range of intervening
subjective factors that operate to influence people’s perceptions
despite the technological elimination of risk and associated expert
assurances. This makes it imperative to consider processes at the
expert–public interface, especially at a time when the wider
professional water provisioning and scientific community is largely
supportive of recycled water reuse (Saurí & Arahuetes 2019).

Ormerod and Scott (2013) suggest that public opinion is medi-
ated by levels of trust in experts who have influence on system
design as well as the experts who supply interpretations (commu-
nications to the public). The research makes a notable contribution
in highlighting the social basis of public perceptions: how these are
shaped by social processes involved in water development, includ-
ing people’s experiences and democratization of decision-making
processes. It presents potable reuse schemes as both prescriptive
and, to a lesser degree, negotiated systems. In this regard,
Stenekes et al. (2006) argued that institutional change is required
to build opportunities for constructive public engagement.
Similarly, Tortajada and Nambiar (2019) cited institutional
arrangements, regulation and public engagement as obstacles to
the expansion of water reuse operations for potable purposes.
Thus, in view of the existence of a bifurcation between expert
and public perceptions of water reuse, meaningful dialogic public
engagement is critical because it recognizes the proposition that a
combination of technical and non-technical issues integrate to
influence public trust (see Ormerod 2016). The multiplicity of
challenges and complexities involved means that decision-making
about water reuse should be driven by both science and emotion
(Morgan & Grant-Smith 2015). Leong (2016) suggests that
allowing for dialogue between expert and public opinion produces
rational clarity. Evidence indicates that technocratically driven
water reuse schemes that treat the public as subjects rather than
agents are likely to flounder; studies have ascribed the failure of
water reuse schemes such as Toowoomba and San Diego to a
‘decide, announce, defend approach’ (Kosovac et al. 2017).

However, Ormerod and Scott (2013) placed limited emphasis
on contextual factors such as the desert climate of Arizona.
Goodwin et al. (2018b) state that public acceptance of water reuse
schemes, especially schemes aimed at augmenting drinking water
supplies, is shaped by specific contextual factors. In this regard,
the cases of Namibia and Singapore are illustrative (see Dolnicar
et al. 2011, Kemp et al. 2012, Ching 2015). The Namibia case is
particularly interesting in that the technology for water purifica-
tion at the time when the project was introduced in 1968 was far
less advanced than it is today (see van Rensburg 2016). Enabling
factors included a harsh arid climate, restrictive conditions to
indirect potable reuse due to the absence of rivers and the
economics of recycled water supply versus conventional water
supply.

According to Smith et al. (2018), the regions of the world where
water reuse is more commonplace tend to be those that regularly
experience water scarcity; however, Hurlimann and Dolnicar
(2016) found that Norwegians were most willing to use recycled
water for high-contact purposes despite being the least water
stressed of the nine study locations that they investigated.
Additionally, water shortages and harsh conditions are found in
East Valley (CA, USA), where the plan for implementing a US
$55 million recycled drinking water (RDW) scheme was rejected
(see Leong 2016). Similarly, the Toowoomba water reuse scheme
was not supported by the public even in the face of a severe drought
(see Hurlimann & Dolnicar 2010). A more recent analysis of
water reuse for potable purposes in Singapore, Orange County
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(CA, USA) and Queensland (Australia) suggests that droughts and
water scarcity have been instrumental in changing the perceptions
and attitudes of policy-makers and communities to bemore willing
to consider recycled water for potable use (see Tortajada &
Nambiar 2019). Given these contrasting outcomes, what then
are the specific conditions under which the public might support
water reuse?

Ross et al. (2014) investigated the role of trust in predicting risk
perceptions and acceptance and the factors that help to promote
trust. The research tested a social–psychological model of the rela-
tionship between trust, risk perceptions and acceptance of a pro-
posed potable reuse project among residents of Toowoomba in
South East Queensland (Australia). In the context of a severe
drought, the water reuse scheme was strongly opposed by the com-
munity action group Citizens Against Drinking Sewage and sub-
sequently rejected by the public in a referendum. The research
found that the more community members perceived the water
authority to have used fair procedures, the more they perceived
a shared social identity with the water authority. In turn, the more
community members perceived a shared social identity with the
water authority, the more credible they were perceived to be
and the more people trusted them. An important contribution
regards the identification of fair procedures and the building of
a shared identity between the community and the water authority
in the implementation of water reuse projects as critical generators
of trust (also see Radcliffe 2006). The existing literature shows that
higher levels of trust correlate with low perceptions of risk, which
in turn increase public acceptance levels (Hurlimann 2006,
Nancarrow et al. 2008, 2009). Saurí andArahuetes (2019) have sug-
gested that public trust should extend beyond trust in the author-
ities to include the many stakeholders intervening in the process,
such as academics and politicians; processes intended at building
public trust should be a lot broader than has conventionally been
practiced. Kosovac et al. (2017) recommended the implementation
of trust-building activities between water practitioners and the
public.

Leong (2016) investigated the role of emotions in technical
decision-making in the context of RDW implementation, with
reference to two schemes – one that was successful (Windhoek,
Namibia) and one that failed (East Valley, CA, USA). The analysis
conceived of emotions as being part of a larger narrative. Emotions
were compared between the two cases, both in terms of content and
intensity. Disgust was found to be present in both cases. However,
the emotions of fear, disgust and hostility were woven into vastly
different narratives about RDW between the two cases – leading to
different policy responses from the authorities. Narratives in the
case of Windhoek were relatively low in emotional intensity, with
interlinked themes such as governance (health risk and technol-
ogy), trust and sustainability, whereas East Valley showed narra-
tives that were charged with anger, social injustice and disgust.
Leong (2016) noted that although both cases shared the principal
cognitive idea that there was an urgent need for water (East Valley
due to a serious increase in demand and Windhoek due to its dry
climate), the emotional differences between the two cases resulted
in two different narratives about RDW. A notable contribution is
the attempt to empirically test and demonstrate how emotions can
be a part of the social ecology of institutional change (i.e., how they
can impact on policy processes) and how ‘policy entrepreneurs’
can play on or manipulate the emotional quality of policies in
the implementation of RDW schemes. In other words, how policies
are framed or communicated can influence emotions that open or
close policy windows or opportunities.

Communicating recycled water reuse to the public

Wester et al. (2016) have highlighted the role that negative emo-
tional reactions play in shaping both societal-level discourse on
water recycling and individual decision-making. They cite clear
examples of incidents in which parties opposed to recycled water
reuse have highlighted aversive elements in their framing of public
messages. In this regard, research has focused on understanding
the ways in which information communication can aid or con-
found the implementation of water reuse schemes – specifically,
how the nature of messaging (source, content, timing, complexity,
etc.) affects public attitudes and perceptions towards recycled
water. Various aspects of water reuse processes have been consid-
ered, inter alia the production process (Dolnicar et al. 2010), the
recycling process and water safety (Fielding & Roiko 2014), the
safety of non-potable recycled water (Goodwin et al. 2018b) and
the risks and benefits of water reuse (Price et al. 2015). It remains
somewhat unclear, however, what the focus and manner of public
messaging should be.

In general, the available research literature demonstrates that
information communication is positively associated with public
willingness to use recycled water (Alhumoud & Madzikanda
2009, Dolnicar et al. 2010, Fielding & Roiko 2014). However,
the specifics of studies on the subject point to nuances and varia-
tions in the mechanics of public communication and related
responses. Dolnicar and Schafer (2009) investigated whether pro-
viding the public with information (specifically visual information)
about how recycled and desalinated water are produced increases
public acceptance. The likelihood of acceptance increases signifi-
cantly if the public is furnished with information about the produc-
tion process; providing visually appealing and easily digestible
information about water treatment processes may improve public
acceptance (Dolnicar & Schafer 2009). Water quality concerns
(risk considerations) appeared to overwhelm other factors, includ-
ing economic and environmental considerations, in the public’s
decision to accept or reject water from alternative sources
(Dolnicar & Schafer 2009).

However, Kemp et al. (2012) showed that simple information
campaigns may not necessarily work in the face of negative opposi-
tional narratives. They experimentally investigated the effective-
ness of public communications in building resistance towards
recycled water scare campaigns by employing Inoculation
Theory, which proposes that the public can be ‘vaccinated’ against
negative narratives or counter-narratives (see Compton et al.
2016). The results did not support the efficacy of Inoculation
Theory in the specific case of water, as anticipatory information
campaigns did not lead to inoculation against scare campaigns.
Members of the public were influenced by the information pre-
sented to them, negative or otherwise. However, a powerful
recency effect was identified –meaning that timing of public com-
munications is critical (also see Dolnicar & Hurlimann 2010).

The fate of recycled water reuse schemes in San Diego (CA,
USA) and Toowoomba (Australia) are instructive in this case.
In the case of the City of San Diego, authorities had been planning
to use highly treated recycled water for indirect potable use.
However, the project got mired in politics, which redirected the
discourse/public messaging about recycled water. Negative phrases
such as ‘toilet to tap’ were introduced to persuade the public.
Suffice it to say that the reframing from ‘repurified’ to ‘toilet to
tap’ caused sufficient damage and the project was halted (see Po
et al. 2004). Price et al. (2015) suggested that more and repeated
exposure to specific types of information about recycled water
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may produce substantial shifts in public attitudes (also see Kemp
et al. 2012). This is the strategy that has been employed by
Singapore’s NEWater scheme. For instance, continuous messaging
about technological improvements has served to maximize public
confidence that the scheme remains current on ensuring water
quality and safety (Tortajada & Nambiar 2019). In this regard,
Smith et al. (2018) cautioned against the simple provision of infor-
mation to the public and argued for more comprehensive thinking
around public engagement approaches. An approach that involves
a wide range of activities, appeals to both rational and emotional/
experiential processes and is undertaken/supported by a wide
range of actors is ultimately what may underpin a broader social
shift towards legitimizing water reuse (Smith et al. 2018).

Price et al. (2015) experimentally investigated whether the
complexity and sidedness of messages influenced attitudes towards
a proposed recycled water scheme for potable use in South East
Queensland (Australia). The study also examined whether individ-
uals’ initial attitudes influenced their responses to information.
In this case, by comparing the attitudes of South East
Queensland residents to those from various other locations around
Australia, they assessed how messages about the relative risks and
benefits of potable recycled water influence public support.
Consistent with prior studies, support for recycled water increased
after the provision of information. The increase in support was
greater when the information presented was complex rather than
simple, although those supportive of recycled water were positively
influenced by both simple and complex messages. The study found
little evidence, contrary to prior analyses, for the efficacy of
two-sided messages (messages that present advantages and refute
criticisms versus messages that only present advantages), but it
found some evidence that authorities who provide two-sided mes-
sages may be trusted more. Contrary to prior research, one-sided
more than two-sided messaging induced greater support for
recycled water in people who were neutral or ambivalent about
recycled water. The effectiveness of information was dependent
on the initial attitudes of the target audience (also see Fielding
& Roiko 2014). Price et al. (2015) thus suggested that communi-
cation should understand people’s motivation to process informa-
tion and be tailored to match attitudes and the stage of recycled
water schemes. For instance, communicating about the low risks
of recycled water is likely going to be more persuasive when water
reuse schemes are developed and close to implementation. These
results underscore the importance of the timing of communica-
tions as well as the need for communications designers to desist
from treating the public as a homogeneous and undifferentiated
entity, which again emphasizes the need for more nuanced and
sensitive communications designs.

Consistent with prior studies, Price et al. (2015) determined
that messaging about the low risks of potable recycled water is
more critical than messaging about its benefits; study participants
who perceived risks to be low had a heightened sense of perceived
benefits. However, Price et al. (2015) noted that although the
research demonstrates the efficacy of providing detailed informa-
tion about the low risks of recycled water, the effects of the infor-
mation on risk perception and support were small across both
studies – see Price et al. (2015) for specifics on the possible medi-
ating factors for this relationship, as well as prior studies that made
a similar determination. This review has already pointed out how
associations and attitudes to water reuse are mediated by multiple
factors. There is thus a question regarding the extent to which
processes such as negative information campaigns, such as
occurred in Toowoomba (Citizens Against Drinking Sewage),

may amplify risk perceptions and affect public responses to the
identified effective messaging practices, as explained by Kemp
et al. (2012). Ellis et al. (2021) found that exposing consumers
to information about the risks and benefits (two-sided messages)
of recycled wastewater increased consumers’ WTP for produce
irrigated with desalinated water. The aversion to recycled irrigation
water is likely due to disgust because of its source and/or concerns
about potential health risks (Ellis et al. 2021). Savchenko et al.
(2019a) identified disgust and safety concerns as the key issues that
influence consumers to accept or reject foods produced with
recycled water. Savchenko et al. (2018) found that providing con-
sumers with information about the risks of recycled water reduced
WTP, while disclosing benefits alone did not alter consumer pref-
erences versus proving balanced information about environmental
benefits and potential health risks. Savchenko et al. (2019b) found
that messaging about benefits, risks or both benefits and risks had
no statistically significant effects on consumers’ likelihood of pur-
chasing processed or fresh foods grown with recycled water. These
contrasting outcomes illustrate the complexities involved.

Ching (2015) examined public perceptions and norm forma-
tion in RDW using the case of Singapore, where a key finding
was that technology can change current paradigms, largely through
the reframing of the discourse surrounding disgust. In Singapore’s
NEWater policy, the discourse shifted attention away from the
source (wastewater or sewage) by focusing on technology (the
treatment process). The proposition is that focus needs to be on
highlighting the role of technology and reason (not pitching
science against disgust) and the creation of a rich institutional nar-
rative that recognizes the many reasons behind the acceptance of
recycled water. Reference has also been made to the success of
recycled water reuse schemes in the USA where superior technol-
ogy has ensured public safety, with community confidence being
central to public acceptance (also see Mainali et al. 2011).

Lee and Tan (2016) reviewed Singapore’s experience in
planning, developing and expanding the supply of NEWater (water
from treated sewage) to isolate the factors behind its successful
implementation and sustained track record of good water quality.
Strong political will, good governance and effective public engage-
ment (education) as well as the availability of high-specification
technology in the scheme’s design and operation, including
dual-membrane filtration and ultraviolet disinfection, comple-
mented by a strict operating philosophy and comprehensive water
quality management programme, played a critical role in the suc-
cess of the NEWater scheme for indirect potable use and direct
non-potable use. Other success factors included: (1) a long history
of interest in and efforts at water security sustainability that
provided contextual momentum – water reuse has always been
an integral part of Singapore’s overall water security strategy since
at least its 1972 Water Master Plan; (2) the success of recycled
water reuse in the USA, where it had been practiced for more than
20 years by the time NEWater was developed in 2002 – this was
critical to winning public confidence because it showed that
recycled water reuse had historical precedent (also see Tortajada
& Nambiar 2019); and (3) the technology was locally tested and
there was rigorous assessment of water safety (some 20 000 test
results over a period of 2 years). Lee and Tan (2016) noted that
the comprehensive data on water quality and health effects gave
technical experts, political leaders and members of the public con-
fidence in the safety and reliability of NEWater.

Importantly, NEWater implemented an effective public and
consumer engagement programme. An extensive public commu-
nications and education plan was implemented with a consistent
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message that had three key components: recycled water reuse is not
new; the multiple-barrier treatment process is safe and reliable
and indirect potable use provides a further environmental buffer;
and NEWater is a sustainable source of water for Singapore. The
project framed recycled water as NEWater to emphasize its ultra-
clean state and sewage treatment plants as water reclamation
plants. The scheme also engaged a wide range of stakeholders in
the dissemination of information, including the media, politicians
and grassroots leaders – a clearly comprehensive process – as has
been advocated by Smith et al. (2018). A visitor centre was also
opened to demystify the treatment process and the public were
allowed to try the bottled NEWater to address organoleptic
concerns such as taste (also see Tortajada & Nambiar 2019).
Ellis et al. (2019) have stated that a critical part of increasing
public acceptance of recycled water will be to allow the public to
experience drinking it.

How recycled water is framed can influence user responses. For
instance, Menegaki et al. (2009) experimentally compared the
effects of descriptive terms on consumers’ and farmers’willingness
to use and pay for artificially cleaned water or its derivative agri-
cultural products. In their experiment, they framed treated effluent
either as ‘recycled water’ or ‘treated wastewater.’Of the two exper-
imental groups that they used, the group that was administered
survey instruments that described treated effluent as ‘recycled
water’ showed a higher willingness to use it. Unwilling respondents
in both samples often cited emotions of disgust followed
by distrust in the delivery authorities and worries of contamination
as critical to their decision to reject, which again places personal
disgust and health risk at the core of water reuse acceptance
decisions.

What should be the focus of public communications?

This review largely highlights that getting the public mind out of
the sewer and assuaging public fears about health risks should be
major targets of communication interventions (see Miller 2012).
Disgust is identified as an important predictor of public accep-
tance. To reiterate, disgust derives from thoughts of contamination
connected with the common association of water reuse with ‘toilet
to tap’ framing. According to Wester et al. (2016), although the
disgust felt in response to this association is real and important,
it is also mutable. Ching (2015) stated that the instinctive rejection
of recycled water can be overcome. Critically, the emotion of dis-
gust does not appear to derive purely from aversion but appears to
be woven into broader concerns about health risks (seeMacDonald
et al. 2016). Within the context of water reuse, disgust is associated
with pathogen avoidance (Wester et al. 2016). This has important
implications for water reuse implementation messaging.

According to Wester et al. (2016), the prominence of disgust
as an important factor for water reuse attitudes suggests that an
affective (pertaining to emotions and not cognition) appeal may
be more effective at increasing people’s willingness to accept
water reuse. An experimental investigation of the impact of
affective framing of recycled water information on a sample of
Australians found that participants exposed to positive affective
framing had more positive feelings towards recycled water than
those exposed to negative affective framing (Greenaway &
Fielding 2020). The positive affective framing group also had lower
risk perceptions and higher acceptance levels. Fielding and Roiko
(2014) contended that the critical significance of perceptions of
health risks to water reuse acceptance makes it imperative to com-
municate information that specifically targets such perceptions.

Miller (2012) noted in his review of a recycled water facility in
Orange County (CA, USA) that churns out 70 million gallons of
ultra-pure water per day tomeet the needs of 600 000 residents that
the water is not piped to people’s kitchen sinks; rather, it is pumped
into the ground (aquifers) and distributed for indirect potable
reuse for psychological and not engineering or technological
reasons. He describes the public as being too squeamish about
drinking recycled wastewater straight from the tap. The feeling
of revulsion or disgust is innate and intuitive and does not neces-
sarily submit to scientific logic (Miller 2012). Thus, whatever sci-
ence says, winning people over necessarily involves the delicate
work of overcoming deep-seated psychological barriers and cul-
tural taboos surrounding human waste. Miller (2012) quotes a
respondent as having opined that: ‘For most of us, risk perception
is not the output of a scientific, mathematical calculation, but of a
gut feeling’. This gut reaction (precognitive) may predetermine, to
some extent, an individual’s acceptance of recycled water, which in
turn impacts how the individual processes and interprets informa-
tion related to a water reuse scheme and the overseeing institutions
(Smith et al. 2018).

Rozin et al. (1989) theorized the emotion of disgust according to
the law of contagion, which supposes that there is a potentially per-
manent exchange of properties when two objects come into contact
with each other. Thus, in the mind of some people, water that has
come into contact with human waste remains contaminated. This
mental association induces what might be considered irrational
behaviour in people, causing them to reject what is otherwise
pure, scientifically treated water. The mental association produces
‘evidence insensitivity’ (see Rozin et al. 2015). Scientific assurance
of the quality and safety of recycled water does not remove the
sense of contamination due to ‘spiritual contagion’, meaning that
mere advances in water purification technology will not automati-
cally guarantee public acceptance (Rozin et al. 2015). Although
technology can eradicate every microcosm of dirt and urine from
sewage water, it cannot wipe out the mental association (Ching
2015). Saurí and Arahuetes (2019) stated that disgust and sensitiv-
ity to pollution are two key reasons why water reuse schemes are
rejected irrespective of how sophisticated and comprehensive
treatment systems may be. A pertinent question then becomes
how to get the cognitive sewage out after the actual sewage is gone
(Miller 2012). Presently, the only way that this has been possible is
through indirect potable reuse. This is because environmental buff-
ers make water recycling less visible and seemingly natural, which
diminishes the likelihood of public rejection (Ormerod 2016). The
simulation of natural recycling processes appears disruptive to
contagion, removing stigma (Rozin et al. 2015), or in contexts
where extreme local conditions have coalesced to override natural
and cultural aversion to direct potable reuse, such as in Namibia
and Singapore.

It is worth emphasizing that no water is absolutely pure or
new. Whether naturally recycled or otherwise, such water will
have come into contact with contaminants. Unplanned indirect
potable reuse is a case in point, where treated effluent is discharged
into rivers or streams that serve as sources of water for downstream
communities (Ormerod & Scott 2013). It therefore makes
sense to suggest that the quality and safety of the water – where
the technology component has been satisfied – should be a more
important consideration than the type of the water source
(Ong 2016).

Tortajada and Nambiar (2019) stated that human health con-
cerns represent credible concerns for policy-makers, regulators,
the public and the media. Since these concerns have been
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addressed properly when producing potable reused water, this
message has to be communicated clearly. Technology is not nec-
essarily the issue; the issue is how technology is communicated.
Goodwin et al. (2018b) established that public communications
framed in terms of compliance with water quality requirements
had positive impacts on public attitudes as opposed to messages
framed around the ability of water treatment technologies to
remove contaminants.

The research literature also indicates that people who are famil-
iar with unplanned potable reuse (unintentional reuse/de facto
reuse in their water supply) are more accepting of planned potable
reuse (Rice et al. 2016). This supports the proposition that refram-
ing water reuse in terms of the urban water cycle in which all water
is essentially recycled has great potential to help make water reuse
schemes more acceptable (see Rozin et al. 2015, Ong 2016, van
Rensburg 2016). Smith et al. (2018) suggested that rather than
awareness of the need for reuse as a solution to water supply issues,
awareness of reuse as an existing normal part of the water resource
context may be an important driver of acceptance (also see
Savchenko et al. 2019a). Inversely, Wester et al. (2015) found some
evidence showing that participants whowere unfamiliar with water
reuse had greater feelings of discomfort at the idea of using recycled
water. Goodwin et al. (2018a) looked at the impact of the news
media’s framing of a proposed indirect potable reuse scheme for
London (UK) on people’s perceptions. They found people’s prior
knowledge of the water cycle to have been one of the factors
that influenced perceptions. Study participants were unaffected
by ‘toilet to tap’ framing; some described the source of the water
as unimportant, especially those who expressed the view that all
water is recycled. One could say that familiarity produces accep-
tance (see Dolnicar et al. 2011). MacDonald et al. (2016) suggested
that users’ prior experience with a product may facilitate consumer
acceptance, which makes initial attitudes and experiences all the
more critical.

Conclusions

This paper has highlighted some of the complexities involved in
explicating the specific ways in which the predictors of public
acceptance operate, especially their interaction and the implica-
tions that this might have for public engagement. Wester et al.
(2016) have stated that there is uncertainty as to which factors
are most critical to water recycling decisions, which is a hierarchi-
cal scaling dilemma, a situation that is further compounded by the
geographical variability of water reuse schemes. Therefore, an
important question becomes how to derive a useful integrated
explanatory model and workable non-prescriptive public
communications framework that can be applied in disparate
contexts. Binz et al. (2016) have suggested a framework
for technological legitimation that proposes how successful
practices can be transferrable to new contexts that pose entirely
new challenges.

This paper has also highlighted health risk considerations as an
important determinant of people’s acceptance of water reuse.
It remains one of the key risk factors that pose a threat to the future
viability of water reuse schemes (Wester et al. 2016). Since it is now
clear that technology can ‘address’ health risks, it remains an issue
of communicating this to the public. This review has shown
that effective public engagement and education present viable
pathways; however, it also remains an open question as to the
mechanics of effective public engagement. No known public com-
munications framework exists. Related studies have in the interest

of parsimony investigated specific elements and under varied con-
ditions. It is still unclear what techniques are likely to yield positive
public outcomes across contexts. Thus, policy-makers and water
reuse practitioners should consider pre-testing or pilot studies
for specific water reuse schemes in order to gauge the mood of
the public and to discover contextual factors that might influence
public perceptions. What can be gleaned is that inoculation does
not work; the timing of communications is crucial; and affective
messaging is possibly the way to go, due to the prominence of
disgust as a predictor of acceptance and the possible impact of
affective messaging on health risk perceptions (Wester et al.
2016, Greenaway & Fielding 2020).

It might be instructive for water reuse researchers to assess
whether public trust in water reuse schemes has increased or
declined with the passing of time. Indications are that it has
increased, but what are the underlying reasons for this, and can
these provide useful entry points for the reshaping of values,
practices and norms? One would assume that at a time when
technology is pervasive and there is a wider emphasis on environ-
mental issues such as climate change, public attitudes might be
more positive. However, as people becomemore aware of scientific
limitations, questions about pollutants of emerging concern
abound (see Saurí & Arahuetes 2019) and the public is increasingly
exposed to information on institutional failures, it is possible that
public confidence might actually erode. This makes it the more
imperative to advance our current understanding of water reuse
communication vis-à-vis the expert–public interface. Bell and
Aitken (2008) have called for research that investigates the tension
between the technical and the social, especially research that
attempts to break the strict distinction between the two views
towards a relational approach. This is especially important given
the current wider acceptance of water reuse by technocrats and
increasing societal engagement with environmental issues. In this
regard, focus should also be on how current forms of social narra-
tive might affect disgust and health risk considerations and thus
responses to water reuse (see Smith et al. 2018). Some insights
regarding public engagement include:

• Initial attitudes held by people and personal experiences may
have important implications for messaging; messages must be
tailored to specific groups. Identifying the groups with the
potential to influence outcomes is critical.

• Messaging detailed information about the low risks of potable
water reuse is possibly more critical than messaging about its
benefits; this can also enhance perceived water reuse benefits.
Water safety communications framed in terms of compliance
with water quality requirements have positive impacts.

• Reframing is critical, pertaining to the source of the water, the
production process and the final product. Messaging should
use terms that are attractive to the public and avoid terms rou-
tinely used by experts.

• Repeated and sustained public messaging of specific types of
information about water reuse can lead to a shift in public
attitudes.

• People’s familiarity with the water cycle improves perceptions.
Water reuse schemes need to be framed in terms of the urban
water cycle in which all water is essentially recycled.

• Public familiarity with technology and the end product (demys-
tification of the process and product) improves attitudes.
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