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Abstract

In Ontario, small non-community drinking water systems are defined as systems that make drinking water
available to the public and are not connected to a community drinking water system. This study, using qualitative
research approach, examines the risk awareness and perceptions of small non-community drinking water system
owners in providing safe drinking water to their clients and protecting their water source. Our study yields the
need for developing a sustainable operation model for small non-community drinking water systems. The study
results provide recommendations to the regulatory agency for effective and efficient administration of the
program such as offering customized and affordable training opportunities and developing effective
communication strategies for owners and operators.

Keywords: Ontario’s water systems, risk awareness, risk perceptions, small drinking water systems, source
water, sustainable water systems

1. Introduction

Waterborne disease outbreaks occur due to technical and/or operator failure at small, non-community drinking
water systems throughout the developed world in places such as the Province of Ontario, Canada (Pons et al.,
2015). What makes water quality management of Ontario’s small non-community drinking water systems
(SDWSs), which include facilities such as community centres, golf courses, libraries, motels, restaurants,
churches and gas stations, important and relevant is the significantly different regulatory regimes that govern
municipal water supplies and SDWSs. Furthermore, SDWSs have essentially been excluded from Ontario’s
relatively new source water protection framework. As a result of the current and emerging challenges including
climate change effects, sustainable operation of SDWSs is crucial in ensuring the provision of safe drinking
water. Sustainability of a water system depends on its operational capacity with adequate financial and technical
support as well as social and environmental dimensions, and the regulatory regime (National Research Council,
1997).

Instead of public health units or Ministries of the Environment, which oversee Ontario’s public water systems,
the owners of SDWSs play fundamental roles in ensuring safe drinking water is provided from their treatment
systems, and there has been a paucity of research concerning the efficacy of this approach. Our study aims to
address this research need by describing and explaining the risk awareness and perceptions of drinking water
system owners’ in providing safe drinking water to their clients and protecting their sources of water from
contamination.

As described in subsequent sections, a qualitative research approach is employed by conducting interviews with
the SDWS owners. The regulatory agency for Ontario’s SDWSs is the Ministry of Health and Long-Term Care
(MOHLTC). Public health units represent the Ministry at the local level. The results of our study will provide
insight for the regulatory agency for effective and efficient administration of the program. Furthermore, our
study results will establish foundational principles to develop a sustainable operation model for SDWSs.

1.1 Small Non-Community Drinking Water Systems in Ontario

There is no universal definition of a SDWS. Within the Canadian context, the definitions and regulatory
frameworks vary significantly among its provinces and territories. In Ontario, SDWSs are defined as systems
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that make drinking water available to the public and are not connected to a community drinking water system
(Ministry of Health and Long-Term Care [MOHLTC], 2015). Since the MOHLTC assumed the responsibility as
the regulator in 2008, over 9000 public water systems across Ontario have been identified as SDWSs drinking
water systems, mostly located outside of the urban centres (Pons et al., 2014).

It is estimated that 20% of Ontario’s population of 13.92 million people (Ministry of Finance, 2017) use SDWSs
and this does not include transient users of these facilities, such as travelers. Therefore, the number of SDWS
users is likely significantly higher, which further emphasizes the importance of ensuring safe drinking water in
these systems (Pons et al., 2015). Furthermore, susceptible and vulnerable population groups, such as the elderly
and young children, who are relatively more susceptible to diseases transmitted via unsafe drinking water are
using these systems on a very regular basis.

1.2 Some Recent Drinking Water Contamination Incidents

Recent drinking water tragedies in Canada and the United States have heightened awareness of human and other
errors. Just over a decade ago, the Walkerton (Ontario) drinking water tragedy occurred involving a public
drinking water system. An outbreak of gastroenteritis caused seven deaths and affected over 2300 people in this
outbreak and was the result of consuming contaminated water from the community drinking water systems in the
Town of Walkerton (Hrudey et al., 2003). Along with other reasons, human error and inadequate water testing
procedures played an important role in the occurrence of Walkerton tragedy (O’Connor, 2002).

Less than a year after the Walkerton tragedy, North Battleford’s Cryptosporidium outbreak affected close to 7000
residents in the Province of Saskatchewan (Hrudey, 2011). Although no one was reported sick, the community
water supply tested positive for Escherichia coli (E. coli) in Kashechewan First Nations, Ontario in 2005 which
caused a massive evacuation of the community and drew attention to the community’s ongoing water crisis for
several years (Hrudey, 2011). Most recently, inadequately treated community drinking water in Flint, Michigan
caused by chemical and microbiological contamination of the water affected 99,000 people between April 2014
and October 2015 (Kennedy et al., 2016; State of Michigan, 2016). The recent drinking water incidents figured
heavily in how Canadians think about their water supplies.

Although not all of these incidents involved SDWS, the problems are actually magnified for them given that
there is no mandatory management structure for SDWSs. Pons et al. (2015) reviewed the waterborne disease
outbreaks in SDWSs in the United States and Canada between 1970 and 2014, and reported that untreated and
inadequately treated water systems had been the leading cause of these outbreaks.

The 21* Century’s major drinking water contamination incidents in Canada, namely, Walkerton, Kashechewan,
and North Battleford resulted in a comprehensive revision of drinking water management in Ontario. One of the
outcomes was to amend the regulatory framework for SDWSs in Ontario.

1.3 Regulatory Framework for SDWSs in Ontario

Ontario’s regulatory framework for drinking water is complex with the involvement of various stakeholders,
which creates issues for the SDWS owners to figure out how to manage their systems on their own. Since the
Walkerton tragedy, the provision of safe drinking water has become a priority for Ontario’s government agencies.
The Walkerton Inquiry Report (WIR) offered several recommendations to improve the drinking water
management framework and served as a guide for all levels of government to demonstrate the best drinking
water management practices (O’Connor, 2002). Yet, the challenge for SDWS owners to understand the legal
responsibilities and demonstrate safe operational practices continues. Since the changes have been made based
on the WIR’s recommendations, better coordination among government agencies has been established.

The administration of the SDWS program is a unique example of this enhanced coordination among public
institutions. To utilize and maximize this local capacity, the Ministry of the Environment transferred the
oversight of SDWSs to the MOHLTC in 2008. Ontario’s 36 public health units that represent the MOHLTC’s
regulatory role at the local level have a wealth of experience in inspecting local establishments open to the public
such as food premises and public swimming pools.

Ontario Regulation 319 (Small Drinking Water Systems), enacted in 2008 under the Health Protection and
Promotion Act, requires the owners of SDWSs to take responsibility for the provision of safe drinking water by
complying with regulatory requirements (MOHLTC, 2015).

1.4 Source Water Protection

Source water protection (SWP) is a crucial step of the Multiple-Barrier Approach (MBA) as it addresses water
quality by recognizing complex, multidimensional effects at the source. According to Justice Dennis O'Connor,
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protecting drinking water sources constitutes the first step to preventing contamination (O’Connor, 2002).

Establishing a source water protection safety net is an economic necessity because treating polluted water has
been proven to cost more than keeping water clean at the source (Patrick, 2008). Also, social and environmental
factors play a significant role in ensuring water sources are protected from contamination. SDWSs have been left
out of Ontario’s source water protection framework which causes discrepancy among systems, namely SDWSs
and community drinking water systems, providing drinking water to the public. Including SDWSs and
recognizing the perceptions of their owners is fundamental to ensure a better source water protection in Ontario.
Thus, how owners manage their properties and interact with their neighbours and their properties can have a
considerable impact on ensuring the safety of source water.

As noted above, contaminated water was one of the causes of the Walkerton tragedy, and protecting drinking
water sources became a priority after this incident. Justice O’Connor (2002) made 17 recommendations in the
WIR to establish the province’s SWP framework. The provincial government acted on Justice O’Connor’s (2002)
recommendations by enacting several laws including the Safe Drinking Water Act in 2002, the Nutrient
Management Act in 2002, and the Clean Water Act in 2006; and creating new institutions such as Source Water
Protection Committees. The Clean Water Act establishes the legal framework for Ontario’s SWP and stems from
the application of the MBA principles (de Log et al., 2016). This study will explore the possible consequences of
the decision to exclude SDWSs from source water protection planning.

1.5 Risk Literature

The risk awareness and perceptions of the SDWS owners for the provision of safe drinking water and protecting
water sources have been understudied. Examining the SDWS owners’ perceived risks may be useful and
beneficial for the regulator in creating an efficient and effective model for the SDWSs.

1.5.1 Definition of Risk

Risk is a subjective and multidimensional term with several definitions. Most of our day-to-day activities such as
walking on the street, drinking a hot beverage involve some level of risk. Risk can simply be defined as the
possibility of an adverse event and the magnitude of its consequence (Sjoberg et al., 2004). Eiser et al. (2012)
define risk as a function of likelihood and value; whilst Slovic and Peters (2006) argues that risk is a natural
reaction to danger. Given the fact that risk is a widely accepted norm, individuals often assess and perceive risk
inaccurately (Jewel, 2009) and there are often differences in definition of risk between experts and lay public
(Slovic, 2000). For ease of discussion, this study categorizes the regulatory agency representatives as ‘experts’
and the SDWS owners as ‘lay public’.

In several instances such as the Walkerton tragedy, the water system operators’ risk perception was no different
than the lay public’s perception of safe drinking water (Parr, 2004) therefore the risk was not assessed properly
to respond with appropriate measures. Increasing risk awareness of the SDWS owners by offering training
opportunities can potentially reduce the risk for the provision of unsafe drinking water.

Although earlier studies assessed risk within the context probability and magnitude parameters with an objective
perspective; in recent decades the researchers widely accepted the subjectivity of risk (Slovic, 1997) and the
need for multi-dimensional assessment by considering culture, location, societal factors (Slovic, 2000). Spence
and Walters (2012) note that the water safety related research and policy work mostly examines the “objective
dimensions” while the “subjective dimensions” are often neglected. The ongoing access to safe drinking water in
Ontario’s First Nations is a fine example to define the need for multi-dimensional approach to defining risk and
recognizing its subjectivity. There is a significant difference in perceptions of water between Aboriginal and
non-Aboriginal community members as Indigenous view defines ‘water’ a living thing with spiritual connection
(Lavalley, 2006). To better communicate the risk and adequately train water system owners, cultural and societal
factors should be considered and furthermore, the owner’s risk perceptions are well understood. This study
recognizes the subjective dimensions to examine risk awareness and perceptions of the SDWS owners.

1.5.2 Risk Perception

Since people often make decisions based on their risk perceptions, understanding how people interpret and
respond to risks are as important as knowing possible outcomes (Brady, 2012). Elliott (2003) defines risk as a
‘judgement’ rather than a ‘physical form” and argues that “perceptions of risk will depend heavily on assessments
of the probability of an event and the severity of the impact, should the event occur” (p. 215). On the other hand,
Brown (2014) notes the individual’s frame of reference for risk perception as lifetime experience in addition to
other emotional stressors. An important consideration for the regulatory agency should be recognizing the
subjectivity of risk perception and ensuring the training programs and procedures are developed with extensive
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consultation with the SDWS owners. According to Sjoberg et al. (2004), the significant differences between the
ways content experts and lay public perceive risk may create obstacles to rational decision making. Kraus et al.
(1991) argue that experts should do a better job in explaining the risk to lay public and have consistent
messaging. Considering the Town of Walkerton’s water system operators lay public, the content experts which
can be considered the regulatory agency employees at the time, there was a significant discrepancy regarding the
definition and the parameters of safe drinking water (Parr, 2004). This study will contribute to closing the gap
between content experts, public health inspectors and the targeted audience, the SDWS owners.

In some cases, lay public might consider an event or a condition as ‘risky’ where experts in that area could see
little to no risk; the opposite is also true. Elliott (2003) agrees with Sjoberg et al. (2004) and summarizes key
differences in risk frames used by professionals and the public in Table 1. The recognition of considerable
difference in defining, analyzing and accepting risk between environmental professionals and members of the
public can be addressed by establishing effective and efficient risk communication strategies. When the
regulatory agency communicates risks in the provision of safe drinking water to the SDWS owners, the
aforementioned differences should be taken into consideration. Slovic (1987) defines the communication
between lay public and experts ‘a two-way process’ and notes the need for respect and recognition for efficient
and effective risk management and communication.

Table 1. Differences between professional and lay public risk frames (Elliott, 2003, p.216)

Environmental professionals risk frames Lay public risk frames
Meaning of risk Expected value of loss Variability and potential for
extreme outcomes
Method of inquiry Analytic and conceptual Experiential and reflective
Basis of trustworthy risk- Reliable physical systems Good people and institutions

management systems

Acceptability of risk Assessed relative to costs and other risks Preference for absolute reductions,
often to zero risk

Sjoberg et al. (2004) note “risk perception is the subjective assessment of the probability of a specified type of
accident happening and how concerned we are with the consequences” (p.8) and argue that social and cultural
norms play an important role in defining it. Brady (2012) agrees with Sjoberg et al. (2004) and notes that when
individuals have knowledge and control over the hazard or event they perceive it differently compared to
incidents where individuals have little or no control. Valerie (2014) also supports Sjoberg et al. (2004) and
emphasizes the unconscious emotional processes individuals experience during risk perception. Compared to
other jurisdictions, Ontario has the highest population depending on groundwater sources, yet the risk of unsafe
drinking water from groundwater sources is not well understood (Nowlan, 2007). Furthermore, traditional
approach to make drinking water laws with economic development focus has not shifted to enable new laws
where sustainability, social and cultural norms are considered in the process (Nowlan, 2007). Recognizing
subjectivity and valuing social and cultural norms in understanding the SDWS operator perception of risk in the
provision of safe drinking water constitutes a foundation to build a framework that will serve the needs of the
system owners and enhance the drinking water safety net.

Flynn et al. (1994) examine the effects of gender and race on perceptions of environmental health risks and
report that females and non-white males perceive risk significantly different from white males. Gender and race
are closely related to other social dimensions such as income, education and control over health risks (Flynn et
al., 1994), therefore accepting and framing risk differ between individuals and socio-groups. Overall, risk
perception is a subjective and multi-dimensional concept and listening to the SDWS owners is the first step to
create an efficient and effective communication strategies for the SDWS program. This study addresses a
significant gap in the current drinking water related research where the perspectives of SDWS owners may
enhance the efficiency and effectiveness of the current program delivery model.

1.6 Awareness and Risk Perception of Safe Drinking Water

Understanding how managers interpret and respond to risks is as a key aspect of the changes in water
management in Ontario and a consequence of downloading water protection (Brady, 2012). Considering the
importance of judgment and individual frames of reference in the risk literature, risk perception is a subjective
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concept which varies from one person to the other. Castleden et al. (2015) examine the public health implications
of drinking water-related behaviours and perceptions and conclude that an enhanced understanding of public
perceptions related to drinking water safety results in developing effective communication strategies.

The recent Kashechewan and North Battleford drinking water contamination events in Canada, which were
associated with community drinking water systems, resulted in a change in public behaviour towards tap water
(Davids, 2006; Hrudey, 2011). These two events resulted in increased numbers of people preferring not to
consume tap water and exploring alternatives such as bottled water (Dupont et al., 2010). Per unit volume, the
cost of bottled water is between 240 to 10,000 times higher than tap water (Jaffee & Newman, 2013; Saylor et al.,
2011). Although there is no study examining the overall financial burden to increased bottled water use since
Walkerton tragedy, the increase in the bottled water use is well documented (Jones et al. 2006; Jones et al.; 2007).
Doria (2010) argues that past experiences affect the users’ perceptions of water quality in tap water. Other studies
conclude that the major contributing factor for Canadians deciding not to drink tap water is their perceived
potential health concerns (Jones et al. 2006; Jones et al., 2007; Dupont et al., 2010; McLeod et al., 2014).

Social determinants of health, such as the conditions in which people live and work contribute to the
development of risk perception. To explore the social determinants of health for the provision of drinking water,
it is fundamental to investigate downstream factors such as the attitudes and behaviours of water system owners
and operators. These downstream behaviours are underpinned by upstream determinants such as social,
economic and environmental factors (Bravemen et al., 2011). Also, recognizing the level of adaptive capacity,
the ability to respond to change, provides a sound foundation to create sustainable water system operations.
There is a gap in knowledge and literature which needs to be filled by conducting further investigation. This
study aims at closing this gap by focusing on the attitudes and perceptions of the SDWS owners within the
context of social determinants of health and examines the effect of social, economic and environmental factors
on the provision of safe drinking water in SDWSs.

The Walkerton tragedy affected the public’s perception of drinking water from community water systems
(Turgeon et al., 2004). Parr (2004) examines Walkerton residents’ perceptions towards safe drinking water before
and after the tragedy and the effects of these perceptions, especially in the earlier stages of the tragedy. The
Walkerton residents’ perception of safe drinking water was based on parameters such as taste, thrift, and smell.
Moreover, respondents perceived that the chlorine-added drinking water as low-quality tap water (Parr, 2004).
Other studies also confirm the importance of aesthetic factors in the public’s perception of safe drinking water
(Doria et al., 2009; Doria, 2010; McLeod et al., 2014); yet the literature lacks information regarding the
perceptions of water system owners.

There are other factors that affect perception. Drinking water safety, especially in smaller communities, requires
collaboration among water management officials and residents as the operation of water systems results in
significant expenses. According to Johnston (2008), the public considers chemicals with which they are familiar
such as lead and arsenic riskier than those that are less familiar such as cadmium, perchlorate, even though they
pose the same level of concern based on the regulatory limits.

Although several studies and reports (Davids, 2006; Doria, 2010; Dupont et al. 2010; Hrudey, 2011; McLeod et
al., 2014; O’connor, 2002) examined the drinking water users’ risk awareness and perceptions regarding tap
water in general populations, there is a clear gap in the research literature documenting the perspectives of the
drinking water system owners who provide drinking water from their systems. The results of this study
will enhance the ability to actively apply the current knowledge into new program where the SDWS owners’ risk
awareness and perceptions in the provision of safe drinking water are considered.

2. Methods
2.1 Research Area

The study was carried out in one health unit in Ontario, Canada and the strategy for selection being in a central
location as well as having a rural and urban mix in its geography. Of the 36 health units in Ontario, the majority
(29) are located in Southern Ontario. The study region is Wellington-Dufferin-Guelph Public Health’s
jurisdiction which includes Wellington and Dufferin Counties, and the City of Guelph. This region is centrally
located in Southern Ontario, is 98% rural and 2% urban with 229 SDWSs (Wellington Dufferin Guelph Public
Health, 2016). Acknowledging its central location and the number of systems, this region provides a good
representation for Southern Ontario.

2.2 Participants

Sixteen SDWS owners in Wellington-Dufferin-Guelph region participated the interview. They came from all
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major types of businesses such as golf course, summer camp, restaurant, community centre, church, recreational
facility, municipal building, and conservation area. All participants owned their systems for five or more years,
and seven of the owners lived on the property where the system was located. Fourteen of the participants were
both owner and water system operator. Being both an owner and operator is a common practice in SDWSs as
hiring a water system operator is often cost prohibitive.

2.3 Data Collection

The researcher scheduled in-person or telephone interviews with the SDWS owners, who participated in the
study. For the interviews, the first preference was meeting face-to-face at a time and venue chosen by the study
participant. When meeting in-person was not possible, a telephone interview was conducted at a mutually
convenient time. All participants had the study clearly explained and informed consent was secured. There was
no financial compensation for their participation in the study.

The interviews were face-to-face (n=10) and over the telephone (n=6), and took between 35 and 90 minutes. The
interviews were audio recorded and later transcribed by the researcher. The analysis was managed using NVivo
(Richards, 1999). The use of inductive grounded theory enabled an iterative and interactive approach to construct
theory from data (Charmaz, 2012; 2006). When the saturation point is reached, it means sufficient perceptions
are collected and the new data would not change the newly generated approach (Tolhurst, 2012), In this study,
the perceptions and concepts became evidently similar by the 12th interview and the researcher continued the
interviewing with a few more participants to ensure no new information and perspective were disclosed or
discussed. As a result, the interviews were concluded when the saturation point was reached after 16 participants.
The Information Letter, Consent Form, and Interview Guide were submitted to Western University's Research
Ethics Board (REB) and received the approval in September, 2016.

The research data included interview transcripts. Interviews were recorded with an audio recorder with
participant consent. To increase rigour, the member checking process was used (Baxter and Eyles, 1997). The
results, discussion and conclusion sections, a total of 14 pages were shared with each study participant to provide
them an opportunity for review and further input. The participants were also provided with the transcript of the
interview upon request. Out of 16 participants, nine of them responded and were satisfied with the results and
interpretations.

The audio-recorded interviews were transcribed, verbatim, by the researcher. The interview data were analyzed
by using NVivo9™, a qualitative data management software program. To gain insight and knowledge from the
data and identify common themes, Thematic Analysis was employed. Vaismoradi et al. (2013) define Thematic
Analysis as an “independent and a reliable qualitative approach to analysis” (p.400). According to Clarke and
Braun (2017), TA brings flexibility and accessibility which results in generating useful results from the data
collected. Although TA initially explains the importance of themes for the research purpose, the identified
themes exist independently when the analysis is completed (Ho et al., 2017). Counting will be used through the
results section to provide context for recognition of patterns (Sandelowski, 2001).

3. Results

The interview guide topics included operational practices, water safety, training, communication. The analysis of
the interview data from the 16 SDWS owners yielded five main themes as explained below.

3.1 Theme 1: [ Also Drink the Water

The majority of participants reported that their families also used the water supplied by SDWSs, which brought
the conversations to a personal level and constituted a higher level of risk perception. Jane, owner of a golf
course stated: “...Because I live here water is safe for my family not just for my customers. I think it has a bigger
role that water is safe as I am drinking it too. it sounds selfish but it is real.’

Lisa who owns of a health and fitness club revealed: ‘There is no hiding anything, all of our employees, all of
our family, club members take water from the same system.’

When participants were asked to describe their water systems and discuss their operational challenges, all of the
respondents appeared to have a sense of ownership and responsibility. Five of the respondents experienced a
challenge to describe and discuss their systems’ operational challenges because of competing priorities in their
day-to-day business tasks. James described the reliance on the regulatory agency and lack of knowledge
regarding operational processes: ‘Probably little lack of knowledge with respect to what we are doing, as
everything is requested by the current Ministry of Health. Four participants discussed the occasional mechanical
and treatment system malfunctions and noted the importance of acting promptly when those issues arose.
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In response to the question “Please explain the importance of regularly testing your SDWS”, all the participants
indicated that testing was an important step in the provision of safe drinking water and commented on the
procedural and legal liability. Lisa stated: ‘We have the responsibility by law to test it regularly. As soon as we
learned about the risks and all that, we quickly hired an outsourced company...” Out of 16 participants, two of
them delegated the full responsibility to an outsourced company to operate their SDWSs.

Michelle, a golf course owner, also commented on the importance of regularly testing: *...Should
anything ever happen, accidents happen, we have a good record of showing due diligence...’

Nicole who owns a trailer park discussed the benefits of testing: You have that peace of mind that
you do not need worry about anything...I am also drinking the water myself here directly.’

The participants were also asked what they knew about their source water. Respondents were able to demonstrate
the knowledge about the location of their wells but the majority of the participants raised concerns regarding lack
of control over surrounding areas as it may affect the safety of their water source. The conversations mainly
focused on the agricultural or commercial activities of their neighbours, and the potential effects of those
activities on ground water quality where they had no control. Another golf course owner, Jane, illustrated the
external factors that may affect the water quality:

‘There is large 200 acres’ potato farm across from us who sprays and we keep the dog inside the
house, close our windows, two or three times a year they rotate their crops corn to potatoes to
nothing so that would be a possible source of contamination.’

Chemical contamination risk was not considered an issue for 12 of the owners. The participants associated the
risk of chemicals in drinking water with possibility of chemical spill. Nicole revealed: ‘We don't have any
dangerous industry people using chemical that can get into the water system, and there is nothing in our
proximity.’

Escherichia coli was considered the most serious contamination risk. Nine respondents made reference to the
Walkerton tragedy when answering the questions related to water safety. Lori summarized health effects of
unsafe drinking water in one short sentence: ‘lllness or death, Walkerton always comes to mind.” Lisa stated:
‘Ever since Walkerton everybody takes drinking water a lot more serious. Everybody used to think all the water
in Canada was safe.’ Nicole also commented on the same issue: ‘I guess Walkerton was the fine example of that,
people neglected the system and it did happen.’

The participants were asked to react to the following statement: “When people get sick, drinking water can be the
source of illness”. While 12 respondents acknowledged the potential link between people getting sick and unsafe
drinking water, three participants talked about the possibility of contamination from sources other than water
such as food. Participants showed confidence in the safety aspect of drinking water from public water systems.
The interview discussions revealed high levels of knowledge and awareness of the SDWS owners regarding the
possibility of unsafe drinking water causing illness.

3.2 Theme 2: Revenue and Business Reputation Loss

The participants strongly associated unsafe drinking water with reputation and revenue loss and demonstrated
unwavering vigilance for adverse water quality incidents. Jessica owns a recreational camp with thousands of
visitors from Canada and across the world every year. Her reaction to an adverse water quality incident at her
facility was:

‘If there is something wrong with our water, we shut down. There is no question. There are health
implications, legal implications, water is everything. If you do not have good water, you do not
function.’

Jessica continued: ‘I like to protect people who come here. I am more worried about that than
getting a fine because I did not do something.’

Thus safe drinking water is linked to business reputation. The respondents commented on the detrimental effect
of unsafe drinking water on their business. Bob, the owner of a tourist attraction that provides drinking water to
hundreds of visitors every year stated:

“..you kind of take it for granted until you do not have it at your disposal, and you realize how
absolutely important water and good quality water is to the operations.’

Joe’s input on the business reputation as a result of unsafe drinking water was similar to the other participants:
‘We can lose customers, would not have anyone coming here, lots of complaints from people, increased fear from
some people to come here.’ Lisa echoed several other participants’ perspective: “...if we do not test it and we get
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into some trouble, that would cost us our business.’

The respondents showed empathy towards other well owners in their local community. James drew attention to
potential impact on the community during an unsafe drinking water occurrence: ‘It would have huge effects on
the community. Everybody here is on well system. If groundwater is affected, it would affect all the rural houses.’

3.3 Theme 3: Financial Constraints

There were several comments regarding the financial constraints being a potential barrier. Jeremy highlighted the
importance of testing with a reservation on the cost: ‘Regular testing is important as long as it does not cost a lot
and can be managed by local resources.’ The participants expressed concerns about the lack of knowledge in
best operational practices and sampling techniques where adverse water quality incidents occur if the proper
steps are not followed.

Lori, the owner of a rural restaurant gave an example when proper sampling steps were not followed and
retesting was required with an added cost: ‘... But even taking a water sample improperly could cause an adverse
effect on your water sample. Because the one that came wrong was taken by my husband who did not know what
he was doing, not to blame him but I took small drinking water course once and I do believe that there is a lot to
learn.

Adam, the owner of a summer camp experienced financial constraints: 7 cannot afford to go to training but 1
have it from my previous experience.’ Another participant, Philip who owns a recreational camp had a similar
perspective with Adam: ‘You can train people with so many little things, so we are not like a big company that
has training budget for everything they do but it is important a number of people know how the system works.’

3.4 Theme 4: Value of Training

The respondents revealed the importance of training for the provision of safe drinking water in SDWSs. Barret
illustrated the necessity for increased training: ‘The requirements of the health unit are very simple but training
should happen to be aware of the sampling procedures and what to do in case of an adverse result.’

As the systems are different from each other, Barrett noted: ‘Training is important and it is also important that
the training be appropriate to the level of complexity of the system.’ Seven out of 16 respondents discussed the
importance of sampling procedures and revealed that not following the recommended sampling procedures
previously resulted in an adverse water quality incident in their system. Although the chemical contamination
possibility was discussed in several interviews, the owners were not provided with adequate knowledge and tools
to assess potential chemical contamination threats to their water supplies.

Participants also discussed the need for better communication of the training opportunities. Jane commented on
the ambiguity in the types of training courses and provided example: ‘Source water protection knowledge, 1
would say it is very important but I don't feel that I had a good training in that.’

3.5 Theme 5: Disconnected

The participants were asked if drinking water safety came up in conversations with other SDWS owners. The
responses clearly demonstrated the fact that the owners do not have a network to discuss these issues. The sense
of community seemed to be lacking as participants mainly felt isolated. Lori, the owner of a rural restaurant
commented on communication: ‘1 do not think I have heard anyone discussing this issue...not a lot of
communication happening.’Lisa revealed: ‘I have not heard of any other SDWSs in this area.’

Another question inquired about the best way to communicate with the SDWS owners. The responses did not
yield one preferred method of communication as the respondents had different preferences on the most effective
communication method and receiving updates from the regulator.

Barret commented: ‘I would like hard copy mails. I like paper...I have a binder with a tab on water system,
everything from the health unit.’ Lisa shared Barret’s perspective:

‘I do not think email will do it; there are just too many emails from different sources. If I get a
hard copy mail from public health versus email, it is harder to miss. E-mails go rounds sometimes,
it can go spam filter and you can miss it and you do not realize you missed it.’

On the other hand, some respondents preferred email communication over the hard copy mail. According to
Adam: ‘Two ways of communication would be more efficient, email is one of them and meetings are very
important...”Dave who owns a recreational facility commented:
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‘I think emails would be the best, having kind of an email protocol, of there is anything in the area
or there are updates we would automatically get emails...meeting in person would be excellent,
once a year or twice a year.’

Lori also supported the email communication: ‘My preference would most likely be an email.
Because if I have an email, I can read it, and save it and throw it in a file to reference back to it.’

12 out of 16 participants were dissatisfied with the communication they received from the government and
considered the communication as the biggest gap. All of the participants agreed that there was a need for
organizing regular local meetings with government representatives. These meetings would not only provide
updates but would also enhance communication among the SDWS owners.

4. Discussion

Qualitative methods employed in this study provided insight into SDWS owners’ awareness and perceptions
about the provision of safe drinking water and source water protection. Our results indicated key parameters to
establish a sustainable operation for SDWS and also led to a series of recommendations we make in this article
to revamp the communication strategy for the SDWS owners.

The SDWS owners were aware of the health risks of unsafe drinking water and demonstrated sense of ownership
and responsibility to provide safe drinking water to their users. In many cases, their family members have been
using the same water as they were either living on site or visiting their businesses. This was important as
Madrigal and Alpizar (2011) argues that lack of ownership and motivation results in poor operational
performance in drinking water systems.

Losing revenue and business reputation was among the major driving forces to ensure the water system is
operated in compliance with regulations. Some owners contracted out the regular maintenance services to ensure
the operational and regulatory requirements are fully met. The SDWS owners’ responses about their awareness
and perceptions were significantly influenced by the Walkerton tragedy. Their motivation stemmed from
awareness of the health consequences of drinking unsafe water, business reputation, revenue loss and
participants and their families drinking the same water. Our study results support the previous findings (Dupont
et al., 2010; McLeod et al., 2014) regarding perceived potential health concerns to drink tap water. This
perceived risk has a positive effect on the provision of safe drinking water in SDWSs. In addition, family
members drinking the water from SDWS also elevates the perceived risk (Janmaimool & Watanabe, 2014). It is
important to note that owners of SDWSs did not share the change in public behaviour towards tap water as
Dupont at al. (2010) argued. Instead, participants of the study praised the safety of water from public drinking
water systems. The study results support the findings of Brady (2012) and Sjoberg et al. (2004) regarding risk
perceptions towards the events people have control over, as such SDWS owners showed confidence in water
from SDWSs.

Although water system failures similar to the ones associated with water-related disease outbreaks do occur in
SDWSs, the owners are strongly motivated to rectify the issues in a timely manner. In addition to adequate
operational practices, raising awareness for source water protection among the SDWS owners would play an
instrumental role in the provision of safe drinking water in SDWSs. Establishing systems to monitor water
quality and assess the risks from source to tap will confine the effects of adverse water incidents (Patz et al.
2008). Currently, there is no system in place to monitor, assess, and when necessary, remediate any kind of
contamination in source water.

The study results revealed the need for increased attention to protecting drinking water sources. Although source
water protection is a fundamental step of the Multi-Barrier Approach to ensure safe drinking water, SDWSs have
not been included in Ontario’s Source Protection Plans. The owners of the systems face significant challenges to
protect their water sources and need a structured approach. A wellhead protection model similar to the one
proposed by Frind et al. (2006) where contaminant types and aquifer structure is considered may be a viable
option to support SDWS owners in protecting their water sources.

Hrudey (2011) argues that although the main focus for drinking water safety discussions has been the
microbiological parameters, there is a growing concern regarding the chemical parameters and their potential
long-term effects to cause illnesses such as cancer. This supports the study findings as participants did not seem
to be concerned about chemical contamination of their water. As Justice O’Connor (2002) noted, the drinking
water safety risk should be measured by considering all relevant parameters and appropriate preventive measures
should be taken to address concerns regarding those parameters. The study participants focused exclusively on
industrial contamination possibility during the discussions about chemical parameters of their drinking water and
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did not mention about naturally occurring chemicals or farming activities nearby as potential issues. The lack of
awareness may be due to the fact that the regulatory agency does not require routine testing for chemicals.

Financial constraints have been one of the main themes during the interviews. Participants shared their financial
constraints as they had been trying to meet the regulatory requirements. Two activities they felt financial
challenges were: 1. Testing their water for microbiological and chemical parameters; 2. Accessing to training
opportunities.

The regulatory agency should develop strategies to raise awareness for chemical contaminants in drinking water
and furthermore, reduce barriers to offer low-cost training and subsidized water testing opportunities.

Climate change will increase the frequency of extreme weather events such as floods and droughts and
consequently cause the elevated risk of waterborne disease outbreaks (Patz et al., 2008). SDWSs may not have
sufficient resources and capacity to eliminate the adverse effects of extreme weather events which puts the safety
of drinking water at risk. Dow et al. (2007) investigate the perceptions of water system managers about climate
change effects and identify water quality, financial impact and scarcity of supply as major concerns. The study
participants indicated financial concerns and limited water quality intervention potential which makes SDWSs
prone to climate change impacts. The SDWS owners should be made aware of potential risks that can
compromise the provision of safe drinking water and the regulatory agency should consider strategies to support
the owners of these systems to be prepared for the potential effects of climate change.

The perception of drinking water safety based on social, economic and environmental factors may potentially
conflict with regulatory requirements. Until the Walkerton tragedy, the town residents and water system
operators had a strong belief regarding the safety of groundwater from a well without treatment and considered
the treatment process such addition of chlorine causing impurity in their water (Parr, 2004). The information
provided by Public Health Inspectors was highly valued by the study participants therefore maintaining this
relationship and enhancing it by developing new communication strategies

The respondents highly valued the information and guidance provided to them by Public Health Inspectors and
therefore there was continued interest in learning more from the regulatory agency and complying with the
regulatory requirements. Cox (2015) suggests focusing on participants’ life experiences as well as social
interactions, beliefs in training program design. The training programs for the SDWS owners should recognize
different perspectives and integrate social determinants of health in addition to regulatory mandates. It is also
important to note that programs or interventions that are designed to influence behaviour change are more
successful when they target specific behaviours with an understanding of factors influencing that
behaviour (Abraham & Michie, 2008). The SDWS owners seemed very keen on accessing training and
networking opportunities initiated by government agencies with the expectation that these opportunities would
not be cost prohibitive.

The study results yielded the lack of sense of community among SDWS owners. Feeling of isolation was a
common response by the participants. There is a significant need to establish and foster relationships so that the
SDWS owners can regularly interact with each other. Creating a sense of community among local SDWS owners
is a step in the right direction for the regulatory agency. All of the study participants were favourable to the idea
of semi-annual meetings to receive updates and interact with other SDWS owners.

The SDWS owners raised concerns regarding the level of communication they had been receiving from the
regulatory agency. This study generated some interesting results regarding the communication preferences of the
SDWS owners. Based on the interview results, sharing the regular updates with the owners of SDWS owners by
using both regular mails and electronic mails will ensure the updates are received by the target audience.

Overall, the study results provide valuable information for all of the stakeholders in water management systems.
Investigating the current challenges of the SDWSs owners was an integral step to bridge the gap between
practice and theory and established a foundation to develop an efficient and effective SDWS management
program.

5. Conclusion

This study examines the risk awareness and perceptions of SDWS owners in the provision of safe drinking water
and protecting their water source, and provides recommendations to the regulatory agency for effective and
efficient administration of the SDWS program.

The SDWS owners are aware of the financial and non-financial consequences of an adverse water quality event,
but nevertheless, they have not been offered opportunities to receive adequate training on best operational
practices and assessing potential threats to their water source. According the study results, training opportunities
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initiated by the regulatory agency with a reasonable cost have the potential to gauge a lot of interest. On the other
hand, the SDWS owners face financial challenges to meet the operational requirements such as regular water
testing and operator training. The regulatory agency should establish mechanisms to provide financial relief
which could include providing subsidy on water testing and low-cost training opportunities.

One particularly interesting result of this study is that the SDWS owners feel isolated, mainly for the following
two reasons: 1) There is a certain level of disconnect as they do not receive regular communication from the
regulatory agency; 2) They lack of a sense of community among the SDWS owners in the same region. The
study results reveal the method of communication preferences that assist the regulatory agency in establishing
new mechanism to stay connected with the SDWS owners.

Although the study design had several strengths and the saturation point was reached, the number of participants
was a limitation. The participation opportunity was given to all SDWS owners in the region and the ones who
accepted the invitation after the researcher’s efforts to recruit for participation in the study were interviewed. The
representation from all major types of businesses was achieved.

Notwithstanding the identified limitation, the study yielded fruitful results for enhancement of the SDWS
program by the regulator. Emerging environmental concerns such as more frequent extreme weather events will
put water sources at risk of contamination and subsequently, SDWSs might be prone to operational and water
source challenges.

It would be timely for the regulatory agency to develop effective communication strategies to support the owners
and operators. Lastly, customized and affordable training opportunities are also key for success in increasing the
awareness and knowledge in the provision of safe drinking water.
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