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Waterborne diseases are among the world’s most significant yet largely
preventable public health issues. A large number of waterborne disease outbreaks in
developed countries are attributed to water from small, non-municipal water systems
(SDWSs). This thesis is an investigation of the challenges and opportunities to improve
the safety of the water supply in SDWSs, with a focus on systems located in Ontario.
This thesis utilized data from a systematic review, SDWS data from Ontario, a cross
sectional survey of SDWS operators and focus groups of public health inspectors. These
data were used to (1) summarize factors contributing to SDWS outbreaks (2) investigate
the relationships between certain key characteristics of SDWSs and the performance of
these systems, and (3) explore the experience and future training needs of SWDS
operators and public health inspectors in Ontario.
This research found the leading causes of outbreaks in SDWSs were the failure of
an existing water treatment system (22.7%) and lack of water treatment (20.2%). In
Ontario, 66% of water operators were not trained and 16% had one year or less
experience. Thirty four percent of systems utilized water treatment and 45% operated on

a seasonal basis. The odds of having a positive E. coli test result were greater in systems
using ground and surface water with treatment compared to ground water with no
treatment (apparently indicating the failure of an existing water treatment system).
Operators had a preference for online training courses or on-site training. SDWS
inspectors reported needing support in the form of education initiatives and a community
of practice to promote knowledge exchange. Main concerns to water safety were the
technical ability of the water operator and having a long time period between inspections
of water systems.
The findings of this research help identify opportunities to target training to
specific groups of operators. There is a need to further explore the effectiveness of water
treatment and other water protection measures currently in place in SDWSs in Ontario.
Future research is needed to explore the cost-benefit of increasing inspection frequency
and to explore a variety of education initiatives for inspectors and operators of SDWSs.
.
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CHAPTER 1
Introduction and Literature Review
INTRODUCTION
The United Nations considers universal access to clean water a basic human right,
and is essential to improved living standards worldwide (United Nations 2014). Water is
essential for hydration, sanitation and food production, and plays a vital role in the
economic wealth of a country (United Nations 2014; World Health Organization 2011).
The majority of Canadians (~33 million) get their drinking water from a regulated public
municipal system (Charrois 2010); however, an estimated 15% of Canadians use small
and private water supplies (Moffatt and Struck 2011). Consumers of small drinking water
supplies have been shown to be at high risk of outbreaks of diarrhoeal illness (Said et al.
2003; Richardson et al. 2009). Reviews of waterborne outbreaks have found that these
frequently occur due to contamination of small drinking water systems (Wilson et al.
2009; Smith et al. 2006; Craun et al. 2006; Schuster et al. 2005).
In Ontario, the regulation of drinking water has undergone considerable change in
the last 14 years (Cook et al. 2013; National Collaborating Centre for Environmental
Health (NCCEH) 2010), and since 2008, the Ministry of Health and Long-term Care
(MOHLTC) has overseen the regulation and inspection of small non-community drinking
water systems (SDWSs). This change in oversight has highlighted the challenges faced in
providing safe water in SDWSs.
This thesis focuses on the risks associated with SDWSs, and the opportunities for
SDWSs to improve water safety, with a focus on Ontario, by examining the common
causes of outbreaks in SDWSs reported in the literature, investigating associations
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between key water system characteristics and water system outcomes, and assessing the
challenges faced by drinking water operators and public health inspectors that work with
these water systems. The aim of the following review is to provide a brief background
and summaryof the context of SDWSs and challenges they face in providing safe
drinking water to the public through the following topics:
1. Overview of waterborne disease associated with SDWSs;
2. The current regulatory framework for SDWSs in Ontario; and
3. The effectiveness and challenges of drinking water operator training.
Additionally, an overview of the quantitative and qualitative methods used in this thesis
is provided. Areas requiring further study have been highlighted throughout this review
and the overall thesis objectives are provided at the end of the chapter.
LITERATURE REVIEW
Waterborne disease
Waterborne diseases (WBDs) are among the world’s most significant yet largely
preventable public health issues. Worldwide, they are responsible for approximately 1.58
million deaths annually (Maal-Bared, Bartlett and Bowie 2008). While access to clean,
safe drinking water is a much larger issue in developing countries, in the developed
world, despite fewer constraints to water treatment technologies, a significant number of
illnesses and deaths still occur (Smith et al. 2006; World Health Organization (WHO)
2011). For example, Morris and Levin (1995) estimated that 560 000 cases of moderate
to severe WBD occur each year in the United States, with an annual mortality of 1 200
cases. There are no current estimates on the true number of WBD in Canada occuring
each year.
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A large number of WBD outbreaks in developed countries are attributed to water
from small, non-municipal water systems. In the United States from 1971-2006, Craun et
al. (2010) found that 42% (87/207) of WBD outbreaks occurred in non-community water
systems (defined there as systems that serve an institution, industry, camp, park, hotel, or
business and serve 25 people or more). In Canada from 1974-2001, Schuster et al. (2005)
found that 48% (138/288) of outbreaks occurred in semi-public systems (defined there as
privately owned systems providing drinking water to the visiting general public), and
Wilson et al. (2009) found that 62% of Canadian outbreaks from 1993-2008 occurred in
systems that provided water to less than 1 000 people. The occurrence of outbreaks
among residents on private and small water supplies in England has been calculated to be
35 times greater than among those receiving water from a public drinking supply (Smith
et al. 2006). Water systems in the United States serving fewer than 500 people were twice
as likely to exceed microbial and chemical water standards as larger water systems during
a water sample survey (National Research Council, 1997).
Disease burden attributable to small drinking water systems
While outbreaks in SDWSs occur regularly, the true burden of illness from
outbreaks involving these systems is not known. Rates of WBD, from all sources, are
significantly underreported because of the generally mild associated symptoms, short
duration of illnesses, and lack of patient reporting to a physician, among other factors
(Schuster et al. 2005). Majowicz et al. (2005) estimated that over 300 cases of acute
gastrointestinal illness (relating to both water and foodborne illnesses) occur in the
community for every laboratory-confirmed case reported to a provincial laboratory in
Canada. In a survey of water consumption patterns among the general population in
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British Columba, Jones et al. (2007) found acute gastrointestinal illness was significantly
associated with the amount of water consumed; however, a temporal relationship was not
established. Additionally, the identification of outbreaks involving small systems is
challenging given the typically small number of people exposed and the transient
population they often serve, who are less likely to report illness (Smith et al. 2006).
Contributing factors of waterborne outbreaks in small drinking water systems
A water supply can become contaminated by chemical, microbial, or physical
hazards (Hrudey and Hrudey, 2004). Microbial pathogens exist in one of three forms,
bacteria, viruses, and parasites. Humans and animals are the main reservoirs for most
waterborne pathogens affecting humans and these pathogens are typically shed in feces.
When there is improper sewage sanitation, improper handling of animal wastes, or direct
fecal contamination by wildlife these pathogens may enter the drinking water supply,
increasing the possibility of transmission to humans through the ingestion of water
(Reynolds et al. 2008). The enteric pathogens most commonly associated with past
outbreaks involving drinking water in Canada and the United States are Giardia lamblia,
Campylobacter spp., Escherichia coli O157:H7 and Norovirus (Schuster et al. 2005;
Wilson et al. 2009; Craun et al. 2006).
Water quality is heavily influenced by the hydrogeology of an area (Hynds,
Thomas and Pintar 2014), and the land use surrounding the water source (Reynolds et al.
2008; Richardson et al. 2009). Potential threats to the water source include fecal
contamination from nearby livestock or wildlife, sewage sources and treatment, and
temporal factors such as rainfall and temperature (Thomas et al. 2006; Reynolds et al.
2008; Richardson et al. 2009). Drinking water can also become contaminated as it travels
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through the distribution system; cross connections, back siphonage, and old pipes that
have the potential to leak or break may allow contaminants to enter the water supply
(Reynolds et al. 2008). Many SDWSs are located in rural communities and their location,
construction and proximity to sources of pollution are of particular concern (Richardson
et al. 2008). Two leading reported causes of outbreaks in SDWSs in Canada and the
United States are inadequate treatment of the water supply and absence of any water
supply treatment whatsoever (Craun et al. 2010; Wilson et al. 2009). To ensure potable
water, treatment is required and in community systems usually includes a series of steps
consisting of pre-treatment, mixing, coagulation, flocculation, settlement, filtration, and
disinfection (Smith et al. 2006). A test for generic E. coli as an indicator organism of
potential fecal contamination can provide a measure of the efficacy of water treatment
procedures in place (Payment and Pintar 2006).
Waterborne disease surveillance
Since 1971, waterborne disease surveillance in the United States has been
conducted regularly, and includes public health departments in individual states providing
complete and accurate data on all waterborne outbreaks to the Centers for Disease
Control and Prevention (Yoder et al. 2008). In Canada, however, there is no specific
national surveillance of waterborne illnesses, nor is there a standardized approach to the
collection of data on sporadic or outbreak cases of waterborne illness. Rather, each
province and territory uses its own list of reportable diseases, case reports, and
investigation practices (Moffatt and Struck 2011). Canada does have national and
regional enteric disease surveillance systems in place to inform our understanding of
acute gastrointestinal infection (Wilson et al. 2009). The National Enteric Surveillance
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Program aggregates new laboratory confirmed enteric diseases at the national level and
analyzes the data to detect emerging and priority disease trends (Public Health Agency of
Canada 2015). There is also the Notifiable Disease Surveillance System, which collects
data on nationally notifiable diseases (Public Health Agency of Canada 2014).
Terminology used in describing small drinking water systems
The term “small drinking water system” encompasses a variety of water system
types depending on the specific jurisdictional context, and may include private and semiprivate, public and semi-public, non-community and micro systems (Schuster et al.
2005). Drinking water systems can be further defined by the number of people serviced,
the number of connections to the system, the amount of water distributed (i.e., flow rate),
the length of time the system is in use during the year or the complexity of the system
(National Collaborating Centre for Public Health (NCCPH) 2009). As defined by Health
Canada, small drinking water systems serve 500-5 000 people, and very small drinking
water systems serve less than 500 individuals (Health Canada 2005). SDWSs may refer
to water systems servicing small communities or single premises that are open to the
public, such as a restaurant, campground or hotel (WHO 2008). A standard definition for
SDWSs in Canada does not exist as provinces define and regulate SDWSs differently.
Drinking water regulation in Canada
The guidelines for national water quality in Canada are published by Health
Canada and outline the minimum standards for water quality in the country (Health
Canada 2012). Provincial governments have the responsibility for providing safe drinking
water, while the municipalities are in charge of the day-to-day activities required to
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provide that water (Cook et al., 2013; Johns and Rasmussen 2008; Bakker and Cook
2011).
Drinking water regulation in Ontario
In May of 2000, a large waterborne outbreak occurred in Walkerton Ontario that
had an immense effect on the regulation of drinking water in Ontario and Canada. The
outbreak involved infections from Escherichia coli O157:H7 and Campylobacter jejuni
and resulted in 2 300 illnesses and seven deaths (O’Connor 2002a). A public inquiry led
by Justice Dennis O’Connor was held to determine the events of May 2000 and related
issues that contributed to the outbreak. The outbreak was attributed to multiple causes
including a heavy rainfall event that washed cow manure containing pathogens from a
pasture to the implicated well. The well was poorly constructed and poorly maintained
which allowed surface water to contaminate the ground water source. The water was
insufficiently chlorinated, adverse water samples were never reported to proper
authorities and the water operators lacked proper training and expertise. However,
broader causes of the outbreak were determined to be a lack of enforcement of water
standards and failure in the regulatory system overseeing drinking water in Ontario
(O’Connor 2002b).
The Walkerton Inquiry called on Ontario’s government to institute more stringent
drinking water laws, regulations and policies and made 93 recommendations to improve
water safety (O’Connor 2002b). The ultimate goal of the recommendations was “to
ensure that Ontario’s drinking water systems deliver water with a level of risk so
negligible that a reasonable person would feel safe drinking the water” (O’Connor
2002b). As recommended by the Walkerton Inquiry, the Province passed the Safe
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Drinking Water Act (SDWA) (Government of Ontario 2012), which protects the public
through regulatory control on drinking water systems to ensure safe water for human
consumption. In Ontario, drinking water regulations are laid out in the SDWA and Health
Protection and Promotion Act (HPPA) (Government of Ontario 2011). The Ontario
Regulation 170/03 Drinking Water Systems (Government of Ontario 2014) was enacted
under the SDWA, and sets out responsibilities for stringent testing and treatment for large
drinking water systems (water systems serving more than 100 private residences).
Regulation of small drinking water systems in Ontario
Prior to the Walkerton outbreak, SDWSs in Ontario were largely unregulated, but
in 2003, they became regulated under Ontario Regulation 170/03 Drinking Water Systems
(Government of Ontario 2014), which initially applied to both large and small water
systems serving the public and had the oversight of the Ministry of the Environment
(MOE). Small water systems servicing small municipalities, community centers
churches, town halls, motels and campgrounds became subject to the same regulations as
larger systems supplying water to cities and towns (Ontario Drinking Water Advisory
Council (ODWAC) 2005).
Regulation 170/03 Drinking Water Systems was later criticized as being overly
costly and complex for small-scale operators (ODWAC 2005). The Ontario Drinking
Water Advisory Council (2005) estimated that the cost of meeting the requirements of the
regulation were $10 000 to $20 000 initially, followed by $5 000 in yearly operating
costs. The council concluded that
the Regulation as it applies to smaller and private systems is considered to be
costly, complex, and not well understood by the regulated community. These
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factors and the resulting inconsistent interpretations may lead to either noncompliance or a withdrawal of services to the public (ODWAC p.6 2005).
The council recommended that SDWSs needed a separate approach to reduce noncompliance and ensure water safety.
On December 1, 2008, the responsibility of regulation enforcement and
monitoring of approximately 9 000 SDWSs in Ontario was transferred from the MOE to
the MOHLTC. Subsequently, an agreement was developed with local public health
agencies to ensure that SDWSs undergo public health inspector (PHI)-led risk
assessments and routine inspections, conducted at a minimum of every two years for high
risk systems and every four years for low and moderate risk systems (Ontario Ministry of
Health and Long-term Care (MOHLTC), 2008). Risk levels are defined as highsignificant level of risk, medium- moderate level of risk and low- negligible level of risk.
By 2014, SWDSs were governed by two regulations under the HPPA: Ontario Regulation
318/08 Transitional - Small Drinking Water Systems and, Ontario Regulation 319/08
Small Drinking Water Systems (MOHLTC, 2013). The MOHLTC defined a SDWS as a
business or premise that makes drinking water available to the public and does not get
their drinking water from a municipal drinking water system (MOHLTC, 2013).
One study was conducted to investigate the characteristics of public water
supplies in Ontario, defined as a water system serving more than five residences and at a
rate greater than 50 000 liters per day (Odoi et al. 2003), and a number of qualitative
studies have examined the challenges faced by small community drinking water systems
in Canada (Boag et al. 2010; Kot et al. 2011; Jalba and Hrudey 2006); however, little is
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known about the characteristics of SDWSs, the risk factors for water contamination and
the impact of recent regulation changes to key stakeholders (operators and PHIs).
Risk assessment of small drinking water systems in Ontario
Risk assessment of drinking water systems is a cornerstone of the preventative
and multi-barrier approach needed to support safe drinking water (Dunn et al. 2014; Jalba
and Hrudey 2006; Huck and Coffey 2004; Health Canada 2008). In Ontario, a risk
assessment approach to the regulation of SDWSs has been adopted that assesses and
identifies possible risks associated with the water system (MOHLTC 2008). The risk
assessment instrument developed and used in Ontario was based on New Zealand’s rating
system for water systems (ODWAC 2005).
In Ontario, this risk-based approach involves PHIs conducting site-specific risk
assessments for every SDWS in Ontario to assess and identify potential risks (MOHLTC
2008). As part of the risk assessment process in Ontario, PHIs conduct an on-site
inspection of SDWSs in their jurisdiction, assign the water system a risk category of high,
moderate, or low1, assess the compliance of the system with the MOHLTC regulations,
and, if needed, issue a written directive to the owner(s) of the system that outline specific
requirements (such as the frequency of water testing or a requirement to complete
operator training) in addition to the regulatory requirements (MOHLTC 2008).
The risk assessment is conducted using a standardized instrument developed by
the MOHLTC and takes into account water safety factors, such as water source, treatment
and the distribution system. Additionally, the operator is required to report any adverse
water sample results to the local public health agency immediately upon receipt

Risk levels are defined as: high risk= significant level of risk; medium risk= moderate level of risk;
low risk= negligible level of risk
1
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(MOHLTC 2008). SDWS operators are required to routinely test the water supply for E.
coli and total coliforms. The frequency of these tests is determined by the PHI during the
risk assessment, and may vary from weekly to once every three months (MOHLTC
2008).
The role of the public health inspector
PHIs conduct site specific risk assessments of SDWSs, where they interview the
owners/operators to determine their competency as a water operator, review historical
water sample results and complete the risk assessment questionnaire (MOHLTC 2008).
The PHI also has a role in responding to adverse water events (such as reports of
waterborne illness or other water-related issues arising from an emergency), educating
and training of owners and operators and reporting safe water program data to the
MOHLTC (MOHLTC 2014). Based on the risk assessment, PHIs determine a course of
action for owners and operators in order to keep their drinking water safe.
PHIs who inspect SDWS need a diverse set of tools and knowledge to be able to
complete their work, and they are often isolated as only one or two PHIs in a local health
unit may conduct this work. Several studies have examined the challenges faced by
SDWS operators and various other stakeholders (Jalba and Hrudey 2006; Boag et al.
2010; Kot et al. 2011; Dunn et al. 2014). However, there are no studies that specifically
address the challenges faced by PHIs or the perceptions and needs of PHIs who inspect
SDWSs.
The role of the drinking water operator
The water operator plays an important role in maintaining the water system to
prevent potential contamination and possible waterborne illnesses or outbreaks (Hrudey
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and Hrudey 2004; Hunter et al. 2010). During the inquiry into the Walkerton waterborne
outbreak (O’Connor 2002a), it was found that errors by the water operators in the
maintenance and response to adverse events played a key role in the outbreak. Justice
O’Connor concluded that “The scope of the outbreak would very likely have been
substantially reduced if the Walkerton operators had measured chlorine residuals at Well
5 daily, as they should have, during the critical period when contamination was entering
the system.” (O’Connor 2002a).
During the inquiry Justice O’Connor called for the creation of robust water
systems in Ontario, defined as “one that provides excellent performance under normal
conditions and deviates minimally from this during periods of upset or challenge” (Huck
and Coffey 2004). Huck and Coffey (2004) identify five components of a robust water
system, which include: 1) having the best possible water source; 2) ensuring appropriate
treatment; 3) a secure distribution system; 4) appropriate monitoring; and 5) responding
appropriately to adverse monitoring results. A well-trained and capable water operator is
in a unique position to assess the risks to the system, oversee operations and prevent
contamination (Hrudey and Hrudey 2004; Wu et al. 2009).
The operator has the ability to identify risky practices and events, and take action
to prevent or minimize an outbreak before it occurs. However, the operator must
appreciate the vulnerability of a water system, recognize warning signals and take
adequate measures after warning signals are received (Hrudey, Hrudey and Pollard 2006;
Wu et al. 2009). Organizational influences can also impact an operator’s ability and
include adequate guidance, communication and training to operators. Ensuring that
operators are knowledgeable and capable is important and can be achieved through
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training on proper water system monitoring, providing remuneration that is appropriate
for the responsibility of the job, and by increasing awareness of the need for proper water
system monitoring (Wu et al. 2009).
Drinking water system operator training
Drinking water system operator training has been shown be an effective tool to
improve water quality and reduce illness (Hunter et al. 2010; Bowman et al. 2009).
Performance Based Training is one such program that focuses on training operators to
improve the knowledge and skills of operators in order to optimize the performance of
their water filtration system. Bowman et al. (2009) found that Performance Based
Training of small drinking water operators (serving communities <10 000 people) in the
United States resulted in a statistically significant turbidity reduction in water samples
from plants that fully participated in the program compared to a control group.
Hunter et al. (2010) examined the effectiveness of a training intervention on water quality
and diarrheal illness in a small rural community in Puerto Rico. They found that
providing small water operators with hands-on training resulted in statistically significant
reduction in gastrointestinal illness rates in the intervention community compared to a
control community and there was a significant reduction in the occurrence of Salmonella
after the intervention. They concluded that educational interventions could have a
positive impact on water quality when communities are supported in taking responsibility
for their own systems.
The Circuit Rider Training Program (CRTP) is a Canadian intervention aimed at
alleviating problems associated with lack of operator training (Le 2010). Under CRTP,
qualified instructors travel to First Nations communities and train operators on-site. At
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the end of the program, operators become certified. This program is largely supported by
Indian and Northern Affairs Canada (Neegan Burnside Ltd 2011), and takes into account
education, social, and cultural background of trainees. In a post-CRTP evaluation,
trainees were found to be more knowledgeable and confident in their ability to operate
and maintain their water system (Ransom 1997). The number of certified operators rose
from 8% of all operators in 2003 to 37% in July 2007 in Canada (Indian and Northern
Affairs Canada 2007). In 2010, Ontario had the lowest participation in the CRTP and
efforts were being made to make CRTP available to all First Nations communities in
Canada as well as to increase levels of participation. However, this program has not been
formally evaluated for its impact on water safety (Le 2010).
In Ontario, SDWS operators can receive information from their local public
health department for self-directed learning. Training options are also available by local
water quality or professional associations, Ministry of the Environment (MOE) approved
correspondence courses offered by third party providers (e.g., local community colleges
or other professional associations) or the Walkerton Clean Water Centre (Ontario
Ministry of the Environment 2014).
Challenges related to operator training
While operator training has been shown to be largely successful in some contexts
(Ransom 1997; Hunter et al. 2010; Bowman et al. 2009), there are many challenges
related to operators receiving appropriate training. In 2001, an expert assessment of
Ontario’s water operators revealed that they tend to lack training, face funding
limitations, have limited understanding of water treatment chemistry, and have limited
understanding of the regulatory requirements (Geldreich and Singley 2005). Operators
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report that fulfilling education credits for certification is difficult due to time and cost
(Kot et al. 2011). Although the cost of the courses themselves is not significant, travel to
and from course location can be expensive, especially in rural areas (Rupp 2001).
Absence of the main operator due to training is also a barrier, as a part-time or volunteer
operator with less training is left responsible for water operations; in those cases, if
something was to go wrong there would be an added risk to the water system (Kot et al.
2011).
Some operators reported increased job stress due to increasing water operation
regulations (Kot et al. 2011). Despite having additional regulatory responsibilities, their
salary and time given to complete tasks rarely change. In addition, many operators are
responsible for multiple roles in the community, with water operation not being their sole
job. Boag et al. (2009) report that due to limitations in resources and capacity available to
small water supply management, operators are often undertrained and expected to
perform other duties in addition to managing the water supply. Recruiting and retaining
water operators were commonly reported as challenges faced by small water systems in
previous studies, especially in rural areas (Boag et al. 2010; Kot et al. 2011; Butterfiled
and Camper 2004; British Columbia Ministry of Health 2013). High migration out of
rural areas and declining appeal of rural living have made it difficult for some
communities to recruit operators (Kot et al. 2011). Once the operator is recruited,
retention is also a concern. A substantial amount of money and time is invested in
training the operator, and there is always a risk that the operator will leave once fully
trained.
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The challenges faced by operators of small community water systems has been
well documented and explored through qualitative research with small groups of water
operators and public health professionals that work with operators (Kot et al. 2011; Boag
et al. 2010; Jalba and Hrudey 2006). However, there is a key gap in the literature with
respect to the training needs of the SDWS operator, based on their work experience and
confidence, as well as the barriers they face in performing their duties. Insights in these
areas are needed to develop effective training programs intended to improve the safety of
the water supply.
METHODOLOGIES USED IN THIS RESEARCH
Systematic reviews
The purpose of a systematic review is to identify, assess and summarize, using
standardized and transparent methods, the results of multiple studies that address a
specific research question (Campbell Collaboration 2014). Systematic reviews were first
used in assessing effectiveness of medical interventions, but have since been adapted and
utilized more broadly as a tool in public health decision-making. Systematic reviews are
preferred for reviewing the literature because they use rigorous, transparent, and
reproducible methods, which minimizes bias the selection and assessment of included
articles and leads to increased user confidence in the findings (Prisma n.d.; Shamseer et
al. 2015). Systematic reviews can ascertain whether scientific findings are consistent or
vary by study group, population, setting, or other particular subset (Mulrow 1994). The
evidence provided in systematic reviews can be used as evidence-informed inputs in
support of developing policies, implementing programs, and evaluating the progress of
these programs (Ross et al. 2010).
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A number of systematic reviews have been conducted on the effectiveness of
interventions aimed at improving drinking water quality (Clasen et al. 2007; Colford et al.
2006; Esrey et al. 1985; Fewtrell et al. 2005), and one study used this approach to assess
drinking water outbreaks related to extreme weather events from around the world (Cann
et al. 2013). While several recent reviews of waterborne disease outbreaks have been
published in the United States and Canada (Craun et al. 2010; Wilson et al. 2009; Moffat
and Struck 2011), none focused on SDWSs using formal systematic review methods.
Combining the data from waterborne outbreaks in Canada and the United States
could add insight, especially where data are limited. Both countries have similar land
mass and drinking water consumption patterns (Garriguet 2008; Sebastian et al. 2011).
However, comparing results from studies is often difficult because differences in the
terminology used to describe the water system size and capacity, lack of clear definitions,
and inclusion and exclusion criteria for outbreaks are often not stated.
Publication bias is when research that emerges in the published literature is
unrepresentative of completed studies (Rothstein, Sutton and Borenstein 2005). One of
the limitations of systematic reviews is that they depend on the availability and reporting
quality of published studies addressing the research question of interest (Dwan et al.
2008; The Cochrane Collaboration 2002). In the case of outbreak reports, published
reports may not be representative of outbreaks that actually occur in a population. Large
outbreaks are more likely to be detected, investigated and published than small outbreaks
where people are few and geographically dispersed (Smith et al. 2006). However, reviews
of scientific literature still remain an important source of information and the quality of
individual studies can be judged and summarized if appropriate. As well, systematic
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reviews can help to identify research gaps and make recommendations for future
research.
Cross-sectional telephone surveys
Cross-sectional surveys are commonly used in public health research to elicit
information from a study sample that can be used to make accurate, valid, and
generalized statements about the larger population (Choi 2004; Kempf and Remington
2007). Surveys can be conducted through a number of means including telephone, face-to
face, internet and mail. Telephone surveys are more cost effective than person-to-person
surveys (Chapple 1999), and the rate of missing responses and the use of “I don’t know”
is lower among telephone respondents than mailed surveys (Feveile et al. 2007;
McHorney et al. 1994; Brogger et al. 2002). The effect of response rate on telephone
surveys varies; studies have reported that telephone interviews result in higher
(Siemiatycki and Campbell 1984; Walker and Restuccia 1984; Brogger et al. 2002),
lower (McHorney et al. 1994), and the same response rates (Erhart et al. 2009; Feveile et
al. 2007) as a mailed survey. Response rates of telephone interviews depend heavily on
the time of day the call is made, with response rate being higher for calls made after 5pm
than during the day when respondents may be at work (Feveile et al. 2007; Boland et al.
2006), the length of the survey, with 10 to 15 minutes being ideal (Boland et al. 2006),
the persistence of the calls (Feveile et al. 2007), the use of answering machines and caller
ID (Kempf and Remington 2007), and the increased use of mobile phones instead of land
line home phones, which have different usage patterns (Kempf and Remington 2007;
Grande and Taylor 2010).
Logistic regression for drinking water data
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In Ontario, drinking water data are collected during routine inspections of SDWSs
by PHIs. This is cross sectional data, representing the characteristics of SDWSs at a given
point in time, and includes the most recent water sample test results (for total coliforms
and E. coli). Logistic regression is appropriate for analyzing this type of data in order to
investigate the relationship between characteristics of SDWSs in Ontario and the
performance of these systems, with respect to adverse E. coli test results and whether the
system is rated as high or medium risk vs. low risk according to the risk assessment
created by the MOHLTC. Logistic regression attempts to determine whether the
probability of an outcome is associated with a measurement variable when the outcome is
dichotomous (Dohoo, Martin and Stryhn 2009).
Crossed random effects regression models
Water system data exists at three levels; the water system, postal code and health
unit. However, the relationship between these groupings or clusters is not often strictly
hierarchal. For example, while a water system (the first level of analysis) may be grouped
at both the postal code and health unit level; since postal codes do not follow health unit
borders (i.e. a single postal code may be located in more than one health unit),
researchers must take into consideration a multilevel approach. A crossed random effects
model is appropriate when the data do not have a strictly hierarchal data structure and can
be used to establish effects and relationships between these variables (Raudenbush 1993;
Rasbash and Goldstein 1994).
The multilevel approach is an important methodological framework that can
represent the relationships between individuals and their surroundings (Zaccarin and
Rivellini 2002). Data structures are often quite complex and should not be fitted into a
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nested structure if not appropriate (Zaccarin and Rivellini 2002; Browne et al. n.d.).
Accounting for the cross-classified structure removes the independence assumption
between levels and instead separates the variation among the different levels in the
dataset (Browne 2012).
Qualitative research methods
Qualitative research studies naturally occurring phenomena and endeavours to
interpret the meaning attached to people’s perspective or experiences (Kreuger and Casey
2007; Mayan 2009). Where quantitative research uses a deductive and objective approach
to tackling a research question, often using statistical tests and close ended questions to
draw conclusions about a general population, qualitative research is interpretive,
inductive and exploratory. It focuses on understanding the meaning of something for a
few cases and, as a result, the findings are less generalizable.
Qualitative research methods have been used frequently in recent years in
drinking water research in order to explore relationships and needs of target populations
(Kot et al. 2011; Boag et al. 2010; Jalba and Hrudey 2006, Jalba et al. 2010; Jones et al.
2007; Huck and Coffey 2004). Previous research has used qualitative interviews, in
addition to surveys, to gather information about the opinions, challenges and concerns of
PHIs, which has been used to support the development of resources to meet the selfidentified needs of PHIs in Ontario (Pham et al., 2010a; Pham et al. 2010b).
Telephone focus groups
Focus groups, a commonly used qualitative method in public health research
(Willis et al. 2009, Kidd and Parshall 2000; Bowling 2002; Strickland 1999), bring
together a group of 7-10 similar people to discuss an important issue that affects them
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(White and Thomson 1995; Kreuger and Casey 2007). Traditional focus groups involve a
semi-structured group discussion guided by a moderator, are audio recorded and
transcribed for data analysis. Focus groups are especially useful when researchers are
interested in the interaction of participants as part of addressing the research question
(Leung 2009; Mayan 2009). Focus groups allow for participants to interact with one
another, allowing the group to generate new ideas on a topic resulting in in-depth
discussions (Leung 2009). However, this method also has limitations; the quality of
discussion depends on the ability of the moderator to facilitate the conversation. Often
one or two people dominate the discussion which could result in biased results, if the
discussion is not appropriately guided by the moderator (Kreuger and Casey 2007; Leung
2009).
The data from focus groups are analyzed to identify themes that represent a
holistic account of the problem or issue that is being studied that is often not captured by
quantitative research methods (Leung 2009; Mayan 2009). The final product includes the
voice of the participant, as well as a complex description and interpretation of the
problem.
Telephone focus groups are an alternative approach to the traditional in-person
focus group, and are increasingly used in health research to explore health-related topics
such as health practices, knowledge and training needs (Cooper et al. 2003; Smith et al.
2009; Frazier et al. 2010). In telephone focus groups, teleconferencing techniques are
used to link participants in a focus group format (Simon 1988). Previous studies have
found that telephone focus groups facilitate participation from people in rural areas and
geographically distant cities (Cooper et al. 2003; Frazier et al. 2010), allowing greater
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diversity among participants (Simon 1988); reducing costs and time constraints (Tolhurst
and Dean 2004; Appleton et al. 2000; Simon 1988; White and Thomson 1995). However,
telephone focus groups do not allow the moderator to have visual cues to guide the
conversation making the moderator’s job more difficult, and some people are not as
comfortable over the telephone as in in-person situations.
Thematic analysis
There are many different approaches for analysing qualitative focus group data
such as grounded theory and ethnography. Thematic analysis was used in this research
because it is a flexible approach to analyze transcripts that provides a rich and complex
account of results by identifying overarching themes and patterns (Aronson 1994, Braun
and Clarke 2006). Focus group transcripts are first read for a preliminary sense of the
data (Krueger and Casey 2007). The researcher then looks at the data and analyzes it for
themes that summarize what is being discussed; the themes represent the participant’s
main ideas, perspectives, or experiences on the issue. The researcher makes a code list
based on the initial themes, codes the entire data set, and uses these data to provide a
narrative analysis of the issue.
There are a number of validation strategies to ensure the validity of findings from
focus groups; these include triangulation and member checking (Kidd and Parshall 2000).
Triangulation seeks evidence from a number of sources and compares findings from
those sources to ensure the reliability of the findings. Member checking provides the
findings of the analysis back to the participants and asks them to assess if the analysis
accurately reflects the issue from their perspective.
Thesis objectives
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The overall objective of this thesis was to identify opportunities for improved
water safety measures in SDWSs, with a contextual focus on Ontario, Canada, which
uses a mixed-method approach to explore a variety of avenues in order to better
understand the characteristics, issues, challenges and strengths of SDWSs.
Specifically, this thesis research attempts to:
▪

Chapter 2- (1) Identify published reports of waterborne disease outbreaks involving
SDWSs in Canada and the United States since 1970; (2) summarize factors
contributing to SDWS outbreaks, including water system characteristics, events
surrounding the outbreaks and the microorganism(s) involved; and (3) identify
terminology used to describe SDWSs in outbreak reports.

▪

Chapter 3- (1) Investigate the relationships between certain key characteristics of
SDWSs in Ontario, and the performance of these systems with respect to whether an
adverse E. coli test has been reported; and (2) investigate contributing factors in
rating SDWSs as a high or medium risk by PHIs, according to risk rating criteria
developed by the MOHLTC.

▪

Chapter 4- Explore the experience, existing knowledge, confidence and future
training needs of the SWDS operators in Ontario.

▪

Chapter 5- Explore PHI insights and needs related to SDWSs in Ontario to inform
future policy and training initiatives to support safe drinking water.

23

References
Appleton S, Fry A, Rees G, Rush R, Cull A. 2000. Psychosocial effects of living with an
increased risk of breast cancer: An exploratory study using telephone focus groups.
Psycho-Oncology; 9:511-521.
Aronson J. 1994. A pragmatic view of thematic analysis. Qual Rep, 2(1), Spring.
Bakker, K, Cook, C. 2011. Water governance in Canada: innovation and fragmentation.
Int J Water Resourc D. 27(2), 275-289.
Boag G, Pollon D, Chuster-Wallace CJ, Elliot SJ, Tye M. 2010. Safe water provisioning
in small systems: a key informant needs assessment. United Nations University
Institute for Water, Environment and Health.
Boland M, Sweeney MR, Scallan E, Harrington M, Staines A. 2006. Emerging
advantages and drawbacks of telephone surveying in public health research in
Ireland and the U.K. BMC Public Health. 6(208):1-7.
Bowling A. 2002. Research Methods in Health: Investigating health and health services.
Open University Press. Second Edition.
Bowman W, Messner M, Regli S, Bender J. 2009. Measuring the effectiveness of
performance-based training. J Water Health. 7(1):155-167.
Braun V, Clarke V. 2006. Using thematic analysis in psychology. Qual Res Psychol.
3(2): 77-101.
British Columbia Ministry of Health, Health Protection Branch. 2013. Small water system
guidebook. [www.health.gov.bc.ca/protect/pdf/small-water-system-guidebook.pdf]
Gulsvik A. 2002. Comparison of telephone and postal survey modes on respiratory
symptoms and risk factors. Am J Epidemiol. 155:572-576.

24

Browne WJ, Goldstein H, Rasbash J. n.d. Multiple membership multiple classification
(MMMC) models.
[https://www.education.gov.uk/publications/eorderingdownload/rr791.pdf]
Browne WJ. 2012. MCMC estimation in MLwiN version 2.26. Centre for Multilevel
Modelling. University of Bristol.
Butterfield, P., Camper, A. 2004. Development of a toolbox to assess microbial
contamination risks in small water systems. J Water Health. 2(4):217-232.
Campbell Collaboration. n.d. Guidelines for preparation of review protocols.
[http://www.campbellcollaboration.org/artman2/uploads/1/C2_Protocols_guidelines
_v1.pdf/]
Cann K, Thomas DR, Salmon RL, Wyn-Jones AP, Kay D. 2013. Systematic review:
extreme water-related weather events and waterborne disease. Epidemiol Infect.
141(4):671-86.
Chapple A. 1999. The use of telephone interviewing for qualitative research. Nurse Res.
6(3): 85-93.
Charrois JWA. 2010. Private drinking water supplies: challenges for public health.
CMAJ. 182(10): 1061-64.
Choi, BCK. 2004. Computer assisted telephone interviewing (CATI) for health surveys in
public health surveillance: Methodological issues and challenges ahead. Chronic
Dis Can. 25(2):1-12.
Clasen T, Schmidt WP, Rabie T, Roberts I, Cairncross S. 2007. Interventions to improve
water quality for preventing diarrhoea: systematic review and meta-analysis. BMJ.
334:782.

25

Colford JM, Roy S, Beach MJ, Hightower A, Shaw SE, Wade TJ. 2006. A review of
household drinking water intervention trials and an approach to the estimation of
endemic waterborne gastroenteritis in the United States. J Water Health. 4(Suppl
2):71-88.
Cook, C., Prystajecky, N., Ngueng Feze, I., Joly, Y., Dunn, G., Kirby, E., et al. 2013. A
comparison of the regulatory frameworks governing microbial testing of drinking
water in three Canadian provinces. Can Water Res J, (ahead-of-print), 1-11.
Cooper CP, Jorgensen CM, Merritt TL. 2013. Telephone focus groups: An emerging
method in public health research. J Women’s Health. 12:945–951.
Craun GF, Brunkard JM, Yoder JS, Roberts VA, Carpenter J, Wade T, Calderon RL,
Roberts JM, Beach MJ, Roy SL. 2010. Causes of outbreaks associated with
drinking water in the United States from 1971 to 2006. Clin Microbiol Rev.
23(3):507-28.
Dohoo I, Martin W, Stryhn H. 2009. Veterinary Epidemiologic Research (2nd Edition).
Charlottetown, Prince Edward Island: VER Inc.
Dunn, G., Harris, L., Cook, C., & Prystajecky, N. 2014. A comparative analysis of
current microbial water quality risk assessment and management practices in British
Columbia and Ontario, Canada. Sci Total Enviro, 468:544-552.
Dwan K, Gamble C, Williamson PR, Kirkham JJ. 2008. Systematic review of the
empirical evidence of study publication bias and outcome reporting bias – an
updated review. PLoS One. 8(7):e66844.

26

Erhart M, Wetzel RM, Krügel A, Ravens-Sieberer U. 2009. Effects of phone versus mail
survey methods on the measurement of health-related quality of life and emotional
and behavioural problems in adolescents. BMC Public Health. 9:491.
Esrey SA, Feachem RG, Hughes JM. 1985. Interventions for the control of diarrhoeal
diseases among young children: improving water supplies and excreta disposal
facilities. Bull WHO. 64:776-2.
Feveile H, Olsen O, Hogh A. 2007. A randomized trial of mailed questionnaires versus
telephone interviews: Response patterns in a survey. BMC Med Res Methodol. 7:27.
Fewtrell L, Kaufmann R, Kay D, Enanoria W, Haller L, Colford J. 2005. Water,
sanitation, and hygiene interventions to reduce diarrhoea in less developed
countries: a systematic review and meta-analysis. Lancet Infect Dis. 5:42-52.
Frazier LM, Miller VA, Horbelt DV, Delmore JE, Miller BE, Paschal AM. 2010.
Comparison of focus groups on cancer and employment conducted face to face or
by telephone. J Qual Health Res. 20(5):617-27.
Garriguet, D. 2008. Beverage consumption of Canadian adults. Statistics Canada Health
Report no. 82-003-X.
Geldreich EE, Singley E. 2005. Ontario water suppliers: two expert assessments.
Commissioned Paper 24, The Walkerton Inquiry.
Grande ED, Taylor AW. 2010. Sampling and coverage issues of telephone surveys used
for collecting health information in Australia: results from a face-to-face survey
from 1999 to 2008. BMC Med Res Methodol. 10:77.
Government of Ontario 2014. Ontario regulation 170/03: drinking water systems.
Queens Printer for Ontario.

27

Government of Ontario 2013. Ontario regulation 319/08: small drinking water systems.
Queens Printer for Ontario.
Government of Ontario 2012. Safe Drinking Water Act, 2002. Queen’s Printer for
Ontario.
Health Canada. 2005. Guidance for providing safe drinking water in areas of Federal
jurisdiction version 1. [http://hc-sc.gc.ca/ewh-semt/pubs/water-eau/guidancefederal-conseils/index-eng.php]
Health Canada. 2012. Guidelines for Canadian Drinking Water Quality—Summary
Table. Water, Air and Climate Change Bureau, Healthy Environments and
Consumer Safety Branch, Health Canada, Ottawa, Ontario.
Hrudey SE, Hrudey EJ. 2004. Safe drinking water: lessons from recent outbreaks in
affluent nations. IWA Publishing, London.
Huck PM, Coffey BM. 2004. The importance of robustness in drinking-water systems. J
Toxicol Environ Health A. 67:1581-1590.
Hunter PR, Ramírez Toro GI, Minnigh HA. 2010. Impact on diarrhoeal illness of a
community educational intervention to improve drinking water quality in rural
communities in Puerto Rico. BMC Public Health. 10:219-230.
Hynds PD, Thomas MK, Pintar KDM. 2014. Contamination of groundwater systems in
the US and Canada by enteric pathogens, 1990–2013: a review and pooled-analysis.
PLoS ONE. 9(5).
Indian and Northern Affairs Canada. 2007. Summative Evaluation of the First Nations
Water Management Strategy. [http://www.aadncaandc.gc.ca/eng/1100100012016/1100100012033]

28

Jalba DI, Cromar NJ, Pollard S, Charrois JW, Bradshaw R, Hrudey SE. 2010. Safe
drinking water: critical components of effective inter-agency relationships. Environ
Int. 36:51-59.
Jalba DI, Hrudey SE. 2006. Drinking water safety and risk management for public health
agencies. Environ Health Rev. Summer, 37–44.
Johns, C., Rasmussen, K. 2008. Water resource management in Canada. In: SprouleJones, Johns, C., Heinmiller, B. (Eds.), Can Water Politics. McGill-Queen’s
University Press, pp. 59.
Jones AQ, Dewey CE, Dore K, Majowicz SE, McEwen SA, Waltner-Toews D, Henson
SJ, Mathews E. 2007. A qualitative exploration of the public perception of municipal
drinking water. Water Policy. 9(4): 425-438.
Jones AQ, Majowicz SE, Edge VL, Thomas MK, MacDougall L, Fyfe M, Atashband S,
Kovacs SJ. 2007. Drinking water consumption patterns in British Columbia: an
investigation of associations with demographic factors and acute gastrointestinal
illness. Sci Total Environ. 388: 54-65.
Kempf AM, Remington PL. 2007. Telephone survey research in the twenty-first century.
Annu Rev Public Health. 28:113-26.
Kidd PS, Parshall MB. 2000. Getting the focus and the group: enhancing analytical rigor
in focus group research. Qual Health Res. 10:293.
Kot M, Castleden H, Gagnon GA. 2011. Unintended consequences of regulating drinking
water in rural Canadian communities: examples from Atlantic Canada. Health &
Place. 17(5):1030-1037.

29

Krueger RA, Casey MA. 2007. Focus groups: a practical guide for applied research 4th
ed. Thousand Oaks, CA: Sage.
Le ML. 2010. Small drinking water systems project: circuit rider training program for
water operators. National Collaborating Centres for Public Health.
Leung FH. 2009. Spotlight on focus groups. Can Fam Physician. 55(2): 218-19.
Maal-Bared R. Bartlett KH. Bowie WR. 2008. Dealing with waterborne disease in
Canada: challenges in the delivery of safe drinking water. Rev Environ Health.
23(2): 119-133.
Majowicz S. Edge V. Fazil A. McNab WB et al. 2005. Estimating the under-reporting
rate for infectious gastrointestinal illness in Ontario. Can J Public Health. 96(3):
178.
Mayan MM. 2009. Essentials of Qualitative Inquiry. Left Coast Press Inc.
McHorney CA, Kosinski M, Ware JE. 1994. Comparisons of the costs and quality of
norms for the SF-36 health survey collected by mail versus telephone interview:
results from a national survey. Med Care. 32:551-567.
Moffat H, Struck S. 2011. Water-borne disease outbreaks in Canadian small drinking
water systems. Vancouver, BC: National Collaborating Centre for Environmental
Health.
Morris RD. Levin R. 1995. Estimating the incidence of waterborne infectious disease
related to drinking water in the United States in Assessing and Managing Health
Risks from Drinking Water Contamination: Approaches and Applications.
Reichard EG & Zapponi GA (Eds.) IAHS Publ. No. 233, Wallingford, UK.
International Association of Hydrological Sciences, 75-88.

30

Mulrow CD. 1994. Rational for systematic reviews. BMJ. 309(6954):597-9.
National Collaborating Center for Public Health. 2009. Small drinking water systems:
definitions. [http://nccph.ca/en/index.aspx?sortcode=2.0.11.12.12]
National Research Council. 1997. Safe water from every tap: improving water services to
small communities. Washington, DC: The National Academies Press. 218 p.
Neegan Burnside Ltd. 2011. National assessment of First Nations water and wastewater
systems. Department of Indian Affairs and Northern Development.
O’Connor, D.R. 2002a. Report of the Walkerton inquiry, part 1: the events of May 2000
and related issues. [www.walkertoninquiry.com]
O’Connor, D.R. 2002b. Report of the Walkerton inquiry, part 2: a strategy for safe water.
[www.walkertoninquiry.com]
Odoi A. Aramini J. Majowicz S. Meyers R. Martin WS. Sockett P. Michel P. Holt J.
Wilson J. 2003.The status of drinking water in Ontario, Canada (1992-1999). Can J
Public Health. 94(6): 417-421.
Ontario Drinking Water Advisory Council (ODWAC) 2005. Report and advice on
Ontario Regulation 170/03.
[http://www.odwac.gov.on.ca/reg_170/020805_Reg_170_Final_Report.pdf]
Ontario Ministry of Health and Long-Term Care. 2008. Small drinking water systems risk
assessment directives guidance document.
[http://www.health.gov.on.ca/en/pro/programs/publichealth/oph_standards/docs/gui
dance/gd_drinking_water.pdf]
Ontario Ministry of Health and Long Term Care (MOHLTC). 2013. Small Drinking
Water Systems.

31

[http://www.health.gov.on.ca/english/public/program/pubhealth/safewater/safewater
_faq.html]
Ontario Ministry of Health and Long-Term Care. 2014. Drinking water protocol.
[www.health.gov.on.ca/en/pro/programs/.../oph.../drinking_water.pdf]
Ontario Ministry of the Environment 2014. Small Drinking Water Systems: operator
training. [http://www.eohu.ca/_files/resources/resource932.pdf]
Payment P, Pintar K. 2006. Waterborne pathogens: a critical assessment of methods,
results and data analysis. J Water Sci, 19(3): 233-45.
Pham MT, Jones AQ, Sargeant JM, Marshall BJ, Dewey CE. 2010a. A qualitative
exploration of the perceptions and information needs of public health inspectors
responsible for food safety. BMC Public Health. 10(1):345.
Pham MT, Jones AQ, Sargeant JM, Marshall BJ, Dewey CE. 2010b. Specialty food
safety concerns and multilingual resource needs: an online survey of public health
inspectors. Foodborne Pathog Dis. 7(12):1457.
Prisma. n.d. Transparent reporting of systematic reviews and meta-analyses.
[http://www.prisma-statement.org/statement.htm]
Public Health Agency of Canada. 2015. National enteric surveillance program.
[https://www.nml-lnm.gc.ca/NESP-PNSME/index-eng.htm]
Public Health Agency of Canada. 2014. Notifiable diseases on-line. [http://dsolsmed.phac-aspc.gc.ca/dsol-smed/ndis/index-eng.php].
Ransom, J. 1997. “Building new partnerships between Canadians and First Nations
societies to achieve a sustainable seventh generation for all peoples” In: Shrubsole

32

D. and Mitchell B. (eds.), Practising sustainable water management: Canadian and
International experiences. Canadian Water Resources Association. pp.61-74.
Rasbash J, Goldstein H. 1994. Efficient analysis of mixed hierarchical and crossclassified random structures using a multilevel model. J Educ Behav Stat, 19:33750.
Raudenbush SW. 1993. A crossed random effects model for unbalanced data with
applications in cross-sectional and longitudinal research. J Educ Stat. 18(4): 321-49.
Reynolds KA, Mena KD, Gerba CP. 2008. Risk of waterborne illness via drinking water
in the United States. Rev Environ Contam Toxicol, 192: 117-158.
Richardson HY. Nichols G. Lane C. Lake IR. Hunter PR. 2009. Microbiological
surveillance of private water supplies in England: the impact of environmental and
climate factors on water quality. Water Res. 43: 2159-2168.
Rizak SN. Hrudey SE. 2006. Misinterpretation of drinking water quality monitoring data
with implications for risk management. Environ Sci Tech. 40(17): 5244-5250.
Ross CB, Elizabeth AB, Terry LL, Kathleen NG, William RT. 2010. Evidence-Based
Public Health. Oxford University Press, second edition.
Rothstein HR, Sutton AJ, Borenstein M. 2005. Publication bias in meta-analysisprevention, assessment and adjustments. John Wiley & Sons. Ltd. p.1-3.
Rupp G. 2001. The challenges of installing innovative treatment systems in small water
systems. Environ Health Rev. July/August, 22–25.
Said B, Wright F, Nichols GL, Reacher M, Rutter M, 2003. Outbreaks of infectious
disease associated with private drinking water supplies in England and Wales 1970–
2000. Epidemiol. Infect. 130: 469–479.

33

Schuster CJ, Ellis AG, Robertson WJ, Charron DF, Aramini JJ, Marshall BJ, Medeiros
DT. 2005. Infectious disease outbreaks related to drinking water in Canada, 19742001. Can J Public Health. 96(4):254-8.
Sebastian RS, Wilkinson EC, Goldman JD. 2011. Drinking water intake in the U.S.
[http://ars.usda.gov/Services/docs.htm?docid=19476]
Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart
LA, PRISMA-P Group. 2015. Preferred reporting items for systematic review and
meta-analysis protocol (PRISMA-P) 2015: elaboration and explanation. BMJ.
349:g7647.
Siemiatycki J, Campbell S. 1984. Nonresponse bias and early versus all responders in
mail and telephone surveys. Am J Epidemiol. 120:291-301.
Simon M. 1988. Focus groups by phone: better way to research health care. Marketing
News. 22:47.
Smith A, Reacher M, Smerdon W, Adak G, Nichols G, Chalmers R. 2006. Outbreaks of
waterborne infectious intestinal disease in England and Wales, 1992-2003.
Epidemiol Infect. 134(6):1141-9.
Smith JM, Mass D, Sullivan SJ, Baxter GD. 2009. Telephone focus groups in
physiotherapy research: potential uses and recommendations. Physiother Theory
Pract. 25(4):241-256.
Strickland CJ. 1999. Conducting focus groups cross-culturally: experiences with Pacific
Northwest Indian people. Public Health Nurs. 16(3):190-197.
The Cochrane Collaboration. 2002. Module 15: Publication Bias. [http://www.cochrane
net.org/openlearning/PDF/Module_15.pdf]

34

Tolhurst H, Dean S. 2004. Using teleconferencing to enable general practitioner
participation in focus groups. Prim Health Care Res Dev. 5:1–4.
United Nations. 2014. The human right to water and sanitation.
[http://www.un.org/waterforlifedecade/human_right_to_water.shtml]
Walker AH, Restuccia JD. 1984. Obtaining information on patient satisfaction with
hospital care: mail versus telephone. Health Serv Res. 19:291-306.
White GE, Thomson AN. 1995. Anonymized focus groups as a research tool for health
professionals. Qual Health Res. 5:256.
Willis K, Green J, Daly J, Williamson L, Bandyopadhyay M. 2009. Perils and
possibilities: achieving best evidence from focus groups in public health research.
Aust N Z J Public Health. 33(2):131-136.
Wilson J, Aramini J, Clarke S, Novotny M, Quist M, Keegan V. 2009. Retrospective
surveillance for drinking water-related illnesses in Canada, 1993-2008.
Novometrix Research Inc.
World Health Organization. 2008. Report of the fourth meeting of the small community
water supply management network.
[http://www.who.int/water_sanitation_health/dwq/WSH08_06.pdf]
World Health Organization. 2011. Valuing water, valuing livelihoods. IWA Publishing.
272 p.
Wu S, Hrudey S, French S, Bedford T, Soane E, Pollard S. 2009. A role for human
reliability analysis (HRA) in preventing drinking water incidents and securing safe
drinking water. Water Res. 43(13):3227–3238.

35

Yoder J, Roberts V, Craun GF, Hill V, Hicks LA, Alexander NT, Radke V, Calderon RL,
et al. 2008. Surveillance for waterborne disease and outbreaks associated with
drinking water and water not intended for drinking - United States, 2005-2006.
MMWR Surveill Summ 57(40): 1105.
Zaccarin S, Rivellini G. 2002. Multilevel analysis in social research: an application of a
cross-classified model. Stat Methods Appt. 11: 95-108.

36

CHAPTER 2
A systematic review of waterborne disease outbreaks associated with small noncommunity drinking water systems in Canada and the United States1
INTRODUCTION
Small non-community drinking water systems (SDWSs) provide water to
residents across Canada and the United States (U.S.), as well as to transient populations
of tourists and travellers at premises such as campgrounds, restaurants, and hotels [1].
These systems provide water to 15% of Canada’s population [2] and to 6% of the United
States’ population [3].
The term “SDWS” can encompass a variety of water systems, including private
and semi-private, public and semi-public, non-community, and micro systems. SDWS
may refer to a water system servicing a small community or a single premise that is open
to the public, such as a restaurant. A standard definition for SDWSs in North America
does not exist. Current definitions used by legislative authorities differ, and are variably
based on the number of people served by the water system, the number of connections to
the system, the amount of water distributed (flow rate), the length of time the system is in
use during the year, or the complexity of the system (this could range from a simple well
and pump to a system consisting of coagulation, filtration and disinfection) [4]. For
example, Health Canada defines systems that serve less than 500 individuals as “very
small” and those serving 501 to 5000 individuals as “small”; however, each province
defines and regulates SDWSs differently from Health Canada and from each other (Table
2.1). In U.S., a “very small” system serves 25 to 500 individuals and a “small” system
serves 501 to 3,300 individuals [3]. Differences in definitions complicate the comparison
1
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of data from outbreaks in different jurisdictions. For the purpose of this review, a SDWS
is defined as a non-community, privately or publicly owned system that provides
drinking water to the visiting public.
Previous outbreak summaries have shown that in the U.S. (43.8%; 342/780) [18]
and Canada (62%; 26/42) [19], roughly half of reported waterborne disease outbreaks are
associated with SDWSs. A report by the National Research Council found water systems
in the U.S. serving fewer than 500 people exceeded microbial and chemical water
standards twice as often as larger water systems [20]. The ability for small systems to
address water safety risks is especially challenging. Larger water systems have
comprehensive protection measures in place (e.g. multistep treatment systems with backup measures in place or frequent monitoring practices), while small systems face the
challenges of having relatively high operating costs associated with treatment for a small
number of consumers [21], poor access to operator training [22]-[23], and low retention
of knowledgeable water operators [22]-[23].
Since 1971, waterborne disease surveillance has been conducted regularly in the
United States by the Centers for Disease Control and Prevention [24]. In Canada, there is
no national surveillance system specific to waterborne illness and no standardized
approach to data collection on sporadic or outbreak cases of waterborne illness, although
there are enteric disease surveillance systems in place to inform our understanding of
acute gastrointestinal infection [19]. Examination of past waterborne disease outbreaks is
essential to understanding the causes of outbreaks, identifying system deficiencies, and
informing future protection measures and risk mitigation strategies that are appropriate to
the size of the water system [25]. While several recent reviews of waterborne disease
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outbreaks have been published in the United States and Canada [18]-[19], [25]-[26], none
focused on SDWSs using formal systematic review methods. Systematic reviews are the
preferred approach to reviewing literature because they use structured, reproducible and
transparent methods that aim to minimize bias and provide reliable findings to inform
future research and decision-making [27]-[28]; this can lead to more evidence-informed
assessments of outbreaks associated specifically with SDWSs.
This systematic review was undertaken to identify and analyze outbreak reports
involving enteric pathogens occurring in SDWSs throughout Canada and the United
States, from 1970 to 2014. The objectives of this study were to: 1) identify all published
reports of waterborne disease outbreaks involving SDWSs in Canada and the United
States since 1970; 2) summarize the reported factors contributing to these outbreaks,
including water system characteristics, events surrounding the outbreaks, and the
microorganism(s) involved; and 3) identify the terminology used to describe SDWSs in
these outbreak reports.
METHODS
Research questions and review protocol
This review was guided by the following research questions: “what were the
causes of waterborne disease outbreaks in SDWSs in Canada and the United States from
1970-2014?”; “what were the key characteristics of those outbreaks?”; and “what
terminology was used to describe SDWSs in these outbreak reports?”
A review protocol was created a priori outlining the search strategy, selection
criteria, and screening and data extraction forms. The review was guided by a team of
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seven people with expertise in drinking water safety, public health, risk assessment,
knowledge synthesis, and systematic review methodology.
Search strategy
A comprehensive search algorithm was created. Firstly, key search terms were
obtained from reviewing the titles and abstracts of 10 waterborne outbreak reports
occurring in Canada and the United States in SDWSs [24], [29]-[37]. Terms were then
combined in relevant categories (population, outcome and location) using Boolean logic
operators. The search algorithm was tested in PubMed and a final algorithm was selected
that retrieved the highest proportion of all known relevant articles.
The search algorithm was implemented in the following three bibliographic
databases on June 20-21, 2013, with an updated search on July 17-18, 2014:
PubMed/Medline, Web of Science, and Scopus. By way of example, the final algorithm
as implemented in PubMed was as follows: ("gastroenteritis"[MeSH Terms] OR
"gastroenteritis"[All Fields]) OR (“illness”[All Fields]) OR (“Outbreak”*) OR
("disease"[MeSH Terms] OR "disease"[All Fields]) AND (("waterborne") OR (("drinking
water"[MeSH Terms]) AND "drinking water"))) AND (("Canada"[MeSH Terms] OR
"Canada"[All Fields]) OR ("united states"[MeSH Terms] OR "united states"[All Fields])
OR (“North America” [MeSH Terms] OR “North America” [All Fields])); other
database-specific algorithms are reported in the supplementary materials (Appendix 2.1).
To minimize the risk of missing relevant outbreak reports, a search of Morbidity and
Mortality Weekly Reports surveillance summaries and Canada Communicable Disease
Reports was also conducted on July 31, 2013. In addition, the following grey literature
sources were searched using combinations of the key search terms: ProMED-mail and
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Google on October 30, 2013. These searches had no date restrictions and for pragmatic
reasons the Google search was limited to the first 100 hits. All grey literature searches
were updated on July 20, 2014. For search verification, the reference lists of five key
summary and review articles [18]-[19], [25], [38]-[39] were also searched to identify
further reports.
Relevance screening
Screening of article titles and abstracts was conducted by two independent
reviewers using a form that was developed a priori (Appendix 2.2) and based on detailed
inclusion/exclusion criteria (Table 2.2). The form was pre-tested by both reviewers on a
selection of 20 abstracts before use in full screening. Screening proceeded when the
kappa measure of agreement between reviewers was >0.8. Any reviewer disagreements
were resolved by discussion until a consensus was achieved. The screening form was
used to assess the relevance of titles and abstracts of all identified citations according to
one key question: “Does the study investigate or discuss waterborne outbreak(s) in
SDWSs in Canada or the United States occurring between 1970 and 2014?”.
Data extraction
Data extraction was conducted independently on full articles by two reviewers.
The extraction form (Appendix 2.3) was tested by both reviewers prior to use on five
relevant articles and reviewer disagreements were resolved by discussion until a
consensus was achieved. The form contained seven questions about the water system,
including the type of water source (ground, surface, or mixed), whether the water system
was operated seasonally (i.e. did not operate consecutively for 365 days/year), water
treatment type, and terminology used to describe the water system’s size (including the
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term used to describe the water system size as an open text box, the number of
connections to the water system, the flow rate and number of people served by the
system). Outbreaks reported for a single premise (camp, restaurant, etc.) were attributed
to a non-community system. Articles were excluded if insufficient information was
provided to identify SDWS. Other data that were captured from the articles included: the
date and location of the outbreak, the number of people ill, the reported/contributing
events leading to the outbreak, the microbiological organisms involved, and the type of
premise(s) associated with the outbreak. Outbreak confirmation was also classified into
categories defined by the Centres for Disease Control and Prevention [24]: Class 1
(strength of evidence link- adequate epidemiologic and water quality data); Class 2
(strength of evidence link- adequate epidemiologic data, water quality data inadequate or
not provided); and Class 3 (strength of evidence link - epidemiologic data provided but
limited, laboratory confirmation of water quality data provided and adequate). A risk-ofbias assessment was not conducted due to inadequate reporting detail, as often occurs
with outbreak reports [40].
Systematic review management, data charting and analysis
Citations identified via the search were imported into the web-based reference
management program RefWorks 2.0 (RefWorks, 2009), and duplicates were removed
using the automatic de-duplication option. Citations were exported to an Excel
spreadsheet for review (Microsoft Excel, 2003).
The data were summarized using descriptive tables and bubble charts. Bubble
charts were used to graphically represent cross tabulations of data, where the size of the
bubble was proportional to the number of outbreaks occurring in a given pair of variables
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[41]. Bubble charts were created for microorganism category involved in the outbreak by
water source. These variables were chosen to explore relationships based on the findings
of previous research [18], [25].
Data were descriptively analyzed in SPSS 20 (SPSS Inc., 2011), with unique
outbreaks reported within articles as the unit of analysis. A chi-squared test was used to
determine the statistical significance of differences in proportions of outbreaks between
seasons (seasons were categorized as: winter- December, January and February; springMarch, April and May; summer- June, July and August; fall- September, October and
November). Statistical significance was declared at p <0.05. Meta-analysis was not
conducted as the primary aim of the study was to summarize qualitative outbreak
characteristics. The Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines were followed in reporting the methods and results of
this review (Appendix 2.4) [42].
RESULTS
The database and grey literature searches retrieved 2,810 unique citations that
were screened for relevance. A total of 50 relevant articles were identified, which
included 293 unique outbreak reports involving SDWSs (Figure 2.1). The descriptive
summary and citation list of each outbreak is provided in Appendix 2.5.
Of the 293 reported outbreaks, 121 (41.3%) occurred in Canada and 172 (58.7%)
in the United States, from 1970 to 2014. The outbreaks resulted in a total of 41,862
illnesses and 3 deaths. The mean annual number of outbreaks reported over the 40-year
period was 7.3, with a mean of 143 illnesses per outbreak. The number of illnesses per
outbreak ranged from 2 to 5,000. The numbers of outbreaks reported annually were
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greatest from 1985 to 1995 (187/293; 63.8%), with the highest number of outbreaks
(31/293; 10.6%) reported in both 1991 and 1992. Outbreaks were reported throughout the
year; however, a seasonal trend was observed with 51.4% (147/286) of outbreaks
reported during the summer months (Chi-square= 112.01; p<0.001) (Figure 2.2).
A minority of reports identified how the outbreak was confirmed (99/293; 33.8%).
Of these, 49.5% (49/99) were reported as having a Class 1 strength of evidence link, 6%
(6/99) as having a Class 2 strength of evidence link, 32.3% (32/99) as having a Class 3
strength of evidence link; 11.1% (11/99) utilizing both stool and water samples, and 1%
(1/99) water samples only.
Slightly more than half of the outbreaks were of undetermined etiology (161/293;
54.9%). Giardia intestinalis was the most commonly identified agent (42/293; 14.3%),
followed by Norovirus (29/293; 9.9%) and Campylobacter jejuni (22/293; 7.5%) (Figure
3). Seven outbreaks (2.4%) involved multiple agents2.
Giardia intestinalis and Norovirus were determined to have caused the two largest
proportions of human cases of illness (26.9% and 24.2%, respectively) (Table 2.3). In
ground water sources (Figure 2.4), parasites, bacteria, and viruses were associated with
19.2% (15/78), 30.8% (24/78) and 44.9% (35/78), respectively, of outbreaks where an
etiological agent was identified. In surface water sources, parasites were associated with
81.8% (18/22) of outbreaks of known etiology, while bacteria and viruses were each
implicated in 4.5% (1/22).
A total of 30.3% (89/293) of reports did not indicate the type of water source that
was involved in the outbreak. Of the outbreak reports that indicated the implicated water
2

Multiple agents included Campylobacter jejuni and E. coli O157:H7 (n=2); C. jejuni and G.
intestinalis (n=2); C. jejuni and Shigella sonnei (n=1); C. jejuni and Norovirus (n=1); and C.
jejuni and Yersinia enterocolitica (n=1)
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source, 81.4% (166/204) identified ground water (including wells and springs), 18.1%
(37/204) identified surface water (including lakes, ponds, rivers, creeks, streams, and
reservoirs); the remaining outbreak occurred in a cistern (1/204).
Approximately 66% (194/293) of outbreak reports did not indicate whether there
was water treatment in place at the time of the outbreak. When this information was
reported, 70.7% (70/99) of implicated water supplies did not have treatment in place
(Figure 2.5). The most common type of reported treatment was chlorination only (79.3%;
17/29), followed by filtration and chlorination (20.7%; 6/29). Another 20.7% (6/29) of
reports indicated treatment was used but did not specify the method employed.
Factors contributing to outbreaks, where reported, were categorized into seven
types (Table 2.4). The most common deficiencies reported (of the 170/293 reports where
a deficiency was reported) included inadequate treatment (74/170; 43.5%) and lack of
water treatment (66/170; 38.8%). Multiple deficiencies were reported in 15.9% (27/170)
of outbreak reports.
Few outbreak reports provided detailed information on the implicated water
system, including the number of people served (described in 9/293 reports; 3.1%), the
number of connections in the system (5/293; 1.7%), and the water system’s flow rate
(3/293; 1%). No outbreak reports indicated whether the water system was seasonal. All
outbreak reports included the premise type (Figure 2.6).
The term “non-community water system” was most commonly used when
describing the type of SDWS (135/293; 46%); 2.4% (7/293) described the system by the
premise it served, for instance “the water supply for the resort”, and 1.7% (5/293) each
used the terms “private water supply” and “individual water system”. Almost half of
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reports (141/293; 48.1%) did not classify the type of SDWS that was involved in the
outbreak.
DISCUSSION
This study used systematic and transparent review methods to summarize the
characteristics and contributing factors associated with reported waterborne disease
outbreaks involving SDWSs in Canada and the United States from 1970 to 2014. Many
of the identified factors have previously been identified to cause outbreaks in any
drinking water system, regardless of size. Previous studies in the United States and
Canada [43]-[45] have found untreated and inadequately treated ground water to be the
most common factors leading to outbreaks in small drinking water supplies. In this study,
outbreaks due to suspected or confirmed infectious agents in SDWSs were most
commonly attributed to the failure of an existing water treatment system (22.7%),
followed by the absence of water treatment (20.2%).
It is generally believed that ground water is better protected from contamination
than surface water [45]. However, ground water quality is heavily influenced by several
factors including the type of well (dug vs. drilled), proper construction and placement of
wells, infiltration into shallow or deteriorating wells (ground water under the direct
influence of surface water), and contamination from agriculture, septic or wildlife sources
[45]. The need for appropriate drinking water treatment, regardless of the water source, is
highlighted in this review. The adoption of drinking water treatment by all SDWSs is a
critical step to ensure safe water supplies for these communities, and would serve to
reduce the incidence of waterborne outbreaks [46]-[47]. Previous research indicates that
small systems struggle with choosing a treatment technology that is appropriate to the
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microbial risks present [21] and that is in-line with resource limitations (including fiscal
limitations and having operators that are trained to operate and maintain the treatment
system) [48]. However, in both Canada and the United States, efforts to translate this
knowledge to SDWS operators are emerging, to assist in the identification and adoption
of appropriate treatment technologies for the water supply [49]-[50].
Season continues to be identified as a factor in the incidence of waterborne
outbreaks [18]. A larger proportion of the outbreaks in this review (51%) occurred in the
summer months compared to other seasons. Seasonality in outbreak occurrence may be
the result of increased pathogen prevalence in source waters, coupled with contributing
weather events such as heavy rains or drought [37], but it may also reflect the seasonal
use of some SDWSs. However, none of the publications reviewed reported if the water
system was used in a seasonal manner. Water systems that are used on a seasonal or
infrequent basis, such as summer camps, trailer parks and campgrounds, face high
demands on the water supply from many visitors during short periods of time [52].
Supplies that provide water on a seasonal basis require the same level of ongoing
monitoring and response to adverse test results as year-round systems, when they are in
use.
Retrospective evaluation of SDWS outbreak reports can improve our knowledge
about key deficiencies common across outbreaks, while identifying important knowledge
and reporting gaps, to inform future prevention efforts. In order for this to be successful,
however, the reporting framework must be detailed enough to ensure the information
available in the peer-reviewed and grey literature can be meaningfully interpreted and
analysed [53]. A large number of reports included in this review lacked detailed
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information on the SDWS, including detail on the cause of the outbreak (37.7%) and the
etiological agent involved (55%). Waterborne outbreaks can be difficult to recognize and
investigate; often outbreak investigations are time-sensitive and delays in the onset of
symptoms or in getting started with the investigation can hinder the environmental
investigation into the probable source and cause of illness [19], [25]. The identification of
etiologic agents in both exposure sources (water) and human stools has improved over
time with enhanced laboratory diagnostic tools, specifically with the more readily
available capability to detect Norovirus [18], [54]. However, Craun et al. found in the
United States, that the number of outbreaks reporting the cause of the outbreak as
‘unknown’ has increased over time [18]. This observation may be influenced by a lack of
a systematic mechanism for reporting details associated with a waterborne outbreak, for
instance some investigators may report an outbreak cause as unknown if they do not have
water or environmental samples linking a source of contamination, while other
investigators may report a cause based on the most probable cause of contamination.
Also, investigations are hindered by the environmental conditions and the transient nature
of water contamination, sometimes making identification of the cause of the outbreak
extremely difficult or impossible. The high frequency of missing information from
outbreak investigations identified in our research highlights the need for timely,
comprehensive investigation of waterborne disease outbreaks and improved outbreak
reporting practices that include explanations for missing information (e.g. whether
missing pathogen data was due to negative test results, or limited or no testing).
We also found great variation in the terminology used to describe the size of the
water system involved in SDWS outbreaks. The term “non-community” was commonly
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used to describe the water system involved in outbreaks occurring in the United States.
This term is used in the United States to denote systems that serve the general public and
have 15 or more connections, or serve an average of 25 or more people [55]. Slightly
over half of the reports (54.4%) described the characteristics and ownership of the system
in the report, or referred to the water system as a “private” or “individual” system.
Individual water systems that serve a single private residence are also commonly referred
to as private water systems; this can be misleading and reduces the usefulness of outbreak
summaries using this terminology. Since a common definition of SDWSs does not exist
within Canada or the United States, it would be useful if outbreak reports would include
information on water system characteristics to facilitate comparisons between and within
jurisdictions and to identify common themes and risk factors, to inform future
interventions. In the United States, there are national reporting guidelines for waterborne
disease outbreaks [56]; however, many characteristics of the water systems are not
collected (e.g. seasonality, number of connections and flow rate). The collection of
information on drinking water outbreaks in Canada is not standardized [19]. The
development of standardized reporting guidelines for waterborne outbreaks, regardless of
the system size, would help inform the evaluation of public health risk in these systems
and intervention efficacy. Specific recommendations for enhancing outbreak reporting in
SDWSs are outlined in Table 2.5.
Study Limitations
Reporting and publication bias may have resulted in under-reporting of small
outbreaks in the literature, given that large outbreaks are more likely to be investigated
and published. Articles that did not explicitly mention the terms “outbreak” or “drinking
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water” could have been missed in the database searches, and since the terminology used
to describe SDWSs varied widely across reports, it is possible that outbreak reports could
have been missed. However, the verification strategy of reviewing the reference lists of
other outbreak reviews aimed to minimize the number of potentially missed outbreak
reports. Misclassification bias may have also occurred; based on our approach to
identifying SDWSs in reports, some outbreaks could have been overlooked or outbreaks
that were not actually associated with a SDWS could have been included during data
extraction. However, the detailed eligibility criteria used in this study attempted to
minimize this.
CONCLUSION
This review used a systematic and transparent approach to identify and
characterize published waterborne disease outbreak reports involving SDWSs in Canada
and the United States from 1970 to 2014. We found great variability in the terminology
used to describe a SDWS and a lack of reporting of important details about the water
systems and causes of outbreaks in these reports. More consistent reporting and
descriptions of SDWSs in future outbreak reports would help to identify common risks,
which would help to inform targeted public health interventions; recommendations for
reporting are described. This review found that lack of water treatment and inadequate
treatment, particularly in systems using ground water sources, was a leading cause of
outbreaks involving SDWSs.
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TABLES

2

Table 2.1
Province
Alberta [5]

Definitions of small drinking water systems across Canada.
Terminology
Small water
system

Definition
Serves a municipal or privately owned public facility, with a population of less than 500.
Surface water or ground water under the influence of surface water is excluded from the
small systems category.

British
Columbia [6]

Small water
system

Water supply system that serves up to 500 individuals during any 24-hour period.

Manitoba [7]

Semi-public
water systems

Systems with less than 15 service connections or a public facility such as a school or
hospital with its own water supply.

New
Brunswick [8]

Water works

All or any part of a private, public, commercial or industrial works for the collection,
production, treatment, storage, supply or distribution of water.

(Does not
specifically
identify small
systems)
Newfoundland
and Labrador
[9]

Northwest
Territories
(NWT) [10]

Includes all municipal drinking water systems, those owned by the crown, and those
privately owned

Very small
system

Serve populations of 500 or fewer people.

Small system

501-1500 people

Small system

Water treatment plants are classified according to the complexity of the treatment
system, the quality of the raw water source, capacity of the system, types and degrees of
process controls and instrumentation, chemicals used in the treatment process and the
treatment and disposal of waste such as backwash water, sludge and residuals. Small
systems are the simplest systems in the NWT.
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Nova Scotia
[11]

Public drinking
water supply
(Does not
specifically
identify small
systems)

A water works system for the provision of piped water for human consumption where the
system has at least 15 service connections or serves 25 or more individuals per day at
least 60 days of the year. This includes municipal, commercial, institutional, industrial,
and privately owned water supplies

Nunavut [12]

Unknown

There is no requirement for individual systems to provide public reporting

Ontario [13]

Small drinking
water system

A business or premise that makes drinking water available to the public and does not get
their drinking water from a municipal drinking water system.

Prince Edward
Island [14]

Small public
drinking water
facility

Serves 100 or fewer customers

Quebec [15]

Very small
systems

21 to 200 people

Small systems

201 to 1000 people

Saskatchewan
[16]

Semi-private
waterworks

A flow of less than 18,000 litres per day. Such as on-site water systems serving
restaurants, motels, campgrounds, small parks, municipal wells with no distribution
system.

Yukon [17]

Small drinking
water system

A system other than a large drinking water system, that provides drinking water that:
(a) may have a water source or obtain drinking water from a large drinking water system;
(b) has infrastructure that collects, produces, treats or stores drinking water; and
(c) may have a distribution system that has up to 14 service connections or up to 4
delivery sites;
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4

Table 2.2
Inclusion and exclusion criteria used to identify relevant publications of
outbreaks occurring in small drinking water systems (SDWS).

Inclusion criteria
Language: English, French, Spanish
Population: small non-community water
systems, public or privately owned

Exclusion criteria
Language: any language other than English,
French, Spanish
Population: community or individual water
supplies or if there was not enough information
to determine the size of the water supply
Study type: summary studies that do not
provide detail on individual outbreaks

Outcome: 2 or more cases of acute
gastrointestinal illness associated with a water
supply

Period: 1970- present

Outcome: single cases of illness associated
with a water supply
-contamination by non-enteric pathogens (e.g.
Legionella), chemical contamination, and
outbreaks associated with recreational water
Period: pre- 1970
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5
6
7
8

9
10
11
12
13

Table 2.3
Total numbers of illnesses and deaths by causative microorganism as
reported in 293 published waterborne disease outbreaks involving small drinking water
systems in Canada and the United States (1970-2014).
Total Number
Total
of Infections1
Number
(per cent of
of
Microorganism
total)
Deaths
Giardia intestinalis
11 931
0
(26.9)
Norovirus
10 739
2
(24.2)
E. coli O157:H7
3 050
0
(7.3)
Campylobacter
3 069
0
(6.9)
Shigella sonnei
1 863
0
(4.5)
Cryptosporidium parvum
650
0
(1.6)
Other2
590
0
(1.4)
Hepatitis A virus
273
0
(0.7)
Unknown
12 210
1
(29.3)
Total3
44 375
3
1
Appropriate data were not available for attack rates to be included
2
Other microorganisms included Salmonella spp., Small Round Structured Viruses (SRSV),
Rotavirus, Yersinia enterocolitica, Streptococcus spp., Bacillus cereus and Pseudomonas
aeruginosa
3
Count exceeds the total number of people ill due to illness associated with multiple agents
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14
15
16
17

Table 2.4
Type of water system deficiency (n= 326) cited in 293 waterborne disease
outbreak reports in small drinking water systems in Canada and the United States (19712014), by water source.
Source of
Deficiency1

Description

Inadequate
treatment

An existing water
treatment system failed
to provide adequate
protection from
contamination
Lack of
No water treatment was
treatment
used
Sewage
Human sewage
contamination contaminated the water
supply at any point in
the water system
Distribution
Contamination entered
system
through the distribution
system e.g. cross
connections, broken
water main
Source
Contamination from
contamination surrounding land use,
principally animal waste
Weather
events

Unknown3

Other4

18
19
20
21
22
23
24

Extreme weather events,
such as heavy
precipitation or
prolonged drought,
contributed to
contamination

Ground
Water
# (%)
55 (28.8)

Water Source
Surface
Water
Unknown
# (%)
# (%)
13 (31.7)
3 (3.3)

57 (29.8)

9 (22.0)

21 (11.0)

Total
Other2
# (%)
3 (75.0)

74

0

0

66

4 (9.8)

3 (3.3)

0

28

14 (7.3)

1 (2.4)

2 (2.2)

0

17

2 (1.0)

3 (7.3)

0

1 (25.0)

6

2 (1.0)

1 (2.4)

0

0

3

31 (16.2)

10 (24.4)

82 (91.1)

0

123

9 (4.7)

0

0

0

9

Total
191
41
90
4
326
127 outbreak reports noted more than one deficiency
2Other water sources included a cistern (n=1) and reservoirs (n=2)
3Unknown was not reported
4Other deficiencies included contaminated water storage, point of use contamination, geological
conditions (i.e. soil conditions that led to the contamination of ground water), well construction, and
contaminated filter sand
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Table 2.5
Recommended items to include when reporting outbreaks associated with
small drinking water systems.
Category

Recommended items to report

Cause of the outbreak

Number of probable and confirmed cases
Microorganism(s) involved in the outbreak (identify as
suspected or confirmed)
Contributing cause(s) of the outbreak
Investigation methods used to confirm outbreak (e.g. stool or
water samples, interviews of ill persons, or water system
assessment)
Environmental sampling information (water testing, methods
used, number of samples collected, time delay between
outbreak notification and sample collection, local
hydrogeology)

Size of the water
system

Number of people served per day/week
Flow rate
Number of connections to the water supply

Characteristics of the
water system

Water source (e.g. ground or surface) and description (e.g. well
or spring, well type and depth)
Water treatment (type of disinfection and filtration specified)
Setting of exposure (i.e. premise type)
Months the water system is in operation

28
29
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30

FIGURES

31
32
33
34

Figure 2.1.
Flow chart for screening reports of waterborne disease outbreaks in small
drinking water systems in Canada and the United States between 1970-2014 for the
purposes of systematic review.

Records identified through
database searching
(n=2827)

Records identified through
grey literature sources
(n=17)

Records after duplicates were removed
(n=2810)

Records screened
(n=2810)

Records excluded on
screening
(n=2701)

Full text articles assessed for
eligibility
(n=109)

Studies included in the
descriptive analysis
(n=50)

Full text articles
excluded after full
review
(n=59)

Reason for
exclusion:
Not relevant (n=41)
Outbreak did not
occur in a SDWS
(n=13)
Duplicate record
(n=4)
Outbreak occurred
before 1970 (n=1)

Unique outbreak
reports contained in
the 50 studies
(n=293)
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Figure 2.2
Frequency distribution by month of waterborne disease outbreaks in small drinking water systems (n=286^), in Canada
and the United States (1970-2014).
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^Seven outbreak reports did not indicate the month during which the outbreak occurred
*Count in summer months (June, July, August) was significantly different (P < 0.001) from number of outbreaks occurring in other
seasons
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Figure 2.3.
Frequency distribution of etiologic agents in waterborne disease outbreaks in small drinking water systems, in Canada
and the United States (1970-2014) (n=293).
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Other bacteria include: Salmonella spp (n=6), E. coli O157:H7 (n=3), Yersinia enterocolitica (n=3), Streptococcus spp (n=2), Bacillus cereus
(n=1) and Pseudomonas aeruginosa (n=1)
Other viruses include: Small Round Structured Viruses (SRSV) (n=1) and Rotavirus (n=2)
Multiple agents included: Campylobacter jejuni and E. coli O157:H7 (n=2); Campylobacter jejuni and Giardia intestinalis (n=2); Campylobacter
jejuni and Shigella sonnei (n=1); Campylobacter jejuni and Norovirus (n=1); and Campylobacter jejuni and Yersinia enterocolitica (n=1)
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Figure 2.4
Bubble chart of reported waterborne disease outbreaks (n=293) in small drinking water systems. Outbreaks in Canada
and the United States (1970-2014) stratified by water source and category of causative microorganism.
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Figure 2.5
Frequency distribution of reported waterborne disease outbreaks (n= 293) in small drinking water systems. Outbreaks
in Canada and the United States (1970-2014) stratified by treatment and water source.
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Figure 2.6
Premise type of reported waterborne disease outbreaks (n= 293) in small drinking water systems. Outbreaks in Canada
and the United States (1970-2014).
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*Other premises included tourist attraction (n=11), special event (n=10), retirement home (n=7), recreation centre (n=4), church (n=4),
cafeteria/catering (n=4), ranch (n=3), workplace (n=3), hospital/daycare (n=3), military base (n=3), country club (n=2), trailer park
(n=2), prison (n=1), and supermarket (n=1).
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CHAPTER 3
Exploring the relationships between small non-community drinking water system
characteristics and water system performance in Ontario, Canada
INTRODUCTION
Small non-community drinking water systems (SDWSs) provide water to an
estimated 15% of the population in Canada (Moffat & Struck 2011). SDWSs are defined
as non-municipal and non-community water systems used by a business or premise to
provide drinking water to the public, such as water systems serving rural restaurants,
hotels, and campgrounds. In Ontario, responsibility for drinking water regulation is
shared among the Ontario Ministry of the Environment (MOE), the Ministry of Health
and Long-Term Care (MOHLTC), and local public health agencies (Table 3.1). SDWSs
under the oversight of the MOHLTC are the focus of this study.
A systematic review of SDWSs in Canada and the United States found that 293
outbreaks occurred from 1970-2014, resulting in 41,862 illnesses and 3 deaths (Chapter
2), and a report by the National Research Council (1997) found water systems in the
United States serving fewer than 500 people exceeded microbial and chemical water
standards twice as often as larger water systems. SDWSs are required to provide the same
water quality as larger systems, but face added challenges (United States Environmental
Protection Agency 2006; British Columbia Ministry of Health 2013). These include
greater difficulty in accessing laboratory services for water sampling in a timely manner
(British Columbia Ministry of Health 2013), lack of resources and funding support for
improvements to infrastructure (United States Environmental Protection Agency 2006;
British Columbia Ministry of Health 2013; Butterfield & Camper 2004; Rupp 2001),
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inadequate treatment methods (British Columbia Ministry of Health 2013; Butterfield &
Camper 2004; Rupp 2001), and poor access to operator training (Boag et al. 2010; Kot et
al. 2011; British Columbia Ministry of Health 2013).
Previous studies have been conducted to investigate the characteristics of public
water supplies in Ontario (Odoi et al. 2003), and a number of qualitative studies have
examined the challenges faced by small community drinking water systems in Canada
(Boag et al. 2010; Kot et al. 2011; Jalba & Hrudey 2006); however, there is a need to
assess characteristics of SDWSs in Ontario to increase our knowledge and understanding
of these systems and to identify opportunities for interventions to improve the water
supply. The objectives of this work were to investigate the relationships between
characteristics of SDWSs in Ontario, and the performance of these systems with respect
to whether an adverse E. coli test had been reported, and whether the system had been
rated as a high or medium risk (compared to low risk), according to criteria developed by
the MOHLTC.
METHODS
Data source
We obtained de-identified Ontario-wide SDWS data from the MOHLTC on
system characteristics and risk assessment ratings. In Ontario, SDWSs are regulated
under Ontario Regulation 319/08 Small Drinking Water Systems, which outlines the
requirements for water treatment, frequency of microbial sampling and testing, and the
responsibilities of the owner and operator. Under MOHLTC oversight, which began in
2009, public health inspectors (PHIs) conduct a regular site-specific risk assessment of
SDWSs to evaluate the risk for microbial water contamination. The PHI interviews the
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SDWS operator/owner to determine their competency as a water operator, reviews
historical water sample test results, and completes a risk assessment instrument
(questionnaire) which focuses on the water source, treatment, and distribution system
criteria (MOHLTC 2008). The risk assessment tool provides one grade for water source
and treatment and a second grade for distribution system criteria. The two grades are
combined using a matrix to rank the overall risk level of the water system as high
(significant level of risk), medium (moderate level of risk) or low (negligible level of
risk) (Table 3.2). Subsequently, re-assessments are conducted at intervals of two years for
high risk systems and four years for low and medium risk systems.
Data obtained from the MOHLTC were collected by PHIs between January, 2009,
and December, 2013, during routine inspections and risk assessments of the SDWSs. The
database is updated each time a SDWS is inspected, so the data reflected only the most
recent inspection and assessment for each system. This data set comprised information on
7730 SDWSs from 35 of the 36 provincial health units, including the postal code of the
system, the risk rating (high, medium or low), any positive E. coli or total coliform test
results in the 12 months prior to the last inspection, the primary water source (ground
water, surface water, or other), filtration method (disinfection, filtration, both filtration
and disinfection, or no treatment), premise type (provincial park, commercial facility,
community centre, club/golf course, hotel/motel/bed and breakfast [B&B], restaurant,
trailer park/rental cabins, place of worship, park/campground, other), whether they
operated seasonally, if the water operator had taken formal operator training (defined as
having completed any basic training or certificate course), and the number of people
served by the water supply (however, this latter variable was not used in the analysis as
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the data were not collected in a consistent manner). Some data were not available for all
variables, so analyses were conducted with smaller sample sizes, as noted.
Data analyses
A Pearson chi-square test was used to assess the association between water
system characteristics (including: presence of water treatment, water source, having a
seasonal water system) and operator training and the outcomes: having a positive E. coli
test result in the prior 12 months; and risk rating. Unadjusted odds ratios (OR) were
calculated to assess the relationship between selected sub-categories of dichotomous
variables, with statistical significance (P<0.05) assessed using Fisher’s exact test. All
statistical analyses were conducted with STATA version 12.0 (StataCorp 2011).
Logistic regression models
Two logistic regression models were developed to explore the relationships
between SDWS characteristics and performance. The first model used water system
characteristics to predict whether the system’s water tested positive for E. coli in the 12
months prior to the last inspection. This model included the SDWS postal code as a
random effect to take into consideration the effect of location on a positive test result.
The second model used crossed random-effects logistic regression (which took into
consideration the effect of postal code and health unit in the model) to assess whether
water system characteristics could predict the outcome of the SDWS risk assessment
rating (high or medium compared to low risk classification of the water system). High
and medium risk categories were combined because few systems (7%) were classified as
high risk. A crossed random effects approach was used for this model because the data
set did not have a strictly hierarchal data structure (Raudenbush 1993; Rasbash &
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Goldstein 1994). SDWSs were cross-classified by local public health agency jurisdiction
and postal code (since postal codes do not follow health agency geographic areas, and a
single postal code may be located in more than one health agency). The crossed randomeffects model included three levels of variation: water system (level 1), postal code (level
2), and local public health agency (level 3).
For the E. coli model, seven predictor variables were assessed for significance in
univariable analyses: completion of formal operator training defined as any previous
course-based training (yes/no); whether the water system operated year round (yes/no);
the water source type (ground water, surface water, other); premise type (provincial park,
commercial facility, community centre, club/golf course, hotel/motel/B&B, restaurant,
trailer park/rental cabins, place of worship, park/campground, other); water treatment
type (filtration, disinfection, both, neither); regional location of health agency jurisdiction
(North West, North East, South West, Central West, Central East, Eastern); risk level
(high, medium, low); and water source and treatment type categorized into one variable
(groundwater with or without treatment, and surface water with or without treatment).
For the risk assessment rating model, three predictor variables were assessed for
significance in univariable analyses: whether the water system operated year round
(yes/no); premise type (same categories as above); and having a positive E. coli test result
in the 12 months prior to the last inspection (yes/no). The variables operator training,
water source and treatment type were weighted variables in the risk assessment tool, used
to assign the risk level to the water supply, and as such were excluded from this analysis.
While water quality test results are not explicitly included in the risk assessment tool used
to determine the risk rating, the inspector may manually increase the risk rating when
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there is an adverse water test. Regional location was not assessed in this model because
local public health agency was modelled as a random effect and so was already being
considered.
Collinearity between variables was assessed using the Spearman correlation
coefficient, and if two variables were highly correlated (coefficient greater than |0.8|),
only the more biologically plausible was included in the analysis. The predictors were
screened in univariable random-effects logistic regression models and were initially
included in the multivariable model if P ≤0.20. A manual backwards-selection process
was used to build the final model, and statistical significance was set at P <0.05. All
variables were re-evaluated for significance using a likelihood ratio test and assessed for
confounding (changes >20% in the remaining variable coefficients). Two-way
interactions were investigated between all covariables in the final model. Best linear
unbiased predictors, and Pearson and deviance residuals, were used to assess model fit
and identify outliers (Dohoo, Martin & Stryhn 2009).
The proportion of variance in the outcome due to postal code and health unit was
calculated using the following formulae:
ρ postal code = σ postal code / (σ postal code + π 2/3)
ρ health unit = σ health unit / (σ health unit + π2/3)
(Dohoo, Martin & Stryhn 2009).
RESULTS
Water system characteristics
The data set obtained from the MOHLTC included 7730 SDWSs; 400 (5.1%) of
these were removed because they were not given a risk rating and another 134 (1.7%)
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because an associated postal code could not be found. Therefore, a total of 7196 SDWSs
were included in data analysis.
The distribution of water source by treatment type is shown in Figure 3.1. Almost
34% (2364/7003) of SDWSs did not utilize treatment, while 193 systems were missing
treatment information. When examined by water source, 5% (46/860) of surface supplies,
35% (2023/5774) of ground water supplies and 99% (295/296) of ‘other’4 supplies were
not treated, while 266 systems did not have these data available. A surface water supply
had higher odds of using treatment when compared to ground water supplies (OR= 10.0;
95% CI 7.1-12.5; P<0.001). Data pertaining to water system characteristics stratified by
premise type are shown in Table 3.3. The highest numbers of premises with no water
system treatment were categorized as ‘place of worship’ (49%; 363/732) or ‘other’5
premises (41%; 313/766).
Approximately two-thirds (66%, 4630/6985) of water operators reported that they
had not received formal drinking water operator training. Almost 66% (3802/5763) of
system operators utilizing ground water, 69% (644/927) of system operators utilizing
surface water, and 62% (184/295) of ‘other’ water systems operator, respectively, had not
taken formal operator training. Operators of surface water systems were more likely to
have reported completing a formal training course than operators of groundwater systems
(OR=1.17; 95% CI 1.01-1.36; P =0.039). The premise types with the two highest
proportions of trained operators were provincial parks (75%; 94/126) and community
centres (56%; 402/717), while the premise types with the two lowest proportions of

‘Other’ water source category was unspecified
‘Other’ premise type included tourist centers, fire halls, migrant housing, not specified, and
roadside garages
4

5
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trained operators were hotels/motels/B&Bs (20%; 263/1285) and restaurants (22%;
212/984).
A total of 45% (3134/6970) of SDWSs were seasonal water systems. Seasonal
water systems had a higher odds of utilizing surface water (81%, 751/927) compared to
ground water (40%, 2319/5759) (OR=0.16; 95% CI 0.13-0.19; P <0.001). Approximately
32% (1009/3134) of operators that oversaw seasonal premises had formal operator
training, compared to 35% (1339/3836) of operators with year-round premises; this
difference was statistically significant (OR=0.89; 95% CI 0.81-0.97; P =0.017). Trailer
parks/rental cabins (89%; 692/778) and park/campgrounds (88%; 600/684) were the
premise types most commonly reported as seasonal systems.
Water system characteristics stratified by risk assessment rating category are
shown in Table 3.4. Seventy one percent (368/516) of high risk water systems had no
treatment, 13% (162/1214) of medium risk systems had no treatment and 37%
(2027/5466) of low risk systems had no treatment. Water systems with no treatment had a
higher odds of being ranked as high risk compared to medium risk systems (OR=16.10;
95% CI 12.47-20.86; P <0.001), and low risk systems (OR=4.20; 95% CI 3.45-5.17; P
<0.001). Only 15% (78/511) of high risk water system operators reported participating in
formal training compared to medium and low risk systems (26%; 315/1210; OR=0.51;
95% CI 0.39-0.67; P <0.001 and 37%; 1962/5265; OR=0.3; 95% CI 0.24-0.40; P<0.001,
respectively). A significantly greater proportion of systems in the high risk category were
seasonal (58%; 299/513), compared to medium and low risk categories (52%; 629/1211;
OR=1.29; 95% CI 1.04-1.59; P =0.017 and 42%; 2210/5259; OR=1.92; 95% CI 1.592.32; P <0.001, respectively).
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Logistic regression modelling of risk factors for positive E. coli test results
Summary statistics and univariable associations between having a positive E. coli
test result in the 12 months prior to the last inspection and water system characteristics
are shown in Table 3.5. Correlation between predictor variables was not observed.
Results from the final regression model are shown in Table 3.6. Postal code
contributed <0.001% of the total variation in this model. Relative to SDWSs using
ground water with no treatment, the odds of having a positive E. coli test result in the
previous 12 months was 2.00 times greater for SDWSs using ground water with treatment
(P= 0.005), 4.33 times greater for SDWSs using surface water with no treatment
(P=0.052), and 1.97 times greater for SDWSs using surface water with treatment (P=
0.036). None of the other variables were significant in the final model. No issues were
identified when assessing model fit and outliers.
Crossed random-effects logistic regression model examining risk level
Results from the final regression model with the outcome being the risk level of
the drinking water system (high or medium vs. low) are shown in Table 3.7. High
correlation was not observed among predictor variables and no issues were identified
when assessing model fit and outliers. Local public health agency contributed to 21% of
the total variation in the model, while postal code contributed to 13% of the total
variation. Relative to SDWSs that operated year round, the odds of having a water system
rated high or medium risk compared to low risk was 1.36 times greater if the water
system operated seasonally. Relative to SDWSs that did not have an adverse E. coli test
result in the 12 months prior to the last inspection of the water system, the odds of having
a water system rated as high or medium risk was 1.66 times greater if systems reported an
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adverse E. coli test result. Relative to SDWSs associated with a community centre, the
odds of having a water system rated high or medium risk was greater for commercial
facilities, hotels/motels/B&Bs, parks/campgrounds, restaurants, and trailer parks/rental
cabins.
DISCUSSION
In Ontario, water sampling frequency for SDWSs varies and may be required
once every week to once every three months; frequency is determined by the PHI and is
based on a number of factors including the history of water sampling results, whether
there is treatment, and if source protection is in place (MOHLTC 2008). Samples that are
positive for E. coli are required to be reported to the PHI by both the operator and the
laboratory conducting the analysis. The PHI then responds by issuing a boil water
advisory, establishing corrective action and resampling the water supply (Government of
Ontario 2013). The presence of enteric bacteria such as generic E. coli in drinking water
is an indication of fecal contamination (Reynolds, Mena & Gerba, 2009). A test for E.
coli can also provide a measure of the efficacy of water treatment procedures in place
(Payment & Pintar 2006). The use of water treatment to remove or otherwise inactivate
microbial pathogens in drinking water has a central role in reducing the incidence of
waterborne diseases worldwide and is considered one of the most successful interventions
for improving public health (Ngwenya, Ncube & Parsons 2013). We found that water
systems with any treatment were more likely to have a positive E. coli test result than a
ground water system with no treatment, indicating that treatment systems may not be
performing as intended in SDWS in Ontario. We hypothesize that the treatment systems
in place are either inadequate for their needs or the treatment systems are not properly
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maintained and monitored. Conversely, water supplies with traditionally good quality
water and no treatment have fewer positive water samples. Previous studies (Butterfield
& Camper 2004; British Columbia Ministry of Health 2013; Rupp 2001) noted that
operators of SDWSs have trouble identifying appropriate treatment systems for their
particular water supply. Ultraviolet light (UV) disinfection is the most common treatment
system used by SDWSs; 67% of operators in Ontario reported using UV disinfection for
their water systems (Pons et al. 2014b). UV disinfection can be effective for eliminating
microbiological contamination, but effectiveness is dependent on the chemical, physical,
and microbiological qualities of the incoming water (Health Canada 2008). A pre-filter is
often needed to reduce turbidity and UV disinfection alone has no residual disinfectant
properties that protect the water supply as it travels through the distribution system.
Establishing a temporal relationship between positive water samples and treatment in a
cross-sectional study such as this is a challenge, as we cannot be sure whether treatment
preceded the positive test result, or was implemented in response to a positive test. There
is a need to further assess whether the relationship between water supply type and the
likelihood of an E. coli positive water sample is related to the specific water treatment
used, and if there is a need to train operators to ensure they fully understand the strengths
and limitations of various treatment systems and can ensure their proper operation.
We found that 66% of SDWS operators had not received formal training, and that
the proportion of trained operators varied by premise type, with operators of community
centers and provincial parks having the highest rates of formal training, while restaurant
owners and hotel/motel/B&Bs had the lowest rates of formally trained operators. While
operator training was not a significant variable in the E. coli model in our study, other
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research has shown that operators play an important role in the safety of the water supply
and are needed to maintain and operate treatment systems as well as respond to adverse
events (Jalba & Hrudey 2006; Bowman et al. 2009). Our results have valuable
implications for targeting training efforts to specific groups of operators, emphasizing the
utility of customizing training to the needs of operators responsible for different premise
types.
Seasonal SDWSs were more likely to rely on surface water sources than ground
water, reported fewer trained operators than year round systems (with differences being
small but significant), and were more likely to be rated high or medium risk than low
risk. Seasonal water systems often face increased demands for water during specific
periods and may have many visitors during short periods of time (Craun & Gunn 1979).
Surface water sources are at an increased risk for contaminants entering the water supply
through run-off and agricultural and wildlife contamination (Reynolds, Mena, Gerba
2009). Systems that provide water on a seasonal basis should have the same level of
ongoing monitoring and care, including water operator knowledge, awareness and
diligence in maintaining the supply, as year-round systems. It is important that health
agencies provide targeted messaging at the beginning of the season to these operators to
raise their awareness of these issues
The regression model examining water system characteristics by the assigned risk
level (high or medium vs. low) showed the odds of being categorized as high or medium
risk relative to low risk was greater if the water supply was seasonal, the system had an
adverse E. coli test result in the prior 12 months, and if the system was associated with
certain premises. The risk rating for a system is given based on the water source,
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treatment and distribution system. Having an adverse E. coli test result does not
automatically increase the risk rating of a water system; however, the PHI may decide to
change the risk rating accordingly at their discretion. The findings of this model are
valuable in targeting water safety information and training efforts to improve safety
measures in those systems that tend to have a higher risk rating.
Health unit and postal code variables were modelled as random effects in order to
take into account the multilevel structure of the data (Dohoo, Martin & Stryhn 2009). The
observed health unit effect on the risk assessment model was notable (21%), indicating
there is some variation in risk assessment ratings between health unit, likely as a result of
differences between PHIs who assign the ratings. These differences could contribute to
misclassification bias since risk rankings are assigned by numerous inspectors who may
categorize systems differently. This result suggests a need to provide more
standardization in the use of the risk assessment instrument across the province; this
could be achieved through evaluation of the instrument for reliability and validity, and
via additional training in the use of the risk assessment tool for PHIs. There was also a
smaller geographical effect with postal code contributing 13% of the variation in this
model. Ground water quality is influenced by the hydrogeology of an area, and some
areas of Ontario are inherently more susceptible to surface water intrusion with
subsequent ground water contamination (Hynds, Thomas & Pintar 2014).
This analysis would have been strengthened with further information on the type
of water treatment used, a standard measure for the number of people using or having
access to the water supply, the date of the adverse test result, having multiple test results
and dates, and the months during which seasonal systems operate; unfortunately such
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data were unavailable. This information should be considered for collection by PHIs in
their future inspections in order to facilitate greater understanding of these factors in the
operation and safety of the water supply. Furthermore, monitoring and analysing repeated
water quality test results would add more in-depth information on the quality of the water
supply. Frequency of testing could impact the likelihood of having a positive test result
and was not taken into consideration in this study since these data were not available.
CONCLUSION
This research has provided a detailed description of the characteristics of SDWSs
in Ontario, Canada. We found that the number of formally-trained water operators was
low, as was the number of water systems that used water treatment. Additionally, we
found that water treatment, as it was used in SDWSs in Ontario, may not be sufficient to
reduce the risk of positive E. coli test results. Furthermore, SDWSs that have had a
positive E. coli water result were more likely to be specific premise types, and those that
operated seasonally were more likely to be ranked as high or medium risk than low risk.
Hence, this research has highlighted opportunities for targeting water operator training to
groups of SDWS operators based on the premise type, water source and treatment level in
order to increase water protection measures, and future data collection needs in these
water systems by PHIs. Further research is needed to fully understand the relationship
between adverse E. coli water tests and water treatment, including examining types of
water treatment, surrounding land uses, and the distribution system.
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TABLES
Table 3.1
Types of drinking water systems overseen by the Ministry of the
Environment (MOE) and the Ministry of Health and Long-term Care (MOHLTC) in
Ontario, Canada
Ministry Responsible for
Regulatory Oversight
Water
system type
Large
Residential
Small
residential
Large nonresidential

Definition

Small nonresidential

Serves a facility with a water
rate <2.9L/sec

MOE

Serves >100 private residences

X

Serves 6-100 private
residences
Serves a facility with a water
rate >2.9L/sec

X

Year round
residential

Serves >5 residences or >5
connections at a campground
that is open year round
Seasonal
Serves >5 residences or >5
residential
connections at a campground
and is closed for at least 60
consecutive days/year
Source: Drinking Water Ontario 2014
1

MOHLTC1 System
ownership
Municipal
Municipal

X
Serves
designated
facilities2
X
Serves
designated
facilities
X

X
Serves non
designated
facilities
X
Serves non
designated
facilities

X
Serves
designated
facilities

X
Serves non
designated
facilities

Municipal or
non-municipal

Municipal or
non-municipal

Non-municipal

Non-municipal

Water systems in this column are the focus of this study
Designated facility is a children’s camp, health care facility, social care facility, school,
university, college or other degree-granting institution
2
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Table 3.2
Matrix used to categorize level of risk of the water supply for small noncommunity drinking water systems in Ontario, Canada.
.

Grade for
distribution
criteria

A
B
C
D

Grade for source and treatment criteria*
A
B
C
D
Low
Low
Medium
High
Low
Low
Medium
High
Medium Medium Medium
High
High
High
High
High

*

Low risk= Negligible level of risk
Medium risk= Moderate level of risk
High risk= Significant level of risk
Source: Recreated from MOHLTC, 2008
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Table 3.3
Premise category, water treatment type, water source, operator training, and seasonal use classification of small noncommunity drinking water systems (n=7003) in Ontario, Canada as of December 2013.

SDWS
characteristics
Treatment
None

Hotel/motel/
B&B
No. (%)

Restaurant
No. (%)

Trailer
park/
rental
cabins
No. (%)

Other1
No. (%)

Premise type
CommPlace of
unity
worship
centre
No. (%)
No. (%)

Park/ campground
No. (%)

Club/
golf
course
No. (%)

Commercial
facility
No. (%)

Provincial
park
No. (%)

201
(35)
93 (16)
9 (2)
266
(47)

142 (33)

36 (28)

57 (13)
9 (2)
222 (52)

40 (32)
0
50 (40)

469 (35)

325 (33)

261 (32)

313 (41)

226 (31)

363 (49)

221 (32)

Disinfection
Filtration
Filtration
and
disinfection
total
Water
Source
Ground
water
Surface
water
Other2
total
Operator is
trained
Yes

102 (7)
55 (4)
725 (54)

128 (13)
21 (2)
512 (52)

58 (7)
29 (3)
470 (57)

83 (11)
24 (3)
346 (45)

67 (9)
18 (2)
413 (57)

84 (11)
17 (2)
268 (36)

125 (18)
15 (2)
333 (48)

1351

986

818

766

724

732

694

569

430

126

887 (69)

892 (90)

530 (68)

630 (86)

662 (92)

636 (90)

585 (85)

347 (84)

94 (74)

394 (30)

53 (5)

248 (32)

34 (5)

12 (2)

7 (1)

88 (13)

511
(91)
19 (3)

53 (13)

25 (20)

12 (1)
1293

41 (4)
986

4 (1)
782

69 (9)
733

44 (6)
718

63 (9)
706

13 (2)
686

32 (6)
562

11 (3)
411

7 (6)
126

263 (20)

212 (22)

260 (33)

272 (37)

402 (56)

188 (27)

315 (46)

163 (40)

94 (75)

No

1022 (80)

772 (78)

521 (67)

461 (63)

315 (44)

515 (73)

368 (54)

248 (60)

32 (25)

total

1285

984

781

733

717

703

683

186
(33)
377
(67)
563

411

126

Premise
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operates
seasonally
Yes

743 (58)

220 (22)

692 (89)

197 (27)

123 (17)

8 (1)

600 (88)

No

542 (42)

763 (78)

86 (11)

536 (73)

594 (83)

697 (99)

84 (12)

total
1285
983
778
733
717
705
684
1
Other category includes tourist centers, fire halls, migrant housing, not specified, and roadside garages.
2
Other water source was not further specified

94

361
(64)
202
(36)
563

111 (27)

83 (66)

299 (73)

42 (34)

410

125

Table 3.4
Cross-tabulations and univariable associations between the risk rating of
the water system and treatment, water source, operator training, seasonal systems, and
having an adverse water sample for E. coli for small non-community drinking water
systems (n=7196) in Ontario, Canada as of December 2013.
Risk rating of the water system
High, No.
Medium, No.
Low, No.
(%)
(%)
(%)

SDWS characteristics
Water source
Ground water
399 (77)
931 (77)
Surface water
111 (22)
272 (22)
2
Other
6 (1)
11 (1)
Total
516
1214
Treatment type
None
368 (71)
162 (13)
Disinfection
30 (6)
141 (12)
Filtration
44 (8)
18 (1)
Both disinfection and
74 (14)
893 (74)
filtration
Total
516
1214
Operator is trained
Yes
78 (15)
315 (26)
No
433 (85)
1962 (74)
Total
511
1210
Water system operates
seasonally
Yes
299 (58)
629 (52)
No
214 (42)
582 (48)
Total
513
1211
Adverse test result for E.
coli
Yes
13 (3)
28 (2)
No
503 (97)
1186 (98)
Total
516
1214
1
P value was calculated using a Pearson chi-square test
2
Other water source was not further specified
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P value1
P<0.001

4444 (84)
550 (10)
279 (6)
5273
P<0.001
2027 (37)
666 (12)
135 (2)
2638 (49)
5466
P<0.001
1962 (37)
3303 (63)
5265
P<0.001
2210 (42)
3049 (58)
5259
P=0.11
81 (1)
5383 (99)
5466

Table 3.5
Cross-tabulations and univariable associations between having an adverse
E. coli test result in the 12 months prior to the last inspection of the water system and
treatment, water source, operator training and seasonality for small non-community
drinking water systems (n=7196) in Ontario, Canada as of December 2013.
Adverse test result for
E. coli
Yes (%)
No (%)

P value1
P=0.02

Treatment type
None
27 (22)
2530 (36)
Disinfection
18 (15)
819 (12)
Filtration
4 (3)
193 (3)
Disinfection and
73 (60)
3532 (50)
filtration
Total
122
7074
P=0.54
Water source
Ground water
98 (80)
5676 (82)
Surface water
20 (16)
913 (13)
Other2
4 (3)
292 (4)
Total
122
6881
P=0.83
Operator is trained
Yes
40 (33)
2315 (34)
No
82 (67)
4549 (66)
Total
122
6864
P=0.97
Water system operates
seasonally
Yes
55 (45)
3083 (45)
No
67 (55)
3778 (55)
Total
122
6861
1
P value was calculated using a Pearson chi-square test
2
Other water source was not further specified
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Table 3.6
Final logistic regression model for the odds of having an adverse test
result for E. coli in the 12 months prior to the last inspection compared to not having a
positive E. coli test result among small non-community drinking water systems in
Ontario, Canada (n=6707)
Variable
OR
SE
Water source by treatment
type (P=0.01)
Ground water with no
1
treatment
Ground water with treatment
2.00
0.25
Surface water with no
4.33
0.76
treatment
Surface water with treatment
1.97
0.32
Wald Chi2 =9.62 p=0.022
Total variation attributed to postal code <0.001%
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95% CI

P value

1.23
0.99

3.24
18.92

0.005
0.052

1.05

3.71

0.036

Table 3.7
Final crossed random effects logistic regression model for the odds of
having a water system rated as high or medium compared to low risk among small noncommunity drinking water systems in Ontario, Canada (n=6983)
Variable
OR
SE
95% CI
P value
Water system operates year round
No
1
Yes
0.73
0.078
0.629
0.853
<0.001
Adverse test result for E. coli in the 12
months prior to the last inspection
No
1
Yes
1.66
0.214
1.09
2.53
0.017
<0.0012
Premise type
Community centre
1
Place of worship
1.32
0.150
0.98
1.77
0.067
Club/golf course
1.07
0.163
0.78
1.48
0.664
Commercial facility
1.51
0.167
1.08
2.09
0.014
Hotel/motel/B&B
1.80
0.133
1.39
2.34
<0.001
Other1
1.06
0.151
0.79
1.42
0.715
Park/ campground
1.62
0.153
1.19
2.18
0.002
Provincial park
1.10
0.287
0.63
1.93
0.732
Restaurant
2.02
0.134
1.55
2.61
<0.001
Trailer park/rental
2.24
0.149
1.67
2.97
<0.001
cabins
1
Other includes tourist centers, fire halls, migrant housing, not specified, and roadside garages.
2
P value refers to significance of all categories for this variable
Wald Chi2 =114.29 p<0.001
Total variation attributed to local public health agency 21%
Total variation attributed to postal code 13%
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FIGURES
Figure 3.1
Small non-community drinking water system treatment type displayed by
water source in Ontario, Canada (n=7003), as of December, 2013
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CHAPTER 4

Experience, training and confidence in managing water safety issues among small
non-community drinking water system operators in Ontario, Canada6
INTRODUCTION
The provision of safe drinking water is a significant challenge around the world in
both large and small drinking water systems. Small drinking water systems are
particularly vulnerable to contamination, as they often have fewer protective measures in
place than large systems (Butterfield & Camper 2004), and even in developed countries,
pose a public health concern (World Health Organization 2008). In Canada,
approximately 15% of the population is serviced by small water systems (Moffat &
Struck 2011). Ontario is Canada's most populous province, with a population of 13.5
million (Government of Canada 2013). Approximately 80% of the population of Ontario
obtains their drinking water from a municipal source, while the remaining 20% get it
from a privately owned system (such as a private well), a designated facility (systems that
provide water to people who may be more vulnerable to drinking water contamination,
such as those using schools or children’s camps), or a small non-community drinking
water system (a business that has drinking water available to the public and obtain it from
a source other than a municipal drinking water system, such as those serving recreational
camps, restaurants and trailer parks) (Drinking Water Ontario 2014).
In Ontario, small non-community drinking water systems are regulated by
Ontario Regulation 319/08 Small Drinking Water Systems (Government of Ontario
2013), which are overseen by the Ontario Ministry of Health and Long-Term Care
6
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(MOHLTC) and local Boards of Health. It is estimated that there are 9 000 small noncommunity drinking water systems in Ontario (personal communication with T. Amalfa
from the MOHLTC, November 2013). These systems serve both residential and transient
populations; however, the exact number of people served by these systems is unknown.
Many small water systems are found in remote and isolated locations and
consequently face numerous challenges in reducing the risk of contamination. These
challenges include the cost of operating a treatment system for a small number of
consumers, poor access to operator training and low retention of knowledgeable operators
(Rupp 2001; Jalba & Hrudey 2006; Moffat & Struck 2011). In 2000, an expert
assessment of Ontario’s water operators revealed that they were dedicated to their jobs
but tended to lack training, faced funding limitations and had limited understanding of
water treatment chemistry and regulatory requirements (Geldreich & Singley 2005).
These findings were especially pronounced in communities serving less than 1 000
people. In Ontario, operators of large municipal water systems are required to complete
training and must hold a Drinking Water Systems Operator certificate (Government of
Ontario 2012). However, training is not mandatory for operators of small non-community
drinking water systems (Walkerton Clean Water Centre 2011).
The water operator plays an important role in water safety, and operator training
has been shown to be an effective tool to improve water quality and reduce illness. For
example, Bowman et al. (2009) found that Performance Based Training of small drinking
water operators (serving communities <10 000 people) in the United States resulted in a
statistically significant turbidity reduction in water quality. Hunter et al. (2010) examined
the effectiveness of a training intervention on water quality and diarrheal illness in a
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small rural community in Puerto Rico, and found that providing hands-on training to
small water system operators resulted in statistically significant reductions in illness rates
in the intervention community compared to a control community. Operator ability is a
key aspect to protecting the water supply (Bowman et al. 2009; Wu et al. 2009; Hunter et
al. 2010); however, little published research regarding the experience, existing
knowledge, and future training needs of the operator exists. To date, most of what we
know about small water operators’ current knowledge and abilities in Canada arises from
second-hand accounts from public health professionals (Jalba & Hrudey 2006; Boag et al.
2010). The objective of this study was to identify and describe drinking water-related
experience, knowledge and confidence among small drinking water system operators in
Ontario.
METHODS
Study design
A cross-sectional telephone survey of small drinking water operators in Ontario,
approved by the University of Guelph Research Ethics Board (REB#11MR009), was
conducted in July and August of 2011. The sampling frame included operators of small
drinking water systems, as defined by O. Reg 319/08 Small Drinking Water Systems,
which had been inspected by a public health inspector as of March 2011. Business
telephone numbers of the operators were obtained from the MOHLTC. This initial
sampling frame included 2 454 small drinking water system operators geographically
dispersed across the province of Ontario. After removing duplicate entries (n = 454) and
those with missing contact information (n = 165), the total number of operators in the
population was 1 835. A survey sample size of 330 was determined a priori (calculated to
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provide 95% confidence, with a population size of 1 835 and the frequency of outcome
factor in the population set at 50%); telephone numbers were selected using a random
number generator and calls were conducted until the sample of 330 respondents was
attained.
Eligible survey respondents spoke English, were either the person listed as the
contact for the record, or an alternate person who was primarily responsible for operating
a small drinking water system at the business.
Questionnaire development and administration
Initially, ten small drinking water system operators, randomly selected from the
sampling frame, participated in semi-structured interviews to identify and refine
meaningful topics, issues and common language that were used to develop the
questionnaire. The data gathered during these interviews were not included in the final
analysis. Five public health professionals reviewed the questionnaire for further input;
questions that were vague or difficult to understand were revised.
A total of 22 questions were included in the final questionnaire (see Appendix
4.1). It included closed-ended questions including yes-no responses, multiple choice
questions and five point scales. Two types of five-point scales were used, specifically to
rate agreement with opinion statements (1= strongly disagree; 5= strongly agree) and the
perceived importance of water protection measures (1= not important; 5= extremely
important). A three-point scale was used to rate respondents’ confidence in managing
water safety issues (1= not confident; 2= somewhat confident; 3= very confident). For
this variable, an average confidence score for each respondent was calculated using the
questions answered from among the seven posed.
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Telephone interviews were conducted by five interviewers. Interviewers were
trained during a three-hour session, which included a survey instrument review and
practice session. All calls were conducted using the computer assisted calling system
WinCATI v4.2 (Survey Research Centre, University of Waterloo, Ontario, Canada). Calls
were attempted during the day from 9:00am to 3:00pm, Monday to Friday. A telephone
number was called at least three times and removed from the list if the call resulted in no
answer or voicemail pick-up. Evening and Sunday calls were made if respondents
requested a call back during these times. Each interview took an average of 15 minutes to
complete.
Data analyses
The Pearson chi-square test was used to assess the association between how
respondents became water operators (options included being an operator because they
were the owner of a premise with a small drinking water system, it was one of many
responsibilities of their job, it was their specifically chosen profession, a volunteer
position, or a paid part-time job) and whether they had taken formal operator training,
and to assess the association between how respondents rated the importance of weather
conditions and the type of water system they oversaw (ground water vs. surface water).
Spearman correlation was used to assess the association between years of experience and
operator confidence. All statistical analyses were conducted with SPSS version 19.0
(SPSS Inc., 2011).
RESULTS
Response Percentage
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A total of 1 835 numbers were attempted at least once, and of these, 805 operators
were reached; 317 were ineligible for the study, including respondents that did not have a
small drinking water system (227); wrong number (78); the business was no longer in
operation (7); language barrier (5), refusal to participate (152), incomplete survey (4).
The survey was completed by 332 operators, yielding an overall response rate of 22%
(332/1518). Of eligible operators that were successfully contacted, 68% (332/486) agreed
to participate in the survey. The 1 030 numbers that were not reached were either busy/no
answer/answering machine (1027) or the business was closed for the season (3).
Respondents were uniformly distributed across the province when assessed by telephone
area codes and an assessment of the water source used by the survey respondents
indicated that they were representative of small non-community water systems in Ontario
based on data provided by the Ontario Ministry of Health and Long-Term Care (Table
4.1).
Water system characteristics
Seventy-seven percent (254/332) of the water systems utilized ground water; 13%
(43/332) surface water; 8% (27/332) a combination of both, and 2.4% (8/332) utilized
cisterns (Table 4.1). Almost 84% (278/332) of operators employed at least one form of
water treatment. Specific types of treatment are presented in Table 4.2.
Operators’ years of experience ranged from less than one year to 60 years, with a
mean of 11.1 years and a median of 7 years. The majority of operators, 70.7% (234/331),
were responsible for overseeing only one water system, while 29.3% (97/331) reported
that they were responsible for two water systems. When asked how they became a water
operator, nearly 60% (199/330) reported that they were the operator because they were
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the owner of a premise with a small drinking water system and they did not employ a
professional for the task; 24% (80/330) reported that they were not owners of the system
and their role as a water operator was one of many responsibilities of their job; 7.5%
reported it was their specifically chosen profession (25/330), and another 8% stated it was
a volunteer position (26/330).
Water safety perceptions
Respondents were asked to rate the importance of water safety issues (Table 4.3).
Regular maintenance by the operator and routine microbial water sampling were rated as
extremely important to water safety by 81% (267/330) and 77% (257/332) of
respondents, respectively. Weather conditions such as heavy rainfall, flooding and
drought, were rated the lowest in importance with only 38% (126/324) of respondents
ranking them as extremely important. This response was not statistically different
whether the respondent worked with ground water or surface water (Pearson Chi-square
= 3.535; p = 0.170).
Respondents were also asked to rate their agreement with eight opinion statements
related to water system maintenance (Table 4.4). The majority of respondents (93%;
309/331) agreed or strongly agreed that as the water operator, drinking water safety was
their responsibility. Half of respondents (51%; 167/327) agreed or strongly agreed that
the cost of meeting the legal requirements for water safety was a burden. Further,
approximately 27% (91/331) and 26% (85/331) agreed or strongly agreed that regular
water testing was a hassle and maintaining a safe water system was time consuming,
respectively. Approximately one-third of respondents (31.3%; 100/319) agreed or
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strongly agreed that Public Health Inspectors should have a greater role in ensuring water
safety.
Operator training
Approximately 37% (124/332) of operators reported they had taken water
operator training at some time in the past. Of these, 47% (58/124) had taken the
Walkerton Clean Water Centre training, 36% (44/124) an Ontario Ministry of the
Environment course and 20% (25/124) a college course. Twenty-three percent (29/124)
of operators reported having taken more than one type of training. Respondents who
reported that they became a water operator as a chosen profession were significantly
(Pearson Chi-square = 55.0; p<0.001) more likely to have taken training than volunteers
and operators who owned a premise with a small drinking water system and did not
employ a professional.
The most common barriers to training were reported as location and cost of
training (51%; 168/332 and 43%; 144/332, respectively). Other barriers were the
time/season the training was offered (35%; 117/332) and instruction being offered only in
English (14%; 46/332); however, the language preferred by respondents was not
assessed. A total of 18% (61/332) of respondents reported that training was not needed;
of these, 56% (34/61) had not taken previous training.
Approximately 47% (155/332) of operators knew training was currently available
to them. When asked what training topics were of interest (provided to them by a predefined list), trouble-shooting (defined as detecting and solving serious problems in the
water system; 68%, 226/332), legal requirements (defined as the Ontario regulations
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applying to small drinking water systems; 67%, 223/332), and source protection (65%,
216/332) were of interest to the largest proportions of respondents.
Respondents were asked how they would prefer to receive training (multiple
responses were permitted); 46% (151/332) replied through online courses; 35% (117/332)
chose training delivered on their own site; 35% (115/332) in a classroom setting in one
day or less; and 14% (45/332) preferred by distance through the mail. Approximately
92% (305/332) of respondents reported having regular access to a computer with internet
access.
Operator Confidence
Respondents were asked to rate their confidence in dealing with a list of water
issues that a water operator may face. Most operators reported feeling very confident in
managing day to day operations (88%; 290/330), and working with the laboratory (84%;
278/332) and the public health unit (86%; 284/332). Only 52% (172/330) reported that
they felt very confident in dealing with a broken septic system nearby, 58% (191/331) in
repairing a broken treatment system, and 58% (191/329) in taking action to improve
cloudy water. Respondents’ years of experience as a water operator was positively
correlated with their confidence score (Spearman’s correlation coefficient = 0.201;
p<0.001).
DISCUSSION
This study used a cross-sectional telephone survey of small drinking water system
operators in Ontario to identify the proportion of operators with training, their relative
level of confidence in their role, and an understanding of the training barriers that are
most common among this group. Previous studies (Boag et al. 2010; Kot et al. 2011)
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using stakeholder consultation of small water operators and health professionals in
Canada to determine the barriers faced by operators in meeting both the legal
requirements and training found similar results to this study. Kot et al. (2011) reported
the barriers to training to be location, cost (including travel and course costs), and finding
a replacement to manage the water system while away. Boag et al. (2010) reported the
cost of operation, water sampling, accessible training and retention of trained operators
were all challenges faced by small drinking water systems in Canada.
The primary findings of this study were that the majority (63%) of respondents
had not taken water operator training, that confidence increased with years of experience
as a water operator, and that barriers to education and training included the time of
delivery, cost of training, knowledge of training opportunities, and language of delivery.
After the waterborne outbreak in Walkerton, Ontario in 2000 (O’Connor 2002),
the Ontario provincial government made many changes to drinking water legislation,
including the creation of legislation governing previously unregulated small drinking
water systems (Advisory Council on Drinking Water Quality and Testing Standards
2005). The regulation of these systems was based on size and capacity, and required the
owners to take legal responsibility for these systems. This created a knowledge gap as
many of the small drinking water system operators in Ontario did not have extensive
experience in maintaining their water system. Before inspection of these systems began in
2009, there was concern among regulators, public health professionals and water
operators that requirements to meet the legal standards would be prohibitive, since the
water system owners would bear the full cost of meeting these requirements (Advisory
Council on Drinking Water Quality and Testing Standards 2005). The present study
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found 77% of operators believe the legal requirements are there to improve water safety,
while 56% believed that conducting the required water sampling associated with the
regulation of these systems was a hassle.
At the time of this survey, many respondents had not been a water operator for
very long, with 40% of respondents having five years of experience or less and only 37%
of all operators had taken training in support of their role. Those with more experience
felt more confident in their knowledge and abilities than those with less experience.
Furthermore, those with more experience tended to be those that had chosen small
drinking water operation as a profession and felt confident in responding to adverse water
conditions and events. A meta-analysis by McDaniel, Schmidt and Hunter (1988) found a
significant correlation between work experience and job performance across a diverse
sample of 83 occupation groups; however, individual ability can also be enhanced with
job specific training (Weekley & Jones 1999) and should be encouraged among water
operators.
The large number of operators with relatively little experience coupled with low
training rates may be cause for concern, although an association with poor water quality
was not assessed here. Given the strong correlation between training and improved water
quality found by others (Bowman et al. 2009; Hunter et al. 2010), training should be an
important goal for all small non-community water operators in Canada. Training helps to
ensure that the person maintaining the water system is able to recognize risks to the water
system and understands the steps needed to provide safe drinking water to their
consumers on an ongoing basis, regardless of the past performance of the water system.
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Even a water supply with historically good water quality cannot be guaranteed to
continue to be free of contamination (Jalba & Hrudey 2006).
Weather conditions and surrounding land uses have consistently been
demonstrated to be important factors in water quality (Curriero et al. 2001; Auld et al.
2004; Thomas et al. 2006). However, in this survey the operators rated weather
conditions and surrounding land use as the least important variables considered in water
safety, with these findings being irrespective of the type of water system they oversaw.
Knowledge and experience influence perceptions of risk (Slovic et al. 1979; Krewski et
al. 2004). An operator’s perception of the risks posed to the water supply is influenced by
whether the operator is familiar with the risk, has had a past experience with it, whether
such extreme weather events are something that rarely or frequently occurs, and their
confidence in the protection measures that are in place (i.e. the treatment system).
Training in drinking water system operation and adaptation to potential threats such as
extreme weather events could influence the operators’ perception of these risk factors.
In-person training for small water operators in Ontario is available in English
through multiple providers including the Ontario Ministry of the Environment, local
community colleges, and the Walkerton Clean Water Centre (as of the date of this
publication) (Ontario Ministry of the Environment 2014). Online and correspondence
training are available through the Walkerton Clean Water Centre. However, barriers to
training, including timing, cost, language and knowledge of opportunities, were reported
by operators in this study. On-line training may present a solution by being more
accessible, and has been proven to be an effective method for adult education (Sitzmann
et al. 2006). However, consideration must be given to the ability of operators to
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participate in this method of training as many small drinking water system operators are
located in rural areas (Rupp 2001; Res’eau WaterNet 2014) where internet bandwidth is
limited. This may improve in future, however, as small communities gain improved
access to technology and internet connections. Furthermore, effective adult education
methods should be used when developing on-line training modules.
This survey found that operators wanted training that dealt with trouble shooting,
legal requirements and source protection. Moreover, that the language the training was
offered in was considered by some to be a barrier to training; however the alternative
languages desired by these respondents were not assessed. Boag et al. (2010) noted that
access to context-specific knowledge is critical for small drinking water system operators.
A needs assessment should be completed with operators of small drinking water systems
that will further explore the content and languages that are needed to serve the diverse
needs of rural and remote communities across Canada.
Given the low percentage of operators in this study (37%) who were aware of
training opportunities, there also needs to be a concerted effort to increase awareness of
these training opportunities. In this study, 63% of operators had not taken training;
volunteers and those who were operators as a result of owning a premise with a small
water system were less likely to have completed training and to know about training
opportunities available to them than those that had chosen this role as a profession.
Targeting training opportunities to those operators that are least likely to be aware of
opportunities would be an effective way to increase awareness and training rates.
Training should be promoted as a proactive step to improving water safety and operators
should be encouraged, regularly, to take training.
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Limitations
Respondents were informed that this study was being conducted by the University
of Guelph, the Walkerton Clean Water Centre and the MOHLTC; this may have
increased the potential for socially desirable response bias when asked to rate water
safety issues or the respondents’ view of legal requirements. Since this study was limited
to Ontario, these results may not be generalizable to water operators in other jurisdictions,
particularly where regulation of small drinking water systems is substantially different.
Demographic variables, including education level, age, and previous professional
experience was not collected and could have introduced a confounding bias. Age and
previous professional experience may impact confidence level; it is likely that people
with previous professional experience, regardless of the industry, may report higher
confidence levels, while a person’s confidence may increase with age regardless of their
years of experience as an operator. Education level could have an impact on the
likelihood of taking training, where those with higher education levels are more likely to
seek out and complete operator training. These variables could lead to both over- and
under-estimation of the frequencies reported here.
It is possible that operators overseeing intermittently operating premises were
under-represented in this work; some of these businesses are operated seasonally or are
open only during evenings or weekends and could have been unintentionally excluded
from this study; it is not known if the study findings would have differed among these
operators.
CONCLUSION
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This study has provided a greater understanding of the experience, knowledge and
confidence of small drinking water system operators in Ontario, Canada. Low training
rates coupled with the large number of operators that have relatively little experience
highlights the importance of providing on-going training support to this population. More
focus on promoting training opportunities that are currently available and encouraging
operators to seek out training will help to address this knowledge gap. Training providers
should consider the time of delivery, cost and language of their training programs in order
to increase participation and satisfaction in the target population. Online training could be
an effective approach to address the access issue identified by survey respondents.
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TABLES
Table 4.1
Water source reported by survey respondents and all small drinking water
systems in Ontario, Canada
Water source

Ground water
Surface water
Both surface and
ground water
Other2
1
2

Survey
respondents
(n=332)
(%)
254 (77)
43 (13)
27 (8)

Small drinking water system
in Ontario1 (n=6567)
(%)

8 (2.4)

287 (4.3)

Unpublished data provided by the MOHLTC
Other includes cisterns and bulk water tanks

119

5433 (82)
847 (13)
0

Table 4.2 Types of drinking water treatment methods used in 332 small drinking water
systems in Ontario, Canada (July- August, 2011)
Water treatment types
Type of source water

Ground water (n=254)
Surface water (n=43)
Mix of ground and
surface water (n=27)
Cistern (n=8)
Totals

Filtration
# (%)

Disinfection
# (%)

36 (14)
1 (2.3)
0

Filtration
&
disinfection
# (%)
141 (56)
40 (93)
25 (92.5)

25 (10)
1 (2.3)
1 (3.7)
3 (37.5)
30

None
# (%)

52 (20)
1 (2.3)
1 (3.7)

2 (25)
39

3 (37.5)
209

0
54

*Disinfection methods included: UV disinfection, chlorination, water softener,
reverse osmosis, sodium hypochlorite, chlorine dioxide, aluminum sulphate and
hydrogen peroxide
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Table 4.3
2011)

Ontario small drinking water operators’ ratings of the perceived importance of various water safety issues (July-August,

Regular maintenance by the
operator (n=330)
Routine microbial water
sampling (n=332)
Water disinfection (n=327)
Surrounding land use
(n=324)
Filtration (n=326)
Heavy rainfall, flooding or
drought
(n=324)

5
Extremely
important
# (%)

4
Important
# (%)

3
Neither
important
nor
unimportant
# (%)

2
Somewhat
important
# (%)

1
Not
important
# (%)

267 (80)

49 (15)

9 (3)

3 (1)

2 (1)

257 (77)

50 (15)

17 (5)

5 (2)

3 (1)

235 (71)
197 (59)

36 (11)
72 (22)

25 (8)
30 (9)

7 (2)
11 (3)

24 (7)
14 (4)

186 (56)
126 (38)

63 (19)
95 (29)

39 (12)
60 (18)

12 (4)
19 (6)

26 (8)
24 (7)
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CHAPTER 5
A qualitative study of the experiences and information needs of public health
inspectors that inspect small drinking water systems in Ontario, Canada
INTRODUCTION
In Ontario, regulation of drinking water safety is primarily a responsibility shared
by the Ministry of the Environment (MOE) and the Ministry of Health and Long-Term
Care (MOHLTC). Ontario has made significant changes to the governance and oversight
of drinking water in the 14 years since the Walkerton waterborne disease outbreak in
2000, where approximately 2300 cases of gastrointestinal illness and seven deaths
occurred (O’Connor, 2002; Dunn et al., 2014; NCCEH, 2010). In Ontario, small noncommunity drinking water systems (SDWSs) are defined as businesses or premises that
provide drinking water to the public and do not obtain their water from a municipal water
supply, such as those serving recreational camps, restaurants and trailer parks
(MOHLTC, 2013a). On December 1, 2008, the responsibility for enforcing the regulation
and monitoring of approximately 9000 SDWSs in Ontario was transferred from the MOE
to the MOHLTC. Subsequently, an agreement was developed with local health units to
ensure that SDWSs undergo risk assessments and routine inspections, conducted by
public health inspectors (PHIs), at a minimum of every two years for high risk systems
and every four years for low and moderate risk systems (MOHLTC, 2014). Thirty-four of
the 36 health units in Ontario have at least one SDWS located within their boundaries,
and approximately 60 PHIs conduct routine inspections of these systems (personal
communication with T. Amalfa from the MOHLTC, November 2013).
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Risk assessment of drinking water systems is a cornerstone of the preventative
and multi-barrier approach needed to support safe drinking water (Dunn et al., 2014;
Jalba & Hrudey, 2006; Huck & Coffey, 2004; Health Canada, 2008). As part of the risk
assessment process in Ontario, PHIs conduct an on-site inspection of SDWSs in their
jurisdiction, assign the water system a risk category of high, moderate, or low, assess the
compliance of the system with the MOHLTC regulations, and if appropriate, issue a
written directive to the owners of the systems that outlines specific requirements in
addition to the regulatory requirements (such as the frequency of water testing or a
requirement to complete operator training) (MOHLTC, 2008). The risk assessment is
conducted using a standardized instrument that was developed by the MOHLTC and
takes into account water safety factors, such as water source, treatment, and the
distribution system. Additionally, the operator and laboratory are required to report any
adverse water sample results to the local health unit immediately (MOHLTC, 2014).
SDWS operators are also required to routinely test the water supply for E. coli and total
coliforms. The required frequency of these tests is determined by the PHI during the risk
assessment, and varies from once every week to once every three months (MOHLTC
2008).
SDWS operators are responsible for ensuring their system meets provincial
requirements; however, small community and non-community drinking water operators
in Canada face several challenges, including having relatively high operating costs
associated with treatment systems for a small number of consumers, poor access to
operator training, low retention of knowledgeable water operators, and lack of confidence
in remediating a malfunctioning SDWS (Jalba & Hrudey, 2006, Boag et al., 2010, Kot et
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al., 2011, Pons et al., 2014 (Chapter 4)). Boag et al. (2010) conducted 16 key informant
interviews with people from government, private sector, academia, as well as community
leaders and SDWS operators/owners, to determine current perceived challenges,
information needs and preferred formats for disseminating information to SDWS
operators in small, rural and remote communities across Canada. They concluded that
SDWS operators seeking information on SDWSs face a constant challenge in finding and
accessing information, with their primary sources of information being collaborative
partnerships with a variety of sources, individuals, and municipal governments. In
another study of public health professionals (managers, PHIs and Medical Officers of
Health) across Canada, through semi-structured interviews Jalba and Hrudey (2006)
examined the role of health agencies in providing safe water. They found there was a
need to provide support and training to PHIs to ensure that a proactive approach to water
safety is maintained.
While several studies have examined challenges faced by SDWS operators and
other stakeholders (Boag et al., 2010; Kot et al., 2011; Pons et al., 2014), (Chapter 4)), no
published studies have specifically investigated the challenges and information needs of
PHIs who inspect SDWSs. It is important to explore the needs and challenges of the
SDWS program in Ontario from the perspectives of PHIs in order to inform effective
policy and education initiatives and to improve water safety across the province. The
purpose of this research was to explore PHIs’ perspectives on: water safety in SDWSs,
how the relationship between the SDWS operator and PHI might affect water safety, and
key areas of necessary support/training for PHIs.
METHODS
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Participant selection
The target population for this study was the approximately 60 PHIs working with
SDWSs in Ontario, Canada. To be eligible for participation, participants were required to
have a Certificate in Public Health Inspection (in Canada), have worked with the SDWS
program in Ontario for a minimum of six months, and be able to communicate in English.
Participants were purposively selected from local health units with large numbers of
SDWSs. Specifically, the local public health agencies were listed in order of most to least
numbers of SDWSs and contacted in this order until the desired sample size was
obtained, which resulted in the upper 80% (27/34) health units being contacted. The
primary author contacted the local health unit and asked to speak with a PHI who inspects
SDWSs. If PHIs were not available, a telephone message was left and a follow-up phone
call was made to those who did not respond within one week. If more than one PHI
inspected these systems, the first person contacted was recruited. In some cases,
participants asked if colleagues could join as well, and this was permitted. If participants
declined the invitation, they were asked to suggest someone else in the health unit that
might be interested and met inclusion criteria. No incentive was provided to participants.
This research was approved by the University of Guelph Research Ethics Board
(REB#14MR018).
Data collection
Data were collected through three teleconference-conducted focus groups of 6-7
participants each, in May 2014. Each session lasted approximately 1.5 hours. Focus
groups were conducted using a semi-structured interview guide containing 10 questions
(Appendix A), based on Krueger & Casey (2000, p. 35-61) and Pham et al. (2010). The
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questions focused on the participants’ water safety knowledge, confidence in their SDWS
knowledge and ability to inspect these systems, and the factors that have been important
in forging successful working relationships between PHIs and operators. Participants
were also asked to identify future training and resource needs of PHIs to enrich their
skills and address perceived knowledge gaps, and their perceptions of current and future
SDWS water safety issues. The interview guide was pilot-tested with a group of three
PHIs and questions that were vague or difficult to understand were revised. Two people
conducted the focus groups, one to moderate and the other to take field notes. All focus
group sessions were audio-recorded and transcribed verbatim by a professional
transcriptionist. The transcripts were reviewed for accuracy by listening to the audio
recordings and comparing to the written transcripts, making the appropriate corrections to
the text where necessary.
Data analysis
Interview transcripts were imported into NVivo 10 (QSR International Pty Ltd, 2012)
for thematic analysis, as per Braun and Clarke (2006). Thematic analysis “identifies,
analyses and reports patterns within the data” (Braun and Clarke, 2006). Thematic
analysis was chosen for this study because of its appropriateness for a wide range of
research questions and for examaining and identifying patterns in the data that are
important to addresing the research question.
Two researchers independently reviewed all transcripts and identified and
documented key concepts and ideas through written memos (Kreuger and Casey 2000).
The findings were discussed and a code list was developed and agreed upon based on the
objectives of the study (Table 5.1). Each researcher then independently coded all the
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transcripts, line-by-line, and findings were discussed and compared when complete. The
coding results from both researchers were combined and themes were developed and
agreed upon by categorizing codes that corresponded to similar concepts.
A concept map was created to visualize the interconnections between the identified
themes and sub-themes (Daley, 2004). Data validation (Barbour, 2001) was conducted in
August 2014, by contacting participants by email and asking them to review the concept
map and provide feedback to ensure the concept map accurately outlined the themes and
issues brought up during their session. Participant comments were integrated into the
final results and interpretation resulting in added interconnections between sub-themes.
The results presented here are punctuated by unattributed verbatim quotes for
illustration. Verbatim quotes are identified by the use of quotation marks. Square brackets
were used around words that were not part of the original quote but were added to
provide context.
RESULTS
Participant characteristics
A total of 31 PHIs with SDWS inspection responsibilities from 27 health units
were contacted and invited to participate in any of the three teleconference-conducted
focus groups. In total, 20 PHIs participated, representing 16/34 (47%) local public health
units and one-third of PHIs (20/60) with SDWS inspection responsibilities in the
province. Of those that were invited and did not participate, six did not respond, four
could not participate and one did not show up. Five participants provided additional
feedback during data validation.
Focus group findings
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Three major themes (each with 3-5 sub-themes) were identified through analysis
of the focus group discussions: operator-PHI relationships; training and information
needs; and SDWS operational challenges. Figure 5.1 shows a concept map of the themes,
sub-themes and their inter-relationships. Each of these themes and the sub-themes that
were deemed most important to addressing the research objectives, are described in detail
below.
Theme 1: Factors Impacting Water Safety
SDWS Operator
The SDWS operator was frequently cited in all three focus groups as being key to
drinking water safety. Participants mentioned the operator’s willingness to provide safe
water and meet legal requirements, the operator’s education and knowledge level, and
due diligence (i.e. taking reasonable care of the water supply before a problem occurs), as
factors that were important to the operator’s ability to oversee and protect the water
supply. One participant stated, “the knowledge of the operator and the amount of due
diligence that they're willing to take on definitely has affected their practice [the water
operators daily practice].” Another participant commented that,
“what it [water safety] boils down to for me is the willingness of the
owner/operator wanting to ensure that they are providing potable water and what
is the operator or owner's knowledge of providing potable water because people
think potable water's just a zero-zero count [negative water sample for E. coli and
total coliforms] on a water sample, which we know is a lot more in-depth. So it is
their willingness to provide a secure system.”
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PHI-Operator Relationship
The relationship between the operator and the PHI was frequently cited as an
important aspect to drinking water safety. A “good” relationship with the operator was
described as “professional”, having “mutual respect”, and existing when the operator
“complies with the requirements” outlined by the PHI. One participant commented,
“They could still get results that are very good if they're sampling every three
months and have a UV light, but what happened in between you may not know
and unless you have a good relationship with them then they let you know.”
Factors that were reported as contributing to a successful relationship with the
operator were taking additional time to explain and educate the operator on their
requirements during inspections, having patience (“giving these people time to comply”),
maintaining frequent contact with the operator through “email or phone whenever they
needed us”, and expressing clear expectations of what the operator needs to do to meet
the legal requirements. Other factors participants mentioned included showing the
operator “respect” and being willing to “work with them to find a solution to any issues
that they're having”, the consistency of inspections, and that the legislation was
consistently applied to neighbouring businesses, so they were not being treated unfairly.
One participant stated “I believe they were looking for a level of consistency from us and
then they realized that… they're [SDWSs] all going to be looked at in the same context”.

Theme 2: Training and information needs
Operator training
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Water operator training was discussed in two of the three focus groups. Some
participants noted a concern that the training currently available to operators, from private
companies and the Walkerton Clean Water Centre, is not focused specifically on the
SDWS operator’s needs. For example, one participant was frustrated with the current
training options for operators, and commented in an annoyed tone:
“I always feel bad when I'm directing the operators to courses at the Walkerton
Clean Water Centre or so forth. They're more…MOE-based, 170 [Ontario
Regulation 170 Drinking Water Systems]-based, and not 319 [Ontario Regulation
319 Small Drinking Water Systems]…”
Several participants specifically mentioned that there was a need for the local health unit
to provide training to the water operator. One participant said that their local health unit
had already offered training for operators; it was well received and important in
“forg[ing] a partnership with owners and operators of the small drinking water system”.
Another person said their health unit is planning to offer training.
In one of the three groups, participants felt strongly that standardized training
across the province set by the MOHLTC would be useful for providing SDWS specific
training to operators, delivered by PHIs. For example, one participant commented:
“I think the next step is…that we provide training for operators and I would like
to see the Ministry provide a standard. They have now got a standardized
presentation for food handling. I think it's imperative that they provide us with
something like that.”
PHI training, confidence and perceived challenges
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Participants cited both formal and informal sources of information when asked
where they acquired their SDWS knowledge. Formal training methods included
workshops held by various agencies including the MOHLTC, private water companies
and the Walkerton Clean Water Centre. Participants described workshops as not being
SDWS “program specific” and being “very theoretical”. Specifically, participants felt that
training was targeted to larger more complex water systems and did not focus enough on
the small or unusual systems they might come across. For example, one participant stated
“I was fortunate enough to [attend] …one or two training courses, but the material that
was available didn't really address SDWSs, from my perspective, when I'm out in the
field.” Participants mentioned a desire for more hands-on training, explaining “we didn't
actually go out into the field and do any inspections or have any hands-on experience” in
the training they attended. Participants had the concern that after the training they did not
feel like an “expert” in SDWSs but were then expected to inspect these systems and
enforce the legislation.
Many participants cited informal training methods as a key source of information.
Informal methods included consultations with private water treatment companies, using
their colleagues as resources, one participant commented “we’ve got a few people in the
office that have kind of specialized in it or really taken a focus on it and they tend to be
really good resources”. Other sources of information included reading material provided
by various health agencies, or water agencies, mutual learning with the operator, and the
Internet. Internet sources and search engines included Google, YouTube, and reputable
websites (such as the National Environmental Services Center run by the U.S.
Environmental Protection Agency); however, it was noted that while there is plenty of
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information available, it can be difficult to find (“I do believe that there is a lot of
information out there, both reputable and not reputable… and if some amount of time can
be spent--you can find what you are looking for”).
The majority of PHIs reported feeling confident in their knowledge of the
SDWSs, with one participant stating, “I feel really confident…I can answer most of the
questions and, even if I can't, I know exactly where to look for them”. Confidence was
discussed as an outcome of both formal and informal training. One participant stated “I've
had a fair amount of training…and I feel like I have a pretty good understanding of water
treatment”. Another participant stated:
“I feel very confident because I have actually spent an enormous amount of time
researching the kind of treatment technology that are available on the market. I've
gained a lot of knowledge by speaking with the installers of these systems, as well
as…going on-line and reading”.
Learning from colleagues was an important informal training method discussed
by particioants. Several participants spoke of the challenge of having only one PHI in a
health unit doing this work, so they do not have extra support if needed. One participant
felt this put a lot of pressure on him and explained this added responsibility:
“I am the only one that is conducting inspections and doing assessments, so I
guess a lot has been on my shoulders to look up information and deal with
different people to try to get it right.”
Information sharing needs
Two of the three focus groups brought up the need for a forum where PHIs can
share information and experiences as an informal training method. Two formats were
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discussed with a great deal of agreement among participants. The first was an on-line
vehicle for sharing information, fact sheets or experiences. For example, one participant
explained:
“It would be great to have one place to go, whether it's on-line… some kind of
place where all these… information fact sheets, could go and …if all these things
were stored in one big portal…you could do a search under a certain question and
it would pop up some fact sheets on that, that would be a great resource to have.”
The second format was an annual or semi-annual meeting of PHIs, consisting of
neighbouring health units, where they could informally share experiences and difficulties
with SDWSs. One participant stated:
“I think what I'd really like to see is some type of information-sharing... meetings,
[where] we try to bring up scenarios for small drinking water systems that each of
us are having difficulties with and it's certainly just nice to share that information
and get an idea of what everybody is doing out there and maybe relying on some
of that information to carry out our programs a little better.”

Theme 3: Operational challenges
A variety of challenges to do with ensuring water safety and meeting or enforcing
the legislation was discussed in all three focus groups. The categories that emerged from
analysis of the focus groups were the need for regulatory-related technology
improvements and the added cost to the operator of water testing, including issues around
the rural location of systems. Many of these subthemes overlapped with one another, and
are discussed in more detail below.
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Technological barriers
Frustration with the current software systems used by the MOHLTC was
mentioned in all three of the focus groups. The MOHLTC manages two information
technology systems used by PHIs in the collection and management of SDWS inspection
data. The first is the risk categorization tool, which contains the risk assessment
questionnaire and uploads all of the water system data entered by the PHI to the
MOHLTC central database. The second is the Laboratory Results Management
Application where laboratory results from water testing are uploaded and monitored by
the PHI (MOHLTC 2008). Concerns were that there are “glitches” with the program,
inspection data that are entered may be lost, and that there is redundancy in the programs
which makes data entry time consuming. One participant commented, “something that
should be a 15-minute job turns into a 45-minute job simply because of data entry”, while
another participant stated,
“I think the challenge [for the future] is going to be with the software and all these
databases that we have to enter all the information in. It would be great if the
Ministry [MOHLTC] there took a bigger leadership role…and would streamline
things for us.”

Water testing limitations
Participants considered water testing to be an important routine monitoring
component to maintenance of a safe water supply. Challenges to water testing that were
mentioned in all three focus groups included the added cost to the operator of water
testing and shipping of water samples, and having access to private laboratories in rural
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locations. PHIs said that operators told them that it is difficult, or in some cases
impossible, to deliver their water samples to private laboratories due to the remote
location of their SDWS. By way of example, one participant commented,
“We have quite a geographic area here, so the access to… private labs seem to be
quite an issue, quite an exorbitant cost to get samples to these labs, especially
when you're a couple hours or so away from that.”
Water samples must be received by a private laboratory within 24 hours of collection. In
remote locations, samples must be couriered by boat or air. Prior to SDWS being
regulated by the MOHLTC, many premises would have their water tested by the
provincial laboratory without cost; however, now under Ontario Regulation 319 Small
drinking water systems, operators must pay for the water testing and delivery themselves.
Participants stated the added cost of water sampling that began with the transfer of
regulation to the MOHLTC was the “biggest hurdle to get over” and “initially put some
strain on the relationship” between the PHI and operator, as PHIs felt that operators were
not happy with the increase in cost and did not always understand the need for it. This
was mentioned as a challenge but one that has primarily been overcome with education
and time. One participant stated: “when [operators] have had some years of experience as
to what this program entails and what kind of costs they're facing…it definitely
improves”.
Participants also recognized that there are limitations to water sampling, in that
there is more to water safety than satisfactory water test results, including routine
monitoring and maintenance of the water supply by monitoring chlorine residuals,
turbidity levels and water treatment systems to ensure they are operating at optimum
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efficiency. One participant stated “I've had many times, that people will contact
me…they suspect something, and it's allowed us to go out there and find the problem”.
Frequency of Inspections
Participants stated that the current schedule of inspection frequency was
inadequate. Several participants felt that “four years between inspections is too long”, and
that this gap “contributes to water safety issues”. For example, participants mentioned
that when they returned after four years to conduct a second routine inspection, they often
needed to re-educate the operator, and in some cases they felt the safety of the drinking
water supply was compromised in the interval between inspections. One participant
explained,
“I think it should be a yearly inspection of these facilities…they may be taking
their samples, but are they really looking at their treatment and equipment…You
kind of find it out…where these people say, ‘yeah, a couple of years ago we had
this problem’.”
DISCUSSION
This study captured the views of 20 PHIs in 16 boards of health in Ontario, that
conduct inspections on SDWSs, providing a good cross-section of possible issues PHIs
might identify. Qualitative research allows an in-depth understanding of the issues and
interpretation of the individual experiencing the event (Braun and Clarke, 2006) and was
ideal for capturing the experience of PHIs that inspect SDWSs. Telephone focus groups,
as opposed to face-to-face focus groups, were essential for this research because the
target population was widely dispersed across Ontario, and they enabled participation of
those that did not have the time or resources to travel to a meeting for a traditional in-
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person focus group. Telephone focus groups are a viable alternative to traditional inperson focus groups in health research (Cooper et al. 2003; Smith et al. 2009; Frazier et
al. 2010) and have been used to explore health-related topics such as health practices,
knowledge and training needs (Cooper et al. 2003).
PHIs in this study reported they were confident in their knowledge of SDWSs, but
believed they needed increased and regular information sharing and networking
opportunities. In many cases, there are only one or two PHIs in each health unit that
conduct SDWS inspections. Creating a community of practice (CoP) for SDWSs might
be valuable for both PHIs and operators to promote knowledge exchange and develop
capacity among and between these groups of individuals. CoPs are defined as ‘groups of
people who share a concern, a set of problems, or a passion about a topic, and who
deepen their knowledge and expertise in this area by interacting on an ongoing basis’
(Ranmuthugala et al. 2011). They can be used to enhance knowledge, generate a body of
knowledge that members can utilize and facilitate peer interaction, which enhances
learning and information sharing (Li et al. 2009).
PHIs reported that the training opportunities available to them did not provide
information that was specific enough to SDWSs. For example, participants described the
training as not being specific to the various types of SDWSs they may encounter, the
variety of disinfection, distribution, and mechanical systems in place, and legislative
requirements they are required to enforce. Opportunities should be sought to encourage
practitioners and academics with expertise in SDWSs to develop and deliver training
modules for SDWS PHIs. These modules can be posted on a website, or delivered in preand post-conference workshops. Practitioners that have experience with SDWSs could be
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encouraged to develop and lead these sessions, as well as work with existing
organizations (e.g. universities) that are tasked with educating the public health
workforce.
The importance of the operator in ensuring a safe water supply was discussed in
all three focus groups. There are five components to a robust water supply; source
quality, treatment, distribution system security, water monitoring and responding to
adverse events (Huck and Coffey, 2004). Each is critically important to the water supply
and it is the role of the operator to ensure that these five components are not
compromised. The importance of treatment, the type of water source and extreme
weather events (such as heavy rains) were not mentioned as key water safety concerns
during the focus groups; rather, participants concentrated on the operator and their control
over many aspects of the water supply. The lack of discussion of these other factors may
be a result of the interaction between the PHI and the operator during the inspection, with
the recognition that the operator’s ability can vary greatly between SDWSs and can have
a direct impact on water quality. Alternatively, some aspects (the water source or extreme
weather events) may not have been viewed as being within the control of the operator or
PHI, and therefore, not a priority for discussion in the focus groups. An operator’s
perception of the risks posed to the water supply is influenced by one’s familiarity,
experience and frequency of the risk (Slovic et al. 1979; Krewski et al. 2004).
In a 2011 survey of SDWS operators in Ontario, only 37% of operators had
completed formal training, and the operators surveyed felt less confident in their ability to
handle issues when the system malfunctions or an adverse water sample was received
than in their day-to-day tasks when operating the water system (Chapter 4). One
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challenge with small community water supplies in Canada is access and availability of
operator training (Boag et al., 2010; Kot et al., 2011). Operators need to be trained and
supported so that they understand the system and priorities of water safety (Jalba and
Hrudey, 2006; Butterfield and Camper, 2004). Training should be as specific to the target
population as possible, and be easily accessible (in both location and the time it is
offered) in order to increase training rates in this population.
Participants noted that the operator’s knowledge level is affected by access to and
appropriateness of operator training. Participants also believed that operators in some
rural locations have trouble accessing the available training, which they feel is not
specifically targeted at MOHLTC-governed SDWSs and does not meet these SDWS
operator’s needs. Other studies have noted that small water operators face challenges
accessing training (Kot et al. 2011; Boag et al. 2010). The delivery of SDWS operator
training by local health units may be fundamental in addressing these issues. The Ontario
Public Health Standards, which lay down the minimum programs that must be delivered
to all residents in Ontario, outline the requirements for health units to provide education
and training for owners/operators of SDWSs (MOHLTC, 2014). Participants expressed a
desire and need for a standardized operator training program developed by the MOHLTC
that a health unit could deliver, similar to the standardized food safety training offered in
Ontario (MOHLTC 2013b). A multi-stakeholder initiative is needed to develop and
evaluate an effective SDWS operator education program in Ontario.
Water sampling and testing was discussed by participants as being another
limiting factor in the provision of safe water by SDWSs, particularly in remote locations.
Participants reported that water sampling was a challenge for operators located in remote
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communities because of the difficulty of delivering the water sample to a private
laboratory and the added cost to the operator, which has been noted in other studies as
well (British Columbia Ministry of Health 2013; Kot et al. 2011; Boag et al. 2010; United
States Environmental Protection Agency 2006). In 2015, water testing for total coliforms
and E. coli costs operators approximately $15; however, in the event of an adverse water
sample test result, the cost increases to $50 due to the legal notifications the laboratories
are required to carry out. While individually these costs are not exorbitant, cumulatively
they can be significant to a SDWS owner, based on the frequency of testing required as
well as the cost of couriering the sample or the time an operator must spend delivering
the sample themselves. For example, an owner of a SDWS located in southern Ontario
may have to travel 30 minutes to deliver their water sample, while a remote SDWS in
northern Ontario may only be accessible by plane and sample delivery may require
traveling by plane or boat for a minimum of an hour to a courier location. Significant
resources would be required to subsidize the current sampling procedure. Sampling
frequency is reduced when protection measures are added to the water supply, for
instance, a surface water source with no water treatment is required to sample every
week, while a ground water source with treatment in place is required to sample every
three months (MOHLTC 2008). A greater investment in water safety measures by the
operator could reduce the reliance on water testing as the only measure of safe water.
The frequency of SDWS inspection by PHIs was also discussed as an issue
affecting water safety; participants felt that a lengthy interval between inspections
allowed erosion of an operator’s knowledge and the operator-PHI relationship. Currently,
low- and moderate-risk SDWSs are inspected once every four years and high-risk
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premises are inspected every two years. However, increasing inspection frequency would
significantly increase the cost of delivering the SDWS program and create an added
human resource challenge, even if only implemented with high risk SDWSs. Jalba and
Hrudey (2006) noted lack of resources and staff are often major limitations to
maintaining a proactive water safety program. Other options to increase operator
knowledge include increasing the availability of operator training and maintaining the
operator-PHI relationship through regular contact with operators via means other than
routine inspections (e.g. telephone calls or emails, CoPs, online resources, phone “apps”).
Operators should be encouraged to contact the PHI for assistance and support as needed.
Strengthening the operator’s ability through training and building the operator-PHI
relationship could help mitigate the impact of a four-year gap between PHI-operator
contact.
Participants expressed concerns about software not being user-friendly and the
length of time required for data entry. A system that can be used offline, has adequate
support and is more intuitive to the end-user could alleviate many of the current issues.
The MOHLTC currently provides information technology (IT) support to local health
units; however, further support and improvements to the IT infrastructure for SDWS was
desired by participants.
Study strengths and limitations
This research sampled one-third of the target population, providing a good crosssection of possible issues PHIs might identify. Telephone focus groups are a viable
alternative to traditional in-person focus groups in health research (Cooper et al. 2003;
Smith et al. 2009; Frazier et al. 2010) and have been used to explore health-related topics
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such as health practices, knowledge and training needs (Cooper et al. 2003). The
credibility of the findings of this study was fostered using two specific approaches
(Patton, 1999): having participants check the results to ensure themes accurately
represented their views (i.e. member-checking), and having two independent reviewers
analyze the data and come to a consensus on the results (i.e. analyst triangulation).
The focus group format can result in some individuals dominating the discussion
while others do not say much (Kreuger and Casey, 2000; Smithson, 2000). This can be
especially of concern with telephone focus groups where non-verbal language of the
moderator cannot be used to steer the conversation away from some and towards others.
The moderator attempted to minimize these effects in this study by stressing that there
were no right or wrong answers to the questions, verbally directing the conversation away
or towards some people, and ensuring each person had a chance to share their thoughts on
each question.
CONCLUSION
This research found that there is a need for enhanced information sharing and the
creation of networks among PHIs inspecting SDWSs across Ontario. One format that
might be promising is the creation of CoPs where PHIs and operators could share
information and experiences with one another. More specific and local operator training
is needed, and the MOHLTC and health units could take a lead role in this area. A
standardized training program developed by the MOHLTC and delivered by health units
was discussed by participants and would be a practical option. The MOHLTC could
consider increasing the required inspection frequency of SDWSs; future research should
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explore the cost-benefit of increasing inspections of SDWSs, and evaluating training
opportunities designed specifically for SDWS operators and PHIs.
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TABLES
Table 5.1 Final code list used for coding focus group transcripts from focus groups
with public health inspectors (PHIs) that inspect small drinking water systems (SDWSs)
in Ontario, Canada (May, 2014)
Inspection of SDWSs
Positive aspects
Challenges
Regulatory challenges
Location
Transitional conflict
Software
Leadership
Role of the inspector
Confidence
Sources of information
Informal sources
Formal sources
Information needs
Water operator
Operator education
Operator-PHI relationship
Water Safety
Future needs/issues
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FIGURES
Figure 5.1
Concept map of themes, sub-themes and inter-relationships from focus groups of PHIs that inspect SDWSs in Ontario,
Canada (May 2014)
Research Question:
What are the needs and insights of PHIs working with the SDWS program in Ontario?

Theme: Factors impacting water safety

Theme: Operational challenges

Water
testing

Technology
difficulties

Operator-PHI
relationship

SDWS operator
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inspections

Theme: Training & information needs
Education/
knowledge level

Rural location
& cost

Willingness
of operator

Consistency
PHI training

Challenges to
training
Software is
difficult to use

Info can be
hard to find

Operator
training

Training sources
Confidence

Isolation of
PHIs

Does not meet
PHI needs or is
no longer
offered

Need for training
provided by local
health units

Workshops

University
Internet
sources
Mutual learning (with
colleagues, water companies
and water operators)

Need for a forum where
PHIs can share info and
expereinces
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Lack of
specificity in
current training
programs

Formal
methods

Informal
methods

Variety of
systems

Regular
contact with
the PHI

On-line
courses

Respect, clear
communication,
patience & working
with operator

CHAPTER 6
Summary Discussion and Conclusions
SUMMARY
The overarching aim of this thesis was to identify challenges and opportunities to
improve the safety of the water supply in SDWSs. This research focused on SDWSs
located in Ontario, Canada, and identified published reports of waterborne disease
outbreaks involving SDWSs in Canada and the United States, summarized factors
contributing to SDWS outbreaks, including water system characteristics, events
surrounding the outbreaks and the microorganism(s) involved, and identified terminology
used to describe SDWSs in outbreak reports. It further investigated the relationships
between certain characteristics of SDWSs in Ontario and the performance of these
systems with respect to whether an adverse E. coli test had been reported in the prior 12
months and risk factors associated with SDWSs that are rated high or medium risk.
Finally, it explored PHI insights and perceived needs related to SDWSs in Ontario and
explored the experience, existing knowledge, confidence and future training needs of
SDWS operators in Ontario.
Overall, it was found that PHIs and SDWS operators have training needs that are
not currently being met. These groups can be further supported through education and
training initiatives and a community of practice to promote knowledge exchange in order
to develop capacity. Protection efforts for SDWSs should focus on ensuring that an
adequate and effective water treatment system is in place, and operated by trained and
knowledgeable water operators.
MAJOR FINDINGS
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Overall, it was found in the systematic review (Chapter 2) that the leading causes
of outbreaks involving SDWS were failure of an existing water treatment system and lack
of water treatment. Moreover, when the performance of SDWSs in Ontario was assessed
in a logistic regression model with respect to whether a positive E. coli test had been
reported in the previous 12 months (Chapter 3), it was found that the odds of having a
positive E. coli test result were greater in systems using either ground or surface water
with a water treatment device compared to ground water with no treatment device
employed. The results of these studies may suggest that many SDWSs in Ontario with
source water at risk of contamination may have installed treatment systems that are either
inadequate for their needs or the treatment systems are not properly maintained and
monitored. There also appears to be a seasonal influence on SDWS quality and risk of
contamination. While many outbreaks included in the systematic review did not indicate
whether water supplies were seasonal, there was a seasonal trend in the occurrence of
outbreaks, with more than half occurring in summer months. Data from SDWSs in
Ontario indicated that a large number of systems operate on a seasonal basis, tended to be
rated higher risk, and were more likely to utilize surface water which has greater risk of
contamination compared to ground water (Reynolds, Mena and Gerba, 2008).
The results from this thesis (Chapter 2) also indicate that there are gaps in the
reporting of outbreaks in SDWSs. There was great variation in the terminology used to
describe SDWSs and a large number of water system characteristics were not reported in
outbreak reports. This is an issue that is compounded by the need for a standard definition
for SDWSs across jurisdictions, which would improve the ability to carry out
retrospective analysis of waterborne disease outbreaks. Also, there is a need for more
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standardized surveillance of waterborne illness and outbreaks in Canada, similar to the
surveillance program in the U.S, that would help inform the evaluation of public health
risk in these systems and intervention efficacy.
This work found that training was a theme across chapters 4 (for water operators)
and 5 (for PHIs). The majority of water operators had not previously received formal
water operator training, and while operators reported feeling confident in their ability to
handle the day-to-day operation of the water system, when faced with challenges to the
water supply, they were less confident in their abilities. The most common barriers to
water operator training identified by both water operators and PHIs were cost and
location of training, while PHIs identified a need for the development of more specific
and locally offered operator training. These barriers could be addressed by providing
SDWS specific training through the local health unit at low cost. Findings also suggest
PHIs and water operators need more opportunities to share SDWS information with other
water professionals through a community of practice. Furthermore, PHIs indicated a need
for increased inspection frequency of SDWSs to improve water safety. In order for this to
occur additional resources would be needed from the MOHLTC.
LIMITATIONS
Research focusing on SDWSs has been conducted across Canada, the United
States, and Europe (Butterfield and Camper, 2004; Rupp, 2001; Smith et al. 2006). The
work presented in this thesis focused on SDWSs located in Ontario; as such these results
may not be generalizable to SDWSs in other jurisdictions, especially where the regulation
and definition of these systems is considerably different.
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While waterborne outbreak data are useful for understanding common failures in
the water system, there are limitations to its dependability. Under-reporting of small
outbreaks in the literature, given that large outbreaks are more likely to be investigated
and published, is probable as well as missing small outbreaks altogether, that are not
attributed to any water source. Limitations also existed with the use of the SDWS data
obtained from the MOHLTC and used in this thesis. We were unable to establish a
temporal relationship between positive water samples and water system treatment. The
data were a cross-section of water system data; as such we cannot be sure whether
treatment preceded the positive test result, or treatment was implemented in response to a
positive test. Furthermore, analysing repeated water quality test results and frequency of
testing would add more depth to the information on the quality of the water supply.
Frequency of testing could also have impacted the likelihood of having a positive test
result, and unfortunately was not available. During this study, the quality and lack of
detail in the data presented a challenge. Further information on the type of water
treatment used, a standard measure for the number of people using or having access to the
water supply, the date of the adverse test result, having multiple test results and dates, and
the months that seasonal systems operate would add to the analysis.
RECOMMENDATIONS FOR FUTURE RESEARCH
This thesis contributes significantly to the current knowledge on SDWS quality
and performance in Ontario; however, many gaps and unanswered questions in the area
of SDWSs still remain. For example, further research is needed to fully understand the
relationship between adverse E. coli water tests and water treatment. This research
provides some hypotheses about how water treatment is being used in SDWSs, but there
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is a need to further explore the role of various types of water treatment, surrounding land
uses, and the distribution system. Having PHIs gather these additional variables during
inspections would allow these variables to be included in future analyses.
We found that PHIs felt that the time between inspections (two to four years) was
an important factor impacting water safety. Future research is needed to explore the costbenefit of increasing inspection frequency in SDWSs. Training programs for water
operators in Ontario are available; however, they do not always meet the needs of this
population. There is a need to evaluate the variety of training and education initiatives
currently offered for operators of SDWSs. PHIs also need opportunities to network and
share information with one another, which could potentially be achieved through a
community of practice for PHIs that inspect SDWSs. This and other potential strategies
to increase PHI networking and information sharing should be investigated for utility and
effectiveness in future studies.
FINAL REMARKS
This research began by understanding the scope of waterborne illness associated
with SDWSs, progressed to understanding the characteristics of SDWSs and their
contribution to unsafe drinking water, then assessed the perspective of both the operators
and the PHI and their challenges in working in this new environment. Failure of an
existing water treatment system was the leading cause of outbreaks in SDWSs in North
America and, in Ontario, water systems with treatment were more likely to have positive
E. coli test results than ground water systems without treatment. These findings stress the
importance of focusing measures that will strengthen drinking water treatment. There is a
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need for suitable water treatment that is managed by knowledgeable, confident and
supported water operators and regulators.
Moving forward, there is a need for more consistent and detailed reporting of data
in waterborne outbreak reports. Currently, many characteristics of water systems
associated with an outbreak are not collected (e.g. seasonality, number of connections and
flow rate). Reporting data related to water system size should be obligatory in order to
help identify common risks in SDWSs and assist in developing and applying informed
and targeted public health interventions. Furthermore, a standardized definition for
SDWSs across Canada, would facilitate the retrospective analysis of waterborne disease
outbreak data to identify common themes and risk factors in SDWSs.
In order to increase the number of trained water operators in Ontario, decision
makers should focus on promoting training opportunities that are currently available and
develop locally delivered operator training in the most rural areas in Ontario, where
access to training is the most challenging. Decision makers should target water operator
training to groups of SDWS operators based on the premise type, water source and
treatment level, where differences in training rates are apparent, in order to increase
overall operator training rates.
Finally, PHIs should be supported with on-going educational opportunities and
the development of a community of practice, which will build resiliency in the current
system. As individuals retire and change work assignments these initiatives will ensure
continued support is available to PHIs that work with SDWSs.
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APPENDICIES
Appendix 2.1 Search strategy used to identify reported drinking water outbreaks in small
drinking water systems in Canada and the United States (1970-2014).
PubMed
Date of search: June 19, 2013
Hits: 536
Search Terms
(((("gastroenteritis"[MeSH Terms] OR "gastroenteritis"[All Fields])
OR (illness[All Fields]) OR (Outbreak*) OR ("disease"[MeSH Terms]
OR "disease"[All Fields]))) AND (("waterborne") OR (("drinking
water"[MeSH Terms]) AND "drinking water"))) AND
(("canada"[MeSH Terms] OR "canada"[All Fields]) OR ("united
states"[MeSH Terms] OR "united states"[All Fields]))
Restrictions: 1970-2013

Date of search: July 17, 2014
Hits: 124
Search Terms
(((("gastroenteritis"[MeSH Terms] OR "gastroenteritis"[All Fields])
OR (illness[All Fields]) OR (Outbreak*) OR ("disease"[MeSH Terms]
OR "disease"[All Fields]))) AND (("waterborne") OR (("drinking
water"[MeSH Terms]) AND "drinking water"))) AND
(("canada"[MeSH Terms] OR "canada"[All Fields]) OR ("united
states"[MeSH Terms] OR "united states"[All Fields] OR (“North
America”[MeSH Terms] or “North America”[All Fields])))
Restrictions: 2013-2014
Web of Science
Date of search: June 20, 2013
Hits: 397
Search Terms
(TS=(disease* OR illness* OR gastroenteritis OR outbreak*) OR
TI=(disease* OR illness* OR gastroenteritis OR outbreak*)) AND
(TS=("drinking water" OR waterborne) OR TI=("drinking water" OR
waterborne)) AND (TS=(Canada OR US) OR TI=(Canada OR US))
Restrictions= 1970-2013
TS=topic
TI=title
Date of search: July 17, 2014
Hits: 33
Search Terms
TI=(disease* OR illness* OR gastroenteritis OR outbreak*)) AND
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TI=("drinking water" OR waterborne)) AND (TI=(Canada OR US OR
“North America”))
No restrictions
TI=title
Scopus
Date of search: June 20, 2013
Hits: 1287
Search Terms
(disease* OR illness* OR gastroenteritis OR outbreak*) AND
(("drinking water" OR waterborne)) AND (Canada OR "united states")
No restrictions
Search title-abstract-keyword
Date of search: July 18, 2014
Hits: 74
Search Terms
(disease* OR illness* OR gastroenteritis OR outbreak*) AND
(("drinking water" OR waterborne)) AND (“North America”)
Restrictions 2013-2014
Search title-abstract-keyword

ProMED-mail
Date of search: June 20, 2013
Hits: 6 and 0
Search Terms
waterborne AND USA
waterborne AND Canada
No restrictions

Date of search: July 20, 2014
Hits: 11 and 0
Search Terms
waterborne AND USA
waterborne AND Canada
No restrictions

Canada Communicable Disease Registry
Date of search: July 31, 2013
Hits: 0
Search Terms
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No search tool available, instead a review of all article titles was
conducted
Date of search: July 20, 2014
Hits: 0
Search Terms
No search tool available, instead a review of all article titles from 20132014 was conducted

Morbidity and Mortality Weekly Report
Date of search: July 31, 2013
Hits: 188
Search Terms
“Drinking water” AND Outbreak
Date of search: July 20, 2014
Hits: 188
Search Terms
“Drinking water” AND Outbreak

Google
Date of search: October 30, 2013
Hits: 1,470,000 and 1,760,000
Search Terms
1. “Drinking water” AND Outbreak AND Canada
2. “Drinking water” AND Outbreak AND “United States”
Date of search: July 20, 2014
Hits: 1,130,000 and 1,960,000
Search Terms
1. “Drinking water” AND Outbreak AND Canada
2. “Drinking water” AND Outbreak AND “United States”
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Appendix 2.2 Relevance screening form used in identifying reported waterborne disease
outbreaks in small drinking water systems in Canada and the United States (1970-2014).

Question
RefID
1. Does the abstract investigate
or discuss waterborne
outbreak(s) in SDWS in Canada
or USA?

Options

Definitions/additional notes

1) Yes, within the context of
primary research OR
surveillance summaries.
2) Unsure, the type of water
system or type of data
available cannot be
determined from the
abstract alone
3) No, none of the above.

Waterborne outbreak is defined
as cases of a suspected or
confirmed acute illness related to
exposure to biological agents
from drinking water that involve
two or more individuals. (Single
case reports will be excluded).

Reviewer Decision:
If the reviewer selects option
1) or 2) the article will
advance to data extraction.
If option 3) is selected, the
abstract will be EXCLUDED.
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SDWS is defined as a privately
or publically owned system that
provides drinking water to the
visiting public
The system must provide water
for the public (no private
residences unless the water
system serves multiple
residences)
May be classified as a noncommunity water system (A
noncommunity water system
serves an institution, industry,
camp, park, hotel, or business
and can be nontransient or
transient. Nontransient systems
serve >25 of the same persons
for >6 months of the year but not
year-round (e.g., factories and
schools), whereas transient
systems provide water to places
in which persons do not remain
for long periods (e.g.,
restaurants, highway rest
stations, and parks).
May be classified as a semipublic system (privately owned
system providing drinking water
to the visiting public)
Is NOT a community water
system (serving year-round
residents of a community,
subdivision, or mobile home
park)

Appendix 2.3 Form used to characterize and extract the data from relevant articles
reporting waterborne disease outbreaks in small drinking water systems in Canada and
the United States (1970-2014).
Article-level data characterisation and utility form (applicable to all relevance-confirmed
articles)
Question
RefID
1) Is this a surveillance
summary, research
article or case report on
waterborne outbreaks in
SDWS in Canada or
USA published in
English, French or
Spanish?

2) Publication Year
(YYYY)

3) What is the study
design?
(Check all that apply)

Options

Comments

1) Yes, primary research article/outbreak
report/surveillance summary
2) None of the above, specify reason for
exclusion
□ Not relevant:_______
□ Language: _________
□ Other:____________
If 2)“none of the above” is selected,
article will be EXCLUDED. Please
specify the reason for exclusion and
submit the form without completing
the remaining questions.
__________

 Observational study
 Cross-sectional
 Cohort
 Case-control
 Prevalence survey
 Case or case-series
Routine monitoring or surveillance
data collection
Outbreak report
specify:_____________________
research

Observational study:
Assignment of
subjects into a treated
group versus a control
group is outside the
control of the
investigator.
Cross-sectional:
Observation of all of a
population, or a
representative subset,
at a defined time
Cohort study: is a
study in which
individuals with
differing exposures to
a suspected factor are
observed over a
period of time for
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occurrence of an
outcome
Case-control study:
compares exposure in
patients who have a
condition (the 'cases')
with subjects who do
not have the
condition, but are
otherwise similar (the
'controls').
Case or case-series:
a descriptive study of
a single individual
(case report) or small
group (case series).

4) Do the authors
present findings of
more than one outbreak
in this report?
5) Year and month the
outbreak occurred
(mm/yy)
6) Water treatment

7) Contributing factors
leading to the outbreak:

Routine monitoring
or surveillance
data collection:
could primarily cover
articles that report on
an ongoing and
systematic data
collection, or the
analysis and
interpretation of data
related to our study
question.
Complete the next
questions for each
applicable outbreak.

1) Yes
2) No

□ Disinfection,
specify:___________
□ Filtration, specify:___________
□ None
□ Unknown
□ Weather event
□ Source contamination (human)
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Multiple choices
permitted.

8) Water source:

□ Source contamination (nonhuman)
□ Distribution system
□ Lack of treatment
□ Treatment failure
□ Other:________________
□ Unknown
□ Well
□ Spring
□ Surface water,
specify:__________
□ Other (i.e. cistern or reservoir),
specify:________

9) Location of outbreak

□ Canada (specify
province):_____________
□ USA (specify
state):______________

10) Premise associated
with the outbreak

□
□
□
□
□
□
□
□
□
□
□

School
Motel/hotel
Lodge
Camp
Campground
Park
Restaurant
Trailer park
Resort
Other________________
11) Is the water system
Yes, specify time in
seasonal?
use:_________
□ No
□ Unknown
12) What definitions are 1) Provided by authors:
explicitly provided by
□ Term used to describe the water
the authors to describe
system size, specify:
the water system size in
_______________
this article? (Check all
□ # of connections in the water
that apply)
system, specify:________
□ Flow rate of the system,
specify:_______________
□ # of people served by the water
system, specify: __________
2) No definitions provided
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Surface water
examples include
lake, river, pond or
reservoir

Seasonal water
systems operate for
less than 12 months
per year
Provided by
authors:
 Please type or
copy and paste
sentences used to
describe these
terms.

□ Giardia
□ Norwalk/Norovirus
□ Salmonella
□ Campylobacter
□ E.coli
□ Shigella
□ Cryptosporidium
□ Other:______________
□ Unknown
14) Size of the
Confirmed:_____________
outbreak:
Presumptive cases:______
Deaths:__________
□ Questionnaires/ interviews
15) How was the
□ Stool samples
outbreak determined
□ Water samples
to be associated
□ Other:___________________
with the SDWS?
13) Microorganism
involved:

Multiple choices
permitted

Add any comments
you think might be
useful

16) Other
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Appendix 2.4 PRISMA guidelines for reporting systematic reviews
Section/topic

#

Checklist item

Reported on
page #

1

Identify the report as a systematic review, meta-analysis, or both.

1

3

Describe the rationale for the review in the context of what is already known.

3-4

3
4

Describe the rationale for the review in the context of what is already known.
Provide an explicit statement of questions being addressed with reference to
participants, interventions, comparisons, outcomes, and study design (PICOS).

3-4
5

METHODS
Protocol and
registration

5

5

Eligibility criteria

6

Information sources

7

Search

8

Study selection

9

Data collection
process

10

Data items

11

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web
address), and, if available, provide registration information including registration
number.
Specify study characteristics (e.g., PICOS, length of follow-up) and report
characteristics (e.g., years considered, language, publication status) used as criteria
for eligibility, giving rationale.
Describe all information sources (e.g., databases with dates of coverage, contact
with study authors to identify additional studies) in the search and date last
searched.
Present full electronic search strategy for at least one database, including any limits
used, such that it could be repeated.
State the process for selecting studies (i.e., screening, eligibility, included in
systematic review, and, if applicable, included in the meta-analysis).
Describe method of data extraction from reports (e.g., piloted forms, independently,
in duplicate) and any processes for obtaining and confirming data from
investigators.
List and define all variables for which data were sought (e.g., PICOS, funding

TITLE
Title
ABSTRACT
Structured summary
INTRODUCTION
Rationale
Objectives
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6

5-6

6
6-7
6

5-7

Risk of bias in
individual studies

12

Summary measures
Synthesis of results

13
14

Risk of bias across
studies
Additional analyses

15
16

RESULTS
Study selection

17

Study characteristics

18

Risk of bias within
studies
Results of individual
studies

19

Synthesis of results

21

Risk of bias across
studies
Additional analysis

22

DISCUSSION
Summary of evidence

sources) and any assumptions and simplifications made.
Describe methods used for assessing risk of bias of individual studies (including
specification of whether this was done at the study or outcome level), and how this
information is to be used in any data synthesis.
State the principal summary measures (e.g., risk ratio, difference in means).
Describe the methods of handling data and combining results of studies, if done,
including measures of consistency (e.g., I2) for each meta-analysis.
Specify any assessment of risk of bias that may affect the cumulative evidence
(e.g., publication bias, selective reporting within studies).
Describe methods of additional analyses (e.g., sensitivity or subgroup analyses,
meta-regression), if done, indicating which were pre-specified.

n/a

7
7
n/a
n/a

Give numbers of studies screened, assessed for eligibility, and included in the
review, with reasons for exclusions at each stage, ideally with a flow diagram.
For each study, present characteristics for which data were extracted (e.g., study
size, PICOS, follow-up period) and provide the citations.
Present data on risk of bias of each study and, if available, any outcome level
assessment (see item 12).
For all outcomes considered (benefits or harms), present, for each study: (a) simple
summary data for each intervention group (b) effect estimates and confidence
intervals, ideally with a forest plot.
Present results of each meta-analysis done, including confidence intervals and
measures of consistency.
Present results of any assessment of risk of bias across studies (see Item 15).

8

23

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses,
meta-regression [see Item 16]).

n/a

24

Summarize the main findings including the strength of evidence for each main
outcome; consider their relevance to key groups (e.g., healthcare providers, users,

11-14

20
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Table S5
n/a
n/a

n/a
n/a

Limitations

25

Conclusions

26

FUNDING
Funding

27

and policy makers).
Discuss limitations at study and outcome level (e.g., risk of bias), and at reviewlevel (e.g., incomplete retrieval of identified research, reporting bias).
Provide a general interpretation of the results in the context of other evidence, and
implications for future research.

15
15-16

Describe sources of funding for the systematic review and other support (e.g.,
16
supply of data); role of funders for the systematic review.
From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews
and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097
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Appendix 2.5 Descriptive summary of waterborne outbreaks included in the systematic review
Reference
Month/
Location
Causitive agent
Cases Suspected causes leading to the outbreak
Year
AWWA Water Quality
Division Committee [58]

Unknown,
1971

USA (Arkansa)

Hepatitis A virus

98

Septic contamination of the well water
supply

Karanis, Kourenti and Smith May, 1972
[59];

USA (Colorado) Giardia intestinalis

28

Inadequate treatment of surface water

Karanis, Kourenti and Smith May, 1972
[59];

USA (Colorado) Giardia intestinalis

24

Inadequate treatment of surface water

Karanis, Kourenti and Smith Sept, 1972
[59];

USA (Utah)

Giardia intestinalis

60

Untreated surface water

Baer and Walker [60]

Oct, 1972

USA (Alabama)

Hepatitis A virus

50

Septic contamination of the spring coupled
with inadequate treatment

Baine et al. [61]

Nov, 1972

USA (Iowa)

Shigella sonnei

208

Septic contamination of a shallow well with
no treatment

Karanis, Kourenti and Smith Jul, 1973
[59];

USA (Colorado) Giardia intestinalis

16

Untreated surface water

Karanis, Kourenti and Smith Jun, 1974
[59];

USA (Colorado) Giardia intestinalis

18

Unknown

Todd [62]

Jul, 1974

CA (Manitoba)

8

Unknown

Todd [62]

Aug, 1974

CA
Shigella sonnei
(Newfoundland)

10

Unknown

Todd [62]

Oct, 1974

CA
Unknown
(Newfoundland)

111

Septic contamination of the water supply

Shigella sonnei

168

Eden et al. [32]

Dec, 1974

USA (Montana)

Yersinia enterolitica

129

Unknown (suspected that sewage was
implicated but wasn't confirmed)

Rosenberg et al. [63]; Craun Jul, 1975
and Gunn [64];Craun [65];
Craun [66]

USA (Oregon)

Escherichia coli
O157:H7

2200

Inadequately treated spring water

Todd [62]

Jul, 1975

CA (Ontario)

Salmonella spp

42

Septic contamination entered the well water
coupled with inadequate treatment

Mathias and Spasoff [35]

Aug, 1975

CA (Ontario)

Salmonella spp

42

Septic contamination of a well coupled with
inadequate treatment

Todd [62]

Aug, 1975

CA (New
Brunswick)

Unknown

33

Septic contamination entered the well water

Karanis, Kourenti and Smith Feb, 1976
[59];

USA (Colorado) Giardia intestinalis

12

Untreated surface water

Craun [67]

Jun, 1976

USA (Colorado) Giardia intestinalis

9

Animal contamination of a reservoir coupled
with inadequate treatment

Todd [62]

Jun, 1976

CA (Quebec)

208

Unknown

Unknown

Karanis, Kourenti and Smith Jun, 1976
[59];

USA (Colorado) Giardia intestinalis

27

Animal contamination of the surface water
source

Todd [62]

Sept, 1976

CA (Ontario)

19

Unknown

Craun [66]; Morens et al.
[68]

Dec, 1976

USA (Colorado) Unknown

418

Septic contamination of well water source
coupled with inadequate treatment

Craun [65]; Craun [67]

Dec, 1976

USA (Colorado) Unknown

110

Septic contamination of a spring coupled
with inadequate treatment

Unknown
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Todd [62]

Jan, 1977

CA (Quebec)

Craun [65]; Craun [66]

Jun, 1977

Giardia intestinalis

200

Inadequate treatment of surface water

USA (Wyoming) Unknown

402

Extremely dry conditions followed by rain
believed to have played a role in
contamination of the surface water source

Karanis, Kourenti and Smith Jun, 1977
[59];

USA (Utah)

Giardia intestinalis

7

Untreated well water that was under the
direct influence of surface water

Karanis, Kourenti and Smith Jul, 1977
[59];

USA (Montana)

Giardia intestinalis

55

Unknown

Todd [62]

Aug, 1977

CA (Quebec)

Salmonella spp

17

Unknown

Craun [66]; Taylor and
Greenberg [69]

May, 1978

USA
(Washington)

Unknown

467

septic contamination entered through the
distribution system

Wilson et al. [70]

Jul, 1978

USA
(Pennsylannia)

Norovirus

120

Inadequate treatment of well water

Craun [66]; Craun [68]

Unknown,
1978

USA
(Pennsylvania)

Unknown

235

Unknown

Akin and Jakubowski [71]

Unknown,
1978

USA (Colorado) Giardia intestinalis

5000

Septic tank contamination of stream water
coupled with inadequate treatment

Todd [62]

Jul, 1979

CA (British
Columbia)

Unknown

18

Untreated surface water

Todd [62]

Aug, 1979

CA (British
Columbia)

Unknown

23

Septic contamination entered the well water

Akin and Jakubowski [71]

Unknown,
1979

USA (Arizona)

Giardia intestinalis

2000

Septic tank contamination of well water

170

Todd [62]

Jan, 1980

CA (Ontario)

Campylobacter

220

Unknown

Karanis, Kourenti and Smith Unknown,
[59];
1980

USA (Arizona)

Giardia intestinalis

2000

Septic contamination entered through the
distribution system

Karanis, Kourenti and Smith Nov, 1981
[59];

USA (Colorado) Giardia intestinalis

40

Inadequately treated water

Todd [62]

Unknown,
1981

CA (British
Columbia)

Campylobacter

5

Unknown

Todd [62]

Apr, 1982

CA (Quebec)

Unknown

48

Unknown

Todd [62]

May, 1982

CA (Ontario)

Unknown

5

Unknown

Liang et al. [72]

May, 1982

USA (New York) Unknown

16

Inadequately treated well water

Todd [62]

Jun, 1982

CA (Quebec)

Pseudomonas

12

Unknown

Bloch et al. [73]

Jul, 1982

USA (Georgia)

Hepatitis A virus

35

Unknown

Levine, Stephenson, and
Craun [74]

Jun, 1983

USA (New
Mexico)

Unknown

113

Untreated spring water

Todd [62]

Dec, 1983

CA (British
Columbia)

Unknown

Levine, Stephenson, and
Craun [74]

Jan, 1984

USA (New York) Unknown

24

Unknown

Todd [62]

Jul, 1984

CA (Quebec)

12

Unknown

Unknown
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Unknown

Todd [62]

Jul, 1984

CA (Quebec)

Unknown

13

Unknown

Todd [62]

Jul, 1984

CA (Quebec)

Unknown

70

Unknown

Levine, Stephenson, and
Craun [74]

Mar, 1985

USA (Arizona)

Campylobacter

24

Untreated spring water

Todd [62]

Apr, 1985

CA (Ontario)

Salmonella spp

13

Unknown

Todd [62]

Apr, 1985

CA (Ontario)

Salmonella spp

11

Inadequate treatment of the water supply

Todd [62]

May, 1985

CA (Ontario)

Campylobacter

29

Inadequate treatment of the water supply

Levine, Stephenson, and
Craun [74]

May, 1985

USA
(Pennsylvannia)

Unknown

70

Inadequately treated well water

Levine, Stephenson, and
Craun [74]

Jun, 1985

USA (New York) Unknown

4

Untreated well water

Levine, Stephenson, and
Craun [74]

Sept, 1985

USA
(Pennsylvannia)

Unknown

275

Untreated well water

Levine, Stephenson, and
Craun [74]

Nov, 1985

USA
(Pennsylvannia)

Unknown

11

Inadequately treated well water

Karanis, Kourenti and Smith Jan, 1986
[59];

USA (Vermont)

Giardia intestinalis

37

Both human and animal fecal contamination
entered the surface water source, coupled
with inadequate treatment

Levine, Stephenson, and
Craun [74]

USA (Vermont)

Unknown

45

Inadequately treated well water

Feb, 1986

172

Levine, Stephenson, and
Craun [74]

Jun, 1986

USA (Colorado) Unknown

90

Untreated well water

Levine, Stephenson, and
Craun [74]

Jun, 1986

USA (New
Mexico)

Unknown

36

Inadequately treated river water

Levine, Stephenson, and
Craun [74]

Jul, 1986

USA (Virginia)

Unknown

110

Inadequately treated well water

Levine, Stephenson, and
Craun [74]

Jul, 1986

USA (Wyoming) Unknown

16

Inadequately treated water from a holding
tank

Todd [62]

Aug, 1986

CA (Ontario)

14

Unknown

Levine, Stephenson, and
Craun [74]

Aug, 1986

USA (Colorado) Giardia intestinalis

23

Inadequately treated well water

Levine, Stephenson, and
Craun [74]

Aug, 1986

USA (South
Dakota)

Norovirus

135

Inadequately treated well water

Todd [62]

Sept, 1986

CA (Quebec)

Campylobacter

3

Unknown

Levine, Stephenson, and
Craun [74]

Sept, 1986

USA
(Pennsylvannia)

Unknown

213

Inadequately treated well water

Todd [62]

Oct, 1986

CA (Quebec)

Unknown

90

Unknown

Birkhead et al. [75]

Unknown,
1986

USA (Vermont)

Giardia intestinalis

37

Septic contamination and animal
contamination coupled with treatment failure
in a stream source

Levine, Stephenson, and
Craun [74]

Jun, 1987

USA (New
Mexico)

Unknown

233

Inadequately treated spring water

Unknown

173

Levine, Stephenson, and
Craun [74]

Jul, 1987

USA (Illinios)

Unknown

72

Untreated well water

Levine, Stephenson, and
Craun [74]

Jul, 1987

USA (New
Hampshire)

Unknown

71

Untreated lake water

Levine, Stephenson, and
Craun [74]

Jul, 1987

USA
(Pennsylvannia)

Unknown

53

Unknown

Levine, Stephenson, and
Craun [74]

Aug, 1987

USA
(Pennsylvannia)

Unknown

22

Untreated well water

Levine, Stephenson, and
Craun [74]

Sept, 1987

Norovirus

5000

Inadequately treated well water

Levine, Stephenson, and
Craun [74]

Sept, 1987

USA
(Pennsylvannia,
Delaware,
New
USA (Maine)

Unknown

9

Untreated well water

Levine, Stephenson, and
Craun [74]

Apr, 1988

USA (Colorado) Unknown

80

Inadequately treated well water

Levine, Stephenson, and
Craun [74]

May, 1988

USA (Texas)

900

Inadequately treated well water

Levine, Stephenson, and
Craun [74]

May, 1988

USA (Wisconsin) Unknown

340

Untreated well water

Levine, Stephenson, and
Craun [74]

Jun, 1988

USA (Idaho)

Norovirus

339

Untreated well water

Herwaldt et al. [76]

Jul, 1988

USA (Illonois)

Shigella sonnei

11

Unknown

Levine, Stephenson, and
Craun [74]

Jul, 1988

USA (South
Dakota)

Unknown

42

Inadequately treated well water

Shigella sonnei

174

Levine, Stephenson, and
Craun [74]

Aug, 1988

USA (Missouri)

Unknown

30

Untreated well water

Levine, Stephenson, and
Craun [74]

Sept, 1988

USA
(Pennsylvannia)

Unknown

26

Untreated well water

Yoder et al. [24]

Oct, 1988

USA (Tennessee) Unknown

89

Inadequately treated creek water

Levine, Stephenson, and
Craun [74]

Nov, 1988

USA (Maine)

Unknown

7

Untreated well water

Todd [62]

Feb, 1989

CA (Quebec)

Norovirus

26

Unknown

Todd [62]

Mar, 1989

CA (Ontario)

Norovirus

68

Inadequate treatment of well water

Herwaldt et al. [76]

Apr, 1989

USA
(Pennsylvannia)

Shigella sonnei

130

Inadequately treated well water

Lawson et al. [34]; Herwaldt Apr, 1989
et al. [76]

USA (Arizona)

Norovirus

900

Septic tank contaminated well water

Herwaldt et al. [76]

Apr, 1989

USA (Maine)

Unknown

54

Inadequately treated well water

Todd [62]

May, 1989

CA (Ontario)

Unknown

35

Unknown

Herwaldt et al. [76]

Jun, 1989

USA (New York) Giardia intestinalis

152

Inadequately treated water from a reservoir

Todd [62]

Jul, 1989

CA (Quebec)

159

Unknown

Norovirus

175

Herwaldt et al. [76]

Jul, 1989

USA (New
Jersey)

Unknown

8

Inadequately treated well water

Herwaldt et al. [76]

Jul, 1989

USA
(Pennsylvannia)

Unknown

50

Untreated well water

Todd [62]

Aug, 1989

CA (Quebec)

Norovirus

57

Unknown

Todd [62]

Sept, 1989

CA (Quebec)

Hepatitis A virus

8

Unknown

Todd [62]

Oct,1989

CA (Alberta)

Giardia intestinalis

2

Unknown

Todd [62]

Nov, 1989

CA (Manitoba)

Giardia intestinalis

4

Unknown

Todd [62]

Dec, 1989

CA (Quebec)

Unknown

75

Septic contamination of the well water
supply

Herwaldt et al. [76]

Feb, 1990

USA (California) Unknown

12

Inadequately treated spring water

Herwaldt et al. [76]

Feb, 1990

USA (Minnesota) Unknown

76

Untreated well water

Todd [62]

Feb, 1990

CA (Quebec)

Unknown

40

Unknown

Todd [62]

Mar, 1990

CA (Quebec)

Unknown

8

Unknown

Todd [62]

Mar, 1990

CA (Quebec)

Unknown

14

Unknown
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Todd [62]

Mar, 1990

CA (Quebec)

Unknown

19

Unknown

Todd [62]

Mar, 1990

CA (Quebec)

Unknown

4

Unknown

Todd [62]

Mar, 1990

CA (Quebec)

Unknown

9

Unknown

Karanis, Kourenti and Smith Mar, 1990
[59]; Herwaldt et al. [76]

USA (Alaska)

Giardia intestinalis

18

Untreated river water

Karanis, Kourenti and Smith Mar, 1990
[59]; Herwaldt et al. [76]

USA (Vermont)

Giardia intestinalis

24

Inadequately treated lake water

Todd [62]

Apr, 1990

CA (Quebec)

Rotavirus

67

Animal contamination of the well water

Todd [62]

Apr, 1990

CA (Quebec)

Unknown

17

Unknown

Todd [62]

Apr, 1990

CA (Quebec)

Yersinia enterolitica

4

Unknown

Herwaldt et al. [76]

May, 1990

USA
(Pennsylvannia)

Hepatitis A virus

22

Untreated well water

Herwaldt et al. [76]

May, 1990

USA (Tennessee) Unknown

1000

Inadequately treated well water

Todd [62]

Jul, 1990

CA (Quebec)

Campylobacter

5

Unknown

Todd [62]

Jul, 1990

CA (Quebec)

Unknown

8

Unknown

177

Herwaldt et al. [76]

Jul, 1990

USA (Missouri)

Unknown

52

Inadequately treated well water

Todd [62]

Aug, 1990

CA (Quebec)

Shigella sonnei

7

Unknown

Herwaldt et al. [76]

Aug, 1990

USA (Minnesota) Unknown

150

Contamination entered through the
distribution system

Todd [62]

Apr, 1991

CA (Quebec)

Unknown

130

Unknown

Todd [62]

Apr, 1991

CA (Quebec)

Yersinia enterolitica

5

Unknown

Todd [62]

May, 1991

CA (Quebec)

Unknown

28

Unknown

Todd [62]

May, 1991

CA (Quebec)

Unknown

20

Unknown

Herwaldt et al. [76]

May, 1991

USA (Illinois)

Unknown

386

Unknown

Todd [62]

Jun, 1991

CA (Quebec)

Campylobacter

9

Unknown

Todd [62]

Jun, 1991

CA (Quebec)

Campylobacter

9

Unknown

Todd [62]

Jun, 1991

CA (Quebec)

Unknown

43

Unknown

Herwaldt et al. [76]

Jun, 1991

USA (Michigan) Unknown

1320

Untreated well water
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Herwaldt et al. [76]

Jun, 1991

USA (Minnesota) Unknown

30

Untreated well water

Herwaldt et al. [76]

Jun, 1991

USA
(Pennsylvannia)

Unknown

170

Inadequately treated well water

Herwaldt et al. [76]

Jun, 1991

USA
(Pennsylvannia)

Unknown

300

Inadequately treated well water

Todd [62]

Jul, 1991

CA (Quebec)

Unknown

42

Unknown

Todd [62]

Jul, 1991

CA (Quebec)

Unknown

18

Septic contamination of the well water
supply

Todd [62]

Jul, 1991

CA (Quebec)

Unknown

28

Septic contamination of the well water
supply

Todd [62]

Jul, 1991

CA (Quebec)

Unknown

41

Unknown

Todd [62]

Jul, 1991

CA
(Saskatchewan)

Unknown

54

Unknown

Todd [62]

Jul, 1991

CA (Quebec)

Unknown

9

Unknown

Todd [62]

Jul, 1991

CA (Quebec)

Unknown

90

Unknown

Herwaldt et al. [76]

Jul, 1991

USA (Minnesota) Unknown

30

Contamination entered through the
distribution system

Herwaldt et al. [76]

Jul, 1991

USA
(Pennsylvannia)

8

Inadequately treated well water

Unknown

179

Karanis, Kourenti and Smith Jul, 1991
[59]; Moore et al. [77]

USA (California) Giardia intestinalis

15

Contamination entered through the
distribution system

Todd [62]

Aug, 1991

CA (Quebec)

Unknown

38

Unknown

Todd [62]

Aug, 1991

CA (Nova Scotia) Unknown

93

Untreated surface water

Todd [62]

Aug, 1991

CA (Quebec)

5

Unknown

Herwaldt et al. [76]

Aug, 1991

USA (Michigan) Unknown

33

Untreated well water

Herwaldt et al. [76]

Aug, 1991

USA (Minnesota) Unknown

17

Untreated well water

Herwaldt et al. [76]

Aug, 1991

USA (New
Mexico)

Unknown

38

Untreated well water

Solo-Gabriele and
Neumeister [36]; Karanis,
Kourenti and Smith [59];
Moore et al. [77]

Aug, 1991

USA
(Pennsylvania)

Cryptosporidum
parvum

551

Septic contamination of a well coupled with
inadequate treatment

Karanis, Kourenti and Smith Sept, 1991
[59]; Moore et al. [77]

USA
(Pennsylvannia)

Giardia intestinalis

13

Inadequately treated well water

Todd [62]

Nov, 1991

CA (Quebec)

Unknown

20

Unknown

Todd [62]

Jan, 1992

CA (Quebec)

Unknown

70

Unknown

Herwaldt et al. [76]

Jan, 1992

USA (North
Carolina)

Unknown

200

Untreated well water

Unknown

180

Herwaldt et al. [76]

Feb, 1992

USA (Minnesota) Unknown

250

Inadequately treated lake water

Todd [62]

Mar, 1992

CA (Quebec)

Streptococuss

40

Unknown

Todd [62]

Mar, 1992

CA (Quebec)

Unknown

4

Unknown

Herwaldt et al. [76]

Mar, 1992

USA
(Pennsylvannia)

Unknown

5

Inadequately treated well water

Karanis, Kourenti and Smith Mar, 1992
[59];

USA (Idaho)

Giardia intestinalis

15

Unknown

Todd [62]

Apr, 1992

CA (Quebec)

Streptococuss

15

Unknown

Todd [62]

Apr, 1992

CA (Quebec)

Unknown

5

Unknown

Herwaldt et al. [76]

Apr, 1992

USA (New York) Unknown

107

Contamination entered through the
distribution system

Kramer et al. [44]

Apr, 1992

USA (Missouri)

Hepatitis A virus

46

Untreated well water

Todd [62]

May, 1992

CA (Quebec)

Unknown

29

Unknown

Herwaldt et al. [76]

May, 1992

USA
(Pennsylvannia)

Unknown

57

Inadequately treated well water

Kramer et al. [44]

May, 1992

USA (Minnesota) Unknown

70

Unknown
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Kramer et al. [44]

May, 1992

USA
(Pennsylvania)

Unknown

50

Inadequately treated well water

Todd [62]

Jun, 1992

CA (Ontario)

Giardia intestinalis

4

Unknown

Herwaldt et al. [76]

Jun, 1992

USA (Ohio)

Unknown

129

Contamination entered through the
distribution system

Herwaldt et al. [76]

Jun, 1992

USA
(Pennsylvannia)

Unknown

42

Inadequately treated well water

Herwaldt et al. [76]

Jun, 1992

USA
(Pennsylvannia)

Unknown

50

Inadequately treated well water

Todd [62]

Jul, 1992

CA (Quebec)

Unknown

40

Unknown

Todd [62]

Jul, 1992

CA (Quebec)

Unknown

15

Septic effluent contaminated untreated lake
water

Herwaldt et al. [76]

Jul, 1992

USA (Wyoming) Shigella sonnei
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Untreated well water

Kramer et al. [44]

Jul, 1992

USA (Missouri)

Shigella sonnei

11

Contamination entered through the
distribution system

Todd [62]

Aug, 1992

CA (Quebec)

Unknown

13

Inadequate treatment of surface water

Herwaldt et al. [76]

Aug, 1992

USA
(Pennsylvannia)

Unknown

80

Inadequately treated well water

Todd [62]

Sept, 1992

CA (Quebec)

Unknown

4

Unknown
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Todd [62]

Oct, 1992

CA (Quebec)

Giardia intestinalis

3

Unknown

Todd [62]

Nov, 1992

CA (Quebec)

Unknown

2

Unknown

Todd [62]

Jan, 1993

CA (Quebec)

Bacillus cereus

30

Unknown

Todd [62]

Jan, 1993

CA (Ontario)

Giardia intestinalis

20

Septic contamination of the water supply

Todd [62]

Feb, 1993

CA (Quebec)

Unknown

13

Unknown

Todd [62]

Feb, 1993

CA (Quebec)

Unknown

44

Unknown

Todd [62]

Feb, 1993

CA (Quebec)

Unknown

9

Unknown

Todd [62]

Mar, 1993

CA (Ontario)

Rotavirus

11

Unknown

Todd [62]

Mar, 1993

CA (Quebec)

Unknown

92

Unknown

Todd [62]

Mar, 1993

CA (Quebec)

Unknown

15

Unknown

Kramer et al. [44]

Mar, 1993

USA
(Pennsylvania)

Unknown

65

Inadequately treated well water

Todd [62]

May, 1993

CA (British
Columbia)

Unknown

35

Unknown

Todd [62]

Jun, 1993

CA (Quebec)

Unknown
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Unknown

Todd [62]

Jul, 1993

CA (Quebec)

Unknown

22

Unknown

Todd [62]

Jul, 1993

CA (Quebec)

Unknown

2

Unknown

Todd [62]

Jul, 1993

CA (Quebec)

Unknown

2

Unknown

Solo-Gabriele and
Neumeister [36]; Kramer et
al. [44]; Karanis, Kourenti
and Smith [59];

Aug, 1993

USA (Minnesota) Cryptosporidum
parvum

27

Unknown

Todd [62]

Sept, 1993

CA (Ontario)

Giardia intestinalis

8

Unknown

Todd [62]

Sept, 1993

CA (Quebec)

Unknown

100

Unknown

Todd [62]

Sept, 1993

CA (Quebec)

Unknown

20

Unknown

Kramer et al. [44]

Sept, 1993

USA (South
Dakota)

Unknown

40

Inadequately treated well water

Kramer et al. [44]

Nov, 1993

USA (Minnesota) Campylobacter

32

Contaminated water storage

Todd [62]

Dec, 1993

CA (New
Brunswick)

Campylobacter &
Giardia intestinalis

14

Unknown

Todd [62]

Dec, 1993

CA (Quebec)

Unknown

80

Unknown

Todd [62]

Mar, 1994

CA (Quebec)

Shigella sonnei

74

Unknown
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Kramer et al. [44]

Mar, 1994

USA (Indiana)

Unknown

118

Inadequately treated well water

Karanis, Kourenti and Smith Mar, 1994
[59];

USA (Tennessee) Giardia intestinalis

304

Contamination entered through the
distribution system

Todd [62]

Apr, 1994

CA (Ontario)

Unknown

8

Unknown

Todd [62]

Apr, 1994

CA (Quebec)

Unknown

38

Unknown

Todd [62]

May, 1994

CA
(Saskatchewan)

Hepatitis A virus

6

Contamination entered through the
distribution system

Todd [62]

May, 1994

CA (Quebec)

Unknown

3

Unknown

Todd [62]

May, 1994

CA (Quebec)

Unknown

55

Unknown

Todd [62]

Jun, 1994

CA (Quebec)

Unknown

7

Unknown

Kramer et al. [44]

Jun, 1994

USA (Minnesota) Campylobacter

19

Inadequately treated well water

Kramer et al. [44]

Jun, 1994

USA (New York) Shigella sonnei

230

Untreated well water

Todd [62]

Jul, 1994

CA (Quebec)

Unknown

21

Unknown

Todd [62]

Jul, 1994

CA (Quebec)

Unknown

17

Unknown
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Todd [62]

Aug, 1994

CA (Quebec)

Unknown

52

Unknown

Todd [62]

Aug, 1994

CA (Quebec)

Unknown

3

Unknown

Kramer et al. [44]

Aug, 1994

USA (Maine)

Unknown

72

Inadequately treated well water

Kramer et al. [44]

Sept, 1994

USA
(Pennsylvania)

Unknown

200

Untreated well water

Todd [62]

Nov, 1994

CA
(Saskatchewan)

Giardia intestinalis

5

Unknown

Todd [62]

Feb, 1995

CA (Quebec)

Unknown

4

Unknown

Todd [62]

Apr, 1995

CA (Ontario)

Giardia intestinalis

35

Unknown

Todd [62]

Apr, 1995

CA (Quebec)

Unknown

8

Unknown

Todd [62]

Mar, 1995

CA (Quebec)

Unknown

18

Unknown

Todd [62]

Jun, 1995

CA (Quebec)

Unknown

28

Unknown

Todd [62]

Jun, 1995

CA (Quebec)

Unknown

2

Unknown

Todd [62]

Jul, 1995

CA (Quebec)

Unknown

100

Unknown
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Solo-Gabriele and
Neumeister [36]; Karanis,
Kourenti and Smith [59]

Jul, 1995

USA (Flordia)

Cryptosporidum
parvum

72

Contamination entered through the
distribution system

Todd [62]

Aug, 1995

CA (Quebec)

Hepatitis A virus

8

Unknown

Todd [62]

Aug, 1995

CA (British
Columbia)

Unknown

65

Unknown

Arnell et al. [78]

Aug, 1995

USA (Idaho)

Shigella sonnei

67

Heavy rains and septic contamination of the
well water

Liang et al. [72]

Aug, 1995

USA (New York) Unknown

30

Contamination enetered at point of use,
coupled with untreated well water

Todd [62]

Dec, 1995

CA (Ontario)

Unknown

52

Unknown

Todd [62]

Apr, 1996

CA (Quebec)

Unknown

9

Unknown

Liang et al. [72]

Aug, 1996

USA (New York) Unknown

58

Untreated well water

Todd [62]

Apr, 1997

CA (British
Columbia)

Unknown

19

Unknown

Barwick et al. [79]

May, 1997

USA (South
Dakota)

Unknown

16

Inadequately treated well water

Karanis, Kourenti and Smith Jun, 1997
[59]; Barwick et al. [79]

USA (Oregon)

Giardia intestinalis

100

Contamination entered at the distribution
system

Barwick et al. [79]

USA (Colorado) Unknown

9

Inadequate treatment of spring water

Jul, 1997

187

Barwick et al. [79]

Jul, 1997

USA (New
Mexico)

Unknown

123

Barwick et al. [79]

Sept, 1997

USA
(Washington)

Escherichia coli
O157:H7

4

Contamination entered at the distribution
system, coupled with inadequate treatment of
well water
Inadequately treated well water

Lee et al. [80]

Dec, 1997

USA (New York) Norovirus

1450

Inadequately treated well water

Lee et al. [80]

Jul, 1999

USA (New
Mexico)

70

Inadequately treated spring water

Lee et al. [80]

Jul, 1999

USA (California) Unknown

31

Untreated well water

Lee et al. [80]

Aug, 1999

USA
(Washington)

68

Untreated well water

Lee et al. [80]; Bopp et al.
[81]

Aug, 1999

781

Untreated well water

Blackburn et al. [55]

Jun, 2000

USA (New York) Escherichia coli
O157:H7;
Campylobacter
USA (Kansas)
Norovirus

86

Untreated well water

Lee et al. [80]

Jun, 2000

USA (Idaho)

Campylobacter

15

Untreated spring water

Lee et al. [80]

Jun, 2000

USA (Kansas)

Norovirus

86

Untreated well water

Lee et al. [80]

Jun, 2000

USA (West
Virgina)

Norovirus

123

Inadequately treated well water

12

Untreated well water

Blackburn et al. [55];
Jun, 2000
Karanis, Kourenti and Smith
[59]

Small Round
Structured Virus

Unknown

USA (Minnesota) Giardia intestinalis
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Lee et al. [80]

Jul, 2000

USA (California) Escherichia coli
O157:H7

5

Unknown

Lee et al. [80]

Jul, 2000

USA (California) Norovirus

147

Untreated well water

Lee et al. [80]

Jul, 2000

USA (Idaho)

65

Untreated well water

Unknown

Blackburn et al. [55];
Aug, 2000
Karanis, Kourenti and Smith
[59]
Blackburn et al. [55]; Gelting Jan, 2001
et al. [82]

USA (Colorado) Giardia intestinalis

27

Inadequately treated river water

USA (Wyoming) Norovirus

230

Heavy rains and septic contamination of
untreated well water

Anderson et al. [30]

Feb, 2001

USA (Wyoming) Norovirus

35

Septic tank contamination of well water

Blackburn et al. [55]

Jun, 2001

USA (Alaska)

Campylobacter;
Yersinia eterolitica

12

Untreated well water

Blackburn et al. [55]

Jun, 2001

USA
(Pennsylvannia)

Unknown

19

Inadequately treated well water

Parshionikar et al. [37];
Blackburn et al. [55]

Sept, 2001

USA (Wyoming) Norovirus

83

Inadequately treated well water

Blackburn et al. [55]

Oct, 2001

USA (Illinois)

Unknown

79

Unknown

Blackburn et al. [55]

Jun, 2002

USA
(Connecticut)

Norovirus

142

Untreated well water

Blackburn et al. [55]

Jul, 2002

USA (New
Hampshire)

Norovirus

201

Untreated well water
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Liang et al. [72]

Jul, 2003

USA (Illinois)

Unknown

180

Unknown

Liang et al. [72]

Jul, 2003

USA (Utah)

Unknown

25

Unknown

Liang et al. [72]

Nov, 2003

USA (Ohio)

Campylobacter &
Shigella sonnei

57

Untreated surface water

Liang et al. [72]

Jan, 2004

USA
(Pennsylvania)

Norovirus

70

Contamination entered through the
distribution system

Liang et al. [72]; Baldursson Jun, 2004
& Karanis [83]

USA (Vermont)

Giardia intestinalis

11

Contamination entered through the
distribution system

Liang et al. [72]

Jun, 2004

USA
(Pennsylvania)

Unknown

174

Inadequately treated well water

Liang et al. [72]

Jul, 2004

USA (Ohio)

Campylobacter &
Giardia intestinalis

1450

Liang et al. [72]

Aug, 2004

USA (Montana)

Salmonella spp

70

Contamination entered through the
distribution system coupled with no treatment
of
the well water
Contamination
entered through the
distribution system coupled with inadequate
treatment of well water

Liang et al. [72]

Dec, 2004

USA (Wisconsin) Campylobacter

20

Inadequately treated well water

Yoder et al. [24]

May, 2005

USA (Oregon)

60

Inadequately treated river water

Yoder et al. [24]

Aug, 2005

USA (Ohio)

59

Inadequately treated of spring water

Yoder et al. [24]

Jun, 2006

USA (Wyoming) Norovirus;
Campylobacter

139

Untreated well water

Escherichia coli
O157:H7
Campylobacter
Unknown

190

Yoder et al. [24]

July, 2006

USA (Maryland) Norovirus

148

Contamination entered at the point of use,
coupled with inadequately treated well water

Yoder et al. [24]

Aug, 2006

USA (New York) Unknown

16

Untreated well water

Yoder et al. [24]

Dec, 2006

USA (Oregon)

Norovirus

48

Untreated well water

Brunkard et al. [84]

Jan, 2007

USA
(Washington)

Norovirus

32

Untreated well water

Brunkard et al. [84]

Jan, 2007

USA (Wyoming) Unknown

39

Untreated well water

Brunkard et al. [84]

May, 2007

USA (Wisconsin) Norovirus

229

Untreated well water

Brunkard et al. [84]

Jun, 2007

USA (Idaho)

15

Untreated spring water that was subject to
surface water contamination

Brunkard et al. [84]

Jun, 2007

USA (Colorado) Norovirus

77

Inadequate treatment of well water

Brunkard et al. [84]

Jun, 2007

USA (Maryland) Norovirus

94

Inadequate treatment of well water

Karon et al. [85]; Baldursson Jul, 2007
& Karanis [83]

USA (California) Giardia intestinalis

50

Sand from new filter was contaminated

Brunkard et al. [84]

Jul, 2007

USA (California) Giardia intestinalis

46

Inadequate treatment of spring water

Brunkard et al. [84]

Jun, 2008

USA (Utah)

50

Untreated spring water

Campylobacter

Campylobacter
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Centers for Disease Control
[54]

Jun, 2010

USA (California) Norovirus

47

Unknown cause in well water

Centers for Disease Control
[54]

Jun, 2010

USA (Minnesota) Giardia intestinalis

6

Unknown cause in well water

Centers for Disease Control
[54]

July, 2010

USA (Montana)

Campylobacter

101

Unknown cause in well water

Pro-med mail [86]

Aug, 2011

USA (Utah)

Unknown

11

Unknown
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Appendix 4.1 Telephone survey of small drinking water operators conducted in JulyAugust, 2011
Q1. How long have you been a water operator?
1. Enter text (Open ended text box)
88. Don’t know
99. Refused
Q2. Do you oversee more than one water system?
1. Yes
2. No
88. Don’t know
99. Refused

Q2a. How many do you oversee?
1. Enter number (number field)
88. Don’t know
99. Refused
Q2b. Are any or all of them small drinking water systems?
1. Yes -- All
2. Yes – Some
3. No - None
88. Don’t know
99. Refused
Q3. Do you contract out the operation of this water system to another company?
1. Yes
2. No
88. Don’t know
99. Refused
Q4. Before you held this position, had you ever been responsible for any other water
systems?
1. Yes
2. No
88. Don’t know
99. Refused

Q4a. How long were you responsible for these systems?
1. Enter text (Open ended text box)
88. Don’t know
99. Refused
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Q4b. Were any or all of them also small water systems?
1. Yes – All
2. Yes - Some
3. No - None
88. Don’t know
99. Refused

For the next few questions, please refer to the current water system that you oversee.
Q5. Is the water source: (Select one)
1. Ground water (a well)
2. Surface water (a spring or lake) or
3. Both
4. Other (e.g. a cistern) – (specify)
88. Don’t know
99. Refused
Q6. Do you use filtration on the water system?
1. Yes
2. No
88. Don’t know
99. Refused
Q6a. Is it a: (Check one only)
1. Sand filter
2. Carbon filter
3. Membrane filter
4. Diatomaceous earth
5. Other: (specify)
88. Don’t know
99. Refused
Q7. Do you use treatment for the water system?
1. Yes
2. No
88. Don’t know
99. Refused

Q7a. Is it: (Check one only)
1. UV Treatment
2. Chlorination
3. Chlorine dioxide
4. Other: (specify)

194

88. Don’t know
99. Refused

Q8. Do you have a back-up operator designated for the water system?
1. Yes
2. No
88. Don’t know
99. Refused
Q9. Do you put any protection measures in place to protect the source of the water (i.e. to
protect the well from contamination)?
1. Yes
2. No
88. Don’t know
99. Refused
Q10. What is the main reason you become a water operator? (Check one only)
1. By chance as an owner or operator of the premise
2. Part of the responsibilities of another job
3. Chosen profession
4. Volunteer position
5. Paid part-time job
6. Other: (Specify)
88. Don’t know
99. Refused
Q11. Have you taken any formal water operator training?
1. Yes
2. No
88. Don’t know
99. Refused

Q11a. Was the training a (Select all that apply):
1. College course or program
2. Ministry of the Environment certificate
3. Walkerton Small water operator training course
4. Apprenticeship
5. Workshop
6. Other: (Specify)
88. Don’t know
99. Refused
The next few questions will cover specific water issues you may encounter
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Please rate how confident you feel in managing the following events that you may
encounter in your water system as not confident, somewhat confident or very confident

Q12a. Managing the day to
day operations of the water
system
Q12b. Understanding an
adverse water test result
Q12c.Repairing a broken or
not working treatment or
filtration system
Q12d.Taking action to
improve cloudy water (aka
turbidity)
Q12e. Dealing with a broken
septic system nearby
Q12f. Dealing with the
public health unit
Q12g. Dealing with the
laboratory

Not
Somewhat Very
Not
Don’t
confident confident confident applicable know
 1
 2
 3
 4
 88

Refused
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Q13. Intro. Please rate the importance of the following items for ensuring safe drinking
water, using a scale from 1 to 5, where 1 is not important and 5 is extremely important.
Not
Important
1
2

3

4

Extremely
Important
5
88
99
Don’t Refused
know




Q13a. Treatment system (this
could include UV treatment, or
chlorination)
Q13b.Filtration (this could
include reverse osmosis, sand
filter, activated carbon)
Q13c.Surrounding land use (such
as if animals are kept nearby)





































Q13d. Regular maintenance of
the water system by the operator















Q13e. Regular water sampling
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Q13f. Heavy rainfall, flooding or
drought















Q14 intro. Please rate if you agree or disagree with the following statements, using a
scale from 1 to 5, where 1 is strongly disagree and 5 is strongly agree
Strongly
Disagree

Strongly
Agree

1

2

3

4

5

99
Refused



88
Don’t
know


Q14a. I would like to have greater 
knowledge of the water system I
operate







Q14b. I would like to have
greater knowledge on what to do
if something goes wrong with the
water system I operate















Q14c.The legal requirements for
water systems are in place to
improve water safety















Q14d.The cost of meeting the
legal requirements for water
safety is a burden















Q14e.Conducting regular water
tests is a hassle















Q14f.Public health inspectors
should have a greater role in
ensuring water safety















Q14g.Drinking water safety is my 
responsibility as the owner or
operator of the system



























Q14h.Having poor water will
negatively affect my business.
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Q14i.The safety of drinking water 
is out of my control



























Q14j.Maintaining a safe water
system is time consuming

The next three questions are situations. Please choose the best course of action for each
situation.
Q15. There was a power failure lasting 12hrs that shut down the pump for your water
system. How would you respond? (Check all that apply)
1. Once the power was back, we would keep using the water
2. Contact the public health inspector to ask for their guidance
3. Flush the lines before using the water again
4. Take a water sample and send it to the lab
5. Do nothing
6. Other (specify)
88. Don’t know
99. Refused

Q16. You receive a water sample result that reports total coliform of 5 and E.coli 1. This
report means:? (Check all that apply)
1. The water is safe to drink
2. The water is unsafe to drink
3. The lab had an error during testing
4. The sample wasn’t collected properly
5. Don’t know/ not sure
6. Other (specify)
99. Refused
Q17. There has been heavy rain the last three days. You notice there is water collecting or
pooling around the well and the water is slightly cloudy. You received a water result from
last week that indicated the water was safe. How would you respond? (Check all that
apply)
1. Do nothing
2. Check for infiltration of surface water
3. Call the public health inspector to ask for their guidance
4. Take another water sample and send it to the lab
5. Stop using the water until it becomes clear again
6. Other (specify)
88. Don’t know
99. Refused
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The final 5 questions are about future training needs.
Q18. Are you aware of any water operator training that is currently available to you?
1. Yes
2. No
88. Don’t know
99. Refused
Q18a.Can you please tell me the name of the training opportunity:
1. Enter text (Open ended text box)
88. Don’t know
99. Refused
Q19. Which of the following topics for operator training would interest you? (Select
all that apply)
1. General overview of how to maintain the water system
2. Maintenance and use of equipment
3. Treatment and filtration
4. Well construction and maintenance
5. How to conduct water sampling
6. Interpreting lab test results
7. How to protect the source of your drinking water
8. Legal requirements
9. Trouble shooting
10. Other: (Specify)
88. Don’t know
99. Refused
Q20. Which of the following ways would you prefer the training be delivered? (Select
all that apply)
1. In a classroom setting in one day or less
2. By distance (mail)
3. Online course
4. Other (Specify)
88. Don’t know
99. Refused

Q21. Which of the following items would stop you from participating in operator
training? (Select all that apply)
1. Training is not needed
2. Time it was offered
3. Location
4. Language
5. Cost
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6. Other (Specify)
88. Don’t know
99. Refused
Q22. Do you have regular access to a computer with the internet?
1. Yes
2. No
88. Don’t know
99. Refused
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Appendix 5.1 Semi-structured interview guide used in focus groups of PHIs that inspect
SDWSs in Ontario, Canada (May 2014)
1. What do you like the best about inspecting small drinking water systems?
2. What do you like the least about inspecting small drinking water systems?
3. From your experience, what factors play an important role in drinking water safety in
small drinking water systems?
4. How confident do you feel in your knowledge of small drinking water systems?
5. Please tell me about any training you have had pertaining to small drinking water
systems? (this could include formal and informal methods e.g. workshops, readings,
material covered during your university degree)
6. How would you rate current information on SDWS that is available to a PHI?
7. Are there any resources you wish you had regarding drinking water safety?
-What type of format or medium would you want this?
8. How would you describe your relationship with the small drinking water operators you
work with?
9. What factors have been important in forging successful working relationships with
these operators?
10. How do you see small drinking water systems needs changing in the next five years?
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