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• Scientific and public knowledge of arsenic risk in private wells is misaligned.
• Well users surveyed were confident in water quality without regular testing.
• Local and social networks are key to arsenic risk knowledge circulation.
• Stakeholder interaction highlights effective channels for risk communication.
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Arsenic is a class I human carcinogen that has been identified as the secondmost important global health concern
in groundwater supplies after contamination by pathogenic organisms. Hydrogeological assessments have
shown naturally occurring arsenic to be widespread in groundwater across the northeastern United States and
eastern Canada. Knowledge of arsenic risk exposure among private well users in these arsenic endemic areas
has not yet been fully explored but research on water quality perceptions indicates a consistent misalignment
between public and scientific assessments of environmental risk. This paper evaluates knowledge of arsenic risk
exposure among a demographic cross-section of well users residing in 5 areas of Nova Scotia assessed to be at
variable risk (high-low) of arsenic occurrence in groundwater based on water sample analysis. An integrated
knowledge-to-action (KTA) methodological approach is utilized to comprehensively assess the personal, social
and local factors shaping perception ofwellwater contaminant risks and the translation of knowledge into routine
water testing behaviors. Analysis of well user survey data (n = 420) reveals a high level of confidence in well
water quality that is unrelated to the relative risk of arsenic exposure or homeowner adherence to government
testing recommendations. Further analysis from the survey and in-depth well user interviews (n = 32) finds
that well users' assessments of risk are influenced by personal experience, local knowledge, social networks and
convenience of infrastructure rather than by formal information channels, which are largely failing to reach
their target audiences. Insights from interviews with stakeholders representing government health and environ-
ment agencies (n = 15) are used to reflect on the institutional barriers that mediate the translation of scientific
knowledge into public awareness and stewardship behaviors. The utilization of local knowledge brokers,
community-based networks and regulatory incentives to improve risk knowledge and support routine testing
among private well users is discussed.
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1. Introduction

Arsenic is a toxic metalloid and class I human carcinogen (IARC,
2004) that ranks as the secondmost important global health hazard re-
lated to drinking water after contamination by pathogenic microorgan-
isms (van Halem et al., 2009). Adverse health effects, including skin,
lung, bladder and kidney cancer, have been observed in populations
drinking arsenic contaminated water over a prolonged period in coun-
tries worldwide but have been most devastating in the Southeast Asia
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region (World Health Organisation, 2011), wheremore than 100million
people are estimated to be at risk from groundwater arsenic contamina-
tion and 700,000 have been affected by arsenic related diseases
(Rahman et al., 2009). Epidemiological data from Asia provide strong
evidence of a dose–response relationship between drinkingwater arse-
nic concentrations and mortality due to cancers of the lung, liver, blad-
der and kidney (Chen et al., 1992;Wu et al., 1989). Furthermore, several
important studies evaluating influences on public knowledge of arsenic
contamination and the translation to well water stewardship behaviors
have been undertaken in Bangladesh, the country most severely affect-
ed by arsenic poisoning of domestic wells (Aziz et al., 2006; Hanchett
et al., 2002; Opar et al., 2007; Paul, 2004). These studies have shown
that effective awareness initiatives can help to inform the public about
arsenic-related well water health risks, and in some cases facilitate pro-
tective behaviors (e.g. switching sources) (Madajewicz et al., 2007), but
that this knowledge is not always translated into comprehensive or en-
during protective practices with some populations continuing to con-
sume arsenic polluted well water (Aziz et al., 2006). This gap between
arsenic knowledge and protective behaviors has been primarily attrib-
uted to factors such as poverty, educational attainment and inconve-
nience of alternative supplies (Aziz et al., 2006; Hanchett et al., 2002),
suggesting that particular groups of well users may lack the individual
and/or social capacity to modify their risk exposure. The applicability
of these findings to more developed regions, such as Canada, also facing
endemic arsenic exposure in groundwater, has not been comprehen-
sively researched.

Concentrations of arsenic in drinkingwater supply in North America
are on average lower than those found in Asia although very high levels
have been recorded in some regions (NDRC, 2000; Nielsen et al., 2010).
Recent studies have shown that chronic exposure even at low tomoder-
ate levels is a contributor tomany adverse health outcomes (Argos et al.,
2010; Karagas et al., 2001, 2004; Naujokas et al., 2013). It has been esti-
mated that up to 30 million people in North Americamay be exposed to
arsenic contaminated groundwater (NDRC, 2000) and in some areas
concentrations exceeding those at the focus of international concerns
in Asia (N100 μg/L) have been found (Nielsen et al., 2010). Arsenic con-
centrations exceeding the internationally recognized safe drinking
water guideline level of 10 μg/L have been reported in groundwater
supplies across the United States (Ayotte et al., 2003; Kumar et al.,
2010;Welch et al., 2000),with higher concentrations (N50 μg/L)mainly
found in theWest, Midwest and Northeast of the country (Welch et al.,
2000). National level data on groundwater arsenic occurrence in Canada
is limited, but most provinces and territories report some areas where
arsenic can be detected in private drinking water supplies (McGuigan
et al., 2010). Documented hotspots with concentrations of arsenic
above 10 μg/L have been reported in southern British Columbia, Alberta,
Manitoba, northeastern Saskatchewan, New Brunswick, Newfoundland
and Labrador and Nova Scotia (Mattu and Schrier, 2000; McGuigan
et al., 2010; Peterson and Sketchell, 2003). Arsenic in groundwater is es-
pecially prevalent across parts of eastern Canada, including Nova Scotia.

In the United States more than 43 million people (15% of the popu-
lation) rely on domestic wells as their source of drinkingwater, most of
which is unregulated for water quality or safety (DeSimone, 2009). In
eastern New England, approximately 100,000 people with private
wells are estimated to have water with elevated arsenic concentrations
above 10 μg/L (Ayotte et al., 2003). An estimated 13% of Canadians (3–4
million people) also rely upon private wells as a source of drinking
water (Charrois, 2010), but in some provinces the proportion of well
users is much higher. For example, in Nova Scotia 40% of households
source water from a private well. Estimates for private well water qual-
ity across Canada suggest that between 20 and 40% of private wells may
fall outside of safe drinking water quality guidelines for either microbi-
ological or chemical contaminants (Van der Kamp and Grove, 2001).
Public water suppliers in Canada are legally required to provide drink-
ing water with arsenic concentrations below 10 μg/L, but water quality
in private wells managed by individual households is unregulated
(McGuigan et al., 2010). Canada's private well users are advised by the
relevant government agency to have their supply tested regularly for
arsenic and other chemical and bacterial contaminants but there is no
legal requirement to comply with these recommendations (Charrois,
2010). It has been observed that the onus on Canada's private well
owners to protect their own drinking water supply is ineffective in
provision of safe drinking water due to a general lack of awareness of
water quality issues and well maintenance procedures by well owners
(Novokowski et al., 2006). The extent to which these deficiencies in
well user awareness and management capacities apply to the specific
case of arsenic contamination risk in private water wells has not yet
been fully investigated in Canada.

The aim of this paper is to identify deficits in public risk knowledge
regarding arsenic risk exposure in private wells in Nova Scotia, with a
view to identifying key channels for improved risk communication. To
facilitate this we assess perceptions of well water quality and safety,
knowledge of arsenic risk and well water testing behavior among a
demographic cross-section of well users residing in communities with
high to low arsenic concentrations in well water, utilizing a question-
naire survey and interviews. Factors influencing the construction of
knowledge for these different groups of well users, including official
channels of information and informal social networks are evaluated.
No large-scale survey has yet been conducted in any Canadian region
where arsenic is endemic in groundwater supplies and a large popula-
tion is potentially exposed to relatively high contaminant levels. Studies
undertaken elsewhere, including in Asia and the United States, have ex-
plored arsenic specifically in relation to risk awareness and stewardship
behaviors (Aziz et al., 2006; Hanchett et al., 2002; Paul, 2004; Severtson
et al., 2008;Walker et al., 2006), but not all these findingsmay be appli-
cable to the Canadian context. Unlike in Bangladesh, arsenic contamina-
tion of drinkingwater in Canada has arguably remained in the shadows
relative to higher profile concerns, including the microbial contamina-
tion experienced in Ontario's Walkerton tragedy, which have been the
sustained focus of media and political attention (Driedger and Eyles,
2003; Driedger, 2007; Prudham, 2004; Ritter et al., 2002).

Conceptually, this study draws upon a social construction of risk
perspective, which predicts the interaction of personal, social and local
contextual and cultural factors as experienced in everyday life as instru-
mental in defining environmental risk knowledge (Bickerstaff
and Walker, 2001; Bickerstaff, 2004; Wynne, 1991). An integrated
knowledge-to-action (KTA) methodological approach was utilized to
comprehensively assess the multidimensional factors shaping percep-
tion of well water contaminant risks, from a well user and stakeholder
perspective, and to understand the local contexts in which knowledge
is constructed and applied. The KTA process conceptualizes a cyclical
and dynamic interaction between knowledge creation and knowledge
application to reduce health risks (Graham et al., 2006), and has been
found to be effective as applied to the community aswell as clinical con-
text (Critchley et al., 2006). Prioritized within the KTA cycle is the need
to monitor knowledge use, assess barriers to knowledge use and adapt
knowledge to local context. The process of interactive engagement or
knowledge exchange with local communities and stakeholders is
central to this cycle, enabling a shift from the passive dissemination of
information towards an ongoing participatory process where different
interpretations of risk can be shared, knowledge deficits identified and
barriers to application of knowledge reviewed. Integral to this approach
is the need for various stakeholders in risk assessment to be participants
in the research process such that findings are relevant to knowledge
user needs (Graham et al., 2006; Straus et al., 2009). In the current
study, this provision is met through the participation of well users,
community representatives and government health and environment
experts, as well as through the expertise of a multidisciplinary research
team comprising epidemiologists, clinicians and hydrogeologists. Inter-
active engagement with these stakeholders provides a detailed under-
standing of contaminant risk knowledge at a local level and identifies
the most effective channels for future risk communication. Another
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prerequisite of the KTA approach is the need to situate current research
within the context of previous studies to identify knowledge gaps and
commonalities or inconsistencies in findings. In the following section
we thus review evidence relating to water quality risk perceptions
among private well users drawn from international studies.

2. Risk perception studies: background

Existing Canadian surveys of private well user practices either relate
to areas where arsenic is not endemic in groundwater (Jones et al.,
2006; Kreutzwiser et al., 2010, 2011), or are not specifically focused
on arsenic (Summers, 2010). These surveys provide some useful com-
parative data on the generic factors shaping risk perceptions and stew-
ardship behaviors, but their applicability to arsenic risk knowledge may
be limited. This is in part due to the fact that sensory and visibility pa-
rameters have often been found to be the most important prompt for
action to improve the quality or safety of drinking water (Doria, 2010;
Kreutzwiser et al., 2011; Novokowski et al., 2006). For arsenic, which
has no taste, color or odor, these types of prompts are absent but
there is limited information on the alternate channels that might
shape knowledge or act as a prompt for water testing in such cases.

The only reliable method to detect arsenic is to test well water at an
accredited laboratory but data on current testing habits of well users is
not routinely collected by Canadian drinking water agencies. The few
independent surveys that have been conducted in Canada suggest that
most private well users have a high level of confidence in the quality
of their drinking water even though few regularly test their water sup-
ply for bacterial or chemical contaminants (Jones et al., 2006;
Kreutzwiser et al., 2011; Summers, 2010). In the largest of these surveys
90% of 1567 Ontario well users were found to have tested well water
quality at least once, although 65% had tested only once every two
years or less, and very few had tested their water for parameters other
than bacteria (Kreutzwiser et al., 2010). Survey results from another
Ontario study reported that only 8% of private well users surveyed
(n = 246) adhered to the provincial water testing recommendation,
while 60% believed their water to be safe for drinking (Jones et al.,
2006). Commonly reported barriers found to constrain regular testing
among well users are inconvenience, procrastination and a lack of
knowledge of good stewardship behaviors (Jones et al., 2006;
Kreutzwiser et al., 2011), with these factors having been found to be
more prominent than financial costs as barriers to testing (Jones et al.,
2006; Summers, 2010). Furthermore, simply having water tested will
not guarantee that well users have a comprehensive knowledge of
personal drinking water safety. In an Ontario-based study it was found
that 16% of those that had tested reported they did not understand
their test results (Kreutzwiser et al., 2011), while a fifth of those
reporting testing in the Hamilton-based study were unaware which
bacterial or chemical parameters had been analyzed (Jones et al., 2006).

The relation between well user perceptions of arsenic risk and pro-
tective behaviors, including both testing and treatment, has been the
focus of two surveys in the United States (Severtson et al., 2006; Shaw
et al., 2005; Walker et al., 2005, 2006, 2008). A survey of 545 private
well users inWisconsin with arsenic levels exceeding the safe guideline
level (10 μg/L) found that participants who identified a water problem
were more likely to reduce exposure to arsenic, but that 60% perceived
they had safe water (Severtson et al., 2006). Of participants with higher
measured arsenic levels 20% also reported arsenic lower than theirmea-
sured well test indicated (Severtson et al., 2006). A survey in Churchill
County, Nevada, where there had been widespread media publicity
about high levels of arsenic in drinking water, found that 25% of well
users surveyed (n = 351) were highly concerned about arsenic, while
28% were not at all concerned (Walker et al., 2006). Additionally,
while the majority of respondents (75%) consumed water from private
wells, only a minority (38%) applied treatment (Walker et al., 2006).
Among those who reported being highly concerned about arsenic in
water, 37% reported consuming tap water with concentrations of
arsenic above 10 μg/L. These findings indicate that not all households
living in known high arsenic areas take action to avert risk. This paradox
has been attributed to a lack of understanding about measured concen-
trations in drinking water and misinterpretation of guideline levels
(Walker et al., 2006), but evidence to support this hypothesis is limited.

As has been observed in a study of arsenic knowledge in Bangladesh:
“With taste and appearance not being an issue andwith health risks being
an abstract notion, it is essential for public-health officers to increase pub-
lic awareness of risks of arsenic to change the behavior of peoplewho use
this water” (Aziz et al., 2006, p328). However, improving knowledge re-
garding the risk of arsenic exposure in drinking water sourced from pri-
vate wells presents some considerable challenges and dilemmas from
the perspective of scientific experts, public health officials and drinking
water agencies. One issue concerns the translation of complex scientific
data into meaningful risk messages for the public. A Canadian review of
arsenic information found that this can be difficult to locate and access
for well users and that the interpretative quality of onlinemaps and data-
bases providing data on arsenic concentrations in local groundwaterwells
was highly variable between provinces and territories (McGuigan et al.,
2010). The variability in spatial distribution of arsenic in groundwater,
which can vary within small areas and between neighboring wells
(Paul, 2004), presents further difficulties for those involved in risk map-
ping and modeling, and for groups involved in risk awareness and com-
munication. Questions about the appropriate scale for geological risk
mapping further highlight socio-political dimensions of risk communica-
tion. For example, identifying arsenic hotspots may contribute to neigh-
borhood stigma and property devaluation for local residents, as found in
a study in two Maine towns where 14% of private wells were found to
have arsenic concentrations exceeding the EPA standard that produced
a 2–3 year decrease in property prices (Boyle et al., 2010).

Well users' understandings of risk are not only formed through in-
terpretation of information from the media or government agencies
but are also shaped by a variety of personal, social and situational factors
(Inauen et al., 2013; Mosler et al., 2010; Severtson et al., 2006). Socio-
psychological models have been applied to systematically review the
relative significance of such factors as predictors of arsenic risk aware-
ness and averting behaviors among different groups of well users in
Bangladesh (Inauen et al., 2013; Mosler et al., 2010). From these studies
social norms have been identified as a key predictor of risk aversion
behavior relative to personal cognition gained through information in-
dicating that transformation of habitual behaviors is the key to success-
ful arsenic remediation. Contributions to risk knowledge research from
geography, sociology and anthropology have further perceived knowl-
edge of, and responses to risk, as being constructed in the context of
peoples' everyday lives and framed by different cultural worldviews
and social values (Bickerstaff, 2004; Douglas, 1986). This socio-
cultural approach has been applied in the context of chemical contami-
nation of drinkingwater to identify how factors such as individualismor
collectivism at a societal level can define how peoplemake sense of and
adapt to risks (Fitchen, 1987). For example, in situations where rural
American households face groundwater contamination risks it has
been observed that traits of self-reliance and independence over well
water supply are valued, even if this means selecting contaminated
sources over ‘city water’ provided through a central municipal network
(Fitchen, 1987). It has also been asserted that peoples' understanding of
risks may be framed more by direct experience and localized environ-
mental knowledge than by expert risk assessments (Bickerstaff and
Walker, 2001; Bickerstaff, 2004; Fitchen, 1987). Applied to the context
ofwellwater, peoplemay thus relymore on their own senses, neighbor-
hood networks or knowledge of the local environment to identify
risks rather than trust in official information, to the extent that
theymay question the validity of test results or foster a sense of person-
al risk immunity even in areas of known environmental concerns
(Fitchen, 1987).

Demographic factors, such as age, gender, education, presence of
children in a household and socio-economic status may also have a
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bearing on interpretation of drinking water risks, but the relative influ-
ence of these factors is unclear. A study of arsenic awareness campaigns
in Bangladesh found that the socio-demographic profile of the house-
hold (education, age or sex) did not affect the propensity of the house-
hold to be influenced by these campaigns (Aziz et al., 2006). The same
study found that households perceived a higher health risk from arsenic
exposure if there were children in the household, although this associa-
tion did not mean that people were more likely to take actions to avert
arsenic exposure. Principal factors that increased the likelihood of
avoiding exposure were shorter distance to alternative arsenic-free
sources of water (convenience) and higher educational level (Aziz
et al., 2006). In another Bangladesh survey it was found that gender
can be an important influence on responses to arsenic contamination,
for example, whether men or women take on the household water
management role, and that better educated people are more likely to
understand health risks associated with drinking water (Hanchett
et al., 2002). Income has also been found to be an important predictor
in terms of the ability to take advantage of alternative water supplies
in developing regions (Hanchett et al., 2002). An area that has been little
researched is the difference between awareness among rural and urban
households. Most arsenic risk awareness studies to date have been con-
ducted in rural areas of Bangladesh and it has been observed that risk
awareness of urban populations on wells deserves more attention in
order to determine the relative influence of factors such as access to in-
formation or testing/treatment services (Hanchett et al., 2002). The in-
fluence of socio-demographic characteristics on arsenic awareness and
testing propensity has received some attention in the developed
world. In the Wisconsin arsenic risk awareness study it was found that
younger participants were more likely to use protective behavior,
while women had lower personal safety thresholds and perceived
more barriers to risk control and stronger health consequences than
men (Severtson et al., 2006). The same study reported that higher edu-
cation levels were associated with better utilization of information on
well water risks and prevention and a worse perception of water qual-
ity. People with children in the household have also been reported to
make better use of arsenic risk information (Severtson et al., 2006). In
Canada, Kreutzwiser et al. have reported that demographic factors
were mostly unrelated to water testing behavior and that structural
constraints (e.g. convenience of sample bottle drop-off and pick-up)
and personalmotivation aremore important than education in present-
ing a barrier to regular testing (Kreutzwiser et al., 2011). However,
these findings relate to an area of Ontariowhere free testingwas offered
for bacterial testing and chemical testing was infrequent and it is un-
clear whether these constraints on sampling are even more influential
in jurisdictions without such provisions. In the Alberta well water sur-
vey it is reported that individuals who practice well water stewardship
are distributed geographically and across age brackets, education levels
and property types (Summers, 2010).

3. Methodology

3.1. Selection of study area and participants

A mixed methods approach, comprising a questionnaire survey and
semi-structured interviews with private well users and stakeholders,
was utilized to investigate public risk knowledge and factors influencing
perceptions and testing behaviors. Nova Scotia was selected for the
study location because of the large number of domestic well users at
risk of drinking arsenic contaminated water due to natural occurrence
in bedrock and soils. Groundwater arsenic occurrence in this region
has been linked to the Meguma geological terrane that contains signifi-
cant amounts of the mineral arsenopyrite (see Dummer et al., in this
issue). Arsenic levels in Nova Scotia drinking water wells N500 μg/L
have previously been found (Meranger et al., 1984) and levels N25 μg/L
have been found in 9% of N21,000 wells sampled between 1991 and
1997 (Nova Scotia Department of Environment, 1998). As in most North
American jurisdictions well owners are responsible for ensuring their
water supply is safe to drink.

Nova Scotia private well users living in areas classified as
representing low,moderate and high likelihood of arsenic risk exposure
were selected for the study. In the selection process we utilized a large
longitudinal health cohort, the Atlantic Partnership for Tomorrow's
Health (Atlantic PATH), which has recruited a geographically represen-
tative sample of 15,000 Nova Scotians for a comprehensive health and
lifestyle study since 2008. Approximately 3500 of these Atlantic PATH
participants submitted a tap water sample for arsenic testing. 9% of
drilled wells were above the Health Canada guideline limit (10 μg/L),
with significant variation in arsenic levels across the province. These
data were used to identify areas of higher to lower arsenic risk in
Nova Scotia for selection of survey and interview participants. Five
areas located within a 160-kilometer radius of Halifax were identified,
which encompassed 23 communities (see Fig. 1).

Study areas (1–5) each consisted of proximate communities and
represented distinct geographical groupings based on local knowledge
(e.g. South Shore, Eastern Shore). Each area had a relatively high pro-
portion of Atlantic PATH participants that were private well users who
had submitted tap water samples for analysis. Areas reflected variable
drinking water arsenic risk based on analysis of these samples (see
Table 1). Areas 1 and 3 included communities where a relatively high
proportion of wells (19% and 18% respectively) were found to contain
arsenic N10 μg/L, with a maximum level exceeding 500 μg/L in both
areas. Area 2 recorded moremoderate arsenic levels on average but ex-
hibited high variability in arsenic readings, with 6% of wells above the
arsenic guideline overall and amaximum concentration of 158 μg/L. Se-
lected higher-moderate risk communities were also situated close to
Halifax to facilitate researcher access for later interviews. Areas 4–5
had lower recorded well water arsenic concentrations.

The selection of areas was also informed on the basis of a range of
socio-demographic profiles (e.g. average age of residents, educational
level, average household income, proportion of residents born in the
community and relative mobility of population) (Government of Nova
Scotia, 2013). It was anticipated that this would capture a range of com-
munity and population characteristics likely to influence people's per-
ceptions and ability to access well water testing services. Local
contextual knowledge further informed our selection of communities.
For example, Waverley was included due to an incident of arsenic poi-
soning in the 1970s,which itwas speculatedmight heighten risk aware-
ness of participants living in this vicinity. Hammonds Plains and
Tantallon are communities with many new sub-divisions being devel-
oped with the expectation of many younger families moving onto pri-
vate wells, while other long-standing communities would be expected
to have a more established population of well users (e.g. Hubbards,
Lawrencetown and Waverley).

Questionnaire survey recipients were all members of the Atlantic
PATH cohort study residing in Nova Scotia. For the Atlantic PATH popu-
lation cohort (n = 15,000), at the 95% confidence level and 5% margin
of error, we calculated, using standard methods, that the minimum
questionnaire response sample size was 375. All Atlantic PATH partici-
pants that had submitted tap water samples and lived in the selected
study areas (1–5)were initially selected for receipt of the questionnaire
survey, resulting in a total of 610 surveys mailed (see Table 2). The sur-
veywas sent to a further 183 Atlantic PATH participants from across the
5 study areas that had not submitted a tap water sample to account for
the possibility that people in the former group might already be more
aware of arsenic contamination issues. The second set of non-sample
participants was generated randomly from Atlantic PATH Nova Scotia
participants using private wells within the selected study areas (1–5).
The random selection of non-sample participants was proportional to
the total samples in the tap water study cohort for each area. In total,
793 questionnaires were sent out; the total number of completed postal
and online surveys received was 420 (53% response rate) exceeding
the required minimum sample size of 375. As anticipated a slightly



Fig. 1. Percentage of tap water samples above arsenic guideline in selected study areas.
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higher response rate was recorded for the ‘tap water sample’ group
(55%) than the ‘non-tap water sample’ group (46%) potentially due
to this group already being more aware of arsenic concerns in well
water (see Table 2). The response rate was relatively consistent
across different geographic communities, although the South Shore
Area (1) recorded a noticeably higher response rate for those that
had taken part in the tap water study (65%). All participants were
Table 1
Results of tap water arsenic analysis for selected survey areas.

Area Number
of samples

Mean arsenic
level (μg/L)

Maximum arsenic
level (μg/L)

Percentage above
10 μg/L

1 157 9.3 543 19
2 228 3.4 158 6
3 151 15.8 511 18
4 45 1.3 10 0
5 35 1.8 13 3
Overall 616 7.6 543 12
informed at the outset that returning the survey was taken as con-
sent to participate in the study.

In addition to the survey, 32 well users were interviewed. Partic-
ipants were randomly selected from the Atlantic PATH cohort popu-
lation who lived in higher-moderate risk communities but had not
participated in the previous tap water study. Potential interviewees
(n = 80) were sent a letter outlining the study and a consent form.
Two-thirds of participants (n = 23) were interviewed at home by
project researchers in order to facilitate collection of a tap water
sample for chemical analysis, which was offered as an incentive for
participation. The remaining participants opted for a telephone
interview (n = 9) for convenience. Semi-structured interviews
(n = 15) were conducted with government stakeholders from vari-
ous provincial public health and environment departments, and
community organizations responsible for education and outreach
activities, along with testing and treatment organizations. These
interviews were designed to understand the barriers that can influ-
ence the circulation of risk awareness knowledge between experts
and the public and impede the translation of risk knowledge into
routine testing behavior. Written consent was provided by all well
user and stakeholder interviewees.



Table 2
Number of participants from each study area selected for the well water survey and response rates.

Study area # Surveys sent/tap-sample # Surveys sent/non-samples % Total surveys sent # Returned survey (% response rate)
tap-sample

# Returned survey (% response rate)
non-sample

Area 1 155 47 25 101 (65) 22 (47)
Area 2 226 68 37 115 (51) 30 (44)
Area 3 151 44 25 79 (52) 21 (48)
Area 4 43 13 7 22 (51) 6 (46)
Area 5 35 11 6 19 (54) 5 (45)
Totals 610 183 100 336 (55) 84 (46)
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3.2. Survey and interview design

Survey responses were used to evaluate individual risk perceptions
regarding water quality parameters and testing behaviors and to inves-
tigate the relative importance of individual and social factors in shaping
these. The survey addressed three key themes relevant to the objectives
of this paper: (i) perceptions of well water quality and current usage
practices; (ii) routine testing practices; and, (iii) sources of information
on well water testing. The survey included a selection of closed and
open-ended questions; the former allowing for summary comparisons
and quantification of results, the latter providing the basis for more in-
depth enquiries and for evaluation of experiences, opinions and values
shaping risk evaluation (Bird, 2009). Likert-type scales were used to
evaluate the level of agreement or disagreement with relation to select-
ed topics throughout the survey, including ease of testing and access to
information. The survey was piloted with 15 local well users to ensure
clarity of questions, relevance to local context, appropriate completion
time (15–20 min on average) and validity of responses for comparative
analysis. The questionnaire was designed as a postal survey to be self-
completed in participants' homes with an online survey option also
made available to maximize participation.

Existing individual household socio-demographic data (sex, age, in-
come, education, children in household, rural/urban postal code loca-
tion) already collected by Atlantic PATH were linked to the well water
survey responses. This allowed for evaluation of risk knowledge and
testing practices among different groups of well users, such as whether
the presence of children in a household affected the level of concern
about arsenic in a household, or if level of education was a predictor of
more regular well water testing. Although gathering information on ar-
senic risk perceptions and testing practices was the primary focus, the
survey also explored perspectives on a range of other drinking water
quality issues in order to establish relative awareness and concern
about microbiological or chemical contaminants, and those that are
more or less visible. Questions on sources of information provision en-
abled us to quantitatively evaluate the relative importance of individual
messaging or social networks as key channels for arsenic risk communi-
cation among our sample.

The quantitative survey was supplemented with semi-structured
interviews with well users and private well stakeholders, which were
designed to provide an in-depth understanding of key personal, social
and local factors that coincide to shape risk knowledge formation
amongst well users and to mediate testing behaviors. Interviews with
well users followed the main survey themes of quality/safety percep-
tions, testing behaviors and sources of stewardship information as a
guide, but questions were adapted in line with emergent topics raised
by participants. During the interviews more detailed information on
residential and family history, experience as a well user and local
environmental knowledge concerning water supply issues was also
collected. Stakeholder interviews with representatives of drinking
water agencies, public health providers and community organizations,
followed a semi-structured format with specific themes adapted to
respondents, based on their areas of expertise such as education,
advocacy or regulation.
3.3. Survey and interview analysis

Survey responses were analyzed using the statistical software pack-
age STATA. Frequency distributions were generated for ordinal scale
and nominal scale responses. To explore geographic variations in re-
sponses to questions related to perceptions of risk or knowledge about
well water problems in local communities the responseswere cross tab-
ulated by geographic survey areas. Chi-squared tests were used to eval-
uate the significance of variation in responses among those residing in
different geographic areas. All interviews were recorded, transcribed
verbatim and coded by key themes in Atlas-ti qualitative analysis soft-
ware by the project coordinator and a research assistant. Interview
data were originally coded into key categories (e.g. perceptions, testing,
information)with further sub-categories identified through subsequent
analysis of responses to identify common focal points emerging from
discussions. Dalhousie University Health Sciences Research Ethics
Board approved all aspects of the study.

4. Results

4.1. Survey results

4.1.1. Socio-demographic characteristics of well users
Table 3 provides detailed characteristics of the socio-demographic

profile of survey participants, with a breakdown by residential risk area
(1–5). The majority of the survey respondents overall were female
(70%), which corresponded with the Atlantic PATH participant gender
distribution. There were also a higher proportion of female participants
in the lower arsenic exposure risk areas (4–5) compared to higher and
moderate risk areas. Age distribution reflected the range (35–69 years)
required for participation in the Atlantic PATH study,with 65% of respon-
dents aged over 50 years and 9% aged 40 or under. This age distribution
did not vary by risk area. In terms of family structure, 28% of well users
overall reported children living at home, with a significantly lower
proportion (17%) in the lower risk areas. 85% of respondents lived in
communities classified as urban, which reflects the selection of survey
participants primarily from areas closer to Halifax. Atlantic PATH cohort
participants are in general well educated and relatively wealthy, consis-
tent with this 43% of respondents reported a household income
≥$100,000, and 47% had a University education. While income did not
vary by risk area, educational attainment did, with a lower proportion
of those with a university education residing in the lower risk areas.

4.1.2. Risk perceptions of Nova Scotia well users
Perceptions of overall well water quality among well users were

generally positive, with 74% of respondents describing the overall
quality of water from their well as ‘good’ or ‘very good’ (see Table 4).
Most individual sensory or aesthetic water quality indicators (taste,
smell, color and clarity) were rated highly bywell owners, with approx-
imately 80% of respondents for each of these parameters recording
‘good’ or ‘very good’ responses. The majority of respondents (83%) re-
ported using their well as a source of drinking water and for other
household activities (e.g. cooking, tooth brushing). One third of



Table 3
Socio-demographic characteristics of the study population, overall and by arsenic risk area,a (number and percentage).

Arsenic risk area

Overall Area 1 Area 2 Area 3 Areas 4 & 5

Total 420 (100%) 123 (29.3) 145 (34.5) 100 (23.8) 52 (12.4)
Sex
Male 121 (29) 33 (26.8) 48 (33.1) 33 (33.0) 7 (13.5)
Female 299 (71) 90 (73.2) 97 (66.9) 67 (67.0) 45 (86.5)

χ2 test for difference between areas: 8.37, p = 0.04
Age

≤44 82 (19.5) 24 (19.5) 32 (22.1) 17 (17.0) 9 (17.3)
45–54 111 (26.4) 31 (25.2) 40 (27.6) 28 (28.0) 12 (23.1)
55–64 159 (37.9) 42 (34.2) 54 (37.2) 41 (41.0) 22 (42.3)
N65 68 (16.2) 26 (21.1) 19 (13.1) 14 (14.0) 9 (17.3)

χ2 test for difference between areas: 5.44, p = 0.79
Education
Did not answer 16 (3.8) – – – –

High School 70 (16.7) 14 (12.1) 25 (17.7) 23 (23.5) 8 (16.0)
College 135 (32.1) 33 (28.7) 42 (29.8) 33 (33.7) 27 (54.0)
University 199 (47.4) 68 (59.1) 74 (52.5) 42 (42.9) 15 (30.0)

χ2 test for difference between areas: 18.78, p = 0.005
Annual Income ($)
Did not answer 27 (6.4) – – – –

b50,000 55 (13.1) 11 (9.9) 16 (11.4) 18 (19.8) 10 (20.0)
50,000–74,999 81 (19.3) 18 (16.2) 31 (22.1) 18 (19.8) 14 (27.5)
75,000–99,999 78 (18.6) 24 (21.6) 26 (18.6) 17 (18.7) 11 (21.6)
100,000–149,999 113 (26.9) 41 (37.0) 36 (25.7) 25 (27.5) 11 (21.6)
≥150,000 66 (15.7) 17 (15.3) 31 (22.1) 13 (14.3) 5 (9.8)

χ2 test for difference between areas: 16.48, p = 0.17
Households with children
Did not answer 19 (4.5) – – – –

Yes 117 (27.9) 28 (24.1) 54 (38.3) 27 (28.1) 8 (16.7)
No 284 (67.6) 88 (75.9) 87 (61.7) 69 (71.9) 40 (83.3)

χ2 test for difference between areas: 10.79, p = 0.01
Urbanicity
Urban 355 (84.5) 113 (91.9) 145 (100) 76 (76.0) 21 (40.4)
Rural 65 (15.5) 10 (8.1) 0 (0) 24 (24.0) 31 (59.6)

χ2 test for difference between areas: 114.63, p b 0.001

a Arsenic risk areas 4 and 5 (low risk) were grouped due to the relatively small number of participants in each area.
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respondents reported being ‘very confident’ that their well water was
safe to drink, while a further 41% expressed they were ‘quite confident’
with relation to well water safety (see Table 4).

Also recorded in the survey were well user concerns about health
risks associated with some key contaminants (arsenic, lead, urani-
um, nitrates, bacteria) verified by government experts as being
Table 4
Well user responses concerning quality and safety of their well water.

Very good Good Ac

Water quality rating
Overall quality 175 (42%) 134 (32%) 70
Taste 209 (50%) 123 (29%) 48
Smell 223 (53%) 106 (26%) 52
Colour 228 (54%) 119 (28%) 43
Clarity 230 (55%) 109 (26%) 54

Very confident Quite confident Ne

Confidence in water safety 138 (33%) 174 (41%) 53

Much better Better Th

Perception of quality compared to municipal water 94 (22%) 128 (31%) 97

No concern Low concern M

Concern about health risks related to
Bacteria 148 (35%) 152 (36%) 66
Nitrates 167 (40%) 150 (36%) 52
Arsenic 111 (26%) 142 (34%) 81
Uranium 159 (38%) 148 (35%) 63
Lead 159 (38%) 140 (33%) 53

b DNA = Did not answer.
those of most concern in the province with regard to health out-
comes. Of these selected contaminants, arsenic was the most com-
monly reported of ‘high concern’ (18% of respondents compared to
12% or less for other contaminants)—see Fig. 2. However, 60% of
well users reported having ‘no’ or ‘low’ concern about the health
risks of arsenic in their well water.
ceptable Poor Very poor DNAb

(17%) 24 (6%) 3 (1%) 14 (3%)
(11%) 24 (6%) 6 (1%) 10 (2%)
(12%) 25 (6%) 5 (1%) 7 (2%)
(10%) 18 (4%) 4 (1%) 8 (2%)
(13%) 16 (4%) 2 (1%) 9 (2%)

ither confident/unconfident Not very confident Very unconfident DNA

(13%) 30 (7%) 12 (3%) 13 (3%)

e same Poorer Much poorer Not sure/DNA

(23%) 57 (14%) 20 (5%) 24(6%)

edium concern High concern DNA –

(16%) 47 (11%) 7 (2%) –

(12%) 31 (7%) 20 (5%) –

(19%) 77 (18%) 9 (2%) –

(15%) 37 (9%) 13 (3%) –

(13%) 41 (10%) 27 (6%) –



Fig. 2. Relative health concern about key contaminants.
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There was no difference in perceptions of general water quality or
safety or heightened awareness of local well water problems, between
the tapwater sample study group and the non-sample sub-study
group. However, the tapwater sub-study group were significantly
more likely to have had an arsenic test (Χ2 = 3.99, p = 0.046) and
also significantly more likely to have health concern over arsenic
(Χ2 = 8.54, p = 0.036), while there was no difference in perception
between the two groups for the other contaminants evaluated.
4.1.3. Reported testing behaviors
Evaluation of the survey data on water testing practices can help to

determine if there was a scientific basis for the reported confidence
many respondents had in their well water. Most well users (90%)
reported having their well water tested at least once (see Table 5). Of
those that had tested, most reported that their well water had been an-
alyzed for both chemical and bacterial contaminants (81%), and 77%
reporting having tested for arsenic at some point in time. However,
most respondents did not test their well water regularly for contami-
nants as advised by Nova Scotia Environment (NSE), the government
agency responsible for provincial drinking water quality (Nova Scotia
Environment, 2008). For chemical testing, only 12% of respondents test-
ed once every two years ormore as per theNSE guideline. Half of the re-
spondents reported testing for chemical contaminants ‘irregularly’
(50%) and 29% reported testing ‘only once ever’. This reported testing
frequency is unsurprising as few respondents were aware of guidelines
issued by NSE. Only 8% of respondents correctly identified a recommen-
dation of ‘once every two years’ for chemical testing, while 74% ‘did not
know’ how often to test for chemical parameters.
Table 5
Well user testing behaviour.

Frequency of testing How often do you have
a chemical test of your
well water?a

How often does the Province
recommend you have a chemical
test of your well water?

At least once a year 17 (4%) 37 (9%)
Once every two years 29 (8%) 33 (8%)
Irregularly 165 (44%) –

Only once ever 97 (26%) 6 (1%)
Do not recall 26 (7%) 320 (76%)
Did not answer 42 (11%) 23 (5%)

a N = 376 participants (90%) who reported having had a well water test.
Themost commonly cited reasons for not testing at all were a lack of
concern and inconvenience (see Fig. 3). Only a few respondents
mentioned cost of testing as a disincentive for testing, although the offer
of a free test was commonly reported as a prompt for one-off testing.

With relation to interpretative or convenience factors that facilitated
or impeded well water testing, few survey respondents (≤10%) report-
ed difficulties related to finding a laboratory or taking the sample itself
(see Table 6). A slightly higher proportion of respondents (≥15%) de-
clared that they ‘disagreed’ or ‘strongly disagreed’, with the statements
that ‘deciding which contaminants to test for was easy’, ‘collection of
sample bottles’ or ‘delivery of sample bottles to laboratories was easy’
indicating that these tasks were more problematic for some. Half of
the respondents that had tested theirwater used the hospital laboratory
based in the main urban centre, Halifax, with others using private
laboratories in the city or other laboratories in major towns.

4.1.4. Public information provision and communication of arsenic risk
Two thirds of our respondents could not recall ever receiving any in-

formation on well water testing or treatment. Of the 34% of participants
that did recall receiving information only 10% reported receiving regular
information on testing. Details of key information sources reported by
well users are shown in Fig. 4. Themost commonly quoted sources of in-
formation were private testing/treatment companies, which were also
reported as the least trusted source. Usually information took the format
of flyers sent via direct mail to homes, advertisements in neighborhood
newspapers, or information picked up at local community events, such
as home shows. Government departments (health and environment
combined)were the secondmost common source of information report-
ed and thesewere considered themost effective and themost trusted for
advice. This information was usually solicited directly from visits to test-
ing laboratories to pick up sample bottles, visits to government offices or
accessed online (e.g. NSE's “Guide for Private Well Owners”, and the
“Drop onWater” factsheets). A third of those that had received informa-
tion on testing reported that this was from local contacts such as realtors
or friends and neighbors. Of those receiving advice a quarter claimed to
have made some change to well water protection behaviors as a result.
Usually this meant more frequent testing, installing a treatment system
or occasionally by seeking an alternative supply to well water.

Overall, results regarding quality of information provided in the prov-
ince indicated generally average or poor provision, with less than 15% of
participants rating information provision as ‘good’ and ‘very good’ in
any category (Fig. 5). Almost all respondents were unaware of any

image of Fig.�2


Fig. 3. Reasons for not testing well water.
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assistance programs for well water testing or treatment, with only 4 peo-
ple responding positively to this question, all ofwhommentioned theDe-
partment of Environment's Environmental Home Assessment Program
(EHAP) (Government of Nova Scotia, 2009). However, 35% of well users
reported theywouldfindhomevisits a ‘very effective’ formof information
provision indicating a high level of support for this type of initiative.
4.1.5. Risk perceptions and testing behavior by socio-demographic
characteristics and risk areas

Most socio-demographic factors (sex, income, education and pres-
ence of children in a household) had no effect on arsenic risk concern
or on testing behaviors (results not presented). However, in relation
to those having tested for arsenic at least once, older residents were
found more likely to have tested for arsenic (Χ2 = 8.90, p = 0.031).
Further analysis of responses by risk area (see Table 7), found residents
of higher risk areas to be more likely to report having had a problem
with their well water, to be more aware of problems with well water
in their community, and to be more concerned about arsenic compared
to respondents in the lower risk areas. Respondents in higher risk areas
were alsomore likely to have tested theirwell water at least once and to
have tested for arsenic at least once. However, there was no significant
variation in adherence to the chemical testing frequency recommenda-
tion by relative arsenic risk areas (1–5). Additionally, there was no re-
ported difference in adherence to testing guidelines or concern over
arsenic, between urban and rural areas (categorized by postcode). How-
ever, participants in rural areaswere significantly less likely to have had
an arsenic test (Χ2 = 17.93, p b 0.001) and more likely to report diffi-
culties in conducting a contaminant test (Χ2 = 10.85, p b 0.028).
Table 6
Participant responses to question ‘How strongly do you agree or disagree with these statemen

Strongly agree Agree

Finding a testing laboratory was easy 118 (31%) 141 (38%)
Deciding what contaminants to test for was easy 54 (14%) 110 (29%)
Collecting the sample bottles was convenient 94 (25%) 168 (45%)
Collecting the water sample was easy 139 (37%) 195 (52%)
Delivering the sample to the lab was convenient 63 (17%) 136 (36%)
4.2. Qualitative findings from well user interviews

Many of thewell userswe interviewed valued their well water high-
ly, expressing satisfaction with a range of qualities including taste, puri-
ty and freshness: “It's clear, it doesn't leave an aftertaste, it makes me feel
refreshed, it's always cold”. Many valued not having chlorine in their
water, due to a dislike of chemicals, smell or taste, although the lack of
fluoridation for some families with children was a concern. Those that
expressed dissatisfaction had often experienced a problem with their
water, most commonly aesthetic issues related to discoloration or
smell but often these had been easily remedied throughfiltering. A pref-
erence for well water over municipally supplied ‘city water’ depended
to some extent on people's previous experience, for example: “I was
new to Nova Scotia, so I never had water from a well before it was all mu-
nicipally piped so it took a little getting used to”. Others that had been on
municipal supply previously valued the convenience of ‘city water’:
“With municipal you don't have to worry, the municipality does a great
job, now we have to do all the work”.

Analysis of interviewdata, fromwell users residing in identified areas
of higher-moderate risk, provided further contextual details of how peo-
ple related to the arsenic problem at a personal and community level.
Over half of our interviewees reported that they knew arsenicwas a gen-
eral concern in Nova Scotia but did not identify this as a risk at a local
level, for example: “I know generally Nova Scotia has its own background
arsenic in the land, but not as a problem in this area”. Several of these par-
ticipants had heard of neighbors experiencing problemswith arsenic, but
this was rarely regarded as a personal threat to their own health even if
they resided in an area where elevated arsenic levels had been found
nearby: “Well it's not a problem on this road here but in some of the
ts about well water testing’.

Neither agree nor disagree Disagree Strongly disagree DNA

66 (18%) 34 (9%) 4 (1%) 13 (4%)
108 (29%) 73 (19%) 17 (5%) 13 (4%)
49 (13%) 47 (13%) 6 (2%) 12 (3%)
25 (7%) 3 (1%) 2 (1%) 12 (3%)
81 (22%) 70 (19%) 14 (4%) 12 (3%)



Fig. 4. Reported sources of testing advice.
homes right on the water they have some problems”. Several longer-term
residents mentioned arsenic as a problem specifically in the Waverley
area, but did not see this as a risk within their own neighborhood: “I
know there were issues in Waverley but that's it. Our neighbors have been
here for years and no one has ever mentioned it's a concern”.

Interviews added further insight into how stewardship behaviors,
including regular testing, might be mediated by factors such as local
knowledge or access to information and infrastructure. Many
interviewees reported that key prompts for testing their water were
sensory or aesthetic problems, most commonly discoloration and stain-
ing caused by iron, or a sulphur smell. Arsenic has none of these aesthet-
ic or sensory qualities and those that had tested for this contaminant
reported that the usual prompt was moving into a new home, when
mortgage lenders would require arsenic testing in areas of known occur-
rence in groundwater. However, a number of those that had experienced
this process indicated some concerns over the quality of arsenic risk



Table 7
Awareness of well water issues, concern for arsenic and testing for arsenic by arsenic risk areas, (number and percentage).

Arsenic risk area

Overall Area 1 Area 2 Area 3 Areas 4 & 5

Have you experienced problems with your well water?
Yes 189 (45.9) 59 (49.2) 67 (46.5) 51 (53.1) 12 (23.1)
No 223 (54.1) 61 (50.8) 77 (53.5) 45 (46.9) 40 (76.9)

χ2 test for difference between areas: 13.47, p = 0.004
Are you aware of problems with well water in your community?
Yes 202 (49.0) 61 (51.2) 81 (56.3) 53 (54.1) 7 (13.5)
No 210 (51.0) 57 (48.3) 63 (43.8) 45 (45.9) 45 (86.5)

χ2 test for difference between areas: 30.66, p b 0.001
Rate your level of concern about arsenic in well water
No concern 111 (27.0) 33 (27.3) 41 (28.5) 17 (17.9) 20 (39.2)
Low concern 142 (34.6) 38 (31.4) 51 (35.4) 33 (34.8) 20 (39.2)
Medium concern 81 (19.7) 31 (25.6) 26 (18.1) 19 (20.0) 5 (9.8)
High concern 77 (18.7) 19 (15.7) 26 (18.1) 26 (27.4) 6 (11.8)

χ2 test for difference between areas: 17.17, p = 0.046
Have you ever had your well water tested for arsenic?
Yes 288 (68.6) 95 (77.2) 108 (74.5) 69 (69.0) 16 (30.8)
No 132 (31.4) 28 (22.8) 37 (25.5) 31 (31.0) 36 (69.2)

χ2 test for difference between areas: 41.12, p b 0.001
Is respondent reporting chemical testing of well water that follows Provincial guidelines?
Yes 46 (13.8) 12 (11.7) 23 (18.3) 10 (13.5) 1 (3.2)
No 288 (86.2) 91 (88.4) 103 (81.8) 64 (86.5) 30 (96.8)

χ2 test for difference between areas: 5.43, p = 0.143

Arsenic risk areas 4 and 5 (low risk) were grouped due to the relatively small number of participants in each area.
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information provided through this property transfer process. It was re-
ported that many developers and builders provided only basic informa-
tion on potability or drinkability of water supply. However, several
people mentioned that they required more detailed information to help
them thoroughly assess the arsenic risk in their well, for example:
“Firms that are providing these homes are reluctant to divulge the informa-
tion even though they know there is a problem in the area, theywill only pro-
vide the treatedwater data not the raw results. They're reluctant to provide it
because they know it will be high and it's a kind of sneaky way to sell homes
without the owner knowing the full story about the water”. Responses also
suggested that being a new or experiencedwell user and having intrinsic
knowledge of local water issues was an important factor in determining
baseline knowledge and in how people sought out information on
water testing options: “I think people who aren't from the area they have
no idea…like they'll come from a place where they don't have the same
kinds of problems and the builders kind of glaze over it because they don't
want to hold anything up”. With regard to quality of information several
homeowners that were found to have elevated arsenic reported that
developers or realtors had reassured them that these levels were not
harmful to health:“At the time we bought it [the property] we made the
sale conditional on the testing of the well and it came back as being
borderline [for arsenic] but we were told it wouldn't hurt us. At that time, I
think the limit was 25 [μg/L] a lot higher than it is now”. In another case
the recorded arsenic level was more than ten times over the Canadian
drinking water guideline (10 μg/L), while reassurances were given to
the homeowner that this was not a health concern: “We had it checked
when we moved in and were told was that it had arsenic but that at our
agewewere too old for it to be harmful”. Several other homeowners report-
ed that they had been offered reassurances by developers or builders that
under the old guideline (25 μg/L) their water would have been safe to
drink. Interview results also indicated that well users in rural areas
faced challenges in accessing testing services: “I think what's very awk-
ward is, you know where I live in particular, what's being asked was a very
difficult thing to do because we are a working family with children, and to
try to get water tested from a remote community more than an hour away
from downtown, it was awkward to do that.”

With regard to information provision, it was observed that very few
well users had received government information on well water testing,
although several had sought advice independently. Most of those that
had contacted government departments found this information useful,
while those contacting private treatment companies indicated variable
satisfactionwith quality of advice, which reflected concerns over the re-
liability and impartiality of this information. Most well users believed
that more could be done by the government to assist people in testing
well water but a small number expressed a concern that this might re-
duce autonomy over well water management or result in an unwanted
financial burden for regular testing.

4.3. Findings from stakeholder interviews

Interviews with government stakeholders and other organizations
involved in outreach activities helped to understand barriers to effective
knowledge circulation around arsenic risk and well water protection.
Risk communication for arsenic was seen as problematic in a number
of regards. A general issue raised by those involved in public education
was the possibility of risk disclosure about arsenic generatingpublic fear
for which there was a limited support framework for assisting well
users in testing or treatment. This was seen to be an especially acute
problem for lower income groups living in rural areas that are far
from testing laboratories and which encounter multiple household
expenses with regard not only to water testing/treatment, but also to
septic field maintenance. Community outreach program coordinators
indicated a more targeted and focused EHAP-style program as an effec-
tive risk intervention approach in this context, although cost was
regarded as a significant barrier to the development of such hands-on
initiatives.

Several well users commented on the need for local community or
neighborhood level information on contaminant levels that would
help them to better assess the probability of their individual well con-
taining arsenic or other contaminants. However, another issue for
drinking water regulators and planners concerned the presentation
and interpretation of geological information on risk. Currently Nova
Scotia Environment produces a simple two-tier map indicating
two levels of risk based on geological probability of arsenic occurrence:
(1) areas where well water frequently exceeds the Canadian drinking
water quality guideline for arsenic; and, (2) areas that are less likely
to exceed the guideline. Testing is highly recommended for people liv-
ing in the higher risk area, but is also recommended for other areas
given the difficulty in accurately predicting high levels of arsenic in
local groundwater supplies. A concern for government stakeholders is
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that somewell users may interpret this information to mean that resid-
ing in a lower risk area negates the need to test regularly for arsenic. The
Nova Scotia Department of Natural Resources also produces amap indi-
cating arsenic risk in groundwater across the province based on provin-
cial geochemical data and point data from individual wells (Kennedy
and Finlayson-Bourque, 2011). However, whilst this is publically avail-
able online it may be difficult to navigate and interpret for many and
we found no evidence from our study that provincial well users are
utilizing this as a source of contaminant information even within the
relatively well-educated group surveyed. With regard to providing
more user-friendly, local-scale, map-based information on areas
where arsenic is more likely to be present, government stakeholders
also expressed wariness due to the potentially negative effects on prop-
erty prices and anticipated backlash from developers whose primary
objective is to sell homes.

5. Discussion

Results of hydrogeological risk mapping and well water sampling
studies have found levels of arsenic above international guidelines
across many parts of Nova Scotia, with variation in groundwater risk
exposure by area. These scientific risk assessments do not necessarily
align with risk exposure evaluations in the population we surveyed.
Our Nova Scotia survey results reiterate findings of other Canadian
well water surveys, which have reported a high level of confidence in
well water quality even though most people do not regularly test their
drinking water in line with advisories from government agencies
(Jones et al., 2006; Kreutzwiser et al., 2010, 2011). Previous risk percep-
tion studies have attributed expressed confidence in well water to a
number of factors, including preferences, individualism, and personal
invulnerability. Results reporting how people valued different qualities
of their drinking water offer some support for the importance of taste
and other aesthetic preferences in supporting well water consumption.
Many well users also considered their water as being of better quality
than alternative municipal supplies and few used alternative sources
for either drinking or cooking, showing a strong commitment to well
water. Interviews with well users helped to contextualize some of
these findings. Many well users expressed a dislike of chlorinated ‘city’
water, preferring the fresh and clean taste of their well water, while
others said they would welcome municipal supply extension if this
were available in their area at a reasonable cost for the convenience
and security of piped water. For others private wells were valued for
enabling independence and control over supply.

Most socio-demographic factors, including sex, income and educa-
tion, were not found to be a significant influence on frequency of testing
or on level of concern, similar to studies conducted elsewhere in Canada
and beyond (Aziz et al., 2006; Summers, 2010). Those in an older age
group in our study were more likely to have tested for arsenic, which
may reflect experience as a well user, more established social networks
for risk communication or more understanding of the local environ-
ment. Evidence that householdswith children aremore likely to express
concern over well water contaminants or to test more frequently is
mostly unsupported by our quantitative findings, although several
parents we interviewed did indicate that having young children was a
prompt for testing or treatment application. The lack of fluoride in
well water was also commonly mentioned as a concern for those with
young children. In response to evidence of adverse health effects to chil-
dren from drinking contaminated well water several leading public
health authorities in the United States, including the Centre for Disease
Control and Protection (CDC) and the American Academy of Pediatri-
cians (AAP), have recently called for long-term public health initiatives
to promote privatewell water quality awareness, testing and treatment.
The AAP's policy statement recommended that pediatric health care
providers ask families if they drinkwater from awell at home and called
for governments tomake privatewell water testing convenient and free
or inexpensive for families with children (Postma et al., 2011). Focusing
risk communication efforts on this group of families with babies and
young children is one priority area supported by this study in light of
the fact that our survey results indicate these familiesmay not necessar-
ily consider themselves at greater risk of adverse health outcomes. In
Nova Scotia this might be facilitated through intermediaries such as
public health nurses, pediatricians, family doctors and other community
health networks focused on mothers.

There is evidence of a localized relation between risk area, level of
arsenic concern and testing for this contaminant. Perceptions of well
water quality and safety in general did not vary greatly across risk
areas, but therewas heightened awareness of arsenic as both a personal
and community level health concern in areas where elevated arsenic is
more likely to be found. Those living in higher risk areas were also sig-
nificantly more likely to have tested for arsenic at some point although
whether this is related to local risk knowledge or other factors is un-
clear. Both open text survey responses and interview findings did sug-
gest that a key prompt for arsenic testing was moving into a new
home but this is at the discretion of mortgage lending institutions and
whether arsenic testing is only requested in higher risk areas is unclear.
It is also notable that living in a higher risk area is not a strong predictor
of increased likelihood of testing to guideline, or of awareness of provin-
cial government testing recommendations suggesting deficiencies still
exists in the translation of risk knowledge to routine stewardship
behaviors in areas of most need.

With regard to perceptions of risk from arsenic exposure many
interviewees identified a risk in their local area but did not always see
this as a direct concern in their own drinkingwater. Onemight interpret
these findings in a number of ways. It may be that people have a
well-developed understanding of local hydrogeology informing their
identification of local arsenic ‘hotspots’. Alternatively, as other studies
of risk perception have found, people may have developed a sense of
risk immunity or invulnerability regarding their personal risk of arsenic
exposure (Bickerstaff, 2004). In light of geological data that suggests ar-
senic occurrence is difficult to predict at amicro-scale and can vary from
well to well, this second explanation bears further scrutiny. Experience
of contamination incidents may also influence perceptions of risk. For
example, in Nova Scotia a case of arsenic poisoning was reported in
the 1970s in the community of Waverley, linked to contamination of
groundwater from historic gold mining activities (Grantham and
Jones, 1976). Several of the longer-term residents interviewed for this
study referred to this incident in evaluating drinking water quality
risks in their community, although whether this led to a heightened
sense of personal risk or contributed to the underestimation of risk in
other communities was unclear.

Factors such as inconvenience and inability to interpret testing
requirements have previously been shown to deterwell water steward-
ship behaviors to differing degrees. This is to some extent supported in
our survey, which found that deciding what contaminants to test for,
convenience of collecting sample bottles and delivering samples to a
testing laboratory were regarded as somewhat more difficult barriers
to testing than collecting the sample itself or finding a testing laborato-
ry. The significance of convenience factors in determining frequency of
testing is also indicated in well user interviews, especially for those
living further from Halifax, which is the site of the province's main
chemical testing laboratory. In discussion with well users we also
found that some used collection or drop-off facilities in their local com-
munities, including at local health centres, but that these were limited
and that some government offices had recently withdrawn these
services due to the cost of supplying bottles. Subsidized or free testing
is currently offered in some Canadian jurisdictions but this is usually
limited to only bacterial contaminants and is often costly to implement.
However, establishing a strong testing support system has been proven
to assist well users, as shown in a study in Ontario, where facilitating
ease of sample collection and drop-off was shown to double sampling
rates for bacterial and nitrate contaminants by private well users
(Hexemer et al., 2008).
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Results concerning sources of information suggest that official infor-
mation in the form of government arsenic factsheets are failing to reach
their target audience, with most well users accessing this information
reporting it was self-sought. Manywell users expressed distrust of arse-
nic awareness information from other sources, such as private testing or
treatment companies, but this is reported as the main channel of infor-
mation regarding well water concerns. Government stakeholders also
expressed concerns over risk communication deficits, including how
to present contaminant exposure data at an appropriately local scale,
resulting in limited well user knowledge of risk exposure to arsenic
and other contaminants of concern in their communities. Evidence
from interviews suggested that some well users would welcome more
detailed information on local contaminants of concern in order to assist
in decisions about buying a home or deciding which drinking water el-
ements to test. Currently the main channel for arsenic risk communica-
tion in Nova Scotia is the property transfer process but this may not
provide the most impartial or detailed advice nor does it guarantee
on-going testing. Nonetheless, realtors, developers and home builders,
represent important intermediaries or ‘knowledge brokers’ (Gagnon,
2011) in regard to mediating between scientific and public knowledge
of invisible drinking water contaminants and represent important risk
communication channels that could be better utilized. In this respect
government drinking water agencies might evaluate the costs and ben-
efits of more proactive regulatory approaches adopted elsewhere, such
as the mandatory testing legislation introduced for new wells (e.g. the
PotableWater Regulation for NewBrunswick) or at point of property re-
sale (e.g. New Jersey's Private Wells Testing Act). There is also the need
for a mechanism to update long-term well water users of changes in
guidelines for acceptable levels of water contamination and to encour-
age routine testing beyond the transition point of newwell construction
or property transfer.

Closer investigation of the efficacy of community intervention pro-
grams is another consideration for provincial private well stakeholders.
In some areas, dedicatedwell water awareness programs, incorporating
community workshops or home visits, have been developed. For exam-
ple, Ontario's “Well Aware” initiative has been operating since 2002 of-
fering free home visits and community forums to educate well owners
on local groundwater issues and to encourage testing for multiple
contaminants (Green Communities Canada, 2012; Novokowski et al.,
2006). Arsenic in drinking water is not the primary concern in Ontario,
but this intensive program has reportedly proven successful in encour-
aging improved well water stewardship practices, including increased
testing of water.Well water workshops have also been developed in Al-
berta (Government of Alberta, 2012) and British Columbia (Regional
District of Nanaimo, 2012), with federal-level support from Agriculture
and Agri-Food Canada (AAFC). Dedicated well water programs are
limited in other Canadian provinces including the Atlantic region
where arsenic in well water is a major concern. In Nova Scotia, the
Environmental Home Assessment Program (EHAP) offers advice on
well management and testing through home visits (Government of
Nova Scotia, 2009), but this reaches only a small fraction of the 40% of
households in the province on a private well water supply and, in com-
mon with other Canadian well water programs, EHAP has been subject
to erosion of funding support over time. In fact, less than 1% of our well
users mentioned this program.

A final observation from our results is the expressed concern by
some well users over the need for more regulatory intervention in
well water management, which is currently left to the initiative of indi-
vidual well users. As discussed, several jurisdictions in North America
have introduced rules concerning mandatory testing at the point of
property transfer or construction of new wells. The future for such reg-
ulatory interventions in Nova Scotia remains unclear with government
stakeholders expressing concern over the costs involved in administer-
ing such schemes and as one drinkingwater representative expressed it
whether this is an inappropriate and uninvited intervention where “the
onus is on the individual well owners really to take command and charge of
their own public health”. This fundamental question concerning the
balance of responsibility for private well water safety and public health
is one that needs to be addressed both provincially and at a national and
international level.

Overall several key strengths of this study are noted. The survey pro-
vides previously unrecorded data onwell user perceptions andpractices
in Nova Scotia, a region of endemic arsenic risk where there has been
limited media coverage related to local groundwater arsenic occur-
rence. Cross-tabulation of survey results by key socio-demographic
characteristics and by risk area increases understanding of the relative
importance of social and situational factors in influencing risk percep-
tions and the translation into stewardship behaviors, such as frequent
testing. Qualitative data fromwell user interviews adds another dimen-
sion of understanding to explore how personal risk knowledge is
formed in the context of deep-seated cultural values, social norms and
local experiences. Stakeholder perspectives provide further insights
into the informational and institutional barriers to translation of scien-
tific knowledge concerning arsenic risk exposure to the public and
highlights key communication channels to be explored.

Several limitations of the study are acknowledged. The survey
sample was limited to an older cohort of individuals, many of whom
are presumed to have been on a well water supply for many years.
Consequently, the perspectives of younger well users, those with chil-
dren and newcomers to private well supply may have been under-
represented. Further data on length of time on a well might be a useful
predictor of variation in well water stewardship behaviors and of the
requirements for more targeted interventions to assist groups lacking
expertise in well water management. Detailed cost barriers to regular
testing are not analyzed in this paper, but we might expect this to be
less significant as a barrier given the relatively wealthy population
surveyed. Previous well user surveys in developed countries have also
reported that factors such as inconvenience and lack of concern or
awareness are more often reported as reasons for infrequent testing
than cost (Jones et al., 2006; Summers, 2010). The finding that aware-
ness of arsenic risk and regular water testing behavior is limited even
in this relatively well-educated survey population is also noted, as is
the difficulty these relatively educatedwell users have in accessing reli-
able well water contamination data. Less educated and lower-income
well users, that are also more representative of the rural populations
surveyed, may face even more challenges in evaluating their personal
risk exposure and in accessing testing facilities. Furthermore, many of
the participants were drawn from a previous well water sampling
study and may be more aware of arsenic as a concern than the general
population. This may explain why one-off testing behavior amongst
the survey participants was high overall. An attempt wasmade to obvi-
ate this issue by also selecting a sample of participants who had not
received results of a well water test when they participated in the
study. Participants that had submitted a sample were also advised not
to include this when describing their testing behaviors although some
respondents may have failed to observe this directive. As the majority
of well users surveyed were classed as urban residents, issues
concerning access to arsenic awareness information or testing services
in rural areas may not have been fully captured, especially as interview
responses indicated thiswas a particular concern for those living further
from the city. Further research on testing behaviors incorporating
extreme rural populations living far away from water testing facilities
is warranted to overcome this limitation.

Finally, there is evidence to show that providing meaningful local
risk information, such as water test results, can result in changes in be-
havior to avoid health risks though thismay bemediated by factors such
as cost, convenience and educational level (Madajewicz et al., 2007).
However, we also acknowledge that simply knowing about the risk of
arsenic exposure does notmean thatwell userswill take action to reme-
diate this risk (Walker et al., 2005, 2006). A future issue to investigate is
thus whether knowledge of arsenic risk exposure through test results is
a precursor to risk averting action such as treatment application and
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ongoing maintenance to ensure correct functioning of such systems.
While, outside the scope of this paper future analysis of our survey
data with regard to treatment behaviors will enable us to more fully
assess the extent to which groundwater arsenic knowledge translates
into routine risk averting action for different groups of well users.

6. Conclusion

Overall this paper provides a comprehensive understanding of how
personal risk knowledge regarding arsenic in well water is shaped by
social, situational and structural factors that mediate the translation of
risk knowledge into routine water testing behaviors. Survey findings
reported show ahigh level of confidence inwellwater that is largely un-
related to relative risk of arsenic exposure assessed scientifically, regular
testing behaviors, or government information provision. Interview find-
ings suggest that drinking water quality assessments are more shaped
by well water experience, local knowledge, social networks and conve-
nience of infrastructure rather than by formal information channels,
which are failing to reach their target audiences. Insights from discus-
sions with well users and stakeholders highlight points for regulatory
and community-based interventions in support of improved well
water protection that utilize existing local networks, such as property
transfer or health-care networks. Such initiatives also need to be com-
bined with improved communication concerning local hydrogeological
occurrence of arsenic and the facilitation of individual risk assessments
through support for routine testing.

It is important that analyses of risk perception are grounded through
an understanding of how risk knowledge circulates at a local and
community level and how such knowledge is constructed through
existing channels such as neighborhood networks, media or govern-
ment messaging. In this respect utilizing a participatory and dynamic
KTA framework has many methodological advantages. A key benefit is
supporting ongoing community-based engagement with local well
users and knowledge brokers as a powerful tool for identifying popula-
tion sub-groups most at risk and for tailoring and refining arsenic risk
remediation programs. This KTA approach has much wider application
in other regions facing water contamination issues that arise from a
complex confluence of social and environmental risk factors, and for
targeting of community-based interventions designed to work within
specific local risk contexts.

Arsenic invisibility in well water compounds the public awareness
challenge through removing the prompt for reactive testing due to aes-
thetic or sensory changes in water quality. For contaminants with these
characteristics other channels for the circulation and communication of
risk need to be explored. In the case of arsenic, key knowledge brokers
include those involved in property development and transfer, but
highlighting contaminant concerns may conflict with priorities of
these groupswhosemain purpose is to sell homes. In this regard, our re-
sults indicate a stronger role for regulatory intervention by government
health or environment agencies. Strategies to implement more formal
requirements for well water safety monitoring will require improved
infrastructure, education and a shift from a more traditional onus on
individual monitoring and protection of private wells to building collec-
tive community and institutional capacity for risk management, as has
been proposed elsewhere for public water supplies. Given the demon-
strated poor compliance with recommended standards of well water
monitoring and the potential high level of health impact and future
healthcare costs from non-compliance, an investment in comprehen-
sive well user support programs including free or subsidized testing
for arsenic in regions where this is known to be a risk is likely to be
both socially and economically sound.
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