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globe, conducted in various settings and contexts, among different target populations, from various disciplinary an-
gles, using different methods, theories and approaches. Evidence of perceptions determining behaviour is provided
particularly related to drinking water sources and water safety.
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Health-related risk perceptions are important determinants of health behaviours and components of behaviour change
theories. What someone thinks or feels will motivate or hinder their intention or hesitancy to implement a certain be-
haviour. Thus, a perceived potential risk to our health and well-being can influence our health-promoting and/or
health-seeking behaviour. We aimed to review and synthesize available peer-reviewed literature to better understand
the links between water and health-related risk perceptions and behaviours.
We conducted the first systematic review of peer-reviewed literature on risk perceptions and behaviours in the context
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extracted data relating to study characteristics and categorized our results according to the major themes emerging
from the literature, namely drinking water, sanitation, hygiene and wasterelated topics, health risk factors, diseases
and mental health implications, and preventative measures.
Our review shows that the literature has grown over the past twenty years, reporting information from different coun-
tries belonging to different income groups around the globe, conducted in various settings and contexts, among differ-
ent target populations, from various disciplinary angles, using different methods, theories and approaches. Our review
provides evidence of health risk perceptions determining behaviour particularly related to drinking water sources and
water safety. Evidence on disease prevention, health seeking, variations and changes in perception and behaviour over
space, geography, socioeconomic differences and time, and the relevance of cultural context is provided. Our review
shows that risk perception studies are vital for WASH governance in terms of policy, raising awareness, education
and behaviour change. In order to make risk perception and behaviour studies even more relevant to effective public
health planning and health messaging, future research needs to increasingly focus on early culturally sensitive inter-
ventions and changes in perceptions and behaviours over time.
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Behaviour change
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Water safety
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1. Introduction

Health-related knowledge, awareness, and health risk percep-
tions - how an individual perceives a health threat - are important
determinants of health behaviours and components of behaviour
change theories (Ferrer and Klein, 2015). Different schools of
thought exist, but generally, the notion is that what someone thinks
or feels (e.g., perceived risk, worry, concerns, confidence, trust)
along with social processes shaping these feelings will motivate or
hinder their intention or hesitancy to implement a certain behaviour
(Brewer et al., 2017). Thus, a perceived potential risk to our health
and well-being can influence our health-promoting and/or health-
seeking behaviour, e.g., the adoption of protective health measures,
the consultation with healthcare providers or our willingness to vac-
cinate against a certain disease.

In this systematic literature review, we look at risk perceptions and be-
haviours in the context of water and health. We link two topics vital for
2

sustainable development and high on political agendas at local, national,
regional, and global levels.

According to the Constitution of theWorld Health Organization (1946),
health is a state of complete physical, mental, and social well-being and not
merely the absence of disease or infirmity. The enjoyment of the highest at-
tainable standard of health is one of the fundamental rights of every human
being without distinction of race, religion, political belief, economic or so-
cial condition. We use this broad concept for a holistic approach to health
and health risks in the context of water for this review.

Water is at the core of sustainable development, energy and food pro-
duction, healthy ecosystems and human health and well-being, serving as
the crucial link between society and the environment (United Nations
Water, 2018). Water security has been classified under three broad catego-
ries: diminished water supply or quality, increased water demand, and ex-
treme flood events (Gleick and Iceland, 2018). According to the United
Nations, water and the water cycle have to be considered in their entirety,
including all uses and users (UN-Water, 2017).



Table 1
Exclusion criteria for the systematic literature review on risk perceptions and risk
behaviours in the context of water and health.

Exclusion criteria Sub criteria

Abstract does not match main text –
Not in English –
Wrong topic Not linked to risk perceptions; not linked to

behaviour; not linked to water and health
Wrong study type Letters to the editor, opinion pieces, or newsletters
Study quality Low quality of study
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Access to safely managed drinking water and sanitation services and
basic hygiene (WASH) are foundations of human health, well-being, socio-
economic development, and human dignity (Fewtrell et al., 2005). Achiev-
ing universal access to safely managed services is a priority in global
development policy, reflected in Goal 6 of the Sustainable Development
Goals (SDGs). Studies related to WASH often examine technical and engi-
neering aspects, looking at the ‘hardware’. The ‘software’, however, health
risk perceptions, (mis)beliefs related to WASH, WASH-related behaviours,
and the cultural context, play an equally important role (Akpabio, 2012;
Anthonj et al., 2018; Bisung et al., 2015; Mara, 2003).

Interactions between water security and human health are subject to spa-
tiotemporal dynamics and differ between locations; urban, peri-urban, and
rural areas and informal settlements; with socioeconomic disparities; be-
tween low-,middle- and high-income countries; in different cultural contexts;
at different scales. Interactions between water security and human health are
strongly determined by geography, with place and environmental, climatic
and hydrological factors, exposures to natural (and water-related) disasters,
available health systems and services in terms of prevention, treatment and
care; and access to education and different levels of health-related knowl-
edge, risk perceptions and behaviours, determining communities' and indi-
viduals' water-related health risks and exposure to diseases (Anthonj, 2021).

With this review, we aim to fill the knowledge gaps on how water-
related health risk perceptions and related behaviours are portrayed in
the academic literature; which topics and concepts the literature covers;
which evidence exist; and why this is relevant for water- and health-
related governance.

2. Methods

This systematic review and analysis of studies on risk perceptions and be-
haviours in the context of water and health was conducted in adherence with
the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) (Moher et al., 2009, Fig. 1) and sought to answer four questions:

1. Which water- and health-related topics are covered in risk perception
and behaviour research?

2. In which context are water- and health-related risk perception and be-
haviour studies conducted?
Fig. 1. PRISMA flowchart for the systematic literature review on risk perceptions an
(2000–2021).
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3. How are health risk perceptions defined and measured across different
settings and contexts?

4. What is the evidence on water- and health-related risk perception
influencing behaviour?

2.1. Search and screening strategy

The search strategy was based on our research questions, using termi-
nology associated with risk perceptions and behaviours in the context of
water and health globally. Search terms included a perception dimension;
a risk dimension; a behavioural dimension; a health and disease dimension;
and water. The same dimensions were also combined with a programming
and/or policy dimension (detailed in Supplementary file 1). Peer-reviewed
literature published between 2000 - the year of the formulation of the
United Nations Millennium Development Goals - and 2021 was identified
through the databases PubMed, Web of Science and Scopus from January
to May 2020, and from May 2020 to May 2021. The retrieved articles
were screened using Cochrane's online systematic review software
Covidence. Titles and abstracts of each publication were screened and
checked against the inclusion criteria for full-text review. Peer-reviewed lit-
erature written in English was included. Literature meeting one or more of
the criteria shown in Table 1 was excluded.

2.2. Data extraction and analysis

Information extracted from each study included a study description and
year of publication; country and study area where the research was
d behaviours in the context of water and health, based on n = 187 publications
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conducted; setting details; study population; study methodology; limita-
tions; assessment of risk perception and behaviour; water- and health-
related focus including risk and health-promoting factors such as access to
drinking water and sanitation facilities, personal hygiene, waste manage-
ment, environmental hygiene, and different water-related infectious dis-
ease exposures. After extraction, data were tabulated to identify trends
across studies and contextualize results (Tables 2).

3. Results

3.1. Search results, study characteristics and contexts

A total of 8458 peer-reviewed studies were identified through pub-
lication databases, and after duplicates were removed, 7005 studies
were included in title and abstract screening. During title and abstract
screening, 6157 studies were excluded for failure to meet inclusion
criteria. Eight hundred forty-eight full texts were assessed for eligibil-
ity, and of those, a set of 187 studies were included in the final analysis
(Fig. 1).

The studies included in this reviewpoint to a growth in literature on risk
perception and behaviour in the context of water and health over the past
twenty years (Fig. 2a).

Included studies reported information from Africa (33%), North
America (27%), Asia (25%), Europe (11%), Latin America and the Carib-
bean (7%) and Oceania (4%). In Africa, most of the studies were conducted
in Tanzania, Ethiopia, Kenya, and Ghana. In Asia, studies focusedmainly on
Bangladesh, India, China, and Vietnam. In Europe, most studies were con-
ducted in Ireland, Italy and the United Kingdom. In Latin America and
the Caribbean, studies mainly focused on Mexico, Brazil, Cuba and
Ecuador, and in North America on the United States and Canada. In Ocea-
nia, most studies were conducted in Australia. Four studies covered more
than one country (Crampton and Ragusa, 2016; Johnstone and Serret,
2012; Ragusa and Crampton, 2016; Sarti et al., 2015) (Fig. 2b, Fig. 3,
Table 2).

Stratified by income groups based on the World Bank division, with in-
comemeasured using gross national incomeper capita, 13%of studieswere
conducted in low-income ($1045 or less), 42% of studies in lower middle-
income ($1046–$4095), 11% of studies in upper middle-income ($4096–
$12,695) and 41% of studies in high-income countries ($12,696 or more)
countries (Fig. 2c).

More than half of the studies were conducted in rural settings (56%),
and 35% of studies were carried out in an urban setting, while few focused
on peri-urban areas (10%) or informal settlements (2%) (Fig. 3). While
most of the 187 studies were conducted at household or individual level,
9% of studies were carried out in schools, 3% in healthcare facilities, 2%
in universities, one in a swimming pool and one in a refugee camp (0.5%
each).

Most studies did not indicate a specific ecological context within which
they were conducted. However, 5% of studies were carried out in islands or
coastal zones, 2% in deltas, wetlands or the arctic, and 1% in the rainforest.
Some studies indicated the environmental conditions that their target pop-
ulation was facing, including flooding (10%), climate change and heavy
rainfall (5%), drought (2%), earthquakes (1%), cyclones and landslides
(0.5% each) (Table 2).

Study populations included the general population (35%), children
(13%), women (11%), community leaders or elders (9%), healthcare pro-
viders (9%), indigenous community representatives (6%) and political rep-
resentatives (6%). Men, students, parents, mothers, caregivers, patients,
farmers, pastoralists, school staff or teachers and international organization
representatives were populations less commonly a focus of included studies
(Table 2).

Health risk perception and behaviour studies were conducted by
researchers from numerous disciplines, including health sciences; natural,
environmental sciences and geosciences; social and political sciences; de-
velopment studies; economics; planning; statistics; monitoring and evalua-
tion; human rights; public administration and education.
4

3.2. Overview mapping of risk perception and behaviour research in water and
health literature

Topics covered in the risk perception and behaviour literature in the
context of water and health reviewed were broad. Emerging themes
centred mainly around drinking water, sanitation, hygiene and waste-
related topics, health risk factors, diseases and mental health implications,
and preventative measures (Fig. 4). We categorized our results based on
these emerging themes.

Most studies addressed WASH and waste-related topics, including 73%
of studies looking at the drinking water source (water consumption, water
choice, rainwater harvesting), 71% of studies addressing water safety
(water quality, water treatment, safe storage), 40% of studies centring
around hygiene (hygiene behaviour, handwashing, hand drying, menstrual
hygiene management), 32% of studies looking at sanitation, 24% of studies
focusing on water use or waste management, and 13% of studies looking at
wastewater management.

Geographical representation of water, sanitation, hygiene and
waste topics covered by risk perception and behaviour literature in
the context of water and health varied (Fig. 5). Water treatment
and safe storage were the topic most commonly reported relative to
the number of publications in North America, Africa, Europe and
Asia. Water quality was more reported from Latin America and
Oceania. Water contact was mainly reported from Africa. For hy-
giene, reporting patterns were similar in North America, Africa and Asia,
with hygiene behaviour being the topic mainly covered, followed by
handwashing. In Europe, however, only hygiene behaviour was covered
by studies. The publications addressing waste coveredmainly environmen-
tal hygiene in Africa, Asia and Latin America, while focusing onwasteman-
agement in Europe. For North America, literature on waste was absent
altogether.

Health risk factors covered in studies included 19% of studies looking at
water contamination (Escherichia coli, arsenic, lead, micropollutants), 10%
of studies investigating the presence of mosquitoes (Aedes aegypti, Aedes
albopictus, Culex pipiens), 9% of studies focusing on either mosquito breed-
ing sites, risks in the living environment (i.e., housing, livestock), or swim-
ming in open waters. In 6% of studies, proximity to rivers, dams and lakes
were considered risk factors, and in 4% of studies irrigated agriculture
(i.e., wastewater-irrigated agriculture, irrigation channels) was seen as a
risk factor.

Preventative measures and health-promoting actions addressed ranged
from 20% of studies looking at healthcare utilization (e.g., health-seeking,
oral rehydration solution (ORS) use), 9% of studies addressing protection
from mosquito bites (e.g., creams, sprays, wearing protective clothing,
use of bednets), 8% discussing vaccination and 2% centring around
physical distancing (i.e., wearing masks, not touching someone, social
distancing).

Water-related diseases and mental health implications covered in the
risk perception and behaviour literature often did not specify health risks
(39%). Other publications specified the kind of disease exposure arising
from water. Waterborne diseases were covered by 35% of studies (diar-
rhoea, dysentery, gastrointestinal disease, typhoid/paratyphoid, cholera),
16% of studies looked at vector-borne diseases transmitted by mosquitos
(malaria, dengue, Japanese encephalitis, Zika, West Nile, acute encephali-
tis), 8% of studies investigated water-based diseases (schistosomiasis) and
5% of studies water-washed diseases (trachoma, dermatological symptoms,
scabies). Five percent of studies focused on mental health issues (psycho-
logical distress, mental diseases, negative emotions). Vector-borne diseases
transmitted by primates (Ebola) were covered by 3% of studies. Airborne
diseases (tuberculosis, respiratory disease, pandemic influenza) were the
focus in 2% of studies, as were sexually transmitted infections (HIV, STIs
generally). One percent of studies looked at soil-transmitted diseases (hel-
minths, non-filarial elephantiasis), bloodborne diseases (hepatitis A, hepa-
titis C) or hospital-acquired infections. Other diseases (cancer, fluorosis,
Buruli ulcer, urinary tract infections) and drowning were addressed by
3% of studies.



Table 2
Description of included studies on risk perceptions and behaviours in the context of water and health, based on n = 187 publications (2000−2021).

Study Focus Study country Setting
detail/context

Methods Study population

Abu and Codjoe,
2018.

Experience and Future Perceived Risk of Floods and Diarrheal Disease in Urban Poor
Communities in Accra, Ghana

Ghana Urban, flooding Survey questionnaire Households

Ackumey et al.,
2012.

Illness meanings and experiences for pre-ulcer and ulcer conditions of Buruli ulcer in
the Ga-West and Ga-South Municipalities of Ghana

Ghana Urban, informal
settlement

Semi-structured interviews Individuals, not specified

Aibana et al., 2013. Cholera Vaccination Campaign Contributes to Improved Knowledge
Regarding Cholera and Improved Practice Relevant to Waterborne Disease in
Rural Haiti

Haiti Rural Survey questionnaire, intervention/evaluation Households

Akpabio, 2012 Water meanings, sanitation practices and hygiene behaviours in the cultural mirror: a
perspective from Nigeria

Nigeria Rural Semi-structured interviews Households, males, community
leaders, indigenous community,
political representative

Akter and Ali, 2014. Factors influencing knowledge and practice of hygiene in Water, Sanitation and
Hygiene (WASH) programme areas of Bangladesh Rural Advancement Committee

Bangladesh Rural Spot checks, semi-structured interviews Females

Alemu et al., 2017 A socio-ecological analysis of barriers to the adoption, sustainablity and consistent
use of sanitation facilities in rural Ethiopia

Ethiopia Rural Semi-structured interviews, focus group discussions Females, males, health providers,
political representatives

Alicea-Planas et al.,
2019

Factors influencing carbonated soft-drink and bottled water consumption: survey
evidence from Nicaragua

Nicaragua NA Survey questionnaire, choice experiment Households

Allwood et al., 2014 Knowledge, perceptions, and environmental risk factors among Jamaican households
with a history of leptospirosis

Jamaica Urban,
peri-urban, rural

Survey questionnaire, case control study, spot checks,
archival research

Households

Aluko et al., 2018 The dynamics and determinants of household shared sanitation cleanliness in a
heterogeneous urban settlement in Southwest Nigeria

Nigeria Urban Survey questionnaire, spot checks Individuals, not specified

Andrade et al.,
2019

Evaluating the effectiveness of a community-based hygiene promotion programme in
a rural Salvadoran setting

Brazil School,
healthcare
facility

Survey questionnaire, longitudinal study,
intervention/evaluation

Households, schools

Angelo et al., 2019. Community knowledge, perceptions and water contact practices associated with
transmission of urinary schistosomiasis in an endemic region: a qualitative
cross-sectional study

Tanzania Rural Semi-structured interviews, focus group discussions,
intervention/evaluation

Individuals, not specified, children

Anthonj et al.,
2019.

Health risk perceptions and local knowledge of water-related infectious disease
exposure among Kenyan wetland communities

Kenya Rural, wetland,
flooding,
drought

Survey questionnaire, semi-structured interviews, focus
group discussions

Farmers, pastoralists, community
leaders, health providers, political
representatives

Anthonj et al.,
2018.

Health Risk Perceptions Are Associated with Domestic Use of Basic Water and
Sanitation Services-Evidence from Rural Ethiopia

Ethiopia Rural Survey questionnaire, case control study, spot check,
intervention/evaluation

Households

Anthonj et al.,
2016.

Water, sanitation and hygiene in wetlands. A case study from the Ewaso Narok
Swamp, Kenya

Kenya Rural, wetland Survey questionnaire, spot check, semi-structured
interviews

Farmers, pastoralists

Asgary et al., 2012. Lack of patient risk counselling and a broader provider training affect malaria control
in remote Somalia Kenya border: Qualitative assessment.

Kenya Rural Spot check, semi-structured interviews, focus group
discussions, intervention/evaluation

Community leaders, health
providers

Ashraf et al., 2017. Nonrandomized Trial of Feasibility and Acceptability of Strategies for Promotion of
Soapy Water as a Handwashing Agent in Rural Bangladesh

Bangladesh Rural Survey questionnaire, case control study, spot check,
semi-structured interviews, intervention/evaluation

Households, children, caregivers

Assefa and Kumie,
2014.

Assessment of factors influencing hygiene behaviour among school children in
Mereb-Leke District, Northern Ethiopia: a cross-sectional study

Ethiopia Rural, school Survey questionnaire, spot check Households, schools, children

Attu and Adjei,
2018.

Local knowledge and practices toward malaria in an irrigated farming community in
Ghana

Ghana Rural Survey questionnaire, semi-structured interviews Individuals, not specified,
community leaders, healthcare
providers, political representatives

Atuyambe et al.,
2011.

Land slide disaster in eastern Uganda: rapid assessment of water, sanitation and
hygiene situation in Bulucheke camp, Bududa district

Uganda Rural, land slide Survey questionnaire, spot check, semi-structured
interviews, focus group discussions

NA

Aziz et al., 2006. Knowledge of arsenic in drinking-water: Risks and avoidance in Matlab, Bangladesh Bangladesh Rural Survey questionnaire Households
Balasubramanya
et al., 2014.

Evolution of households' responses to the groundwater arsenic crisis in Bangladesh:
information on environmental health risks can have increasing behavioural impact
over time

Bangladesh Rural Survey questionnaire, water testing Households, females

Banks et al., 2016. Using Qualitative Methods to Explore Lay Explanatory Models, Health-Seeking
Behaviours and Self-Care Practices of Podoconiosis Patients in North-West Ethiopia

Ethiopia Rural,
healthcare
facility, drought

Semi-structured interviews, focus group discussions Healthcare facility, females, males

Belay and Deressa,
2008.

Use of insecticide treated nets by pregnant women and associated factors in a
pre-dominantly rural population in northern Ethiopia

Ethiopia Urban, rural Survey questionnaire, focus group discussions Females

(continued on next page)
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Table 2 (continued)

Study Focus Study country Setting
detail/context

Methods Study population

Bennear et al.,
2013.

Impact of a randomized controlled trial in arsenic risk communication on household
water-source choices in Bangladesh

Bangladesh Rural Survey questionnaire, case control study,
intervention/evaluation, community education, spatial
assessment

Individuals, not specified

Bermedo-Carrasco
et al., 2018.

Factors associated with drinking and being satisfied with tap water in Indigenous
communities in Saskatchewan, Canada

Canada Rural Survey questionnaire Indigenous community

Bisung et al., 2015. Using Photovoice as a Community Based Participatory Research Tool for Changing
Water, Sanitation, and Hygiene Behaviours in Usoma, Kenya

Kenya Rural Semi-structured interviews, focus group discussions,
photovoice, photo and drawing discussions

Females, males, community
leaders, caregivers

Bitew et al., 2017. Knowledge, Attitude, and Practice of Mothers/Caregivers on Household Water
Treatment Methods in Northwest Ethiopia: A Community-Based Cross--
Sectional Study

Ethiopia Urban, rural Survey questionnaire Females, mothers, children,
students, caregivers

Blum et al., 2014. Formative Investigation of Acceptability of Typhoid Vaccine during a Typhoid Fever
Outbreak in Neno District, Malawi

Malawi Rural Semi-structured interviews, focus group discussions,
exercises

Households, individuals, not
specified, community leaders,
healthcare providers, political
representatives

Bodner et al., 2016. Effectiveness of Print Education at Reducing Urban Mosquito Infestation through
Improved Resident-Based Management

United States Rural Survey questionnaire, water testing, larval mosquito
surveys, intervention/evaluation, community education

Households

Bradford et al.,
2017.

There is no publicity like word of mouth ... Lessons for communicating drinking
water risks in the urban setting

Canada Rural, flooding Survey questionnaire, semi-structured interviews Households

Brown et al., 2017. Seeing, believing, and behaving: Heterogeneous effects of an information
intervention on household water treatment

Cambodia Peri-urban Survey questionnaire, case control study, water testing,
intervention/evaluation

Households

Caldwell et al.,
2005.

Trends in water usage and knowledge of arsenicosis in Bangladesh: Findings from
successive national surveys

Bangladesh Rural Survey questionnaire, intervention/evaluation Households

Caldwell et al.,
2006.

Access to drinking-water and arsenicosis in Bangladesh Bangladesh Rural Survey questionnaire, intervention/evaluation Households, females

Caruso et al., 2014. If you build it will they come? Factors influencing rural primary pupils' urination and
defecation practices at school in western Kenya

Kenya Rural,
healthcare
facility

Spot check, semi-structured interviews, focus group
discussions, intervention/evaluation

Schools, children, school
staff/teachers

Castleden et al.,
2015.

Examining the public health implications of drinking water-related behaviours and
perceptions: A face-to-face exploratory survey of residents in eight coastal
communities in British Columbia and Nova Scotia

Canada Coast Survey questionnaire, networking dialogues Individuals, not specified

Castro et al., 2009. Community-based environmental management for malaria control: evidence from a
small-scale intervention in Dar es Salaam, Tanzania

Tanzania Urban, flooding,
drought, heavy
rainfall

Survey questionnaire, malaria parasite smears,
intervention/evaluation

Individuals, not specified, children

Chan et al., 2018. Long-Term and Immediate Impacts of Health Emergency and Disaster Risk
Management (Health-EDRM) Education Interventions in a Rural Chinese
Earthquake-Prone Transitional Village

China Rural, flooding,
earthquake

Survey questionnaire, intervention/evaluation, community
education

Individuals, not specified

Chaturvedi et al.,
2017.

Perceptions, practices and health seeking behaviour constrain JE/AES interventions
in high endemic district of North India

India NA Semi-structured interviews, focus group discussions Students, farmers, community
leaders, health providers, patients,
international organizations

Chen et al., 2006. Differences in perception of dysentery and enteric fever and willingness to receive
vaccines among rural residents in China

China Rural Survey questionnaire Individuals, not specified

Chen et al., 2012. Change of water consumption and its potential influential factors in Shanghai: A
cross-sectional study

China Urban Survey questionnaire Individuals, not specified, children

Cooper et al., 2020. Perceived Risk and Intentions to Practice Health Protective Behaviours in a
Mining-Impacted Region

United States NA Survey questionnaire Households

Crampton and
Ragusa, 2016.

Exploring Perceptions and Behaviours about Drinking Water in Australia and New
Zealand: Is It Risky to Drink Water, When and Why?

Australia, New Zealand Urban, rural,
coast

Survey questionnaire, semi-structured interviews Individuals, not specified

Czerniewska and
White, 2020.

Hygiene programming during outbreaks: a qualitative case study of the humanitarian
response during the Ebola outbreak in Liberia

Liberia NA Survey questionnaire, semi-structured interviews International organization

Dambach et al.,
2018.

A qualitative study of community perception and acceptance of biological larviciding
for malaria mosquito control in rural Burkina Faso

Burkina Faso Rural Case control study, semi-structured interviews, focus group
discussions, intervention/evaluation

Individuals, not specified

Daniel et al., 2019. Understanding the effect of socio-economic characteristics and psychosocial
factors on household water treatment practices in rural Nepal using Bayesian
Belief Networks

Nepal Rural Survey questionnaire, semi-structured interviews Households

Daude et al., 2017. Widespread fear of dengue transmission but poor practices of dengue prevention: A
study in the slums of Delhi, India

India Urban Survey questionnaire, spot check Households, patients
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Davis et al., 2011. The Effects of Informational Interventions on Household Water Management,
Hygiene Behaviours, Stored Drinking Water Quality, and Hand Contamination in
Peri-Urban Tanzania

Tanzania Urban,
peri-urban

Survey questionnaire, water testing, hand rinse sample,
intervention/evaluation, community education

Households

Delaire et al., 2017. Determinants of the use of alternatives to arsenic-contaminated shallow
groundwater: an exploratory study in rural West Bengal, India

India Rural Survey questionnaire Households

Delpa et al., 2020. Perception of tap water quality: Assessment of the factors modifying the links
between satisfaction and water consumption behaviour

Canada Urban Phone survey Individuals, not specified

Demolis et al.,
2018.

A rapid qualitative assessment of oral cholera vaccine anticipated acceptability in a
context of resistance toward cholera intervention in Nampula, Mozambique

Mozambique Urban, school Survey questionnaire, spot check, semi-structured
interviews, focus group discussions, intervention/evaluation

Schools, individuals, not specified,
community leaders, health
providers, political representative

Dolnicar and
Hurlimann, 2009.

Drinking water from alternative water sources: differences in beliefs, social norms
and factors of perceived behavioural control across eight Australian locations

Australia Urban, drought Semi-structured interviews Individuals, not specified

Dowling et al.,
2013.

Linking Mosquito Infestation to Resident Socioeconomic Status, Knowledge, and
Source Reduction Practices in Suburban Washington, DC

United States Urban Survey questionnaire, larval mosquito survey Households

Dupont et al., 2014. Drinking Water Management: Health Risk Perceptions and Choices in First Nations
and Non-First Nations Communities in Canada

Canada Urban Survey questionnaire, case control study Individuals, not specified,
indigenous community

Edoror et al., 2019. Knowledge and perception of the role of water, sanitation and hygiene in
containment of Ebola virus disease among secondary school students in Ibadan,
Nigeria

Nigeria Urban, school Survey questionnaire, spot check Schools, students

Egedus et al., 2014. Knowledge, perceptions, and practices with respect to the prevention of dengue in a
mid-Pacific coastal village of Costa Rica

Costa Rica Rural, coast Survey questionnaire, spot check, intervention/evaluation,
community education

Individuals, not specified

Eisenberg et al.,
2002.

Risk factors in HIV-associated diarrhoeal disease: the role of drinking water,
medication and immune status

United States Urban Survey questionnaire Individuals, not specified

Elliott et al., 2008. Determinants of risk behaviours for West Nile virus United States Urban Phoen survey, blood samples Individuals, not specified
Ellis et al., 2020. Practices and Perspectives on Latrine Use, Child Feces Disposal, and Clean Play

Environments in Western Kenya
Kenya Rural Spot check, semi-structured interviews, focus group

discussions
Households, caregivers,
community leaders, health
providers

Escobedo et al.,
2011.

Caregiver perspectives for the prevention, diagnosis and treatment of childhood
giardiasis in Havana City, Cuba

Cuba Urban, rural,
healthcare
facility

Focus group discussions Healthcare facility, caregivers

Family et al., 2019. Reasons why low-income people in urban areas do not drink tap water United States Urban,
healthcare
facility

Survey questionnaire Healthcare facility, patients

Ferreira da Silva
et al., 2020.

Community Perceptions on Schistosomiasis in Northeast Brazil Brazil Urban,
peri-urban,
wetland,
flooding

Survey questionnaire, spot check, semi-structured
interviews

Households, health providers,
political representative

Few et al., 2013. Seasonality, disease and behaviour: Using multiple methods to explore
socio-environmental health risks in the Mekong Delta

Vietnam Peri-urban,
island, delta,
flooding, heavy
rainfall

Survey questionnaire, longitudinal study, water testing,
semi-structured interviews

Households

Fizer et al., 2018 Barriers to managing private wells and septic systems in underserved communities:
Mental models of homeowner decision making

United States Peri-urban Survey questionnaire, semi-structured interviews Households

Flanagan et al.,
2015a.

Dissemination of well water arsenic results to homeowners in Central Maine:
Influences on mitigation behaviour and continued risks for exposure

United States Rural Postal survey, water testing, well testing, spatial assessment Households

Flanagan et al.,
2015b.

Health protective behaviour following required arsenic testing under the New Jersey
Private Well Testing Act

United States Rural Postal survey, water testing, well testing, spatial assessment Households

Flanagan et al.,
2018.

Influences on domestic well water testing behaviour in a Central Maine area with
frequent groundwater arsenic occurrence

United States Rural Postal survey, spatial assessment Households

Flynn, 2012. A Study Exploring the Knowledge, Attitudes and Practices of Young People
Regarding Dengue Fever and the Extent of Community Involvement in Vector
Control of the Disease in Trinidad and Tobago

Trinidad and Tobago Urban,
university

Semi-structured interviews, focus group discussions University, students

Francis et al., 2015. Perception of drinking water safety and factors influencing acceptance and
sustainability of a water quality intervention in rural southern India

India Rural, heavy
rainfall

Case control study, semi-structured interviews, focus group
discussions, intervention/evaluation

Parents, community leaders

Friedrich et al.,
2017.

Contextual and Psychosocial Determinants of Effective Handwashing
Technique: Recommendations for Interventions from a Case Study in Harare,
Zimbabwe

Zimbabwe Peri-urban,
swimming pools

Survey questionnaire, spot checks, intervention/evaluation Children, caregivers

Galle et al., 2016. Health-Related Behaviours in Swimming Pool Users: Influence of Knowledge of
Regulations and Awareness of Health Risks

Italy Urban Survey questionnaire Individuals, not specified,
swimming pools

(continued on next page)
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Table 2 (continued)

Study Focus Study country Setting
detail/context

Methods Study population

Gamma et al., 2019. Contextual and psychosocial factors predicting Ebola prevention behaviours using the
RANAS approach to behaviour change in Guinea-Bissau

Gambia Urban Survey questionnaire, intervention/evaluation, hygiene kit
distribution

Health providers

Gamma et al., 2017. The Impact of Various Promotional Activities on Ebola Prevention Behaviours and
Psychosocial Factors Predicting Ebola Prevention Behaviours in the Gambia Evalua-
tion of Ebola Prevention Promotions

Guinea-Bissau Urban,
peri-urban, rural

Survey questionnaire, intervention/evaluation Individuals, not specified

Geerts et al., 2020. Bottle or tap? Toward an integrated approach to water type consumption Belgium Urban Online survey Individuals, not specified
Gentili et al., 2020. Impact of Communication Measures Implemented During a School

Tuberculosis Outbreak on Risk Perception among Parents and School Staff in
Italy

Italy Schools Survey questionnaire, intervention/evaluation, community
education

Schools, parents, school
staff/teachers

George et al., 2017. Behavioural Determinants of Switching to Arsenic-Safe Water Wells: An Analysis of a
Randomized Controlled Trial of Health Education Interventions Coupled With Water
Arsenic Testing

Bangladesh Rural Survey questionnaire, case control study, water testing,
intervention/evaluation, community education, media
campaign

Individuals, not specified

Geremew et al.,
2018.

Point-of-use water chlorination among urban and rural households with
under-five-year children: a comparative study in Kersa Health and Demographic
Surveillance Site, Eastern Ethiopia

Ethiopia Urban, rural,
heavy rainfall

Survey questionnaire, spot check, water testing Schools, females, mothers,
caregivers

Giles et al., 2010. We listen to our Elders. You live longer that way: Examining aquatic risk
communication and water safety practices in Canada's North

Canada Rural Semi-structured interviews, archival research Indigenous community

Gizaw and Addisu,
2020.

Evidence of Households' Water, Sanitation, and Hygiene (WASH) Performance
Improvement Following a WASH Education Program in Rural Dembiya, Northwest
Ethiopia

Ethiopia Rural Survey questionnaire, focus group discussions, exercises,
role-play, intervention/evaluation, installation of
handwashing facilities

Households

Gorelick et al.,
2011.

Perceptions About Water and Increased Use of Bottled Water in Minority Children United States Urban Survey questionnaire, semi-structured interviews Children, parents

Grandesso et al.,
2014.

Risk factors for cholera transmission in Haiti during inter-peak periods: insights to
improve current control strategies from two case-control studies

Haiti Rural,
earthquake

Survey questionnaire, spot checks, water testing Individuals, not specified, patients

Gregorio et al.,
2019.

Knowledge, attitudes, and practices of public secondary school teachers on Zika Virus
Disease: A basis for the development of evidence-based Zika educational materials for
schools in the Philippines

Philippines Rural, school Survey questionnaire Schools, school staff/teachers

Guillaume et al.,
2019.

It was a ravage!: Lived experiences of epidemic cholera in rural Haiti Haiti Rural, flooding Focus group discussions Individuals, not specified

Gupta et al., 2012. Preventing waterborne diseases: Analysis of a community health worker programme
in rural Tamil Nadu, India

India Rural Survey questionnaire, case control study, exercises,
role-play, intervention/evaluation, community education,
media campaign, distribution of water treatment chlorine
tablets

Households, females

Haenchen et al.,
2016.

Mosquito Avoidance Practices and Knowledge of Arboviral Diseases in Cities with
Differing Recent History of Disease

United States Urban Survey questionnaire, spot checks, larval mosquito surveys Households

Hall and Le, 2018. Factors Influencing Mitigation of Risk of Waterborne Disease in Vietnam Among
Small Scale Integrated Livestock Farmers

Vietnam NA Survey questionnaire, water testing, semi-structured
interviews, focus group discussions, discussion and training
sessions

Farmers

Halvorson et al.,
2011.

Water quality and waterborne disease in the Niger River Inland Delta, Mali: A study
of local knowledge and response

Mali Delta, flooding,
heavy rainfall

Spot checks, water testing, semi-structured interviews,
archival research, spatial assessment

Mothers

Hanchett et al.,
2002.

Increasing awareness of arsenic in Bangladesh: lessons from a public education
programme

Bangladesh Urban Survey questionnaire, case control study, semi-structured
interviews, focus group discussions, intervention/evaluation

Individuals, not specified, children

Harper et al., 2015. Lived experience of acute gastrointestinal illness in Rigolet, Nunatsiavut: “Just suffer
through it”

Canada Coast, flooding Survey questionnaire, semi-structured interviews Indigenous community

He et al., 2018. Impact of receipt of private well arsenic test results on maternal use of contaminated
drinking water in a US population

United States NA Survey questionnaire, postal survey, longitudinal study,
water testing, intervention/evaluation, community
education

Females

Heard-Garris et al.,
2017.

Voices from Flint: Community Perceptions of the Flint Water Crisis United States Urban, rural Survey questionnaire, longitudinal study Individuals, not specified

Herbst et al., 2009. Perceptions of water, sanitation and health: a case study from the Mekong Delta,
Vietnam

Vietnam Peri-urban,
delta, heavy
rainfall

Survey questionnaire, semi-structured interviews, focus
group discussions

Households, females, males,
children

Heyerdahl et al.,
2019.

It depends how one understands it: a qualitative study on differential uptake of oral
cholera vaccine in three compounds in Lusaka, Zambia

Zambia Urban, informal
settlement

Semi-structured interviews, focus group discussions Individuals, not specified

Hmielowski et al.,
2018.

Expanding the Political Philosophy Dimension of the RISP Model: Examining the
Conditional Indirect Effects of Cultural Cognition

United States Urban, informal
settlement

Online survey Individuals, not specified
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Hooks et al., 2019. Risk Perceptions Toward Drinking Water Quality Among Private Well Owners in
Ireland

Ireland NA Semi-structured interviews Individuals, not specified

Houck et al., 2020. Drinking water improvements and rates of urinary and gastrointestinal infections in
Galapagos, Ecuador: Assessing household and community factors

Ecuador Urban, island Survey questionnaire, longitudinal survey, water testing,
intervention/evaluation

Households, mothers, children

Huber and Mosler,
2013.

Determining behavioural factors for interventions to increase safe water
consumption: a cross-sectional field study in rural Ethiopia

Ethiopia Rural Survey questionnaire Households

Hulland et al.,
2015.

Sanitation, Stress, and Life Stage: A Systematic Data Collection Study among Women
in Odisha, India

India Informal
settlement,
rural, flooding

Survey questionnaire, semi-structured interviews Females, indigenous community

Hyllestad et al.,
2019.

Compliance with water advisories after water outages in Norway Norway NA Online survey, focus group discussions Individuals, not specified

Hynds et al., 2018. Efficacy of a national hydrological risk communication strategy: Domestic
wastewater treatment systems in the Republic of Ireland

Ireland Rural Survey questionnaire Individuals, not specified

Inauen et al., 2013. Predicting water consumption habits for seven arsenic-safe water options in
Bangladesh

Bangladesh Rural Survey questionnaire Individuals, not specified

Islam et al., 2011. Evaluation of risk communication for rural water supply management: a case study of
a coastal area of Bangladesh

Bangladesh Rural, coast Survey questionnaire, water testing,
intervention/evaluation, community education

Females

Jalloh et al., 2018. Consumer perceptions and purchasing of packaged water products in Sierra
Leone

Sierra Leone Urban, rural Semi-structured interviews, focus group discussions Individuals, not specified

Jaravani et al.,
2017.

Working With an Aboriginal Community to Understand Drinking Water Perceptions
and Acceptance in Rural New South Wales

Australia. NA Water testing, semi-structured interviews, focus group
discussions

Community leaders, indigenous
community

Javaeed et al.,
2018.

Knowledge, attitude and practices of water, sanitation and hygiene of students in
Azad Kashmir

Pakistan NA Survey questionnaire Students

Javidi and Pierce,
2018.

US Households' Perception of Drinking Water as Unsafe and its Consequences:
Examining Alternative Choices to the Tap

United States NA Survey questionnaire Households

Jin et al., 2016. Measuring the willingness to pay for drinking water quality improvements: results of
a contingent valuation survey in Songzi, China

China Rural Survey questionnaire Households

Johnstone and
Serret, 2012.

Determinants of bottled and purified water consumption: results based on an OECD
survey

Australia, Canada, Czech
Republic, France, Italy, Korea,
Mexico, the Netherlands,
Norway, Sweden

Urban, rural Online survey Households

Jones et al., 2006. Public perceptions of drinking water: a postal survey of residents with private water
supplies

Canada Urban,
peri-urban, rural

Survey questionnaire Households

Jones et al., 2007. A qualitative exploration of the public perception of municipal drinking water Canada Urban,
peri-urban, rural

Focus group discussions Individuals, not specified

Jones-Bitton et al.,
2016.

Does the public receive and adhere to boil water advisory recommendations? A
cross-sectional study in Newfoundland and Labrador, Canada

Canada Rural Phone survey Individuals, not specified

Jordan et al., 2007. Messages from moms: Barriers to and facilitators of behaviour change in a lead
poisoning preventive education project

United States NA Focus group discussions, intervention/evaluation Patients

Keraita et al., 2008. Perceptions of farmers on health risks and risk reduction measures in
wastewater-irrigated urban vegetable farming in Ghana

Ghana Urban Survey questionnaire, semi-structured interviews, focus
group discussions

Farmers

Khan et al., 2015. Evaluation of an Elementary School-based Educational Intervention for Reducing
Arsenic Exposure in Bangladesh

Bangladesh Rural school Survey questionnaire, case control study, well testing, urine
samples, knowledge tests, intervention/evaluation

Schools, children

Kohlitz and Smith,
2015.

Water quality management for domestic rainwater harvesting systems in Fiji Fiji Rural, island Spot checks, semi-structured interviews Households, political
representatives

Kosinski et al.,
2016.

A mixed-methods approach to understanding water use and water
infrastructure in a schistosomiasis-endemic community: case study of
Asamama, Ghana

Ghana Peri-urban, rural Survey questionnaire, water testing, disease screening, focus
group discussions, spatial assessment

Children

Kukula et al., 2019. A major hurdle in the elimination of urogenital schistosomiasis revealed: Identifying
key gaps in knowledge and understanding of female genital schistosomiasis within
communities and local health workers

Ghana Rural Semi-structured interviews, focus group discussions Females, males, children,
community leaders, health
providers, school staff/teachers

Kumar et al., 2010. Studies on community knowledge and behaviour following a dengue epidemic in
Chennai city, Tamil Nadu, India

India Urban Survey questionnaire Households

Kunii et al., 2002. The impact on health and risk factors of the diarrhoea epidemics in the 1998
Bangladesh floods

Bangladesh Rural, flooding Survey questionnaire Individuals, not specified

Lavallee et al.,
2021.

Examining influential drivers of private well users' perceptions in Ontario: A
cross-sectional population study

Canada Rural Online survey Individuals, not specified

Legorreta-Soberanis
et al., 2017.

Coverage and beliefs about temephos application for control of dengue vectors and
impact of a community-based prevention intervention: secondary analysis from the

Mexico Urban, rural,
coast

Survey questionnaire, case control study, spot checks, larval
mosquito surveys, intervention/evaluation

Households

(continued on next page)
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Table 2 (continued)

Study Focus Study country Setting
detail/context

Methods Study population

Camino Verde trial in Mexico
Leong and Lebel,
2020.

Can conformity overcome the yuck factor? Explaining the choice for recycled
drinking water

Singapore Urban,
university,
climate change

Case control study, choice experiment University

Leveque and Burns,
2017.

Predicting water filter and bottled water use in Appalachia: a community-scale case
study

United States Urban,
peri-urban

Online survey Individuals, not specified

Leveque and Burns,
2018.

Drinkingwater in West Virginia (USA): tapwater or bottled water - what is the right
choice for college students?

United States Urban,
university

Online survey University, students

Lilje et al., 2015. Factors Determining Water Treatment Behaviour for the Prevention of Cholera in
Chad

Chad Urban, rural Survey questionnaire Caregivers

Lilje and Mosler,
2018.

Effects of a behaviour change campaign on household drinking water disinfection in
the Lake Chad basin using the RANAS approach

Chad Urban, rural Survey questionnaire, intervention/evaluation, monitoring
of behaviour

Caregivers

Lindell et al., 2017. Perceptions of protective actions for a water contamination emergency United States Urban Survey questionnaire, postal survey Individuals, not specified, students
Logar and Brouwer,
2017.

The effect of risk communication on choice behaviour, Welfare Estimates and Choice
Certainty

Switzerland Urban Online survey, choice experiment Individuals, not specified

Lothe et al., 2018. Treating schistosomiasis among South African high school pupils in an endemic area,
a qualitative study

South Africa Rural, school Semi-structured interviews, focus group discussions Schools, children, health providers

Lucier et al., 2020. “Is there anything good about a water advisory?”: an exploration of the consequences
of drinking water advisories in an indigenous community

Canada Rural Survey questionnaire, semi-structured interviews Community leaders, indigenous
community

Lund et al., 2019. Unavoidable Risks: Local Perspectives on Water Contact Behaviour and Implications
for Schistosomiasis Control in an Agricultural Region of Northern Senegal

Senegal Rural Focus group discussions Individuals, not specified

Marjadi and
McLaws, 2010.

Hand hygiene in rural Indonesian healthcare workers: barriers beyond sinks, hand
rubs and in-service training

Indonesia Rural,
healthcare
facility, island

Spot checks, semi-structured interviews, measures of
compliance

Healthcare facility, health
providers, school staff/teachers

Markon and
Lemyre, 2013.

Public Reactions to Risk Messages Communicating Different Sources of Uncertainty:
An Experimental Test

Canada NA Online survey Individuals, not specified

Maseko et al., 2018. Schistosomiasis knowledge, attitude, practices, and associated factors among primary
school children in the Siphofaneni area in the Lowveld of Swaziland

Swaziland Rural, school Survey questionnaire Schools, children

Massoud et al.,
2018.

Factors influencing the reuse of reclaimed water as a management option to augment
water supplies

Lebanon Urban Survey questionnaire Households

Maurice et al.,
2019.

Drinking water quality in areas impacted by oil activities in Ecuador: associated
health risks and social perception of human exposure

Ecuador Urban, rural,
coast, rainforest

Survey questionnaire, water testing, spatial assessment Individuals, not specified,
community leaders, indigenous
community, political
representatives

McDowell et al.,
2020.

Gender-Related Differences in Flood Risk Perception and Behaviours among Private
Groundwater Users in the Republic of Ireland

Ireland Peri-urban,
rural, flooding,
climate cange

Online survey, spatial assessment Individuals, not specified, females,
males

McLeod et al.,
2014.

Risk Factors Associated with the Choice to Drink Bottled Water and Tap Water in
Rural Saskatchewan

Canada Rural Postal survey Individuals, not specified

McMahon et al.,
2011.

Anal cleansing practices and faecal contamination: a preliminary investigation
of behaviours and conditions in schools in rural Nyanza Province, Kenya

Kenya Rural, school Survey questionnaire, semi-structured interviews, focus
group discussions

Schools, children, parents, school
staff/teachers

Mitchell et al.,
2018.

Understanding Knowledge, Attitudes, and Behaviours Toward West Nile Virus
Prevention: A Survey of High-Risk Adults in Maryland

United States NA Phone survey Individuals, not specified, patients

Mubyazi et al.,
2005.

Intermittent preventive treatment of malaria during pregnancy: a qualitative study of
knowledge, attitudes and practices of district health managers, antenatal care staff
and pregnant women in Korogwe District, North-Eastern Tanzania

Tanzania Rural Semi-structured interviews, focus group discussions Females, health providers

Mumbi and
Watanabe, 2020.

Differences in Risk Perception of Water Quality and Its Influencing Factors between
Lay People and Factory Workers for Water Management in River Sosiani, Eldoret
Municipality Kenya

Kenya Urban,
peri-urban,
rural, wetland

Survey questionnaire Individuals, not specified

Munene et al.,
2020.

Exploring Well Water Testing Behaviour Through the Health Belief Model Canada Rural, flooding Survey questionnaire, water testing, semi-structured
interviews

Individuals, not specified

Munene et al.,
2019.

Perceptions of drinking water quality from private wells in Alberta: A qualitative
study

Canada Rural Water testing, semi-structured interviews Individuals, not specified

Munisi et al., 2017. Knowledge, attitude, and practices on intestinal schistosomiasis among primary
schoolchildren in the Lake Victoria basin, Rorya District, north-western Tanzania

Tanzania Rural, school Survey questionnaire, semi-structured interviews Schools, children

Musacchio et al., Planning for the health impacts of climate change: Flooding, private groundwater Ireland Rural, arctic, Survey questionnaire Individuals, not specified
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2021. contamination and waterborne infection – A cross-sectional study of risk perception,
experience and behaviours in the Republic of Ireland

climate change

Nastiti et al., 2017. Coping with poor water supply in peri-urban Bandung, Indonesia: toward a frame-
work for understanding risks and aversion behaviours

Indonesia Peri-urban Survey questionnaire, semi-structured interviews Households

Nguyen et al., 2019. Knowledge, Attitude and Practice about Dengue Fever among Patients Experiencing
the 2017 Outbreak in Vietnam

Vietnam Urban, rural,
healthcare
facility

Survey questionnaire Healthcare facility, patients

Ogoina et al., 2016. Preparation and Response to the 2014 Ebola Virus Disease Epidemic in Nigeria-The
Experience of a Tertiary Hospital in Nigeria

Nigeria Healthcare
facility

Survey questionnaire, archival research Healthcare facility, health
providers

Orgill et al., 2013. Water quality perceptions and willingness to pay for clean water in peri-urban
Cambodian communities

Cambodia Peri-urban Survey questionnaire, water testing, choice experiment,
intervention/evaluation

Households

Panchang et al.,
2021.

Women ‘holding it’ in urban India: Toilet avoidance as an under-recognized health
outcome of sanitation insecurity

India Urban Survey questionnaire, intervention/evaluation Households, females

Parisi et al., 2019. Factors associated with relevant knowledge of intestinal schistosomiasis and
intention to participate in treatment campaigns: a cross sectional survey among
school children at Ijinga Island on Lake Victoria, North-Western Tanzania

Tanzania School, island Survey questionnaire Schools, children

Parvez et al., 2006. Prevalence of arsenic exposure from drinking water and awareness of its health risks
in a Bangladeshi population: Results from a large population-based study

Bangladesh Urban Survey questionnaire, longitudinal study, well testing Individuals, not specified

Perez-Guerra et al.,
2009.

Community beliefs and practices about dengue in Puerto Rico Puerto Rico Urban Focus group discussions Females, males

Person et al., 2016. Community Knowledge, Perceptions, and Practices Associated with Urogenital
Schistosomiasis among School-Aged Children in Zanzibar, United Republic of
Tanzania

Tanzania School, island Semi-structured interviews, focus group discussions, photo
and drawing discussions

Schools, children, parents,
community leaders, school
staff/teachers

Postma et al., 2011. Rural children's exposure to well water contaminants: Implications in light of the
American Academy of Pediatrics' recent policy statement

United States Rural Survey questionnaire, water testing, intervention/evaluation Households

Ragusa and
Crampton, 2016.

To Buy or not to Buy? Perceptions of Bottled Drinking Water in Australia and New
Zealand

Australia, New Zealand Urban, rural,
coast

Survey questionnaire, semi-structured interviews Individuals, not specified

Randell et al., 2010. Environmental Management for Malaria Control: Knowledge and Practices in
Mvomero, Tanzania

Tanzania Rural Survey questionnaire, semi-structured interviews, focus
group discussions

Households, community leaders,
health providers

Roche et al., 2013. Investigating public perceptions and knowledge translation priorities to improve
water safety for residents with private water supplies: a cross-sectional study in
Newfoundland and Labrador

Canada NA Phone survey Households

Rundblad, 2008. The semantics and pragmatics of water notices and the impact on public health United Kingdom NA Online survey Students
Rundblad et al.,
2010.

Communication, perception and behaviour during a natural disaster involving a ‘Do
Not Drink’ and a subsequent ‘Boil Water’ notice: a postal questionnaire study

United Kingdom Flooding Postal survey Households

Rundblad et al.,
2014.

The Causes and Circumstances of Drinking Water Incidents Impact Consumer
Behaviour: Comparison of a Routine versus a Natural Disaster Incident

United Kingdom Flooding Postal survey Households

Rusca et al., 2017. Bathing without water, and other stories of everyday hygiene practices and risk
perception in urban low-income areas: the case of Lilongwe, Malawi

Malawi Urban Survey questionnaire, spot checks, semi-structured
interviews, focus group discussions

Individuals, not specified,
international organization, political
representatives

Sarti et al., 2015. Dengue Awareness in Latin American Populations: A Questionnaire Study Colombia, Mexico Urban, rural Survey questionnaire, case control study Individuals, not specified
Schade et al., 2015. Self-Reported Household Impacts of Large-Scale Chemical Contamination of the

Public Water Supply, Charleston, West Virginia, USA
United States NA Phone survey, intervention/evaluation Households

Schaetti et al.,
2011.

Social and cultural determinants of anticipated acceptance of an oral cholera vaccine
prior to a mass vaccination campaign in Zanzibar

Tanzania Peri-urban,
rural, island

Survey questionnaire, semi-structured interviews Individuals, not specified

Schaetti et al.,
2012.

Improving Community Coverage of Oral Cholera Mass Vaccination Campaigns:
Lessons Learned in Zanzibar

Tanzania Peri-urban,
rural, island

Survey questionnaire Individuals, not specified

Schuitema et al.,
2020.

Water quality perceptions and private well management: The role of perceived risks,
worry and control

Ireland NA Survey questionnaire, online survey Individuals, not specified

Schwarzinger et al.,
2010.

Risk perception and priority setting for intervention among hepatitis C virus and
environmental risks: a cross-sectional survey in the Cairo community

Egypt Urban Survey questionnaire Households

Scobie et al., 2012. Use of Oral Cholera Vaccine and Knowledge, Attitudes, and Practices Regarding Safe
Water, Sanitation and Hygiene in a Long-Standing Refugee Camp, Thailand,
2012–2014

Thailand Refugee camp Survey questionnaire, longitudinal study, spot check, water
testing

Households, females

Seimetz et al., 2016. Effects of an awareness raising campaign on intention and behavioural determinants
for handwashing

India NA Survey questionnaire, exercises, role-play, community
meetings, intervention/evaluation, community education,
media campaign

Individuals, not specified

Severtson, 2013. The influence of environmental hazard maps on risk beliefs, emotion, and
health-related behavioural intentions

United States Urban, rural Survey questionnaire, water testing, spatial assessment Students

(continued on next page)
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Table 2 (continued)

Study Focus Study country Setting
detail/context

Methods Study population

Soleimani-Ahmadi
et al., 2014.

Community knowledge and practices regarding malaria and long-lasting insecticidal
nets during malaria elimination programme in an endemic area in Iran

Iran Rural Survey questionnaire Households

Spicer et al., 2020. Drinking Water Consumption Patterns: An Exploration of Risk Perception and
Governance in Two First Nations Communities

Canada Rural Semi-structured interviews Indigenous community

Sundaram et al.,
2014.

Cultural epidemiology of pandemic influenza in urban and rural Pune, India: a
cross-sectional, mixed-methods study

India Urban, rural,
heavy rainfall,
climate change

Survey questionnaire, semi-structured interviews Individuals, not specified

Sundaram et al.,
2016.

Sociocultural determinants of anticipated oral cholera vaccine acceptance in three
African settings: a meta-analytic approach

Democratic Republic of Congo,
Kenya, Tanzania

Urban, rural,
island

Survey questionnaire Individuals, not specified

Tate et al., 2003. Change in health risk perception following community intervention in Central
Havana, Cuba

Cuba Urban, flooding Survey questionnaire, intervention/evaluation Individuals, not specified

Torres-Slimming
et al., 2019.

Achieving the Sustainable Development Goals: A Mixed Methods Study of
Health-Related Water, Sanitation, and Hygiene (WASH) for Indigenous Shawi in the
Peruvian Amazon

Peru Rural, rainforest Survey questionnaire, semi-structured interviews, focus
group discussions, photovoice, transect walks

Indigenous community

Tran et al., 2010. Householder perspectives and preferences on water storage and use, with reference
to dengue, in the Mekong Delta, southern Vietnam

Vietnam Rural, delta,
heavy rainfall

Semi-structured interviews Females

Tsaneva, 2013. The Effect of Risk Preferences on Household Use of Water Treatment Mexico Rural Survey questionnaire, longitudinal study Households
Turbow et al., 2004. Impacts of beach closures on perceptions of swimming-related health risk in Orange

County, California
United States Coast Survey questionnaire, case control study Individuals, not specified

Uddin and Mazur,
2015.

Socioeconomic factors differentiating healthcare utilization of cyclone survivors in
rural Bangladesh: a case study of cyclone Sidr

Bangladesh Rural, coast,
flooding,
cyclone

Survey questionnaire Individuals, not specified

Veronesi et al.,
2014.

Climate change and the willingness to pay to reduce ecological and health risks from
wastewater flooding in urban centers and the environment

Switzerland Flooding,
climate change

Survey questionnaire Individuals, not specified

Watson et al., 2015. Understanding modifiable risk factors associated with childhood diarrhoea in an
eastern Indonesian urban setting

Indonesia NA survey questionnaire Mothers

Winch et al., 2002. Community-based dengue prevention programmes in Puerto Rico: Impact on
knowledge, behaviour, and residential mosquito infestation

Puerto Rico School, island Survey questionnaire, larval mosquito survey,
semi-structured interviews, focus group discussions,
intervention/evaluation, photo and drawing discussions,
community education

Schools, children, patients, school
staff/teachers, political
representatives

Workman, 2019. Perceptions of drinking water cleanliness and health-seeking behaviours: A
qualitative assessment of household water safety in Lesotho, Africa

Lesotho Rural, heavy
rainfall

Survey questionnaire Households

Wright et al., 2018. How are perceptions associated with water consumption in Canadian Inuit? A
cross-sectional survey in Rigolet, Labrador

Canada Rural, arctic Survey questionnaire, intervention/evaluation Indigenous community

Yuan et al., 2000. Impact of educational videotapes on water contact behaviour of primary school
students in schistosomiasis endemic areas

China Rural, school Survey questionnaire, case control study, focus group
discussions, intervention/evaluation

Schools, children
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Fig. 2. Descriptive summary of included studies, based on n = 187 publications (2000–2021).
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Geographical representation of topics related to health protection, risk
and disease varied (Fig. 6). Healthcare utilization was the most commonly
reported health protective factor relative to the number of publications in
Latin America, Africa and Asia, but not reported from Oceania. Health
risk factors showed no particular reporting trend across geographies, with
A B

Studies per country

Fig. 3. Geographical context of included studies,
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risk factors largely differing in different parts of the world. In terms of
health risks, worldwide, health risks/disease in general, waterborne dis-
eases, vector-borne related to mosquitoes and water-based diseases were
reported most frequently. Diseases such as Ebola and soil-transmitted dis-
eases were reported only from Africa.
Study contexts

based on n = 187 publications (2000–2021).



Fig. 4. Topics covered by risk perception and behaviour literature in the context of water and health, based on n = 187 publications (2000–2021).
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3.3. Methodological approaches to risk perception and behaviour research in
water and health literature

3.3.1. Methodological approaches to water- and health-related risk perception
and behaviour studies

Included studies adopted quantitative, qualitative and mixed methods
approaches (Table 2).

Most survey studies used a semi-quantitative on-site questionnaire
(67%), while online (6%), postal (4%), and phone (4%) questionnaires
were less common. Few studieswere case-control studies (9%) or had a lon-
gitudinal design (4%). Studies employed different kinds of testing, includ-
ing spot checks and inspections (e.g., water source, latrine, environment)
(14%), water testing (12%), well testing or larval testing (3% each).
Urine and blood sampling, smears for parasites, hand rinse sampling, envi-
ronmental sampling, and disease screening were employed rarely. Qualita-
tive methods were frequently employed, with 34% of studies using semi-
structured interviews and 24% of studies using focus group discussions.
Participatory methods such as choice experiments, exercises, role plays,
photovoice or transect walks were employed by few studies. One fourth
of studies were intervention studies or evaluation research (24%), includ-
ing community education or risk communication components related to
WASH, health and distribution of WASH-related items. Few studies con-
ducted spatial assessments of water-related health risk factors or health-
promoting features (5%). Two percent of studies included archival
research.
14
3.3.2. Approaching risk perceptions, behaviours, and their associations in water
and health literature

Few studies included in this review provided definitions for health risk
perceptions.

Risk perceptions – including worry, fear, dread, or threat arousal
(Mitchell et al., 2018) – or perceived seriousness of a disease – e.g. as “seri-
ous”, “real”, or “deadly” (Demolis et al., 2018) - are, to a large extent, based
on prior knowledge and beliefs. Perceptions are associated with individual,
social and cultural factors (Anthonj et al., 2019; Dupont et al., 2014; Lilje
and Mosler, 2018; Markon and Lemyre, 2013; Musacchio et al., 2021), re-
ferring to intuitive evaluations of (health) hazards someone is or might be
exposed to (Pidgeon, 1998; Rohrmann, 2008; Rohrmann and Renn, 2000).

According to Abu and Codjoe (2018), health-related actions and inac-
tions are often triggered and influenced by our individual risk perceptions.
A higher perceived risk increases the likelihood of developing positive atti-
tudes towards protectivemeasures; and as a consequence, risk perception is
an important determinant of risk exposure, and to the kind of protective be-
haviour to be put in place (Anthonj et al., 2019; Aziz et al., 2006; Bradford
et al., 2017; Lavallee et al., 2021; Rundblad, 2008). Demolis et al. (2018),
referring to Rosenstock (1974), describe water- and health-related risk per-
ceptions as predictors of behaviour, consisting of two components: per-
ceived severity of consequences and perceived vulnerability to disease. A
mismatch between actual hazard and perceived risk can lead to inappropri-
ate behaviours and suboptimal compliance to recommended public health
measures (Gentili et al., 2020; Wright et al., 2018).



Fig. 6. Geographical representation of topics related to health protection, health risk, diseases and mental health implications covered by risk perception and behaviour
literature in the context of water and health, based on n = 187 publications (2000–2021). The size of pie charts corresponds to the number of identified studies.

Fig. 5. Geographical representation of water, sanitation, hygiene and waste topics covered by risk perception and behaviour literature in the context of water and health,
based on n = 187 publications (2000–2021). The size of pie charts corresponds to the number of identified studies.
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Generally, behaviour change has proven to be complex to achieve
(Rusca et al., 2017; Seimetz et al., 2016). Even when individuals are
aware of practices to prevent health implications of preventive behaviour,
the implementation of preventive practice may be scarce. Reasons include
disease prevention often not being the primary motivator for health behav-
iours (behaviours instead often being driven by desires for “order and con-
trol”) (Caldwell et al., 2006), meanings of cleanliness and dirtiness, and the
wish to feel clean. Thus, the effectiveness of health programming, risk com-
munication and interventions that ignore the socially embedded practices
and the motivations and logic behind those practices are limited (Cooper
et al., 2020; Marjadi and McLaws, 2010; Rusca et al., 2017). According to
Brown et al. (2017), caution is needed before prescribing information pro-
vision as a means to encourage population-wide uptake of specific behav-
iours, as it may not always be effective, either due to heterogeneity in
responses or insufficient responses to improve outcomes.

Rundblad et al. (2010) describe the information source of risk commu-
nication as a decisive factor in terms of behaviour change. While media has
been found to impact general risk perceptions, because these perceptions
are impersonal, they do not necessarily impact the personal risk perceptions
that would initiate behaviour responses. Interpersonal information dissem-
ination networks, on the other hand, are often perceived as more credible,
efficient and effective than official sources, and include close contacts, fam-
ily, friends, neighbours and local newspapers.

3.3.3. Theory and assessment of risk perceptions, behaviours, and their associations
in water and health literature

Studies included in this review adopted different theories and assess-
ments of risk perceptions and behaviours.

A common theoretical approach to address risk perceptions and behav-
iour (change) in the context of water and health is the risk, attitude, norm,
ability and self-regulation (RANAS) model by Mosler (2012), which com-
bines a set of causal determinants of health behaviour that have been spec-
ified by different well-known theories of behaviour change (Seimetz et al.,
2016). These include the health belief model (HBM) (Rosenstock, 1974),
the theory of planned behaviour (Ajzen, 1991), the protection motivation
theory (Rogers and Prentice-Dunn, 1997), the social cognitive theory
(Bandura, 2004), and the health action process approach (Schwarzer,
2008; Seimetz et al., 2016). RANAS is being adopted by using quantitative
survey tools, e.g. to determine behavioural factors that increase safe water
consumption in Ethiopia (Huber and Mosler, 2013); arsenic testing in New
Jersey (Flanagan et al., 2015b); household water treatment in Nepal
(Daniel et al., 2019); handwashing in Zimbabwe (Friedrich et al., 2017);
and Ebola prevention in Guinea-Bissau (Gamma et al., 2019).

The HBM implies that the adoption of preventive health measures de-
pends on whether individuals believe that they are vulnerable to the dis-
ease (perceived susceptibility); that the disease comes with severe health
or social consequences (perceived severity); and that the benefits of pre-
venting the disease (perceived benefits) outweigh the barriers of adoption
such as cost, time, pain, and side-effects (perceived barriers) (Heyerdahl
et al., 2019). In the water- and health-related literature included in this re-
view, HBMwas used, for instance, to understand consumer perceptions and
purchasing behaviour of packaged water products in Sierra Leone (Jalloh
et al., 2018), as well as behaviour change in the context of lead (Jordan
et al., 2007), fluoride (Family et al., 2019) and arsenic (Flanagan et al.,
2018) contamination of water in the United States.

Numerical risk perceptionmeasures adopting scales and scores are com-
monly used to capture risk perceptions and behaviours. Handwashing tech-
nique and frequency of primary caregivers in high-density suburbs in
Harare, Zimbabwe, was observed and measured as an 8-point sum score,
and included a scale for various key moments of handwashing (Friedrich
et al., 2017). Knowledge, attitude and practices (KAPs) studies commonly
adopted scores as well, e.g. on schistosomiasis in Swaziland (Maseko
et al., 2018), household water treatment in Ethiopia (Bitew et al., 2017)
and shared sanitation cleanliness in Nigeria, using dichotomized variables,
including ‘good’ and ‘poor’, ‘positive’ and ‘negative’, and ‘clean’ and ‘dirty’
categories (Aluko et al., 2018). In their study on behavioural determinants
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of switching to arsenic-safe water wells in Bangladesh, George et al. (2017)
measured perceived vulnerability and severity, affective attitude, coping
planning, and commitment using a Likert-type scale from1 to 5 for unipolar
items. Likert scales were also adopted in the context of household inspec-
tions for dengue-related vector control in Costa Rica (Egedus et al., 2014);
housing-related health risks in Cuba (Tate et al., 2003); in an experimental
test on tap water contamination in Canada (Markon and Lemyre, 2013);
and for sanitation-related concerns and behaviours among women in
Odisha, India (Hulland et al., 2015). Scales were also adopted in the context
of hepatitis C virus and environmental risks in Egypt, assessing the short-
term, i.e., directly after exposure, and the long-term implications, i.e., years
after exposure (Schwarzinger et al., 2010); handwashing in India (Seimetz
et al., 2016); sanitary inspection of rainwater supplies in Fiji (Kohlitz and
Smith, 2015); water storage, sanitation and personal hygiene in Kenya
(Anthonj et al., 2016); perceived health risks related to water sources
(Lloyd-Smith et al., 2018); tap water (Leveque and Burns, 2017); and protec-
tive actions related to exposure pathways for a water contamination emer-
gency in the United States (Lindell et al., 2017).

Looking at enteric diseases in Shanghai, Chen et al. (2012) used nine di-
chotomous variables to assess individuals' perceptions, including perceived
prevalence in the broader community and in the village, perceived preva-
lence trends in recent years, perception/experience that an acquaintance
had died of a disease, perception of a householdmember being at risk of ac-
quiring disease, perceived unique vulnerability of infants, preschool-age
children, school-age children and elderly to the disease. Individuals' percep-
tion of disease treatment and experience of vaccination assessed beliefs in
the existence of effective treatment, the expense involved in treatment,
and satisfactionwith past vaccination services. Similarly, detailed variables
to assess risk perceptions were used in a study on sanitary conditions (Chen
et al., 2006).

Experiments are a tool to measure perceptions and resulting behaviours
as well, e.g. in the context of diarrhoea infection as a result of flooding in
Ghana. This study used ten beans, with each bean representing ten points,
and thus, ten beans equaling 100%, with a focus on rating probability (on
a scale of 0% to 100%) of any household member being infected with diar-
rhoea (Abu and Codjoe, 2018). In another study, to evaluate risk perception
posed by arsenic, respondents were given ten marbles and a plastic cup and
asked to put more marbles into the cup if feeling the perceived event was
more likely (Bennear et al., 2013).

3.3.4. Pitfalls and limitations to water- and health-related risk perception and
behaviour studies

Studies included in this review had pitfalls and various limitations.
Fifty-three studies (28%) did not provide information regarding the lim-

itations of their research. From the other 134 publications, most frequent
limitations mentioned across studies were related to the methodology of
the studies (n = 52, 39%), such as lack of randomization (e.g., Aibana
et al., 2013; Andrade et al., 2019; Ashraf et al., 2017) and lack of control
group (e.g., Davis et al., 2011; Gamma et al., 2019; George et al., 2017;
Severtson, 2013). Limitations concerning the sampling such as small sam-
ple sizes, sampling method and non-representative sampling were raised
in 40 of the papers (30%). Study design (i.e., cross-sectional design) was
cited by 39 studies (29%). Due to the nature of the studies, causality
could not be assumed and temporal associations could not be assessed
(Parisi et al., 2019; Chen et al., 2006). Bias across studies included social de-
sirability bias, (n=17, 13%), recall bias (n=16, 12%), selection bias (n=
10, 7%), response bias (n=8, 6%), gender bias (n=7, 5%), reporting bias
(n = 2, 1%), interviewer bias (n = 2, 1%), observer bias (n = 2, 1%), re-
searcher bias (n = 1, 1%), representation bias (n = 1, 1%), confirmation
bias (n = 1, 1%), information bias (n = 1, 1%) and non-response bias
(n = 1, 1%). Other limitations related to self-reporting data (n = 28,
21%), non-generalizability (n = 24, 18%), non-representativeness (n =
21, 16%), restrictions related to time such as duration of the study, time
of the day of data collection and seasonal changing (n=13, 10%), low re-
sponse rates (n=11, 8%), language barriers (n=3, 2%) and ethical issues
(n = 1, 1%).



C. Anthonj et al. Science of the Total Environment 819 (2022) 152902
3.4. Evidence on water- and health-related risk perception influencing behaviour

From literature identified on water and health (n = 187 publications),
69% of studies provided evidence on (risk) perception influencing behav-
iour.

The most commonly provided evidence of perceptions determining be-
haviour came from studies on drinking water sources and water safety
(74%) and their associated health risks. The literature base also provided
evidence on links between risk perception and behaviour in the context of
disease prevention, health seeking, variations and changes in perception
and behaviour over space, geography, socioeconomic differences and
time, and the relevance of cultural context in terms of health beliefs, per-
ceptions and behaviours (Fig. 7).

3.4.1. Perception influencing behaviour in the context of drinking water safety
and WASH

Studies on drinking water sources and water safety and their associated
health risks were most commonly identified in our literature review.

A study following an integrated WASH and health education interven-
tion in Ethiopia found that risk perceptions were important determinants
for the use of basic drinking water and sanitation services. Accordingly,
perceiving water quality as good, or worrying about unsafe water causing
diarrhoea increased the odds of using basic water services (defined as
“drinking water from an improved source, provided collection time is
not more than 30 minutes for a roundtrip including queuing” by
World Health Organization and United Nations Children’s Fund Joint
Monitoring Programme Joint Monitoring Program, 2021) (Anthonj
et al., 2018). In Cambodia, the revelation of water quality information
affected households' subjective beliefs about waterborne health risks
posed by their source water. The perceived safety of source water
declined among those who saw a signal indicating contamination and
consequently purchased and used water purification tablets, while per-
ceived safety increased among those households who saw the opposite
signal – and did not take preventative measures (Brown et al., 2017).
Lilje and Mosler (2018) found that in the Lake Chad basin, a behaviour
change campaign resulted in higher self-reported drinking water chlori-
nation among participants of the intervention, positively affecting
individual risk estimation for diarrheal disease, health knowledge, per-
ceived efforts and benefits of water treatment, knowledge of how to per-
form chlorination, and perceived ability to do so. Participants in the
Fig. 7. Heat maps showing the co-occurrence of publications by water-and health-rel
(2000–2021).
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intervention felt more vulnerable to diarrheal diseases, and rated their
consequences as more severe; they also had a better understanding of
the association between drinking water and disease. A study on water
quality perceptions and willingness to pay for clean water in peri-
urban Cambodia found that households may not accurately perceive
the risks associated with their existing water because, among the sur-
veyed target group, microbial contamination is not readily observable
or the germ theory of disease is not recognized. The majority of house-
holds believed that their in-house water after storage, handling, and
treatment was safe to drink, and beliefs about existing water quality
levels had a significant impact on the willingness to pay (WTP) for im-
proved water quality.

However, while perceptions of quality (and thus WTP) were highly re-
lated to taste preferences, actual water quality was relatively uncorrelated
withwater quality perceptions (Orgill et al., 2013).When investigating rea-
sons for drinking water source choice in low-income populations in urban
areas in the United States, Family et al. (2019) found perceived health
risks significantly predicted why survey participants did not drink tap
water, pointing to the perceived safety and taste of tap water being key bar-
riers to drinking fluoridated water from the tap. A study from Bangladesh
looking at the prevalence of arsenic exposure from drinking water found
that more than half of residents regularly consumed well water with an ar-
senic concentration above the acceptable government standard. Willing-
ness to reduce exposure was positively related to awareness of the health
risks (Parvez et al., 2006).

Similarly, in the United States, hazard level and proximity to an
environmental hazard had the largest influences on intentions to test the
water and mitigate exposure (Severtson, 2013). In the study from
Bangladesh, however, the association between awareness and switching
to a safe well was not stronger than the associations between awareness
and using surface water (with or without treatments) or using an existing
well after treatment or increasing the depth (Parvez et al., 2006). In the
United Kingdom, although most respondents (88%) would buy and drink
bottled water following a ‘do not drink’ notice, as many as 44% would
still drink the polluted tap water (Rundblad, 2008). An evaluation of an in-
tervention on household water management, stored drinkingwater quality,
hygiene behaviours and their implications on hand contamination in peri-
urban Tanzania revealed that respondents who received household test re-
sults were more likely to report behavioural improvements, but less likely
to experience actual reductions in E. coli contamination in water and on
ated topic and risk perception and/or behaviour, based on n = 187 publications



C. Anthonj et al. Science of the Total Environment 819 (2022) 152902
hands (Davis et al., 2011). In rural China, the impacts of a health emergency
and disaster riskmanagement education intervention (including delivery of
a disaster kit containing instructions for an oral rehydration solution recipe)
following an earthquake demonstrated knowledge and behaviour improve-
ments in household hygiene and waste management among the targeted
ethnic minority community members (Chan et al., 2018).

3.4.2. Perception influencing behaviour in the context of disease prevention
The health risk perception and behaviour literature included in this re-

view also focused on disease prevention.
In a coastal village of Costa Rica, research on dengue-related prevention

knowledge, perceptions, and practices observed more mosquito breeding
sites in households with lesser knowledge of dengue symptoms, a lower re-
spondent rating on the dangers of dengue, or a lower respondent rating on
the importance of preventative actions (Egedus et al., 2014). When looking
at the impact of health promotion in the context of Ebola prevention in
Guinea-Bissau, Gamma et al. (2017) revealed that the perceived severity
of the disease and health knowledge were predictors for the intention to
follow Ebola prevention behaviours. However, other predictors, such as re-
sponse belief, normative beliefs, commitment, and confidence in perfor-
mance, were even more important in predicting behavioural intentions.
Specifically, the perception of risk with regard to touching a person who
might be suffering from Ebola was an important predictor to refrain from
such behaviour. Among public secondary school teachers in the Philippines,
although the majority mentioned that the Zika virus is transmitted through
a mosquito bite, only half of the surveyed teachers identified vector control
as a preventive strategy or cleaned theirwater containers to preventmosquito
breeding (Gregorio et al., 2019).

3.4.3. Perception influencing behaviour in the context of healthcare
Healthcare was another important topic covered in the health risk per-

ception and behaviour literature included in this review.
A study on the uptake of an oral cholera vaccine in Lusaka, Zambia, by

Heyerdahl et al. (2019) revealed that reasons influencing people's decision
against the vaccine included lack of awareness, fear of side effects, cultural
notions regarding medicine, and overall lack of information. The main
reasons that influenced people's choice to take the vaccine included aware-
ness of conditions conducive to cholera and personal feeling at risk of
contracting cholera, perceived effectiveness of oral cholera vaccine (OCV)
and perceiving side-effects as positive. Scobie et al. (2012), when studying
the use of oral cholera vaccine in theMaela refugee camp in Thailand found
significant differences over time among respondents correctly identifying
cholera prevention measures, including boiling or treating drinking
water, and washing hands with soap. However, no difference was noted
in the proportion of households testing positive for E. coli in stored house-
hold drinking water at the second follow-up. Overall, some positive, and
no adverse changes in cholera- and WASH-related knowledge, attitude
and practices after the vaccination campaign were observed. Among rural
Indonesian healthcare workers, hand hygiene compliance was more likely
to be undertaken after patient contacts were perceived to be dirty or risky
(Marjadi and McLaws, 2010).

3.4.4. Variations in risk perceptions and behaviours in space, geography, time
and with socioeconomic differences

The literature included in this review considered variations and changes
in perception and behaviour over space, geography, socioeconomic differ-
ences and time.

In the Vietnamese Mekong Delta, Few et al. (2013), when investigating
the relationship between seasonality, disease and behaviour found mar-
ginal temporal variations in water quality and substantial inter- and intra-
household variations in risk perceptions, hygiene behaviour, seasonal be-
haviour and other risk factors.

Variations in knowledge uptake patterns were also detected between
earthquake-prone and flood-prone communities in China regarding the
use of diarrhoea mitigating oral rehydration solutions (Chan et al., 2018).
In Cambodia, information provision on waterborne health risks led to
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changes in beliefs about drinking water safety among households with
lower than median wealth and education, households living in less devel-
oped area, and households who received a contamination signal despite
having been initially optimistic about the safety of their water. These differ-
ential effects of information on beliefs were consistent with the effects on
behaviour related to the purchase and use of water purification tablets. In
the same study, the average effect of the signal on beliefs and behaviour
waned somewhat over the study period (Brown et al., 2017). A study
among minority children in the United States indicated that African
American and Latin American parents were more likely to give their chil-
dren mostly bottled water compared to the majority population, as they
perceived bottledwater as safer, cleaner, better tasting, or more convenient
(Gorelick et al., 2011).

3.4.5. Health beliefs and the cultural context of health risk perceptions and
behaviours

Studies included in our literature review also considered health beliefs
and the cultural context of health risk perceptions and behaviours.

A study conducted in Northwest Ethiopia to understand health-seeking
behaviours of Podoconiosis (endemic non-filarial elephantiasis) patients
found that belief in heredity or divine punishment often delayed clinic at-
tendance. Motivators for clinic attendance were failure of traditional treat-
ments and severe or disabling symptoms. Such health beliefs and cultural
contexts of health influencing treatment-seeking behaviour uncover the
need for greater integration with traditional healers, improved access to
water through collaboration with other NGOs and the government and
the use of expert patients to disseminate information and signpost patients
to clinics (Banks et al., 2016). Chen et al. (2006), when investigating per-
ceptions of enteric disease treatment and experience of vaccination in
China, found that perceived vulnerability of specific subgroups, knowing
someone who died of the disease and satisfaction with past vaccination
services were consistently associated with perceived need for vaccines of
target populations of all age groups, while the association between percep-
tion of sanitary improvement and vaccine needwas limited. Perceived need
for a vaccine was associated with willingness to pay for the vaccine.
Sundaram et al. (2014), when studying the cultural epidemiology of pan-
demic influenza in urban and rural Pune in India, found that worry or “ten-
sion” among rural respondents about the illness were prominent, however,
they suggested reliance on prayer as main preventative measure. And fi-
nally, in the United States, misconceptions about tap water fluoridation
and differences in beliefs about tap water safety were found to be prevalent
across different income levels in urban areas (Family et al., 2019).

4. Discussion

4.1. Do risk perceptions motivate behaviour in the context of water and health?

This systematic review provides extensive evidence on water- and
health-related risk perceptions influencing behaviour, including in the con-
text of drinking water, disease prevention, health seeking, variations and
changes in perception and behaviour over space and geography, with socio-
economic differences, and highlights the relevance of the cultural context.
Studies look at household and non-household settingsworldwide, cover nu-
merous disciplines, use differentmethodological approaches and, related to
that, very different(ly detailed) defined risk perceptions and behaviours.

What is not dealt with in detail in the literature is how risk perceptions
change over time (Francis et al., 2015). We found a lack of longitudinal
studies (4%), likely due to the resource intensity needed to carry them
out. Most of the available longitudinal studies identified decreased knowl-
edge or adherence to risk-informed practices over time (Brown et al.,
2017), although this trend can be improved by follow-up reinforcement
measures (Scobie et al., 2012). Balasubramanya et al. (2014) found that on-
going well testing for arsenic in Bangladesh promoted switching and con-
tinuous use of safer wells.

Cognitive biases (or heuristics) often lead individuals to discount future
benefits and favour immediate rewards. One study among caregivers in
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Kenya elicited this effect: the immediate cost to practising improved health
behaviours was perceived as greater than the potential long-term benefits
(Ellis et al., 2020). In Cuba, Escobedo et al. (2011) showed that the oppor-
tunity cost of time itself came into play in decision-making about health
risks when combined with a lack of physical resources.

Health risks may not universally need to be shifted in the same direc-
tion, but rather recalibrated against the information available and how it
stacks up against other risks. Unexpected events and sensitive life stages
offer educators windows of heightened attention to health risks. In Italy,
Gentili et al. (2020) studied risk perceptions in the aftermath of a school tu-
berculosis outbreak, finding that an informational session effectively re-
duced the perception of risk among parents and students. In the United
States, He et al. (2018) showed that pregnant womenwith knowledge of ar-
senic contamination in their well water often reduced usage for drinking
and cooking, although most continued to use it sometimes and just under
half continued using it to mix infant formula.

Tailoring intervention follow-up to address changing, multiple, or lay-
ered goals may be helpful. For example, an information intervention on
safe water storage and hand hygiene in Tanzania succeeded at attaining be-
havioural improvements, although participants did not achieve reductions
in E. coli contamination in water and on hands (Davis et al., 2011).

4.2. Relevance of risk perception studies for WASH governance

4.2.1. Policy
Generally, risk perception studies aim to identify the population at risk

for appropriate policy interventions and are important for public health pol-
icy formulation (Abu and Codjoe, 2018). Although they have become an
important topic to policy-makers concerned with risk management, risk
perception studies are usually the last considered option because of the dif-
ficulty in conducting and evaluating them. As experts generally have lower
risk perceptions than lay-people and the target population (Mumbi and
Watanabe, 2020) and due to proven associations between risk perception
and behaviour, it is important tomake risk perception a priority in decision
making to identify high or low-risk communities, and challenges that com-
munities are really facing beyond what is on political agendas (Abu and
Codjoe, 2018). A deeper understanding of place- or community-based knowl-
edge may positively influence policy development and management-level de-
cisionmaking (Castleden et al., 2015). In addition, inter-sectoral collaboration
in policy-making is relevant to mitigate waterborne diseases that originate
from farming (Hall and Le, 2018), to successfully implement vector manage-
ment for malaria control (Castro et al., 2009) and to promote children's envi-
ronmental health (Postma et al., 2011).

Multiple studies on risk perceptions associated with arsenic occurrence
in drinking water supplies in Bangladesh highlighted the need for national
policies on arsenic mitigation (Bennear et al., 2013; Caldwell et al., 2005;
Caldwell et al., 2006; George et al., 2017). Health authorities often lack ro-
bust information on actual risks and most appropriate interventions
(Caldwell et al., 2005) and wrongly rely on one-time oral messages to
raise awareness on the risks associated with arsenic intake (Bennear
et al., 2013). Policy should be tailored to target the identified behaviour de-
terminants (George et al., 2017) and should be sensitive to gender differ-
ences in water usage and oversight (Caldwell et al., 2006). Exploring
drinking water safety more broadly, even when it is the primary problem
for residents (e.g., of Flint, USA), policymakers should address the second-
ary consequences, such as the impact of the water crisis on mental health
(Heard-Garris et al., 2017).

4.2.2. Awareness raising
Risk awareness is lacking in several studies (e.g., Blum et al., 2014;

Chaturvedi et al., 2017; Crampton and Ragusa, 2016) and may be influ-
enced by gender (McDowell et al., 2020). Risk awareness campaigns in-
crease knowledge and facilitate participation in prevention practices (Aziz
et al., 2006; Castro et al., 2009; Haenchen et al., 2016; Islam et al., 2011).
However, they are not always successful (Schade et al., 2015). Numerous
methodologies have been described as effective: multimedia presentations
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accompanied by verbal explanations (Islam et al., 2011), face-to-face com-
municationmechanisms (Hynds et al., 2018), mass media (e.g., radio) cam-
paigns (Lilje et al., 2015; Perez-Guerra et al., 2009; Roche et al., 2013),
photovoice (Bisung et al., 2015), community meetings (Lilje et al., 2015;
Akter and Ali, 2014) and home visits (Akter and Ali, 2014). Information
should always be communicated with a variety of audience profiles in
mind (Hynds et al., 2018). Campaigns should include a clear description
of the risk (Hyllestad et al., 2019), be timely, relevant and easily under-
standable (Crampton and Ragusa, 2016) and be based on personal and so-
cial norms (Musacchio et al., 2021). To put up with fluctuating risks, as in
the case of the cholera outbreaks in Haiti, intensive preventive measures
such as awareness campaigns should be implemented during inter-peak hi-
atuses, when prevention activities are usually reduced (Grandesso et al.,
2014).

4.2.3. Education
Risk perceptions have often been found to be influenced by the level of

educational attainment (Aziz et al., 2006; Egedus et al., 2014; Leveque and
Burns, 2017; Nguyen et al., 2019). Just under a third of the studies included
in this review suggested implementation of educational programmes as part
of futuremitigation strategies. They recommended the implementation of ed-
ucational programmes focusing on specific target groups, e.g., communities
(Kumar et al., 2010; Lucier et al., 2020; Nguyen et al., 2019), community
healthworkers (Gupta et al., 2012), housewives (Daude et al., 2017),mothers
(Watson et al., 2015), school children (Munisi et al., 2017; Nguyen et al.,
2019; Torres-Slimming et al., 2019), secondary school and undergraduate
students (Edoror et al., 2019; Javaeed et al., 2018), teachers (Edoror et al.,
2019; Gregorio et al., 2019; Maseko et al., 2018) and packaged water petty
traders and consumers (Jalloh et al., 2018). Other studies suggested targeting
the education of populationswith lower socioeconomic status (Dowling et al.,
2013; Parvez et al., 2006), residing in less developed areas (Nguyen et al.,
2019) or simply the most vulnerable subgroups (Chan et al., 2018).

In general, understanding the factors behind locally perceived health
risks and WASH-related choices, self-identified needs, while paying atten-
tion to local socio-cultural aspects and literacy levels should inform public
health education efforts (Ackumey et al., 2012; Halvorson et al., 2011;
Jones et al., 2006; McLeod et al., 2014; Nguyen et al., 2019; Sundaram
et al., 2016). Akpabio (2012) advocated for an education system driven
by local traditional and religious institutions (e.g., village and religious
councils) to have a higher chance of success in specific contexts. As far as
the methodology used in educational programmes is concerned, the impor-
tance of active teaching and learning (e.g., Niemi, 2002) has been recog-
nized by Bodner et al. (2016). Jordan et al. (2007) noted that teaching
simple strategies, demonstrating concepts and providing feedback are im-
portant features of education that do facilitate behaviour change. Routine
use of multimedia formats (e.g., written or illustrated educational mate-
rials) can reduce the burden on educators (Escobedo et al., 2011). Some
studies expressed the need to plan for sustainable, regular/continuous
and long-term educational programmes (Atuyambe et al., 2011; Ferreira
da Silva et al., 2020; Marjadi and McLaws, 2010) because the impact of
the signal on behaviour and beliefs may wane over time (Brown et al.,
2017).

4.2.4. Behaviour change
As a systematic review of risk perceptions and health behaviour con-

ducted in psychology concluded, interventions that successfully shape risk
perceptions lead to subsequent improvements in health behaviours
(Ferrer and Klein, 2015). Behaviour change in thewater, sanitation, andhy-
giene sector has synergies with many other development goals, such as
women's empowerment, economic development, and access to education.
In rural Nigeria, for example, Akpabio (2012) observed that a lack of inher-
ent capacity to recognise and understand the logic behind the problem and
resource limitations led to a failure to enact behaviour change. These limi-
tations mainly dealt with a lack of formal education, a lack of access to in-
formation, and the bounds of poverty. Greater awareness of waterborne
diseases does not always result in behaviour change (Gupta et al., 2012)
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because individuals may lack possibilities and/or exhaustive information
on ‘healthy’ behaviour (Anthonj et al., 2016). In Haiti, although aware of
preventionmeasures to curb the risks associated with the cholera outbreak,
respondents often lacked the means to implement and sustain behavioural
changes (Guillaume et al., 2019).

Scobie et al. (2016) recommended periodic campaigns to reinforce
knowledge, attitudes, and practices around cholera prevention and control
in Thailand. Programmes to improve risk awareness and public health be-
haviours could be planned and implemented in a series of cycles to
(a)monitor achievement of outcomes and (b)modify or adapt the approach
to contextual factors as needed. During an Ebola outbreak in Liberia, assess-
ments focused on understanding infrastructural needs but omitted hygiene
behaviours or their determinants. Leaving behaviours out of outbreak as-
sessments resulted from behaviour change techniques used in non-
emergency settings being considered too complex for most humanitarian
actors. Therefore, rapid research methods to explore behavioural determi-
nants increased skills training of frontline staff, and operational research
to identify behaviour change strategies suitable in emergencies must be
strengthened (Czerniewska and White, 2020).

Moreover, there is growing consensus that local perceptions and indig-
enous knowledge should be important elements in evaluating programmes
aimed at improving health (Andrade et al., 2019; Tate et al., 2003). Thus,
future mitigation programmes should be looking beyondmerely increasing
knowledge, but should devise an approach based on reliable information on
risk perceptions and tailored to target the locally identified behavioural de-
terminants (Gamma et al., 2019; George et al., 2017; Jones et al., 2007;
Seimetz et al., 2016). Implementing behaviour change interventions will
be efficacious only if they are tailored to current behaviours, knowledge,
and perceptions of the target population (Watson et al., 2015), as well as
their cultural context (Sundaram et al., 2014). With a growing focus on
community-level environmental management as a component of disease
control, it becomes crucial to define existing beliefs regarding the link be-
tween disease and the environment, and how these beliefs relate to envi-
ronmental management practices (Randell et al., 2010). A participatory
multi-stakeholder approach has been suggested to develop behaviour
change strategies tailored to local needs (Herbst et al., 2009).

4.3. Health-related risk perception and behaviour research is more important
than ever: COVID-19

Although this review is not specific to COVID-19, the context of a global
pandemic certainly informs discussion around risk perceptions and behav-
iour. In the context of transmissible and preventable infectious diseases, as
new information emerges, public and individual perception is expected to
change (evolve or regress). This pattern has been highly evident during
the COVID-19 pandemic. For many, COVID-19 set unprecedented living
and working conditions. The perceived risks of infection forced changes
that would otherwise not be deliberate, giving heightened importance to
wellbeing, mental and physical health (Cori et al., 2020), and population
health. Due to the infectious nature and transmission route of SARS-CoV-
2, the preventive measures depend heavily on prompt population behav-
iour changes, which rely on individual adaptation to behaviours perceived
as protective (Xu and Peng, 2015). Previous studies have shown that adher-
ence to preventive measures increases as perceived risks increase (Wise
et al., 2020). Earlier studies specific to COVID-19 also showed that
women, individuals with higher levels of education, and thosewith chronic
diseases report tighter adherence to preventive behaviours (Mendoza-
Jiménez et al., 2021).

At the beginning of the COVID-19 pandemic, the risk of infection was
underestimated by many. The focus across the globe by public health offi-
cials has been to lessen the transmission of the SARS CoV-2 virus to eventu-
ally reduce the burden on the healthcare system to a manageable level
(Wise et al., 2020). COVID-19-related closures initially led to greater hy-
giene awareness, although these pressures have waxed and waned with ex-
ternal influences (e.g., government and local agencies messaging, business
practices, peer pressure) despite ongoing risk. However, throughout this
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pandemic, there have been varying levels of defiance toward protective
measure. Such defiance could be attributed to the prolonged nature of the
pandemic, competing interests, lack of trust, or even misinformation
(WHO Regional Office For Europe, 2020). Based on differences seen in
the response to COVID-19 by the general population in different areas of
the world, it is irrefutable that cultural perceptions have dictated success
in beneficial behavioural modification (Ruiz et al., 2020). Political affilia-
tion and conflicting sources of evidence (e.g., alternative facts) have had
strong influences on vaccination rates, for example in the United States
(Gao and Radford, 2021; Hamel et al., 2021).

To effectively address ongoing public health challenges such as
the COVID-19 pandemic, we must understand the factors that gov-
ern adherence to beneficial health behaviours. Improved under-
standing will help frame interventions and communications with
the general public to allow more dynamic public health responses
and save lives.

4.4. Limitations

The complex search strategy, connecting terminology associating risk
perceptions and behaviours in the context of WASH and health, may pres-
ent a limitation to identifying and including all relevant literature. While
some synergies such as variations and changes in perception and behaviour
over space and geography, with socioeconomic differences, education, cul-
tural context, and policy were identified, this approach may have limited
identification of other synergies. Gray literature and non-English docu-
ments available on the topic were not included, although we acknowledge
that non-peer-reviewed literature, programming and policy reports could
have added further insight and value to the topic. Analyzing them in-
depth, however, was outside of the scope of this work. Outcomes stemming
from self-reporting or syndromic surveillance are subject to measurement
bias.

Evidence in publications included in this review was captured at differ-
ent geographical and organizational scales, considered different disciplin-
ary perspectives, and used different methodological approaches and
definitions. This makes the cross-comparison of risk perception- and
behaviour-related evidence challenging. It is important to consider that ev-
idence is generally context-specific, relating to culture, religion, politics, ge-
ography, ecology, social structure, etc., all of which differ globally,
regionally, nationally, and locally. Therefore, our figures and maps serve
as a general impression only.

5. Conclusions and recommendations

To our knowledge, this is the first systematic review on health risk per-
ceptions and behaviour in the context of water and health. It sought to fill
knowledge gaps on how water-related health risk perceptions and related
behaviours are portrayed in the academic literature, which topics and con-
cepts the literature covers, which evidence exists and why this is relevant
for water- and health-related governance.

We found the literature related to risk perceptions and behaviours in the
context of water and health to have grown over the past twenty years,
reporting information from different continents and countries belonging
to different income groups around the globe, conducted in various settings
and contexts, among different target populations, across disciplinary an-
gles, using different methods, theories and approaches. We categorized
our water- and health-related risk perception and behaviour results accord-
ing to the major themes emerging from the literature, and these centred
mainly around drinking water, sanitation, hygiene and waste-related
topics, health risk factors, diseases andmental health implications, and pre-
ventative measures.

Our review provides evidence of perceptions determining behaviour
particularly related to drinking water sources and water safety. Moreover,
evidence on links between risk perception and behaviour in the context of
disease prevention, health seeking, variations and changes in perception
and behaviour over space, geography, socioeconomic differences and
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time, and the relevance of cultural context in terms of health beliefs is pro-
vided.

This review shows that risk perception studies are vital for WASH gov-
ernance in terms of policy, raising awareness, education and behaviour
change, particularly in the face of unprecedented public health issues like
the ongoing COVID-19 pandemic that the world is currently facing. In par-
ticular, risk perception studies that identify the population at risk and the
determinants of behaviour could be used to inform the development or im-
provement of policies. Risk awareness was found to be lacking in many
studies, therefore there is the need for implementing appropriate campaigns
that deliver simple and clearmessages, and that use effectivemethodologies
(e.g., community meetings, multimedia presentations). Education is a key
mitigation strategy to influence WASH-related risk perception and choices,
and must focus on teaching simple strategies, demonstrating concepts and
providing feedback. We recommend to customize educational programmes
for specific target groups (e.g., mothers, community workers, small chil-
dren) while making sure that the most vulnerable groups are reached. The
efficacy of behaviour change interventions depends on howhealth riskmes-
sages are tailored to current behaviours, knowledge, and perceptions of the
target population, as well as their cultural context. Programmes that focus
on health behaviour change should be planned and implemented sustain-
ably, making sure that progress is monitored and that the approach is peri-
odically adapted as needed. Lastly, we advise governments or other
implementing agencies to make sure that the populations at risk have the
means to implement and sustain behavioural changes.

As this review showed, future water- and health-related risk percep-
tion and behaviour research, policy and practice need to focus more on
early interventions. As knowledge gaps remain on how perceptions and
behaviours change over time, and as these are particularly relevant to
effective public health planning and health messaging, we recommend
future research to implement longitudinal studies to compare percep-
tions and behaviours at different time points. Building on this review,
future research associating risk perceptions and how these influence
and determine behaviours in water and health research may further
analyze resulting differences across geographies, and underlying socio-
economic, educational, infrastructural, WASH-related and context-
specific determinants. Follow-up analyses may also dive deeper into
comparison of results across various disciplinary angles and using dif-
ferent methods, theories and approaches.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2021.152902.
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