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Abstract
Drinking-water management systems (DWMSs) represent the primary means for preventative management of a
drinking-water supply and are defined as a system of policies, procedures and administrative/behavioral controls
designed to ensure safe drinking water from source to tap. With influence and inspiration ranging from safe food
handling to industrial quality management, DWMSs can take, and have taken, many different forms throughout
the world. This variability is especially true in Canada, a country with a decentralized governance structure,
where provincial and territorial governments are mostly autonomous in regard to drinking-water governance
and management. While this has resulted in comprehensive DWMSs in provinces such as Ontario, less-proactive
provinces and territories have fallen behind and may be exposing consumers to under-protected and vulnerable
drinking-water supplies. This paper includes a review and comparison of the existing Canadian national, provincial
and territorial approaches to drinking-water management, the World Health Organization Water Safety Plan Recommendations, national DWMSs from Australia and New Zealand, and also includes widely applied, generic
quality management systems. This information is then used to gauge the comprehensiveness of DWMSs in
Canada and highlight potential management gaps and policy recommendations for the development of new, or
improving existing, DWMSs.
Keywords: Drinking-water policy; Drinking-water management; Integrated water resources management;
Preventative management; Water safety plans

Introduction
Throughout the world, waterborne disease outbreaks and drinking-water supply issues have drawn
attention to the importance of properly governing and managing drinking water and public health
(Dunn et al., 2014). While these issues are rare and isolated in developed countries, their occurrence
doi: 10.2166/wp.2018.040
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can be catastrophic, resulting in significant public health, social and economic repercussions (Hrudey
et al., 2003; Jayaratne, 2008; Rizak & Hrudey, 2008). Ultimately, drinking-water suppliers are accountable for ensuring drinking-water quality and safety, but they cannot be expected to undertake this
massive task alone (Rizak & Hrudey, 2008). The proper management and maintenance of a drinking-water supply system (DWSS) require a thorough understanding from catchment to consumer and
must include preventative management planning strategies (i.e. the comprehension and integration of
mitigation actions for potential hazards and failure events that can lead to drinking-water quality
issues and increased human health risk) (Rizak & Hrudey, 2008; Baum et al., 2015). While regulatory
standards or guidelines provide threshold values for measuring drinking-water quality, they do not provide a means to achieve compliance or any incentive for improvement (Bereskie et al., 2017b).
For the purpose of this paper, drinking-water management systems (DWMSs) are defined as systems of
policies, procedures and administrative/behavioral controls designed to ensure safe drinking water from
source to tap. They are designed not only to achieve regulatory compliance, but also to meet the need for
preventative management of DWSSs and incentivize continuous performance improvement. A study by
Baum et al. (2015) stated, ‘Over 35 countries worldwide have multiple water systems that have well documented cases of either voluntarily or mandatorily implemented water safety plans (WSPs), or their
equivalent under other names, that served as a preventative risk management approach in an effort to
ensure the safety of drinking water quality.’ While there may be some countries that have implemented
less-documented approaches to drinking-water management, it still leaves dozens of countries and hundreds of millions of people depending on under-protected and vulnerable DWSSs.
DWMSs provide the foundation and framework for ensuring safe drinking water and have historically
taken many different forms and with elements incorporated from safe food handling practices and industrial quality management applications (Sinclair & Rizak, 2004; Yokoi, 2006; Gunnarsdóttir &
Gissurarson, 2008; Jayaratne, 2008). This varied approach is especially evident in Canada, a country
with a decentralized governance structure, where provincial and territorial governments are mostly
autonomous in the context of drinking-water management and governance (Bakker & Cook, 2011).
Despite Canada being well known for its relative abundance of high-quality freshwater supplies, it is
far from immune to drinking-water quality and quantity issues (Exall et al., 2006; PaiMazumder
et al., 2013; Yusa et al., 2015).
Exall et al. (2006) reported that in 2001 approximately 25% of municipalities with public DWSSs
reported water quantity shortages. Recent assessments on the impacts of climate change in Canada indicate further freshwater supply shortages in the future in some areas, especially within the Prairie
Provinces (i.e. Alberta, Saskatchewan, and Manitoba) (Exall et al., 2006; PaiMazumder et al., 2013;
Yusa et al., 2015). There are also significant drinking-water quality concerns. A study by Murphy
et al. (2016) reported that municipal DWSSs (serving more than 1,000 people) in Canada may be
responsible for over 300,000 cases of acute gastrointestinal illness per year, and Vinson (2012) estimated the annual economic burden of Canadian waterborne disease outbreaks at approximately 2.7
billion dollars (CAD). Along with water quality and quantity issues, there is a global trend towards privatization and public–private partnerships of DWSSs; Rahaman & Varis (2005) commented that this
privatization may encourage fragmentation.
Given governmental dynamics, vastly differing policies, regulatory requirements and management
practices both between and within provinces and territories, and the uncertainty of Canadian drinking-water into the future, steps must be taken to document the current state of practice and improve
drinking-water management practices throughout the country (Saunders & Wenig, 2007; Simms &
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de Loë, 2010; Dunn et al., 2014, 2015; Bereskie et al., 2017b). The objective of this paper is to review
and compare the existing DWMSs within Canada to each other, World Health Organization (WHO)
WSP Recommendations, international approaches, and industrial quality management systems
(QMSs) (i.e. formal systems of procedures and policies designed to ensure quality objectives are
met, documented and improved upon) (ISO, 2015). By comparing the Canadian state of practice and
the included drinking-water management elements to best management practices, context can be provided to gauge the comprehensiveness or lack thereof in Canadian national, provincial and territorial
DWMSs. While the effectiveness and impact of management practices and principles can be difficult
to quantify, Hrudey (2011) noted, ‘…much of Canada remains out of step with the international leaders
in adopting management systems for assuring safe drinking’. This comparison is then used to identify
management gaps and areas potentially requiring improvements for both the development of new
DWMSs and the improvement of existing DWMSs throughout Canada.
Materials and methods
In order to review and compare the selected DWMSs and QMSs, information from literature, nongovernmental organization publications and governmental documents was used to compile a brief history and description of each approach. Tables and figures summarizing objectives, principles and
elements were also included to highlight specifics within individual management systems. After each
QMS/DWMS was reviewed individually, the systems were compared across 41 management elements
categorized into six categories.
It is important to note that jurisdictional and/or organizational definitions and interpretations of what
constitutes a DWMS vary widely, much as the approaches themselves. In order to properly review and
fully understand the existing approaches to drinking-water management and quality management across
provinces/territories, countries and differing applications, jurisdictional/organizational definitions and
interpretations were used in the review and description portion of this paper. However, when comparing
the selected DWMSs and QMSs in the ‘Discussion’ section and proposing policy recommendations in
the ‘Recommendations’ section of this paper, common elements with more general terminology were
selected for standardization and ease of comparison.
Quality management systems
The Hazard Analysis and Critical Control Points (HACCP) method and the International Organization for Standardization (ISO), 9001:2015 QMS Requirements were selected for comparison as they
have diverse applications, are often associated with food and drink, and a review of applicable literature
highlighted these approaches as foundations for many existing DWMSs (Sinclair & Rizak, 2004;
Martinez-Costa et al., 2009; Kafetzopoulos et al., 2013).
These QMSs were included as part of this review to highlight the differences between moretraditional QMSs and the more-specific DWMSs.
Hazard analysis and critical control points. The HACCP QMS is a risk-based approach to quality
management. It was originally developed for use in food production, manufacturing and distribution,
and was designed to encourage safe practices through incorporating transparency (Kafetzopoulos
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et al., 2013). The HACCP approach is generally defined as a systematic method for the identification,
assessment and control of hazards, and was established as a proactive alternative to end-point testing
(Ropkins & Beck, 2000). It is widely recognized as one of the best methods to ensure product safety
and control safety hazards (Kafetzopoulos et al., 2013). Historically, the basis for the first HACCP
system was developed in the late 1960s by The Pillsbury Company to ensure food safety for space
flights (Ropkins & Beck, 2000). In 1972, it was applied to their commercial division for the production
of consumer food products. At the time, it consisted of three primary principles (Ropkins & Beck, 2000;
Sperber, 2005): (1) conducting hazard analyses to identify and assess hazards associated with the final
product; (2) determining critical control points – the steps or stages within production at which hazards
may be controlled, reduced or eliminated; and (3) monitoring and reviewing of identified critical control
points.
In 1997, the HACCP approach was redeveloped to meet the specific needs of modern food producers,
manufacturers and distributors (Ropkins & Beck, 2000; Sperber, 2005). It was based on 12 principles
and had an increased emphasis placed on documentation (Table 1).
A DWMS based on the principles of the HACCP has been used in Iceland since 1995, when legislation classified water as a food and required management strategies to prevent contamination
(Hulsmann & Smeets, 2011; Gunnarsdóttir et al., 2012). Since its inception, this DWMS has resulted
in water quality performance increases throughout the country and has also led to the development of a
modified process tailored to small drinking-water utilities (i.e. serving between 500 and 5,000 people)
(Gunnarsdóttir & Gissurarson, 2008; Jayaratne, 2008; Gunnarsdóttir et al., 2012). This QMS has also
been implemented in Slovenia where, much as in Iceland, drinking water is covered under food legislation (Hulsmann & Smeets, 2011).
Table 1. Modern HACCP principles (Ropkins & Beck, 2000; Sperber, 2005; Jayaratne, 2008).
No.

Step

Description

1
2

Assemble team
Describe product

3
4

Identify intended use
Construct ﬂow diagram

5
6

Conﬁrm ﬂow diagram
Conduct a hazard analysis

7

Determine critical control points

8
9

Establish critical limits
Establish a system to monitor control of
the critical control points
Establish corrective actions

Assemble a team to develop, implement and verify the system.
Develop a detailed description of the product, including water quality
standards and/or health-based targets.
Identify use (i.e. human consumption).
Identiﬁcation (and development of a ﬂow diagram) of all elements in a
system from beginning to end.
Conﬁrmation of ﬂow diagram developed in Step 4.
Conduct a hazard analysis to identify and assess hazards associated with
the ﬁnal product.
Determine critical control points – the steps or stages within production
at which hazards may be controlled, reduced or eliminated.
Establish critical limits for controlling each critical control point.
Establish monitoring procedures to determine if limits have been
exceeded.
Establish corrective actions to be taken if control is lost and deﬁne
procedures for maintaining control.
Establish veriﬁcation procedures for assessing effectiveness of the
HACCP system.
Establish documentation and record keeping procedures to provide proof
of compliance.

10
11
12

Validation and veriﬁcation of the HACCP
plan
Establish documentation and record
keeping

Downloaded from http://iwaponline.com/wp/article-pdf/20/3/565/476063/020030565.pdf
by guest

T. Bereskie et al. / Water Policy 20 (2018) 565–596

569

ISO, 9001:2015. The ISO, 9001:2015 standard is a process-based approach developed from the plando-check-act cycle (i.e. an industrial improvement concept designed to coordinate continuous improvement plans by categorizing improvement actions into a dynamic cycle of four steps – plan, do, check,
act), designed for use by an organization that needs to demonstrate its ability to consistently provide
products and/or services that meet customer and regulatory requirements (Langley et al., 1994; Moen
& Norman, 2006; Moen, 2009; Lodgaard & Aasland, 2011; ISO, 2015). ISO, 9001: 2015 states that
‘All of the requirements of this International Standard are generic and are intended to be applicable
to any organization, regardless of its type or size, or the products and services it provides’, and since
1987, the ISO 9001 standard has been used by many organizations across industries throughout the
world (Cianfrani & West, 2014). The ISO, 9001:2015 standard is broken down into seven quality management principles consisting of customer focus, leadership, engagement of people, process approach,
improvement, evidence-based decision making, and relationship management (ISO, 2015). Although
ISO 9001 was originally intended for manufacturing companies, it has since been used as a foundation
for DWMSs, such as the Australian Framework for Management of Drinking Water Quality (Sinclair &
Rizak, 2004; Martinez-Costa et al., 2009). This can be attributed to the fact that the ISO 9001 standards
offer a reasonable pathway to implementing quality management and require a high level of documentation and auditing, leading to increased transparency and verification of quality (Terziovski et al., 2003;
Martinez-Costa et al., 2009).
Drinking-water management system approaches
In reviewing Canadian provincial/territorial DWMSs, investigating their comprehensiveness, and
exploring areas for improvement, it is important to first understand the accepted fundamental core concepts of drinking-water management and identify best management practices throughout the world. In
this section, the WHO WSP Recommendations and national DWMSs from Australia and New Zealand
are reviewed and compared with the Canadian Council of Ministers of the Environment (CCME) Multibarrier Approach. The WHO WSP Recommendations and DWMSs from Australia and New Zealand
represent some of the more-studied and replicable drinking-water management approaches found
throughout the world and provide a strong baseline for comparison (Hrudey et al., 2006).
The United States was not included in this review, as DWMSs in the United States are generally
handled at the state level (e.g. the California Safe Drinking Water Plan) with the United States Environmental Protection Agency having federal oversight over issues related to the Safe Drinking Water Act,
specifically including the Lead and Copper Rule, the Surface Water Treatment Rule, the Total Coliform
Rule, and the Disinfectants/Disinfection By-Products Rule (National Research Council, 2006). While the
United States Environmental Protection Agency does not have a recommended DWMS, they have promoted the WHO WSP Recommendations for international partner countries to improve drinking-water
management since 1998 (USEPA, 2016).
World Health Organization. WSPs represent an alternative management framework to many current
DWMSs. While conventional DWMSs often rely on mitigating risks already present in a water
supply system, a WSP-based approach focuses on preventing risks from entering and, therefore, reducing likelihood of a negative impact on human health (WHO, 2009). Based on WHO Guidelines for
Drinking-water Quality, Bartram et al. (2001) developed one of the first drinking-water management
frameworks to incorporate public health concerns, risk assessment, the establishment of health-based
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targets and risk management. This approach to managing drinking water has provided a foundation
for many current DWMSs and, since 2004, a WSP has been recommended by the WHO for
preventative management of water supplies regardless of size or level of sophistication (WHO, 2004;
Yokoi, 2006).
In the fourth edition of the Guidelines for Drinking-water Quality, the WHO (2011) promotes a 10step WSP which builds on a foundation of multiple barriers, the HACCP QMS system, and other systematic management approaches. The WHO (2009) also published the Water Safety Plan Manual (based
on Chapter 4 of the 2004 third edition of the Guidelines for Drinking-water Quality), which provides a
step-by-step guide for drinking-water suppliers to develop and implement a WSP. The WHO WSP recommendations consist of five key elements (Table 2) and three key components (Table 2, Nos. 2–4)
(Davison et al., 2006).
Based on these elements, the WHO (2011) defined six primary objectives for WSPs to effectively
ensure safe drinking water: (1) development of an understanding of specific systems and their
capability to supply water that meets water quality targets; (2) identification of potential sources of contamination and how they can be controlled; (3) validation of control measures employed to control
hazards; (4) implementation of a system for operational monitoring of the control measures within
the water system; (5) timely corrective actions to ensure that safe water is consistently supplied; (6) verification of drinking-water quality to ensure that the WSP is being implemented correctly and is
achieving the performance required to meet relevant national, regional, and local water quality standards
or objectives.
Australia. The Australian Framework for Management of Drinking Water Quality was developed by
the Australian National Health and Medical Research Council in collaboration with the Co-operative
Research Centre for Water Quality and Treatment to incorporate preventative risk management in a
drinking-water supply context to support consistent and comprehensive implementation by suppliers
(Sinclair & Rizak, 2004; NHMRC, 2011). This framework incorporates elements of the HACCP
QMS, ISO 9001 (Quality Management), ISO 14001 (Environment Management), and Australia/New
Table 2. WHO WSP component descriptions (Davison et al., 2006; WHO, 2011).
No.

Element

Description

1

Setting health-based
targets
System assessment

Health-based targets are based on an evaluation of health concerns and can be
coordinated with other regulatory guidelines and standards.
A system assessment is used to determine whether or not the drinking-water supply chain
(source to tap) can deliver water quality that meets identiﬁed targets. This also
includes assessment of design criteria of new systems.
Effective operational monitoring refers to the identiﬁcation of control measures in a
drinking-water system that will control identiﬁed risks and ensure that health-based
targets are met.
Management and communication refer to actions to be conducted during normal
operation or incident conditions and documenting the system assessment, including
upgrade and improvement planning, monitoring and communication plans, and
supporting programs.
Independent monitoring veriﬁes that the above components are operating properly and
effectively.

2

3

Effective operational
monitoring

4

Management and
communication

5

Surveillance
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Zealand Standard (AS/NZS) 4360:2004 (Risk Management) for the management of drinking-water
quality from source to tap (Sinclair & Rizak, 2004; NHMRC, 2011). The framework addresses four general areas (Table 3) and includes 12 elements considered good practice for system management of
drinking water supplies (Table 4).
As part of the Australian Framework, the Australian National Health and Medical Research Council
(2011) also developed a specific DWMS for small drinking-water suppliers serving less than 1,000
people. This modified framework places an emphasis on a preventative approach to managing water
quality with less of a focus on water quality testing and monitoring programs. It consists of four
main components: the assessment of the drinking-water supply, preventative measures for drinkingwater quality management, implementation of operational procedures and process control, and verification of drinking-water quality (NHMRC, 2011).
New Zealand. The New Zealand Ministry of Health is responsible for the regulation of public health
under the Health Act 1956 and subsequent amendments (NZMOH, 2015). The Health (Drinking Water)
Amendment Act 2007 to the 1956 Health Act mandated that all drinking-water suppliers have a duty to
ensure safe drinking water (NZMOH, 2008). This amended act also required the development and
implementation of a WSP (originally known as a Public Health Risk Management Plan) for all
DWSSs serving over 500 people and is complemented by the Drinking-water Standards for New Zealand (NZMOH, 2008; Hrudey, 2011; Hubbert, 2013).
The New Zealand DWMS is based on the WHO (2004) Guidelines for Drinking-water Quality and
generic QMSs (Table 5) (Taylor, 2002; Hubbert, 2013). This DWMS was designed to promote interaction and support throughout the entire DWSS from the drinking-water supplier and the public
health officers to other stakeholders and the public (Taylor, 2002). In small communities serving
between 25 and 5,000 people, the New Zealand Ministry of Health has developed the Drinking
Water Assistance Programme and a risk-management kit to help small communities meet the technical
and financial needs of smaller suppliers (NZMOH, 2014).
Canada. Drinking-water management in Canada has dramatically shifted since waterborne disease
outbreaks in the early 2000s, headlined by Walkerton, Ontario and North Battleford, Saskatchewan
Table 3. Australian Framework for Management of Drinking Water Quality general areas (NHMRC, 2011).
No. General area

Description

1

The development of a commitment (active participation) to drinking-water
quality management within an organization.
The understanding of an entire water supply system, the hazards and events that
can comprise drinking-water quality, and the preventative measures and
operational control necessary for assuring safe and reliable drinking water.
Requirements include basic elements of good practice such as employee
training, community involvement, research and development, validation of
process efﬁcacy, and systems for documentation and reporting.
Evaluation and audit processes and their review by senior executives to ensure
that the management system is functioning satisfactorily. These components
provide a basis for review and continual improvement.

2

Commitment to drinking-water
quality management
System analysis and management

3

Supporting requirements

4

Review
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Table 4. Process for Australian Framework for Management of Drinking Water Quality (NHMRC, 2011).
No.

Step

Description

1

Commitment to drinking-water quality
management

2

Assessment of the DWSS

3

Preventative measures for drinking-water
quality management

4

Operational procedures and process
control

5

Veriﬁcation of drinking-water quality

6

Management of incidents and
emergencies

7

Employee awareness and training

8

Community involvement and awareness

9

Research and development

10

Documentation and reporting

11

Evaluation and audit

12

Review and continual improvement

Organizational support and long-term commitment, in the form of drinkingwater quality policy, regulatory and formal requirements, and engaging
stakeholders, serve as a foundation in implementing an effective DWMS.
Assessment of the DWSS includes a full water supply system analysis,
assessment of water quality data, hazard identiﬁcation and risk
assessment.
Preventative measures for drinking-water quality management include the
use of multiple barriers and critical control points. These measures are
used to prevent hazards from occurring or reducing them to acceptable
levels.
Operational procedures and process control measures are designed to
achieve a high-quality water supply and effectively control processes and
activities that govern drinking-water quality.
Veriﬁcation of drinking-water quality and consumer satisfaction provides an
assessment of overall performance of the system. It also provides a useful
indication of problems within the water supply system and the necessity
for any immediate corrective actions or incident and emergency response.
Management of incidents and emergencies is essential for protecting public
health and maintaining consumer conﬁdence. Whenever possible,
emergency scenarios should be identiﬁed, and incident and emergency
protocols should be planned and documented.
Employee awareness and training are essential to enable and motivate
employees to make effective decisions.
Community involvement and awareness can beneﬁcially impact public
conﬁdence in the water supply by providing transparency and education.
Research and development include research monitoring, validation of
processes, and design of equipment, and help to ensure continual
improvement.
Proper documentation and reporting provide the foundation for the
establishment and maintenance of effective DWMSs.
Long-term evaluation of drinking-water quality results and auditing of a
DWMS are required to determine efﬁciency of preventative strategies.
Review by senior executives can lead to continual improvement of the
DWMS.

(O’Connor, 2002b; Hrudey et al., 2003). Subsequent investigations resulted in the establishment of the
CCME Multi-barrier Approach for drinking-water management in Canada (O’Connor, 2002b; CCME,
2004). In this approach, barriers in the form of physical or administrative/behavioral improvements are
implemented to improve the overall quality and management of drinking water (CCME, 2004; Hrudey
et al., 2006; Alberta Environment, 2009). In the event that one barrier fails, back-up systems and processes are in place to protect the safety of drinking water (Government of the Northwest Territories,
2005).
Using the CCME Multi-barrier Approach, all potential control barriers are identified along with
potential limitations (CCME, 2002). This DWMS is categorized into three main components: the
source, drinking-water treatment, and drinking-water distribution (CCME, 2002, 2004).
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Table 5. New Zealand Ministry of Health suggested steps for WSP development (NZMOH, 2015).
No. Step

Description

1

Produce overview of supply

2

Identify barriers to
contamination

3

Identify events that may
introduce hazards
Identify possible causes of each
event, preventative measures,
and corrective actions
Decide where improvements
should be made

Identiﬁcation (and development of a ﬂow diagram) of all elements in a water
supply system from the catchment to the consumer’s property.
Inventory of protective barriers in place to contribute to the safety of the entire
water supply. These fundamental barriers must achieve the following: (1)
prevention of contaminants entering the raw water of the supply; (2) removal of
particles from the water; (3) inactivation of micro-organisms in the water; (4)
maintenance of the quality of the water during distribution.
Identiﬁcation of potential events that may introduce hazards into the drinking-water
supply using the New Zealand Ministry of Health Water Safety Plan Guides.
Identiﬁcation of causes, preventative measures and corrective actions (using the
New Zealand Ministry of Health Water Safety Plan Guides) associated with the
identiﬁed hazards from Step 3.
This is the ﬁrst of three steps for preparing an improvement schedule designed to
list any of the four fundamental barriers, preventative measures, checks and
corrective actions missing from a supply.
Prioritization of improvements based on the improvements identiﬁed in Step 5.
Factors such as public-health impact (using the New Zealand Ministry of Health
Water Safety Plan Guides), availability of resources and ease with which
improvements can be implemented must be considered.
Development of an improvement schedule to assign completion dates and
responsibility for each improvement.
Identiﬁcation of other quality-assurance systems in place (such as ISO 9000/14000)
and implementation into WSPs.
Preparation of contingency plans (suggested contingency plans are provided in each
of the New Zealand Ministry of Health Water Safety Plan Guides) to ensure that
there is a protocol for situations that may pose a threat to drinking-water quality.
Development of a procedure for the review and updating of the WSP. Reasons to
update a plan may include: a change in the circumstances of a water supply, the
identiﬁcation of possible new events and their causes, the discovery that one or
more preventative measures or corrective actions are unsatisfactory, and/or a
contingency plan has failed when implemented.
Creation of a communication policy should identify and record the people to whom
reports concerning the management of risk to the supply should be made, what
information these reports should contain, and how often they should be made.
Review and improvement of the WSP process.

4

5

6

Decide on order of
improvements

7

Draw up timetable

8
9

Identify links with other qualityassurance systems
Develop contingency plan

10

Performance assessment of plans

11

Development of communication
policy

12

Review and improvement

Water source (i.e. source water protection) – this entails the coordinated approach to develop plans
(short-term and long-term) to protect and potentially enhance drinking-water source quality. This component can be broken down further into three categories: delineating source water protection areas,
identifying contaminants of concern, and assessing and ranking risk vulnerability.
Treatment system (i.e. water treatment process selection) – this entails the selection of drinking-water
treatment based on source water quality and quantity, finished water quality, reliability of equipment,
regulatory requirements and human resources/financial demands.
Distribution system (i.e. distribution system development and operation) – this entails the designing
and operating of a drinking-water distribution system to sustain minimum operating pressure at the
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maximum hourly flows and meet or exceed pipe performance standards. These elements are then
addressed using a system of procedures and tools (Table 6).
When discussing drinking-water management in Canada, it is important to highlight the roles and
responsibilities of the federal, provincial/territorial and municipal governments. The provincial and territorial governments are directly responsible for drinking-water management and governance in Canada,
with the federal government providing more of an oversight role (i.e. leadership, research and development, guidelines, recommendations, responsibility on federal lands), and the municipal government
handling administration, performance monitoring, and management and maintenance (de Loë & Kreutzwiser, 2007). This decentralized structure has resulted in no legally enforceable federal drinking-water
standards and a broad approach to drinking-water management (Bakker, 2007; Bakker & Cook, 2011;
Bereskie et al., 2017a).
Canadian provincial DWMSs
While the CCME recommends the multi-barrier approach for the management of DWSSs in Canada,
it allows significant autonomy and flexibility for individual provinces and territories (Bakker & Cook,
2011). This can be attributed to the decentralized governance structure and variability between provinces
and territories (i.e. differing climates, populations, water use, water sources) (Bakker & Cook, 2011;
Table 6. CCME Multi-barrier Approach elements and descriptions (CCME, 2002).
No. Element

Description

1

Legislative and policy frameworks highlight responsibilities for each aspect of the
drinking-water system and should be reviewed and revised as necessary.
Public involvement and awareness include appropriate levels of partnership and
communication among stakeholders to increase transparency and availability of
public-health information.
Regulations provide utility managers and system owners with water quality targets to
meet and can be used as part of the decision-making process.
Research, disease surveillance and other scientiﬁc and technological advancement/
development allow for more-integrated water-quality monitoring and potential for
improving operations.
Drinking-water supply management requires cooperation of stakeholders in different
ﬁelds (e.g. health, environment, industry) and requires qualiﬁed personnel to
ensure treatment facility and distribution system are operating at optimum levels.
Water-quality monitoring includes the sampling of water quality at the source, after
treatment and within the distribution network. This allows operators to modify
treatment if water quality ﬂuctuates to ensure regulatory compliance and safe
drinking water.
Protection of source water based on watershed management involving a coordinated
approach among stakeholders to develop short- and long-term plans to prevent,
minimize, or control potential sources of pollution or enhance water quality.
Drinking-water treatment is key to eliminating pathogens and chemical substances
found in source waters. There should be a regular review and upgrade as
necessary.
Distribution systems are the ﬁnal physical barrier in the multi-barrier approach. After
water is treated, its quality must be maintained throughout the distribution system.

2

3
4

Legislative and policy
frameworks
Public involvement and
awareness
Guidelines, standards, and
objectives
Research, science, and
technology

5

Management

6

Monitoring

7

Source water protection and
management

8

Drinking-water treatment

9

Drinking-water distribution
systems
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Dunn et al., 2014). Although this approach has resulted in strong DWMSs in some provinces, others are
less comprehensive (or non-existent) and may be leaving consumers unnecessarily exposed to vulnerable drinking-water supplies.
Alberta (AB). The province of Alberta became the first jurisdiction to regulate WSPs in North America
with the introduction and implementation of the Drinking Water Safety Plan in 2011, moving away from
a more-traditional source to tap multiple-barrier approach (Alberta Environment, 2009; Perrier et al.,
2014; Reid et al., 2014). The Government of Alberta (2012) established four principle processes for
the successful implementation of this DWMS (Table 7).
The Government of Alberta (2012) also lists three other important considerations for developing a drinking-water safety plan. (1) A drinking-water safety plan cannot work in isolation, so you must communicate
and discuss findings with stakeholders and other relevant parties. (2) For the drinking-water safety plan to
work, the identified necessary actions to mitigate risks must be implemented. (3) The drinking-water safety
plan is a ‘living document’ that should be reviewed regularly and updated when necessary.
Based on these principles and considerations, the Alberta Environment and Sustainable Resource Development developed a Microsoft Excel-based template, which provides generic risk for four key risk areas (i.e.
source, treatment, distribution network, consumer), designed to act as a single source for all relevant information about a water supply system (Perrier et al., 2014; Reid et al., 2014). While the long-term success of
this program is still uncertain, literature has shown that it presents a practical option for effective water management and has the potential to be applied throughout Canada (Gagnon, 2014).
British Columbia (BC). The British Columbia Comprehensive Source-to-Tap Assessment is an assessment program designed to integrate the various components of a DWSS by determining strengths and
weaknesses and identifying existing and potential threats to safe drinking water to assist in the
Table 7. Principle processes for the Alberta Drinking Water Safety Plan approach (Government of Alberta, 2012).
No. Principle processes

Description

1

Collection of best available information about the water
supply system

2

Identiﬁcation of present risks and circumstances that will
threaten public health

3

Assessment of improvement actions to reduce risk to an
acceptable level

4

Inventory of available resources, prioritization (and
auditing) of improvement actions, and timetable for
implementation of improvements

Collection of information about a water supply system will
vary by complexity, but typical sources of information
can include water-quality records, public-health
incidents, plant records and watershed activities.
Identiﬁcation of risks and circumstances that will threaten
safe drinking water can be conducting using risk sheets
(e.g. source, treatment, network, consumer) as part of
the Government of Albert Drinking Water Safety Plan
Template. Other site-specific risks and causes may need
to be added.
Assessment of improvement actions can be addressed
using the Government of Alberta Action Summary Sheet
and Key Risks Sheet.
Inventory of available resources, prioritization of
improvement actions and creation of a timetable for
implementation of improvements can be addressed using
the Government of Alberta Action Summary Sheet to
address the identiﬁed improvement actions from
Principle 3.
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decision-making process (BCMHLS, 2010). It consists of eight modules (Table 8) and was developed
based on ten guiding principles:
1. Drinking-water protection is a public-health issue, hence drinking-water assessments should focus
on threats to public health.
2. Drinking-water assessments should be a tool to assist in the protection of drinking water.
3. Drinking-water assessments should be conducted in an integrated manner, with consideration for
both source and system components.
4. Drinking-water assessments should embody the multi-barrier approach.
5. Drinking-water assessments should be an opportunity for education and communication among
stakeholders.
6. Drinking-water assessments should focus on preventing problems.
7. Drinking-water assessments should be science-based.
8. Drinking-water source assessments should be flexible and tailored to the size and type of the water
system and the level of risk to its users.
9. Drinking-water assessments should result in the development and implementation of specific
actions and/or recommendations.
10. Drinking-water assessments should foster and promote the highest water quality possible through
stewardship and involvement of the broader community.
Table 8. British Columbia Comprehensive Drinking Water Source-to-Tap Assessment modules (BCMHLS, 2010).
No.

Module

Description

1

Delineate and characterize
drinking-water source(s)
Conduct contaminant
source inventory

The delineation and characterization of the drinking-water source area allow the
evaluation of the integrity and location of surface water intakes and groundwater wells.
A contaminant source inventory is to be used to identify and describe land uses, human
activities and other potential contaminant sources that could potentially affect source
water quality.
The assessment of water supply elements includes the identiﬁcation of factors such as
source water type, water quality and quantity, size of population served, and age of the
system, and is designed to be used to identify problems or concerns.
Water system management, operation, and maintenance provide a systematic approach for
investigating the human aspect of how the water system is operated to provide safe
drinking water.
Auditing of water quality and quantity provides an evaluation of the success of the water
system in meeting the goal of providing safe, palatable drinking water to all users and
encompasses a review of water-quality monitoring and customer feedback.
Reviewing of the ﬁnancial capacity and governance of a water system includes a review
of the ﬁnancial management of the water system, available funding mechanisms,
governance and accountability, and the response to development pressures.
The characterization of risks from source to tap is the focal point of this DWMS. It
includes a structured approach for identifying the areas of greatest risk and is designed
to foster an understanding of the strengths and weaknesses throughout a water supply
system.
The recommendation of actions to effectively manage the risks identiﬁed throughout the
assessment process is important to enhance the safety and sustainability of the
drinking-water supply.

2

3

Assess water supply
elements

4

Evaluate water system
management, operation,
and maintenance
Audit water quality and
availability

5

6

7

8

Review ﬁnancial capacity
and governance of water
systems
Characterize risks from
source to tap

Recommend actions to
improve drinking-water
protection
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The British Columbia DWMS was developed not as a prescriptive assessment methodology or a set
of detailed instructions, but as a ﬂexible methodology for use in identifying and evaluating drinkingwater risks from source to tap (BCMHLS, 2010). While there is no speciﬁc approach for smaller systems, this DWMS was designed to be adaptable for DWSSs of all types and sizes.
Manitoba (MB). Drinking water in Manitoba is governed by the Manitoba Water Stewardship’s Office
of Drinking Water, which enforces The Drinking Water Safety Act and the Manitoba Water Quality
Standards, Objectives, and Guidelines (2011) (Manitoba Water Stewardship, 2011a, 2011b). The province also helps to protect drinking water at the source through The Water Protection Act (Legislative
Assembly of Manitoba, 2005; Manitoba Water Stewardship, 2011a). Combined, the regulatory structure
provides a source to tap framework for the protection of the provincial drinking-water system (Manitoba
Water Stewardship, 2011a).
In 2003, the Manitoba Water Stewardship released The Manitoba Water Strategy, which documented the importance of the development of an integrated water planning and management system
(Manitoba Water Stewardship, 2003). Eight years later, the Legislative Assembly of Manitoba introduced the Save Lake Winnipeg Act, a bill requiring planning authorities in the Capital Region to
prepare a drinking-water plan (DWP) as part of a development plan review or major amendment
(Legislative Assembly of Manitoba, 2011). While this act is not province-wide and places an emphasis on water supply over water quality, it provides the closest thing to a DWMS currently in use
within Manitoba (Manitoba Provincial Planning Regulation, n.d.). Manitoba does not have a specific
DWMS for smaller utilities, however, it is important to note that the Manitoba Water Stewardship
(2007) provides a Best Practices Manual for Small Drinking Water Systems, designed to assist
small drinking-water systems in achieving regulatory compliance and meeting management and operational challenges.
New Brunswick (NB). The population of New Brunswick is generally rural, with approximately 40%
of the population obtaining drinking water from domestic groundwater wells (Government of New
Brunswick, 2009). The remaining 60% of the population relies on municipal DWSSs (Government
of New Brunswick, 2009). The New Brunswick Department of Health and Department of the Environment and Local Government cooperatively lead the regulation of public drinking-water supplies with the
Department of Health holding responsibility for assessing public-health risk and the Department of the
Environment and Local Government being responsible for regulating and protecting drinking-water systems. Despite having a population of 756,800 people and strong drinking-water legislation in place,
New Brunswick is one of the only provinces without an established approach to drinking-water management (Conservation Council of New Brunswick, 2016; Statistics Canada, 2016).
Newfoundland and Labrador (NL). Drinking-water treatment in Newfoundland and Labrador is generally simple, usually consisting only of the addition of chlorine to raw surface source water, often
resulting in aesthetic, biological and chemical water-quality issues (Scheili et al., 2014). In the province,
the Multi-barrier Strategic Action Plan is used for the management of drinking water (Government of
Newfoundland and Labrador, 2015). The Government of Newfoundland and Labrador (2015) states that
‘The Multi-barrier Strategic Action Plan is considered to be the most effective method of managing
drinking water system and has been implemented by other jurisdictions throughout Canada’ and its
implementation involves collaboration between four provincial government departments: Environment
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and Conservation, Government Services, Health and Community Services, and Municipal Affairs (Government of Newfoundland and Labrador, 2010).
The Government of Newfoundland and Labrador (2015) has broken down their DWMS into three
levels of components, with Level 1 focused on operations, Level 2 focused on management, and
Level 3 focused on legislation and supporting programs (Table 9). Despite 90% of all public drinking-water systems serving 1,500 people or fewer, Newfoundland and Labrador does not have a
modified DWMS specifically for smaller utilities.
Nova Scotia (NS). Drinking water in Nova Scotia has been at the forefront of environmental policy
and management since the early 1990s, when the Government of Nova Scotia published the Clean
Water Task Force Report in 1991 and the Sustainable Development Strategy for Nova Scotia in
1992, which resulted in the 1995 Environment Act (Government of Nova Scotia, 2002). This
piece of legislation strengthened drinking-water management across the province and was supplemented by the 2000 Water and Wastewater Facility Regulations and adoption of the
Guidelines for Canadian Drinking Water Quality (Government of Nova Scotia, 2002). The Government of Nova Scotia (2002) developed the Nova Scotia Drinking Water Strategy to protect and
manage drinking water and identified three key management elements: clear roles and responsibilities, multi-barrier management, and inter-departmental drinking-water management. This document
also contained an action plan for better drinking-water management and, in 2005, the Nova Scotia
Minister of Environment and Labour published a report highlighting that all action items had been
completed (Nova Scotia Environment and Labour, 2005). The specific drinking-water management
elements included as part of the Nova Scotia Drinking Water Strategy are broad and can be found as
part of Table 16 (see later).
It is also important to note that a separate document, authored by Nova Scotia Environment and
Labour (n.d.) and titled Safe Drinking Water for Public Water Systems: A Diligent Approach, categorizes multiple barrier management of drinking water in Nova Scotia into three steps: keeping clean water
clean (source protection), making it safe (water treatment and system operation), and proving that it is
safe (monitoring and testing).
Ontario (ON). After the waterborne disease outbreak in Walkerton, Ontario, The Walkerton Inquiry
resulted in two reports: Part 1 was associated with the causes of the outbreak, and Part 2 detailed a proposed
strategy for improvement (O’Connor, 2002a, 2002b; Hrudey, 2011). In Part 2, 93 recommendations were
made to implement a multiple-barrier approach that resulted in tighter drinking-water regulations. The
Ontario Drinking Water Quality Management Standard was developed to complement the updated
Table 9. Levels of the Multi-barrier Strategic Action Plan in Newfoundland and Labrador (Government of Newfoundland
and Labrador, 2015).
Level 1

Level 2

Level 3

•
•
•

•
•
•
•
•

•
•
•
•

Drinking-water distribution
Drinking-water treatment
Source water protection

Corrective measures
Data management and reporting
Inspection and enforcement
Monitoring
Operator education and certification
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legislative and regulatory guidelines in place in the province and was designed for both small (with some
slight modifications) and large systems. This DWMS is mandated throughout the province for all owners
and operators of municipal residential drinking-water systems (Ontario Ministry of the Environment,
2007).
The Ontario Ministry of the Environment (2007) emphasized four areas in developing the Ontario
Drinking Water Quality Management Standard: (1) proactive/preventative, rather than strictly reactive,
management strategies to identify and manage risks to public health; (2) the establishment and documentation of management procedures; (3) meeting these procedures; and (4) continuous improvement
of the management system.
Implementation of this DWMS is divided into three steps (Plan/Do, Check, Improve), based on the
Plan-Do-Check-Act cycle (Figure 1) (Ontario MoE, 2007). The Plan/Do section is subsequently broken
down into 18 elements (Table 10).

Prince Edward Island (PE). Prince Edward Island is the smallest province in Canada, with a population of 148,600 (Statistics Canada, 2016). In regard to drinking-water management, the
Government of Prince Edward Island (2001) published a document titled, ‘Clear from the Ground to
the Glass: 10 Points to Purity’. While the Government of Prince Edward Island (2001) states, ‘Our
ten-point strategy uses a multiple-barrier approach to protect drinking water from the ground to the
glass, including source protection, system design and operation, and monitoring reporting’, the ten
points do not highlight any specific drinking-water management approaches or recommended management elements.

Quebec (QC). The Quebec Water Policy was implemented in 2002 to ensure the sustainable management of water and protection of public health and the environment (Quebec Ministry of the
Environment, 2002). According to the Quebec Ministry of Environment (2002), this DWMS revolves
around five key orientations with specified key actions (Table 11). These orientations are then
implemented through 16 key actions and 57 governmental agreements (Baril et al., 2006).

Fig. 1. Three steps of the Ontario Drinking Water Quality Management Standard (Ontario Ministry of Environment, 2007).
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Table 10. Ontario Drinking Water Quality Management Standard plan/do elements (Ontario MOE, 2007).
No.

Element

Description

1

Quality management system

2

Quality management system
policy

3

Commitment and endorsement

4

Quality management system
representative

5

Document and records control

6

Drinking-water system

7
8

Risk assessment
Risk assessment outcomes

9
10

Organizational structure, roles,
responsibilities, and authorities
Competencies

11

Personnel coverage

12

Communications

13

Essential supplies and services

14

Review and provision of
infrastructure
Infrastructure maintenance,
rehabilitation, and renewal

The development and documentation of a QMS (and maintenance of the system)
that meets the requirements of the operational plan.
The development of a QMS policy with three main commitments: maintenance
and improvement of the QMS, legislative compliance, and the provision of safe
drinking water to the consumer.
The creation of an operational plan that is endorsed by management and the
ability to prove its commitment to the QMS.
The description of speciﬁc requirements for selecting a QMS representative
(appointment by management) that deﬁnes responsibilities and authorities for
that role.
The establishment and use of document control and management procedures as
part of the QMS.
The development of a process description and ﬂow chart characterizing the entire
drinking-water system from source to consumer.
Elements 7 and 8 require the completion (and regular updating) of a risk
assessment (using a risk assessment table) for the drinking-water system along
with the implementation and documentation of risk management strategies.
These modules include the identiﬁcation of hazards and potential hazardous
events, an assessment of the risk associated with hazardous events, ranking of
hazardous events according to associated risk, the identiﬁcation of control
measures, the identiﬁcation of critical control points, the establishment of
critical control limits for each critical control point, and documentation of the
risk assessment process and outcomes.
Description (and communication) of the organizational structure of the operating
authority that consists of a description of roles, responsibilities and authorities.
The requirement that conditions in the operational plan are met and includes a
documentation of the knowledge, skills, and abilities of all personnel (whose
jobs affect drinking-water quality) and identiﬁcation of necessary activities to
ensure that competency requirements are met.
The development of procedures to ensure adequate coverage of duties affecting
drinking-water quality by competent personnel.
The requirement of documented procedures (communication plan) describing how
the QMS and QMS procedures are communicated between owners, operators,
suppliers, and the public.
The management and documentation of essential supplies and services that could
potentially impact drinking-water quality.
The requirement of documented procedures (and reporting of results) for the
annual review of drinking-water system infrastructure.
The requirement of a summary (and communication of summary) detailing
infrastructure maintenance, rehabilitation, and renewal programs for a drinkingwater system. It also includes monitoring of the effectiveness of the
maintenance program.
Elements 16 and 17 require the establishment and implementation of procedures
describing water sampling (and sampling plans) and testing and monitoring for
process control and ﬁnished water quality. These procedures include surface
water monitoring activities and details about the calibration and maintenance of
the measurement and recording equipment.

15

16
17

Sampling, testing, and,
monitoring
Measurement and recording,
equipment calibration, and
maintenance

(Continued.)
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Table 10. (Continued.)
No. Element

Description

18

The requirement that operational plans include (and conform to) emergency
procedures and contact information, which includes information about
communication, response, and recovery procedures (and testing of procedures),
emergency training, responsibilities of personnel and management, municipal
emergency planning measures, and an emergency contact list.

Emergency management

Table 11. Quebec Water Policy orientations and key actions (Quebec Ministry of the Environment, 2002).
No. Orientation

Key actions

1

Water governance reform

2

Integrated management of the St. Lawrence
River
Protection of water quality and aquatic
ecosystems
Continued clean-up and improved
management of water services

1.
2.
3.
4.
5.
1.
2.
1.
2.
1.
2.
3.
4.

3
4

5

Promotion of water-related recreational and
tourism activities

Revision of the legal framework pertaining to water
Implementation of watershed-based management
Acquisition of knowledge and information about water
Introduction of economic instruments for governance
Strengthening of Quebec’s partnerships and relationships
Grant the St. Lawrence River special status
Integrated management of the St. Lawrence River
Ensuring safe, quality drinking water
Protecting aquatic ecosystems
Intensifying agricultural clean-up efforts
Broadening industrial clean-up efforts
Supplementing municipal clean-up efforts
Ensuring the sustainability of municipal infrastructures while
improving the management of water services
1. Expanding access to water and promoting sport fishing
2. Promoting water safety and the quality of life on lakes and
watercourses
3. Promoting nautical tourism

The Quebec Water Policy was designed to comprehensively incorporate both integrated water resources
management and stakeholder involvement and is defined as a non-regulatory, voluntary approach to
watershed management (Quebec Ministry of the Environment, 2002; Baril et al., 2006; Hill et al.,
2008; Roy et al., 2009; Rizvi & Adamowski, 2013). Integrated water resources management refers to
the coordinated optimization and management of both upstream and downstream resources (e.g. water,
land, habitats, etc.) to maximize economic and social benefits without compromising the sustainability
of the environment (World Summit on Sustainable Development (WSSD), 2002; Rahaman & Varis,
2005). Together, these elements define the drinking-water management approach in the province.
With the 2002 implementation of the Quebec Water Policy, 33 priority watersheds were initially
chosen by the Government of Quebec to develop an integrated water resources plan. This voluntary
plan was designed to serve as a planning tool for determining and prioritizing interventions within a
watershed to reach objectives defined by the water stakeholders (Gangbazo, 2004; Hill et al., 2008).
More recently, the Government of Quebec extended the integrated water resources plan principles to
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the entire province across 40 watershed management zones (Gangbazo, 2011). The planning and
implementation of this process involve seven different steps (Table 12).
In 2012, a strategy for the protection and conservation of source water intended for human consumption was proposed by the Government of Quebec (Government of Quebec, 2012). The strategy includes
five steps: (1) water sources inventory; (2) source vulnerability assessment/risk assessment; (3) preparation of protection and conservation measures; (4) establishing implementation mechanisms of
conservation and protection measures; and (5) establishing monitoring mechanisms.
In 2014, a regulation for drinking-water source protection was implemented (Government of Quebec,
2014). The purpose of this piece of legislation was to set standards for source water intakes, regulate
water-quality sampling, and identify and regulate activities that could impact source water. It also
included the mandatory implementation of vulnerability assessments of surface water sources for specified factors (e.g. microorganisms, turbidity, fertilizers, etc.) (Government of Quebec, 2014). A guidance
Table 12. Quebec integrated water resources management implementation steps (Gangbazo, 2004; Baril et al., 2006).
No.

Steps

Description

1

Formation of a technical
committee

2

Collection of information about
the water system

3

Setting issues and orientations

4

Setting objectives and choice of
indicators

5

Action plan development

6

Action plan implementation

7

Follow-up and action plan
assessment

The committee should be composed of all stakeholders having activities in the
watershed and potential project funders (from academia, government, business
and community).
Collection of information about threats, action possibilities, and water and
ecosystem-related issues. It is composed of two parts: watershed description
(e.g. activities, land use, etc.) and diagnosis of water and related ecosystem
issues.
Deﬁnition of water management major concerns or fundamental challenges that
must be addressed by watershed organizations. Actors must deﬁne the main
actions for resolving issues identiﬁed. This step allows to provide a strategic
overview of the different actions that should be deﬁned and implemented.
General long-term objectives and speciﬁc short-term objectives must be deﬁned
at this stage. The objectives could be related to source water state and water
uses. The indicators are administrative (performance) and environmental
(ecosystem health and recovery).
Adoption of solutions (projects or activities) including voluntary or mandatory
actions and enforcement programs (i.e. training and awareness programs),
which may be conducted to achieve objectives and sustaining gains. The
action plan could include:
• Monitoring programs (administrative and environmental)
• Partners’ responsibilities (depending on their commitment)
• Budget
• Funding sources
• Planning.
Action plan implementation is the responsibility of water stakeholders. Ideally,
all governmental programs on water uses, water pollution control and
protection or ecosystems restoration must be involved. Watershed organizations
must plan additional measures (e.g. public information, raising funds and
political commitment) to ensure the long-term viability of the project.
Follow-up and assessment of environmental and socioeconomic impacts of the
action plan and communication to the public.
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document for the preparation and implementation of a vulnerability analysis was also developed and
corresponds to the first step in the 2012 source water strategy discussed previously. Quebec does not
have a specific DWMS for smaller utilities, however, the Ministry of Environment has released a
design guide for small drinking-water treatment plants (Ellis, 2009).
Saskatchewan (SK). In Saskatchewan, a water management framework has been in place since 1999
(Government of Saskatchewan, 1999). After the waterborne disease outbreak in North Battleford, Saskatchewan in 2002, the province replaced the original drinking-water management framework with the
Safe Drinking Water Strategy in 2003 in an attempt to ‘…demonstrate the province’s commitment to
making the conservation and protection of our water a top priority’ (Government of Saskatchewan,
2003, p. 1).
As part of the Safe Drinking Water Strategy, the Government of Saskatchewan (2003) identified five
guiding principles outlined here and four overarching goals with specific objectives (Table 13). The five
guiding principles are: (1) human health as a primary concern; (2) preventing risks to drinking water is a
high priority; (3) realistic pricing to acknowledge the value of safe drinking water; (4) accurate and
timely information about water problems and solutions is essential; (5) governmental and stakeholder
cooperation is key in developing and implementing water management solutions.
Today, the Saskatchewan Water Security Agency is responsible for the planning, implementation and
reporting associated with drinking-water governance and management (as of 2012) (Government of
Saskatchewan, 2014). However, the Saskatchewan Ministry of Environment, Ministry of Government
Relations, the Ministry of Health/Health Regions, the Ministry of Agriculture, and SaskWater also
play roles in the management of Saskatchewan drinking water (Government of Saskatchewan, 2014).
Despite this extensive agency cooperation between different stakeholders, Saskatchewan does not
have a mandatory DWMS in place throughout the province.
Table 13. Saskatchewan Safe Drinking Water Strategy goals and objectives (Government of Saskatchewan, 2003).
Goals

Objectives

Waterworks systems provide safe, clean, and
sustainable drinking water.

•
•

The drinking-water regulatory system is clear and
effective.

•
•
•

Source waters are protected now and into the future.

•
•

Citizens and consumers trust and value their
drinking water and the operations that produce it.

•
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•
•
•

Waterworks staff are capable and well trained.
Infrastructure produces water that meets Canadian drinking-water
standards.
Waterworks systems and operations are financially sustainable.
Regulations are clear and ensure that health and drinking-water
quality will be protected.
Professional regulatory staff have access to the tools necessary to
ensure compliance.
Risks to source water are known.
Watersheds are protected, natural purification and protection
processes are maximized, and potential for contamination is
minimized.
Citizens have meaningful access to information about the quality
of their water.
Reduced consumption of water.
Consumers value quality water and are willing to pay for it.
Citizens and consumers trust the quality and reliability of their
drinking-water systems and are confident in the regulatory system.

584

T. Bereskie et al. / Water Policy 20 (2018) 565–596

Northwest Territories (NWT). Drinking-water management in the Northwest Territories has progressed
further than in both Nunavut and the Yukon. Despite the fact that there are only 34 public water systems in
the Territory, the waterborne disease outbreaks in Walkerton, Ontario and North Battleford, Saskatchewan pushed the government to begin development of a DWMS in 2001 (Government of the
Northwest Territories, 2005). The Northwest Territories Safe Drinking Water Framework and Strategy
is based on a three-layered multiple-barrier approach designed to incorporate all levels of government
(Government of the Northwest Territories, 2014). The barriers are broken down into three categories:
keeping water clean, making drinking water safe, proving that drinking water is safe (Table 14).
In 2011, the Government of the Northwest Territories published the Water Stewardship Strategy to
improve cooperation of water management between stakeholders and address gaps and weaknesses in
water stewardship within the territory (Government of the Northwest Territories, 2011). The Government
of the Northwest Territories (2015) recently introduced a new website (www.nwtdrinkingwater.ca) to
increase transparency for drinking water, treatment processes, and roles and responsibilities of the communities and governmental departments, but does not have a specific DWMS for smaller utilities.
Nunavut (NU). Nunavut has a population of approximately 11,000 people residing in 14 coastal communities (Martin et al., 2007). Drinking-water treatment in Nunavut is generally simple, rarely
incorporating any chemical or physical treatments aside from chlorination (Daley et al., 2014). Due
to the cold climate and economic situation in Nunavut, traditional distribution systems are rare, with
most communities relying on trucked water delivery from a central municipal treatment facility
(Martin et al., 2007; Daley et al., 2014). From a governance standpoint, all water resources (and
water quality and quantity monitoring) in Nunavut are managed by Aboriginal Affairs and Northern
Development Canada, which gives the department provincial-styled responsibilities, while the Nunavut
Water Board is responsible for water permits. It is also important to note that the Canadian Federal
Government has ownership of the water in Nunavut (NCCEH, 2014). Department of Health and
Environmental Health Officers are responsible for enforcing public water supply regulations, however,
there is no established approach to drinking-water management for the territory.
Yukon (YT). Drinking-water management in the Yukon is in its relative infancy. In 2003, the Canadian
Federal Government transferred water management responsibilities to the Yukon government (Government of Yukon, 2014b). In 2014, the Government of the Yukon, with input from Yukon First Nations
Table 14. Northwest Territories Safe Drinking Water Framework and Strategy categories and barriers (Government of the
Northwest Territories, 2014).
Keeping NWT water clean

Making drinking water safe

Proving drinking water is safe

•
•
•

•
•

•

•
•

Community water licensing
Testing of source water quality
Coordinated watershed
decision making
Effective legislation
Public education

•
•
•

Standards and guidelines
Trained and certified water treatment
plant operators
Water treatment and distribution
systems
Effective legislation
Public education
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•
•
•
•
•

Testing and monitoring of treated water
quality
Public access to water-quality data
Incident tracking and reporting
Public reporting on drinking-water quality
Assessment of water treatment
infrastructure and operations
Public education
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governments, released the Yukon Water Strategy and Action Plan to address water management within
the territory (only focused on groundwater) (Government of Yukon, 2014a). This approach consists of
six priority areas: (1) better understanding and management of groundwater; (2) planning for water
needs now and into the future; (3) improving water management programs; (4) maintaining/improving
access to safe drinking water; (5) promoting the sustainable use of water; (6) improving the sharing of
information about Yukon’s water.
In the Yukon, water licenses are issued by the Yukon Water Board, and Health and Social Services
are responsible for the regulation of drinking-water systems (Government of Yukon, 2011). The Yukon
Water Strategy and Action Plan is a milestone for water management in the territory, however, there is
limited information available specifically related to the DWMS and elements in place.

Analysis
There are many distinct differences and small nuances between the reviewed QMSs and DWMSs. In
Table 15, the ISO, 9001:2015 QMS, the HACCP QMS, and the DWMSs implemented/recommended
by Australia, Canada, New Zealand and the WHO are compared across 41 management elements developed from a review of literature and regulatory documents to standardize the comparison process. The
selected elements are broken down into six management categories: (1) Administrative – regulatory
requirements, stakeholder involvement, organizational controls; (2) Assessment – analysis of the complete system and all included sub-processes; (3) Mitigation – review, inventory, planning of preventative
Table 15. Comparison of selected QMSs and national drinking-water management approaches.

Category

Elements

HACCPb,d,f,g

ISO,
9001
New
WHO
(2015)c Australiad Canadaa Zealande (2011)h

Administrative

Assemble quality-management team(s)
Commitment to drinking-water quality
management
Communication outreach plan
Drinking-water quality policy
Management plan
Modiﬁed method for smaller systems
Public involvement and awareness
Regulatory and formal requirements
(legally binding)
Health-based targets
Critical control points
Flow diagram
Hazard identiﬁcation/risk assessment
Hazard (risk) prioritization
Identiﬁcation of barriers and/or control
measures
System analysis

X
–

–
–

X
X

–
–

–
–

X
–

–
–
–
X
–
X

X
–
–
–
X
X

X
X
–
X
X
X

–
X
–
–
X
X

–
X
–
X
–
X

X
–
–
–
–
–

–
X
X
X
–
–

–
–
–
–
–
–

–
X
X
X
X
–

–
–
–
–
–
–

–
–
X
X
–
X

X
–
–
X
–
X

X

–

X

–

X

X

Assessment

(Continued.)
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Table 15. (Continued.)

Category

Elements

HACCPb,d,f,g

ISO,
9001
New
WHO
(2015)c Australiad Canadaa Zealande (2011)h

Mitigation

Contingency planning/incident
response protocols
Employee involvement
(awareness, competency, training)
Equipment capability and maintenance
veriﬁcation
Established critical limits
General preventative measures
(non-specific)
Multiple barriers
Watershed (source) management
Operational monitoring
Control measure monitoring
Customer satisfaction monitoring
General monitoring (non-specific)
Independent monitoring
Process validation
Water-quality monitoring
Corrective actions
Inventory of available resources for
improvement
Prioritization of improvements
Research and development
Timetable for improvements
Audit/review of QMS
Continuous improvement
Documentation, record-keeping, and
reporting (general)
QMS Improvement Plan
Identiﬁcation of links to other qualityassurance systems
Management of documentation and
record-keeping
Review by senior executive

–

–

X

–

X

–

X

X

X

X

–

X

–

X

X

–

–

–

X
–

–
–

–
–

–
–

–
X

–
–

X
–
X
–
–
X
–
X
X
X
–

–
–
X
X
X
–
–
X
–
X
–

X
X
X
X
X
–
–
–
–
X
–

X
X
–
–
–
–
–
–
X
–
–

–
–
–
–
–
–
–
–
–
X
–

–
–
X
X
–
–
X
–
–
X
–

–
–
–
X
–
X

–
–
–
X
X
X

–
X
–
X
X
X

–
X
–
–
X
–

X
–
X
X
X
–

–
–
–
X
–
X

–
–

X
–

–
–

–
–

–
X

–
X

X

X

–

–

–

–

X

X

X

–

–

–

Monitoring and
veriﬁcation

Improvement

Documentation
and review

a

CCME (2002).
Davison et al. (2006).
c
ISO (2015).
d
NHMRC (2011).
e
NZMOH (2015).
f
Ropkins & Beck (2000).
g
Sperber (2005).
h
WHO (2011).
b
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measures, management; (4) Monitoring and verification – review and validation of performance-monitoring practices; (5) Improvement – identification and prioritization of improvements, development; and
(6) Documentation and review – record-keeping, auditing, review processes.
Within Canada, the provincial and territorial approaches to drinking-water management were also
compared (Table 16) based on the same elements and categories found in Table 15. The results in
Table 16 illustrate the differences of drinking-water management approaches that can be found throughout Canada and highlight the frequency of each management element within Canadian provincial/
territorial DWMSs. The dark-gray shading represents management elements that are found in less
than 30% of all provincial/territorial DWMSs; the light-gray shading represents management elements
that are found in less than 50% of all provincial/territorial DWMSs; white (no shading) represents management elements found in greater than 50% of all provincial/territorial DWMSs. The general QMSs
and national DWMS approaches/recommendations were excluded from the frequency values found in
Table 16 in order to provide a more-representative picture of the provincial/territorial DWMSs and to
better highlight common deficiencies and management gaps found in Canada.

Results and discussion
Quantifying the performance of DWMSs and the importance of individual management elements is
difficult due to its qualitative nature. However, by comparing the DWMSs with each other, a context
to gauge the comprehensiveness of an individual DWMS can be established. With this information,
potential management gaps and areas for improvement can be identified and used by DWSS planners,
operators and legislators to improve existing, or developing new, DWMSs. After reviewing the frequency
of different management elements and the comparisons in Tables 15 and 16, it is evident that there are
significant differences between approaches to drinking-water management in different parts of the world
and across Canada. While these differences can most likely be attributed to a variety of factors (e.g. legislation, priorities, governance structure) and that some elements may be considered more important than
others, the lack of consistency across DWMSs is surprising, given the same goal of providing safe, clean
drinking water.
The results in Table 15 illustrate the lack of a comprehensive federal DWMS in Canada, especially
when comparing the CCME Multi-barrier Approach and the incorporated management elements to the
DWMSs in Australia and New Zealand and the WHO WSP Recommendations. This is expected, given
the broad, oversight-oriented approach to federal drinking-water management and the decentralized governance structure in Canada (Hill et al., 2008). In theory, the CCME Multi-barrier Approach is designed
to be a broad management template, complemented by provincial/territorial DWMSs. However, in practice, this is not the case.
The results in Table 16 highlight the vastly different approaches to drinking-water management across
the provinces and territories. While some provinces such as British Columbia, Ontario and Quebec
appear to provide more-comprehensive approaches to drinking-water management and cover many of
the identified management elements, provinces and territories with less-developed approaches, such
as New Brunswick, Nunavut, Prince Edward Island and the Yukon, may be leaving consumers susceptible to drinking-water quality issues by relying on less-comprehensive or non-existent DWMSs. This
vulnerability could be amplified even further in small, rural and First Nations communities where
human resources and budgetary constraints already result in significant challenges (Scheili et al., 2015).
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Table 16. Comparison of Canadian provincial and territorial drinking-water management approaches and frequency of included elements.
Elements

Administrative

Assemble quality-management team(s)
Commitment to drinking-water quality
management
Communication outreach plan
Drinking-water quality policy
Management plan
Modiﬁed method for smaller systems
Public involvement and awareness
Regulatory and formal requirements
(legally binding)
Health–based targets
Critical control points
Flow diagram
Hazard identiﬁcation/risk assessment
Hazard (risk) prioritization
Identiﬁcation of barriers and/or control
measures
System analysis
Contingency planning/incident
response protocols
Employee involvement (awareness,
competency, training)
Equipment capability and maintenance
veriﬁcation
Established critical limits
General preventative measures
(non-specific)
Multiple barriers
Watershed (source) management
Operational monitoring
Control measure monitoring
Customer satisfaction monitoring
General monitoring (non-specific)
Independent monitoring
Process validation
Water-quality monitoring

Assessment

Mitigation

Monitoring and
veriﬁcation

Frequency
ABf BCa,b,c MBm NBd NLg,h NSi NTl NUd ONn PEd,j QCe SKj,k YTd of elements
–
–

X
–

X
–

–
–

–
X

X
X

–
–

–
–

X
X

–
–

X
–

–
–

–
–

38.5%
23.1%

–
X
X
–
X
X

–
X
–
X
–
–

–
X
–
–
–
X

–
–
–
–
–
–

–
X
–
–
X
–

X
X
–
–
–
X

X
–
–
–
X
X

–
–
–
–
–
–

X
X
X
X
X
X

–
X
–
–
–
–

X
–
X
–
X
–

–
–
–
–
X
X

–
–
–
–
–
X

30.8%
53.8%
23.1%
15.4%
46.2%
53.8%

–
–
–
X
–
–

–
–
X
X
X
X

–
–
–
–
–
–

–
–
–
–
–
–

–
–
–
–
–
–

–
–
–
X
–
–

–
–
–
–
–
X

–
–
–
–
–
–

–
X
X
X
X
X

–
–
–
–
–
–

–
–
X
X
–
X

–
–
–
–
–
–

–
–
–
–
–
–

0.0%
7.7%
23.1%
38.5%
15.4%
30.8%

X
–

X
X

X
–

–
–

–
–

X
–

X
X

–
–

X
X

–
–

X
–

–
–

–
–

53.8%
23.1%

X

X

X

X

–

X

X

X

X

X

X

X

X

92.3%

–

X

–

–

–

–

X

–

X

–

–

–

–

23.1%

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

X
–

–
–

X
–

–
–

–
–

15.4%
0.0%

–
–
–
–
–
–
–
–
–

X
X
X
–
X
–
–
X
X

–
X
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–

X
X
X
X
X
–
–
–
X

X
X
X
X
–
–
–
X
X

X
X
X
–
X
–
–
–
X

–
–
–
–
–
–
–
–
–

X
X
X
X
X
–
–
X
X

–
–
–
–
–
–
–
–
–

–
X
–
X
–
–
X
–
X

X
X
–
–
–
–
–
–
X

–
–
–
–
–
–
–
–
–

46.2%
61.5%
38.5%
30.8%
30.8%
0.0%
7.7%
23.1%
53.8%
(Continued.)

Downloaded from http://iwaponline.com/wp/article-pdf/20/3/565/476063/020030565.pdf
by guest

T. Bereskie et al. / Water Policy 20 (2018) 565–596

Category

Table 16. (Continued.)

Elements

Improvement

Corrective actions
Inventory of available resources for
improvement
Prioritization of improvements
Research and development
Timetable for improvements
Audit/review of DWMS
Continuous improvement
Documentation, record-keeping, and
reporting (general)
DWMS improvement plan
Identiﬁcation of links to other qualityassurance systems
Management of documentation and
record-keeping
Review by senior executive

Documentation
and review

a

BCMHLS (2010).
BCMOH (2013).
c
BCOPHO (2015).
d
Dunn et al. (2014).
e
Gangbazo (2011).
f
Government of Alberta (2012).
g
Government of Newfoundland and Labrador (2001).
h
Government of Newfoundland and Labrador (2015).
i
Government of Nova Scotia (2002).
j
Government of Prince Edward Island (2001).
k
Government of Saskatchewan (2003).
l
Government of the Northwest Territories (2005).
m
Manitoba Provincial Planning Regulation (n.d.).
n
Ontario Ministry of Environment (2007).
b

Frequency
ABf BCa,b,c MBm NBd NLg,h NSi NTl NUd ONn PEd,j QCe SKj,k YTd of elements
X
X

X
X

–
X

–
–

X
–

X
X

–
–

–
–

X
X

–
–

X
X

X
–

–
–

53.8%
46.2%

X
–
X
X
–
–

X
–
X
X
–
X

X
–
X
–
–
–

–
–
–
–
–
–

–
X
–
–
–
X

–
–
–
X
X
X

–
–
–
–
–
X

–
–
–
–
–
–

X
X
X
X
X
X

–
–
–
–
–
–

X
–
X
X
–
X

–
–
–
–
–
–

–
–
–
–
–
–

38.5%
15.4%
38.5%
38.5%
15.4%
46.2%

–
–

X
X

–
–

–
–

–
–

–
–

–
–

–
–

X
–

–
–

X
–

–
–

–
–

23.1%
7.7%

–

X

–

–

–

–

–

–

X

–

X

–

–

23.1%

–

–

–

–

–

X

–

–

X

–

–

–

–

15.4%
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It is also important to note the differences found between the majority of DWMSs and the more-generalized QMS approaches in Table 15. These differences can be attributed to the fact that the chosen
DWMSs are, by their nature, more specific in terms of elements applying to the actual water treatment
process. However, while most DWMSs highlight specifics such as watershed (source) management,
regulatory requirements and drinking-water quality policy, they appear to focus less on monitoring, verification, documentation and review than is suggested by the ISO, 9001:2015 and the HACCPs
approach.
Recommendations
In order to address the multifaceted nature of drinking-water management and governance in Canada and
to ensure high-quality drinking water from catchment to the consumer’s tap, the Canadian Federal Government must take a more-proactive role with provincial, territorial and municipal drinking-water management.
While the CCME Multi-barrier Approach serves as a broad template for the preventative management of
DWSSs, it is overly generic and does not provide a defined pathway for implementation. In this context,
a guidance document such as the WHO Guidelines for Drinking-water Quality (Chapter 4 – WSPs)
(WHO, 2011) should be developed and implemented specifically for Canada to serve as a more-useful
resource for provincial and territorial governments in the development of improved DWMSs.
Given the nature of Canada’s decentralized governance structure, provincial/territorial governments
have and will continue to maintain the most direct responsibility for drinking-water management
(de Loë & Kreutzwiser, 2007). In order to ensure high-quality, consistent drinking-water across the
country, provincial and territorial governments must strive to develop, implement and enforce the use
of more-comprehensive catchment to consumer DWMSs, as is already established in Ontario and
Quebec. The provincial/territorial governments should also explore the implementation of more-general
QMS elements and place a greater emphasis on continuous improvement, monitoring/documentation
and review.
With almost 80% of all public drinking-water utilities in Canada serving populations of fewer than
5,000 people, steps must also be taken to ensure that smaller municipalities can meet the financial
and human resource demands of more-comprehensive DWMSs (Statistics Canada, 2011; Scheili
et al., 2014; Bereskie et al., 2017a). In terms of implementation, this can follow the example set by
the Australian Framework for Management of Safe Drinking Water (NHMRC, 2011), with smaller systems focusing heavily on preventative management (e.g. more-frequent use of sanitary inspections to
identify potential sources of contamination) and approaching formal water-quality testing and monitoring in a more cost-effective manner (WHO, 1996, 2011; NHMRC, 2011).

Conclusion
DWMSs encompass a wide variety of differing policies, procedures and administrative/behavioral
controls for ensuring safe drinking water throughout the world. Canada is no exception to this variability, with vastly different approaches to drinking-water management across the country. Although
quantifying the effectiveness and impact of management practices is difficult, given their nature, comparing the Canadian state of practice and management elements at the national and provincial/territorial
level against the WHO, world leaders in regard to DWMSs and well-established QMSs, a context can be
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provided to characterize the comprehensiveness of the existing Canadian provincial and territorial
DWMSs.
The results of this comparison show DWMSs ranging from comprehensive (e.g. Ontario) to outdated
(e.g. Prince Edward Island) and non-existent (e.g. Nunavut) and highlight specific management
elements (i.e. independent monitoring, continuous improvement, senior-executive review, etc.) and categories (i.e. documentation and review and monitoring and verification) lacking in Canadian provincial/
territorial DWMSs. The information from this review can be valuable to stakeholders, legislators and
decision-makers looking to improve DWSSs through more efficient and effective management practices
from other DWMSs or less-specific QMSs.
Future studies related to reviewing and comparing DWMSs should include more international DWMSs
and general QMSs for comparison. This can help to potentially identify more categories and elements that
should be included as part of a comprehensive DWMS. As the use and documentation associated with
DWMSs continue to expand, more information will be available regarding the impact of including and
excluding specific management elements. Furthermore, future research should incorporate the development of a performance metric, potentially integrating water quality, customer satisfaction and utility
reliability, to quantify the effectiveness of individual management elements and, subsequently, overall
DWMS performance. In this same context, the impacts and effectiveness of DWMSs specifically in
small, rural and First Nations communities should be investigated to provide additional information
for decision-makers looking to improve DWSS performance in these vulnerable areas.
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