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A systematic literature review of the enabling
environment elements to improve implementation
of water safety plans in high-income countries
Rachel Baum and Jamie Bartram

ABSTRACT

Effective risk management helps ensure safe drinking water and protect public health. Even in high-
income countries, risk management sometimes fails and waterborne disease, including outbreaks,
occur. To help reduce waterborne disease, the WHO Guidelines for Drinking Water Quality
recommend water safety plans (WSPs), a systematic preventive risk management strategy applied
from catchment to consumer. Since the introduction of WSPs, international guidelines, national and
state legislation, and local practices have facilitated their implementation. While various high-income
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OECD countries have documented successes in improving drinking water safety through

implementing WSPs, others have little experience. This review synthesizes the elements of the

enabling environment that promoted the implementation of WSPs in high-income countries.

We show that guidelines, regulations, tools and resources, public health support, and context-

specific evidence of the feasibility and benefits of WSPs are elements of the enabling environment

that encourage adoption and implementation of WSPs in high-income countries. These findings

contribute to understanding the ways in which to increase the uptake and extent of WSPs throughout

high-income countries to help improve public health.
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INTRODUCTION

Safe drinking water is consistently expected in high-income
countries. However, waterborne disease and outbreaks still
occur (Hrudey & Hrudey 2004, 2014). To reduce the inci-
dence of waterborne disease, enhanced risk management
practices, such as water safety plans (WSPs) can be
implemented. WSPs are a systematic, preventive risk man-
agement approach that is applied from catchment to tap to
ensure safe drinking water (Davison ef al. 2005; Bartram
et al. 2009). WSPs have been implemented in the following
high-income countries: Australia, Austria, Belgium, Canada,
Czech Republic, Denmark, Finland, France, Germany,
Hungary, Iceland, Ireland, Italy, Japan, Portugal, The Neth-
erlands, New Zealand, Norway, Slovakia, Slovenia, Spain,
Sweden, Switzerland, and the United Kingdom (Davison
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et al. 2005; Martel et al. 2006; Japan Ministry of Health
Labour & Welfare 2008; Malzer et al. 2010; Gunnarsdottir
et al. 2012b; Brauer & Sturm 2014; Davidovits 2014; Reid
et al. 2014; Rinehold et al. 2017). WSPs provide benefits in
improving control of hazards, regulatory compliance, micro-
biological water quality, asset management, communication,
staff knowledge of water supplies, and public health out-
comes (Gunnarsdottir et al. 2012a; Loret et al. 2016;
Rinehold et al. 2017; Setty et al. 2017).

While WSPs have grown from individual water system
practices to national guidelines and regulatory requirements
in some high-income countries, Canada, Chile, Israel, and
the United States have limited experience with WSPs
(Hamilton ef al. 2006; Martel et al. 2006). Although these
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countries have drinking water quality regulations and
require specific treatment processes and management prac-
tices, water contamination events still occur, contributing
to waterborne diseases and outbreaks. Many drinking
water quality regulations in these countries align with the
components of a WSP, however gaps exist, indicating that
potential benefits could be realized through improved pre-
(Chile
Environment, 2012; Martel et al. 2006; Israel Ministry of

ventive risk management Ministry of the
Health Public Health Regulations 2013; Baum ef al. 2015).

While formal rules (regulations or guidelines) promote
the uptake of risk management practices such as WSPs,
other conditions, such as cultures and norms, also influence
risk management practices. Formal rules together with the
conditions that affect the achievement of objectives are con-
sidered the enabling environment (Amjad et al. 2015; Ojomo
2016). To improve drinking water safety, an enabling
environment can be created that supports that goal.

The objective of this systematic literature review was to
assess the enabling environment by regulations, institutional
arrangements, and/or conditions that promoted the adop-
tion and implementation of WSPs in drinking water
systems in high-income countries (defined as high-income
Organisation for Economic Co-operation and Development
(OECD) member states as classified by the World Bank).
Understanding the ways in which WSPs were adopted and
implemented in other OECD high-income countries illus-
trates the enabling environment that could help to close
these gaps between current policies and WSPs in countries
with less experience.

METHODS

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were used (Moher
et al. 2009). Study articles were identified from: Web of
Science, ScienceDirect, Water Safety Portal, and the drink-
ing water quality agency website of each high-income
OECD country and states. Bibliographies from these articles
were searched to identify other relevant studies or grey lit-
erature that were not found through the search. This
search was conducted between June 1, 2017 and July 20,
2017.

Search terms were chosen to include articles that dis-
cussed any experiences related to WSPs or other risk
management plans for water systems. Only articles in Eng-
lish were included. Since many water systems used hazard
analysis and critical control points (HACCP) as a risk man-
agement practice similar to WSPs, HACCP was used as a
synonym for WSP when searching. The search terms used
were: ‘drinking water’ AND regulat* OR legislat* OR
adopt* OR implement* OR experience* (included in the
article) AND ‘water safety plan® OR ‘HACCP’ OR ‘risk
management’ OR ‘safety plan®*” AND water (included in
the title).

RESULTS

The literature search yielded 158 unique results (Figure 1).
These 158 articles were screened by title and abstract to
determine which were eligible for inclusion. Inclusion cri-
teria were that the articles must be: about high income
OECD countries, related to water systems serving commu-
nities, and about implementation or experiences with WSP
or HACCP. Articles about evaluation frameworks for risk
management, technologies to assist risk management, or
articles on only other (low and middle income) countries
were excluded. This led to the inclusion of 88 articles that

Records identified through
database searching other sources
(n=151) (n=12)

| |

Records after duplicates removed
(n=158)

|

Records identified through

Records screened 3 Records excluded
(n=1358) (n=70)
Full-text articles Full-text articles excluded,
assessed for —] with reasons
eligibility (n=2)
(n=88) Not related to experience in
adopting or implementing
l WSPs
Studies included in
qualitative synthesis
(n=86)

Figure 1 | PRISMA systematic literature review articles on enabling-environment
elements for drinking water risk management plans in high-income OECD
countries.
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discussed the enabling environment through regulations,
institutional arrangements, or experiences of a water
system or set of water systems that led to the adoption of a
WSP or similar risk management practice in a high-
income OECD country. Two articles were excluded based
upon full text review, in which it was revealed that the con-
tent was unrelated to the implementation or experience of a
WSP or HACCP, leaving 86 articles in the synthesis of the
literature review (see Appendix for full list of included
articles, available with the online version of this paper).

Qualitative synthesis

The literature review revealed many case studies of WSP
experiences. However, few articles compared different
drinking water safety approaches. We synthesized the regu-
lations, institutions, and conditions of the enabling
environment across all WSP experiences at international,
national, state and local levels that led to the adoption and
implementation of WSPs.

Included studies suggest that the enabling environment
for adoption and implementation of WSPs includes guide-
lines, regulations, tools and resources, public health
support, and context-specific evidence of the feasibility and
benefits of WSPs. Each of these components of the enabling
influences others between

environment international,

national and state, and local levels (Figure 2).

International
Guidelines;
Standards

Wsp
adoption and
implementation

National
and State
Regulations or guidelines;
Tools and resources;
Public health support

Local

Context-specific evidence
of feasibility and benefits;
Public health support

Figure 2 | Influence of enabling-environment elements across international, national,
and local boundaries.

International-scale promotion and adoption of WSPs

On an international scale, guidelines and standards promote
WSP adoption and implementation. Many systematic risk
management practices for water systems in high-income
countries began as a related international practice,
HACCP, that was first used in the food industry to assure
food safety (Havelaar 1994). HACCP practices for the food
industry began in the late 1960s in the USA, and the US
Food and Drug Administration conducted a pilot program
of HACCP audits in 1973 (Ropkins & Beck 2000). By the
1990s, HACCP was practiced widely to improve food
safety (Mortimore & Wallace 2013). Havelaar first noted
the potential application of HACCP practices to drinking
water systems in 1994 (Havelaar 1994). Since then, some
countries, such as Switzerland, Iceland, France, and Slove-
nia have held water systems to the same standards as food
processing centers, requiring water systems to institute
HACCP (Beir et al. 2003; Bosshart 2003).

International Standards, including ISO 9001 and ISO
14001, have served as stepping stones towards WSPs as
they include some of the components of a WSP. ISO 9001
addresses quality management systems, however it focuses
on end product testing and continual improvement rather
than preventive risk management (Australia National
Health and Medical Research Council, 2004). ISO 14001
focuses on environmental management, but emphasizes
environmental protection rather than public health (Martel
et al. 2006). A case study of five water utilities in Australia
showed that at each utility, ISO 9001 and ISO 14001 had
been implemented prior to implementing HACCP, which
both helped in minimizing additional documentation and
additional management practices of HACCP (Martel et al.
2000).

Even though HACCP was an initial driver for improved
risk management of drinking water systems, widespread
application of HACCP for drinking water safety did not
occur. Between 1994 and 2004, the World Health Organiz-
ation (WHO) developed international guidelines for a
systematic risk assessment and management plan for drink-
ing water systems through an extensive design and
Throughout this period, WHO
worked to promote a culture of improving drinking water

consultation process.

safety through widely publicizing and promoting the use of
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what became known as WSPs through conferences, engage-
ments, and discussions that led to the codification of WSPs
as a component of a framework for safe drinking water in
the 2004 Guidelines for Drinking Water Quality 3rd Edition
(WHO Guidelines; WHO 2014); and in IWA; 2004 Bonn
Charter for Safe Drinking Water (Bonn Charter) (IWA
2004). The WHO Guidelines added to the enabling environ-
ment by promoting similarly aligned national and state
guidelines and regulations requiring systematic risk manage-
ment (Hamilton et al. 2006; Martel et al. 2006). The WHO
Guidelines and the Bonn Charter suggest that not only are
hazard analysis and controls needed (like HACCP), but
that risk assessment of the entire water system is necessary
to set priorities for ensuring the safety of drinking water
(IWA 2004; WHO 2004).

National- and state-scale promotion and adoption
of WSPs

While HACCP was widespread in the food industry in many
countries, the consideration of water as a food and the sub-
sequent introduction of HACCP to water systems in some
countries was often driven by a country’s or state’s public
health agency, as they are frequently charged with creating
regulations to protect and improve public health (Hamilton
et al. 2006; Jayaratne 2008). These national public health
agencies contributed to driving the wider policy context pro-
moting WSPs, as they both participated in and were
influenced by international and national discussions and
guidelines that recognized that end-point testing was insuffi-
cient to guarantee safe drinking water (Hamilton ef al. 2006;
Martel ef al. 2006; Jayaratne 2008; Brauer & Sturm 2014). In
some instances, HACCP practices were initiated out of con-
cern for public health following threats of waterborne
disease outbreaks from drinking water (Hamilton et al.
20006; Jayaratne 2008; WHO 2014). For example, in Australia,
Sydney endured a Cryptosporidium scare (but no disease
outbreak) in 1998 that led to the discussion of HACCP prac-
tices being beneficial and ultimately required (Hamilton
et al. 20006). Similarly, water quality incidents in northern
Belgium led to the implementation of WSPs (WHO 2014).
Water system managers began to implement HACCP risk
management practices in Switzerland (1995), Iceland
(1997), France (2001), and Slovenia (2004). In these

countries, regulatory requirements for HACCP for all
water systems were influenced by international discussions
and promotion before formal international guidelines
endorsed the adoption of WSPs (Brauer & Sturm 2014).
Similarly, the Australian Drinking Water Guidelines were
published in 2004, indicating that these guidelines were in
development in parallel with the WHO Guidelines, and
therefore both influenced and were influenced by these
international discussions.

While some countries amended their risk management
guidelines before formal international guidelines, following
the publication of the WHO Guidelines and the Bonn Charter,
many more countries amended their drinking water quality
guidelines and regulations to include specific risk assessment
components of WSPs in addition to hazard analysis (Martel
et al. 20006; Brauer & Sturm 2014). In many countries, national
or state agencies first introduced WSPs as pilot projects in a few
utilities before creating national guidelines and regulations that
led to large-scale implementation of WSPs or similar risk man-
agement practices (Table 1). In other cases, such as the
Australian state of Victoria, individual water utilities
implemented WSPs before national or state agencies intro-
duced WSP pilot projects, guidelines, or regulations
(Mullenger et al. 2002; Jayaratne 2008). While guidelines are
not directly legally enforceable, like regulations, they provide
standards for due diligence and help to create an enabling
environment that supports the scale up of WSPs.

International, national, and state guidelines and regu-
helped
environment that led to an increased uptake of HACCP or

lations together in forming the enabling
WSPs for drinking water systems. According to a European
workshop on WSPs in 2014, ‘the most effective way to
ensure broad implementation of WSP-type approaches is
certainly a regulatory push’ (WHO 2014). Smaller water sys-
tems especially benefited from a regulatory push, as it was
often necessary for them to receive external support to
implement a WSP (Schmoll ef al. 2011). Where regulations
changed, regulators themselves had to change, as they
were charged with ensuring the effectiveness of WSPs. For
these regulators, audits became a new part of their responsi-
bilities (Rinehold et al. 2017). However, regulations are not
necessary to cultivate the national enabling environment.
For example, national-level tools and training resources

can instead contribute to the enabling environment for the
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Table 1 | High-income OECD country guidelines and regulations promoting the adoption of systematic risk management practices for drinking water quality

COUNTRY REGULATIONS GUIDELINES SOURCES
Australia By state (all six states require risk National Health and Medical Research Council, Natural Queensland Parliamentary
management plans): Resource Management Ministerial Council Australia Counsel (2008); New
Drinking water quality management plan National Health and Medical Research Council, 2004 South Wales Government
(Queensland 2008); Public Health promoting WSPs (2012); Victoria
Regulation (New South Wales 2012); Safe Government (2003);
Drinking Water Act (Victoria 2003); SA South Australia
Safe Drinking Water Act (South Australia Government (2011);
201); Risk-based framework of NHWRC Western Australia
(Western Australia 2017); Drinking water Government (2017);
quality management plan (Tasmania 2015) Tasmania Public Health
Services (2015)
Canada By province: Drinking water safety plans Health Canada (2010) - Drinking water guidelines Martel et al. (2006); Perrier
required only in Alberta promoting multi-barrier approach et al. (2014); Health
Canada (2010); Reid et al.
(2014)
Chile Ministry of the Environment — no guidelines on risk Chile Ministry of the
management procedures Environment, Ch. 5 (2012)
European Commission Directive 2015/1787 amending Annex II to Commission Directive
Union' Council Directive 98/83/EC - grants ability to deviate =~ 2015/1787 amending
from the Drinking Water Directive if the steps of a Annex II to Council
WSP are carried out Directive 98/83/EC (EC
2015)
Iceland? HACCP - regulated as food in The Foodstuff Gunnarsdottir &
Act No. 93 (1995) Gissurarson (2008);
Gunnarsdottir et al.
(2012b); Brauer &
Sturmet al. (2014)
Israel Ministry of Health — annual preventive sanitary surveys Israel Ministry of Health
but no requirement for a systematic risk management Public Health
plan Regulations (2013);
(Winston et al. 2003)
Japan Ministry of Health, Labour and Welfare — Guidelines for Japan Ministry of Health

Republic of Water Supply and Waterworks Installation

Korea Act (2010) has water quality standards but
lacks a preventive risk management
approach

New Health Amendment Act (2007) requiring

Zealand Public Health Risk Management Plans for

drinking water
Norway? Optimal disinfection program in Drinking

Water Regulations No. 1372, Sec. 10
(Ministry of Health & Social Affairs 200r1)

Switzerland HACCP - regulated as food; Hygiene
Ordinance (SR 817.051 HyV, Article 11)
(1995)

Safe Drinking Water Act (1996) has many
components similar to a WSP

United
States

WSP development

Labour & Welfare (2008)

Water Supply and
Waterworks Installation
Act (2010)

Health Amendment Act
(2007); NZ Ministry of
Health (2014); Martel
et al. (2006)

Drinking Water Regulations
No. 1372 (Ministry of
Health & Social Affairs
2001)

Hygiene Ordinance 817.051
(1995); Brauer & Sturm
(2014); Martel et al. (2006)

Code of Federal Regulations
Title 40, Parts 141-143

Notes: "High-income OECD European Union countries: Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Luxembourg, Nether-
lands;-Poland,Portugal;Slovak-Republic,Slovenia, Spain,Sweden;United Kingdom. 2European Free Trade Association member countries that are also required to implement EU directives

into national legislation.
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implementation of WSPs (WHO 2014). In Finland and Ire-
land, online tools helped the implementation of WSPs
(Rickert et al. 2016). In other countries, such as Austria
and Germany, manuals with examples (in their respective
languages) were created, which eased the implementation
of WSPs (Rickert et al. 2016). Such manuals and tools
assisted in training water utility leaders in the implemen-
tation of WSPs
development of financial mechanisms and incentives also

without national regulations. The
supports the enabling environment, especially for smaller
systems that may be more financially limited (WHO 2014).
For example, in Scotland, improvement grants for private
suppliers are only available to those who have carried out
a risk assessment (WHO 2014). Offering financial resources
to water systems to develop and/or maintain their WSP
reduces one of the greatest challenges (i.e. financial barriers)
to implementation (Loret et al. 2016).

Iceland and Switzerland instituted regulatory require-
ments for HACCP for water systems, adding formal rules
to their enabling environments (Table 1). The WHO’s pro-
motion of WSPs through the open process of development
of its Guidelines for Drinking Water Quality over the
period from 1994-2004 contributed to establishing an
enabling environment that increased adoption of WSPs.
Several countries that are members of the European
Union (France, Portugal, Slovenia, England, Wales, Scot-
land, and Hungary) implemented WSPs through national
regulations and international guidelines prior to the Euro-
pean Union’s (EU) Annex II of the Commission Directive
2015/1787 (Beir et al. 2003; Metge et al. 2003; Brauer &
Sturm 2014; Vierira 2007; May 2010; England and Wales Stat-
utory Instruments No. 2734, 2007; Davidovits 2014; The
Private Water Supplies (Scotland) Regulations, 2006).

The EU established the Drinking Water Directive
(DWD) in 1998, which provides the minimum requirements
for each country’s national legislation. In 2015, the EU
passed Annex II of the Commission Directive 2015/1787,
which introduced the option for each country to adapt
their national legislation to allow for monitoring based
upon a systematic risk assessment (EU 2015/1787, 2015).
While the EU already had a strict set of drinking water qual-
ity monitoring requirements, this legislation acknowledged
the merit of WSPs, and enhanced the enabling environment
for WSPs through formal regulations. Each EU member

state had until 2017 to ensure that its regulations complied
with the DWD legislation.

In Norway, national regulations led to the scale up of
WSPs in 2001. Drinking Water Regulations No. 1372, Sec.
10 (Ministry of Health & Social Affairs 2001) requires
water systems to submit recommendations for water
sampling and analysis based upon a risk assessment of the
water system. While a WSP is not specifically required,
hazard analysis, risk assessment, and continued develop-
ment are.

In New Zealand, the Ministry of Health implemented
formal rules requiring all water systems to develop a WSP
(previously known as Public Health Risk Management
Plans) (Martel ef al. 2006; Health Amendment Act 2007;
New Zealand Ministry of Health 2014). New Zealand’s Min-
istry of Health has published various documents to help
both large and small water systems adopt WSPs (New Zeal-
and Ministry of Health 2014).

In both Australia and Canada, national health depart-
ments created guidelines for drinking water facilitating the
adoption of WSPs, however it is each state or province’s
responsibility to create their own regulations, if they want
to require WSPs (Martel et al. 2006; Health Canada 20r10;
Perrier et al. 2014). Through the creation of these guidelines,
national and state health departments added to the enabling
environment, facilitating the adoption of WSPs in each state
or province. In Australia, all six states require drinking water
risk management plans; and in Canada, Alberta requires
WSPs. In both Australia and Canada, utility leaders that
were early adopters of WSPs assessed the applicability, feasi-
bility, and benefits of WSPs prior to regulatory requirements
(Jayaratne 2008; Perrier et al. 2014; Reid et al. 2014).

In the Republic of Korea, the Water Supply and Water-
works Installation Act requires that each water provider
carry out its own safety management (Water Supply and
Waterworks Installation Act 2010). It requires many prac-
tices similar to WSPs, but it does not specify the use of a
systematic risk assessment. However, since 2012, the gov-
ernment-run water provider, K-Water, began to implement
WSPs in various water systems around the country
(K-Water 2013). While there are not formal regulations or
guidelines in place, K-Water has developed a checklist of
potential hazards and hazardous events, a Water Safety
Index, and a group of 35 experts to assist water systems
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with their risk assessments (K-Water 2013). The national gov-
ernment created an enabling environment through
providing tools and resources to assist in developing a
WSP and through providing examples of WSPs throughout
the country.

In Japan, the Ministry of Health, Labor and Welfare
issued guidelines on the use of a systematic risk manage-
ment approach to promote the implementation of WSPs
(Kunikane 2009; Rinehold et al. 2017). While formal regu-
lations (the Waterworks Act) do not specify the use of
WSPs, the guidelines and tools from the Ministry of
Health, Labor, and Welfare and the Japan Water Works
Association have helped in the implementation of WSPs.
The leaders of these organizations have also created a soft-
ware program with a list of potential hazardous events
that can help water system managers in the risk assessment
process (Kunikane 2009).

In Israel and Chile, the Ministry of Health creates both
conditions (guidelines) and formal rules (regulations) for
enhanced water system risk management (Chile Ministry
of the Environment, 2012; Israel Ministry of Health Public
Health Regulations 2013). In Israel, preventive sanitary sur-
veys are required annually at each water system, however
the annual nature of these surveys mean that they are not
part of the daily culture of the risk management of the
water system, as WSPs are (Isracl Ministry of Health
Public Health Regulations 2013). They are used to identify
hazards and risks throughout the drinking water system,
but a team of water utility personnel to frequently assess
and manage these risks is not required. In Chile, the Minis-
try of Health creates water quality regulations, however
there are no regulations or guidelines for risk management
plans for water systems (Chile Ministry of the Environment,
2012).

In the United States, there are substantive commonal-
ities between existing national regulations and WSPs
(Baum et al. 2015). However, WSPs have not been
implemented and are not included in any national guide-
lines or regulations.

Local promotion and adoption of WSPs

Prior to creating national legislation, some countries, such
as Australia and Portugal, chose to pilot WSPs (Vierira

2007; Jayaratne 2008). In 1998, at Yarra Valley Water, in
Australia, water utility managers realized that its end-
point testing was insufficient to ensure water safety
(Jayaratne 2008). Its implementation of HACCP and then
a WSP led to operational improvements and estimated
cost savings from reduced operational expenses of $7,500
to $38,000 per incident (Jayaratne 2008). In southern Por-
tugal, a public water supplier implemented a WSP and
reduced the frequency of laboratory testing based upon
the risk assessment, reducing laboratory testing and operat-
ing costs by 56% (Jayaratne 2008). In other countries, such
as Germany and Greece, national institutions chose water
systems in which to pilot WSPs to determine their feasi-
bility and costs and benefits as a basis for informed
discussion on whether to implement specific national regu-
lations requiring WSPs (Damikouka et al. 2007; Schmoll
et al. 20m). In Germany, the Federal Ministry of Health,
the Federal Environment Agency, and the Association for
Gas and Water led the effort to pilot WSP implementation
in selected water systems to assess the applicability, feasi-
bility, and costs and benefits of WSPs. Water system
managers realized that at least 70% of their current prac-
tices corresponded with WSPs, so large-scale changes
would not be needed (Schmoll et al. 20m). Many small
water system managers in Germany saw the benefits of
formal rules requiring WSPs, to garner resources and sup-
(Schmoll et al. 20m). While
Germany has not implemented regulations requiring

port from stakeholders

WSPs, water system managers increasingly recognize the
potential benefits of WSPs and implement them (Schmoll
et al. 201).

In these countries, local implementation of WSPs pro-
vided context-specific evidence of the feasibility and
benefits of WSP implementation. This evidence helped to
influence national guidelines and policies, as well as inter-
national guidelines. Collectively, these elements added to
the enabling environment to promote the implementation
and sustainability of WSPs.

DISCUSSION

The demonstrated benefits of WSPs justify an analysis of the
conditions that would lead to their wider, faster, and easier
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adoption (Gunnarsdottir et al. 2012a; Loret et al. 2016;
Rinehold et al. 2017; Setty ef al. 2017). Our findings highlight
the ways in which an enabling environment could be cre-
ated to lead to greater uptake of WSPs and enhanced
drinking water safety in other high-income countries
through: crafting guidelines, regulations, tools and
resources, public health support, and context-specific evi-
dence of the feasibility and benefits of WSPs.

While the majority of the high-income OECD countries
have experience with implementing WSPs, Canada, Chile,
Israel, and the USA have little or no experience with
WSPs. In these four countries, there are substantive com-
monalities between existing national regulations and
WSPs. Similar to German water system operators, water
system operators in these four countries would likely also
recognize the similarities between their current practices
and WSPs, making the adoption of WSPs less daunting.
Additionally, with institutional support, the tools and
resources to smoothly implement a WSP could make
water system managers more willing and able to do so
(Schmoll et al. 201m). In Alberta, Canada, the Alberta
Environment and Parks group created a template with
notes to assist water system managers in implementing
their WSPs, which is an approach that could be taken to
apply to the other states throughout Canada as well as
other high-income countries’ water systems (Reid ef al
2014). Similarly, the WHO has published step-by-step
guides for WSP development and implementation for both
large and small water systems (Bartram et al. 2009; WHO
2012) as well as a quality assurance tool (WHO/IWA 2013).
For systems with financial barriers to implementation,
grants could be offered to systems preparing to implement
WSPs or to those that have already implemented WSPs,
similar to Scotland’s incentive approach (WHO 2014).

While there were 86 studies included in this systematic
review that provided information on the enabling environ-
ment for WSP implementation, there may be other
experiences with WSP development and implementation
in high-income countries that have not been as well docu-
mented and reported. This evidence could provide even
more detail into the components of an enabling environ-
ment and data on the costs and benefits of WSPs, if made
publicly available. Additionally, there may be other contex-
influence the

tual factors in these countries that

composition of an enabling environment for WSP
implementation that should be taken into consideration.

This systematic review could assist policymakers, public
health leaders, and water utility managers in Canada, Chile,
Israel, and the USA, where there has been little experience
with WSPs, to make informed decisions about WSP
implementation. There are clear potential benefits for water-
borne disease prevention in water systems in these
countries, (Tulchinsky et al. 2000; Pino et al. 2015; Murphy
et al. 2016) and dedicating the resources to help create the
formal rules and conditions of an enabling environment
could help to realize those benefits. It is through an enabling
environment that scaling up WSP implementation could
occur.

CONCLUSION

International, national, and local rules and conditions inter-
act to create the enabling environment composed of
regulations, guidelines, tools and resources, public health
support, and context-specific evidence of the feasibility and
benefits of WSPs for drinking water safety. International
guidelines promote the creation of national regulations
that depend on local implementation and cooperation to
show evidence of the benefits of WSPs in improving drink-
ing water safety. These elements collectively lead to the
scale up and implementation of WSPs and promote their
sustainability.

Since the implementation of regulations requiring
WSPs, many high-income countries have shown evidence
of the beneficial results from WSP implementation in
enhanced water system management and water safety.
Canada, Chile, Israel, and the USA might also be able to rea-
lize similar benefits if an enabling environment were created
to promote the widespread implementation and develop-
ment of WSPs.

REFERENCES

Amjad, U., Ojomo, E., Downs, K., Cronk, R. & Bartram, J. 2015
Rethinking sustainability, scaling up, and enabling
environment: a framework for their implementation in
drinking water supply. Water 7, 1497-1514.

www.manaraa.com


http://dx.doi.org/10.3390/w7041497
http://dx.doi.org/10.3390/w7041497
http://dx.doi.org/10.3390/w7041497

22 R. Baum & J. Bartram | Systematic literature review on enabling environment elements for WSPs

Journal of Water and Health | 16.1 | 2018

Australia National Health and Medical Research Council 2004
Australian Drinking Water Guidelines 6, Version 3.3.
Commonwealth of Australia. Available at: https:/www.
nhmrc.gov.au/_files_nhmrc/publications/attachments/
eh34_adwg_11_06.pdf (accessed 20 June 2017).

Bartram, J., Corrales, L., Davison, A., Deere, D., Drury, D.,
Gordon, B., Howard, G., Rinehold, A. & Stevens, M. 2009
Water Safety Plan Manual: Step-by-Step Risk Management
for Drinking-Water Suppliers. World Health Organization,
Geneva, Switzerland.

Baum, R., Amjad, U., Luh, J. & Bartram, J. 2015 An examination of
the potential added value of water safety plans to the United
States drinking water legislation. Intl J. Hyg. Environ. Health
218, 677-685.

Beir, L., Joret, J., Muller, M. & Mascureau, H. 2003 Vivendi Water:
Application of HACCP Principles in Drinking Water. In:
Proceedings of Water Safety Conference — Risk Management
Strategies for Drinking Water. Federal Environmental Agency
(Umweltbundesamt), Berlin.

Bosshart, U. 20053 HACCP - Hazard Analysis and Critical Control
Points at the Zurich Water Supply. In: HACCP in Drinking
Water Supplies in Switzerland. Swiss Gas and Water Industry
Association, Zurich, Switzerland.

Brauer, F. & Sturm, S. 2014 European Strategic Workshop on
Water Safety Planning. Berlin, Germany.

Chile Ministry of the Environment 2012. Chapter 5: Access to
drinking-water and sewerage. Available from: http://www.mma.
gob.cl/1304/articles-52016_Chapter5.pdf (accessed 1 June
2017).

Code of Federal Regulations Title 40, Chapter 1, Subchapter D,
Parts 141-143. Available from: https://www.ecfr.gov/cgi-
bin/text-idx?SID=43110afb2f6620237/ ddb5168738d2
96f&mc=true&tpl =/ecfrbrowse/Title40/40CIsubchap D.tpl
(accessed 1 June 2017).

Damikouka, I., Katsiri, A. & Tzia, C. 2007 Application of HACCP
principles in drinking water treatment. Desalination 210,
138-145.

Davidovits, Z. 2014 The effects of changes in legal regulations on
planning drinking water safety. Hadmernok 9, 234-240.

Davison, A., Howard, G., Stevens, M., Callan, P., Fewtrell, L.,
Deere, D. & Bartram, J. 2005 Water Safety Plans: Managing
Drinking-Water Quality From Catchment to Consumer.
World Health Organization. Geneva. Available at: http://
www.who.int/water_sanitation_health/dwq/wsp0506/en/
index.html (accessed 31 July 2015).

EC (European Council) 2015 Commission Directive 2015 CD (EU)
2015/1787 of 6 October 2015 Amending Annexes II and III to
Council Directive 98/83/EC on the Quality of Water Intended for
Human Consumption. European Council, Brussels, Belgium.

Gunnarsdottir, M. J. & Gissurarson, L. R. 2008 HACCP and water
safety plans in Icelandic water supply: preliminary evaluation
of experience. Journal of Water and Health 6, 377-382.

Gunnarsdottir, M. J., Gardarsson, S. M., Elliot, M.,
Sigmundsdottir, G. & Bartram, J. 2012a Benefits of water

safety plans: microbiology, compliance, and public health.
Environmental Science and Technology 46, 7782-7789.

Gunnarsdottir, M. J., Gardarsson, S. M. & Bartram, J. 2012b
Icelandic experience with water safety plans. Water Science
and Technology 65, 277-288.

Hamilton, D., Gale, P. & Pollard, S. 2006 A commentary on recent
water safety initiatives in the context of water utility risk
management. Environment International 32, 958-966.

Havelaar, A. H. 1994 Application of HACCP to drinking water
supply. Food Control 5, 3.

Health Amendment Act 2007 Part 2A Drinking Water. New
Zealand Parliamentary Council Office, Wellington, NZ.

Health Canada 2010 From Source to Tap - The Multi-Barrier
Approach To Safe Drinking Water. Available at: http://www.
hc-sc.gc.ca/ewh-semt/pubs/water-eau/tap-source-robinet/
index-eng.php (accessed 10 March 2016).

Hrudey, S. E. & Hrudey, E. J. 2004 Safe Drinking Water: Lessons
From Recent Outbreaks in Affluent Nations. IWA Publishing,
London, UK.

Hrudey, S. E. & Hrudey, E. J. 2014 Ensuring Safe Drinking Water:
Learning From Frontline Experience with Contamination.
AWWA, Denver, CO.

Hygiene Ordinance 1995 SR 817.051, HyV Article 11. Ordinance on
Hygiene and Microbiological Requirements Relating to
Foodstuffs, Objects in Contact with Foodstuffs, Workrooms and
Staff. Swiss Gas and Water Industry Association, Switzerland.

Israel Ministry of Health 2013 Public Health Regulations: The
Sanitary Quality of Drinking Water and Drinking Water
Facilities. Department of Environmental Health, Public
Health Services, Ministry of Health, Israel.

IWA 2004 Bonn Charter for Safe Drinking Water. IWA Publishing,
London, UK.

Japan Ministry of Health 2008 Labour and Welfare. Water Supply
in Japan. Japan Ministry of Health, Tokyo.

Jayaratne, A. 2008 Application of risk management system to
improve drinking water safety. Journal of Water and Health
6, 547-557.

Kunikane, S. 2009 Recent progress in WSP application in
Japan. In: US-Japan Government Conference, Las Vegas,
2009.

K-Water & WHO 2013 Water Safety Plans in Republic of Korea.
WSPortal. Available at: http://www.wsportal.org/templates/
1d_templates/layout_1367.aspx?Objectld=34716&lang=eng
(accessed 20 February 2016).

Loret, J. F., Blaudin de The, C., Alonso, J. M., Serra, C. P., Kayser,
G. & Bartram, J. 2016 Assessing the Costs and Benefits of
Water Safety Plans. Water Safety Portal. Available at: http://
www.wsportal.org/resource/assessing-the-costs-and-benefits-
of-water-safety-plans/ (accessed 1 June 2017).

Malzer, H. J., Staben, N., Hein, A. & Merkel, W. 2010
Identification, assessment, and control of hazards in
water supply: experiences from water safety plan
implementation in Germany. Water Science and Technology
61, 1307-1315.

www.manaraa.com


https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/eh34_adwg_11_06.pdf
https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/eh34_adwg_11_06.pdf
https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/eh34_adwg_11_06.pdf
https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/eh34_adwg_11_06.pdf
http://dx.doi.org/10.1016/j.ijheh.2014.12.004
http://dx.doi.org/10.1016/j.ijheh.2014.12.004
http://dx.doi.org/10.1016/j.ijheh.2014.12.004
http://www.mma.gob.cl/1304/articles-52016_Chapter5.pdf
http://www.mma.gob.cl/1304/articles-52016_Chapter5.pdf
https://www.ecfr.gov/cgi-bin/text-idx?SID=43110afb2f6620237/ ddb5168738d296f&mc=true&tpl =/ecfrbrowse/Title40/40CIsubchap D.tpl
https://www.ecfr.gov/cgi-bin/text-idx?SID=43110afb2f6620237/ ddb5168738d296f&mc=true&tpl =/ecfrbrowse/Title40/40CIsubchap D.tpl
https://www.ecfr.gov/cgi-bin/text-idx?SID=43110afb2f6620237/ ddb5168738d296f&mc=true&tpl =/ecfrbrowse/Title40/40CIsubchap D.tpl
http://dx.doi.org/10.1016/j.desal.2006.05.039
http://dx.doi.org/10.1016/j.desal.2006.05.039
http://www.who.int/water_sanitation_health/dwq/wsp0506/en/index.html
http://www.who.int/water_sanitation_health/dwq/wsp0506/en/index.html
http://www.who.int/water_sanitation_health/dwq/wsp0506/en/index.html
http://www.who.int/water_sanitation_health/dwq/wsp0506/en/index.html
http://dx.doi.org/10.2166/wh.2008.055
http://dx.doi.org/10.2166/wh.2008.055
http://dx.doi.org/10.2166/wh.2008.055
http://dx.doi.org/10.1021/es300372h
http://dx.doi.org/10.1021/es300372h
http://dx.doi.org/10.2166/wst.2012.801
http://dx.doi.org/10.1016/j.envint.2006.06.001
http://dx.doi.org/10.1016/j.envint.2006.06.001
http://dx.doi.org/10.1016/j.envint.2006.06.001
http://dx.doi.org/10.1016/0956-7135(94)90074-4
http://dx.doi.org/10.1016/0956-7135(94)90074-4
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/tap-source-robinet/index-eng.php
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/tap-source-robinet/index-eng.php
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/tap-source-robinet/index-eng.php
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/tap-source-robinet/index-eng.php
http://dx.doi.org/10.2166/wh.2008.061
http://dx.doi.org/10.2166/wh.2008.061
http://www.wsportal.org/templates/ld_templates/layout_1367.aspx?ObjectId=34716&lang=eng
http://www.wsportal.org/templates/ld_templates/layout_1367.aspx?ObjectId=34716&lang=eng
http://www.wsportal.org/templates/ld_templates/layout_1367.aspx?ObjectId=34716&lang=eng
http://www.wsportal.org/resource/assessing-the-costs-and-benefits-of-water-safety-plans/
http://www.wsportal.org/resource/assessing-the-costs-and-benefits-of-water-safety-plans/
http://www.wsportal.org/resource/assessing-the-costs-and-benefits-of-water-safety-plans/
http://www.wsportal.org/resource/assessing-the-costs-and-benefits-of-water-safety-plans/
http://dx.doi.org/10.2166/wst.2010.026
http://dx.doi.org/10.2166/wst.2010.026
http://dx.doi.org/10.2166/wst.2010.026

23 R. Baum & J. Bartram | Systematic literature review on enabling environment elements for WSPs

Journal of Water and Health | 16.1 | 2018

Martel, K., Kirmeyer, G., Hanson, A., Stevens, M., Mullenger, J. &
Deere, D. 2006 Application of HACCP for Distribution
System Protection. AWWA Research Foundation, Denver,
CO, USA.

May, A. 2010 Water Safety Plans. Drinking Water Inspectorate.
Available at: http://cersaportal.org/wp-content/uploads/
2015/02/ViewwebDoc.pdf (accessed 1 June 2017).

Metge, S., Brodard, E. & Conan, M. 2003 Lyonnaise des Eaux:
application of HACCP principles in drinking water.
Proceedings of Water Safety Conference - risk management
strategies for drinking water. Berlin: Federal Environmental
Agency (Umweltbundesamt).

Ministry of Health and Social Affairs 2001 Drinking Water
Regulations No. 1372 2001. DWR Concerning Water Supply
and Water Intended for Human Consumption. Ministry of
Health and Social Affairs, Norway.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. & The PRISMA
group 2009 Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med 6,
€1000097.

Mortimore, S. & Wallace, C. 2013 HACCP: An Introduction to
HACCEP and its Role in Food Safety Control. In: HACCP,
Springer, Boston.

Mullenger, J., Ryan, G. & Hearn, J. 2002 A water authority’s
experience with HACCP. Water Science and Technology 2,
149-155.

Murphy, H., Thomas, M., Medeiros, D. & Pintar, K. 2016 Estimating
the number of cases of acute gastrointestinal illness (AGI)
associated with Canadian municipal drinking water systems.
Epidemiology and Infection 144 (7), 1371-1385.

New South Wales Government 2012 Public Health Regulation
2012 Part 5 Safety Measures for Drinking Water. Available at:
http://www.legislation.nsw.gov.au/#/view/regulation/2012/
311/part5 (accessed 15 June 2017).

New Zealand Ministry of Health 2014 Small Drinking-Water
Supplies: Preparing A Water Safety Plan. Ministry of Health,
Wellington, NZ.

Ojomo, E. 2016 Influence of the Enabling Environment on
Drinking-Water Programs: Qualitative and Quantitative
Analyses. The University of North Carolina at Chapel Hill,
ProQuest Dissertations Publishing, 10120004.

Perrier, E., Kot, M., Castleden, H. & Gagnon, G. 2014 Drinking
water safety plans: barriers and bridges for small systems in
Alberta, Canada. Water Policy 16, 1140-1154.

Pino, P., Iglesias, V., Garreaud, R., Cortes, S., Canals, M., Folch,
W., Burgos, S., Levy, K., Naeher, L. & Steenland, K. 2015
Chile confronts its environmental health future after 25 years
of accelerated growth. Annals of Global Health 81, 354-367.

Queensland Parliamentary Counsel 2008 Water Supply (Safety
and Reliability) Act 2008. Available at: https:/www.
legislation.qld.gov.au/LEGISLTN/CURRENT/W/
WaterSupSRAO08.pdf (accessed 10 July 2017).

Reid, D. C., Abramowski, K., Beier, A, Janzen, A., Lok, D., Mach, H.,
Radhakrishnan, H., Rahman, M. M., Schroth, R. & Vatcher, R.

2014 Implementation of alberta’s drinking water safety plans.
Water Quality Research Journal of Canada 49, 5-9.

Rickert, B., Barrenberg, E. & Schmoll, O. 2016 Taking Policy
Action to Improve Small-Scale Water Supply and Sanitation
Systems: Tools and Good Practices From the pan-European
Region. World Health Organization, Geneva.

Rinehold, A., De France, J., Gordon, B. & Williams, T. 2017 Global
Status Report on Water Safety Plans: A Review of Proactive
Risk Assessment and Risk Management Practices to Ensure
the Safety of Drinking-Water. World Health Organization,
Geneva, and International Water Association, London.

Ropkins, K. & Beck, A. 2000 Evaluation of worldwide approaches
to the use of HACCP to control food safety. Trends in Food
Science and Technology 11, 10-21.

Schmoll, O., Castell-Exner, C. & Chorus, I. 20mx From
international developments to local practice: Germany’s
evaluation and dialogue process towards water safety plan
implementation. Water Science and Technology: Water
Supply 11 (4), 379-387.

Setty, K. E., Kayser, G. L., Bowling, M., Enault, J., Loret, J., Serra,
C. P, Alonso, J. M., Mateu, A. P. & Bartram, J. 2017 (in press).
Water quality, compliance, and health outcomes among
utilities implementing water safety plans in France and
Spain. Int. J. Hyg. Environ. Health 220, 513-530, http://doi.
org/10.1016/j.ijheh.2017.02.004.

South Australia Government 2011 Safe Drinking Water Act 2011 -
Part 3: Risk Management Plans. Available at: https://www.
legislation.sa.gov.au/LZ/C/A/SAFE%20DRINKING%
20WATER%20ACT%202011/CURRENT/2011.16.UN.PDF
(accessed 10 July 2017).

Tasmania Public Health Services 2015 Tasmanian Drinking Water
Quality Guidelines Under the Public Health Act 1997.
Available at: http://www.dhhs.tas.gov.au/__data/assets/
pdf_file/0013/205006/1._drinking_water_guidelines_ FINAL
_2Nov2015_publish.pdf (accessed 10 July 2017).

Tulchinsky, T., Burla, E., Clayman, M., Sadik, C., Brown, A. &
Goldberger, S. 2000 Safety of community drinking-
water and outbreaks of waterborne enteric disease: Israel,
1976-97. Bulletin of the World Health Organization 78,
1466-1473.

Victoria Government 2003 Safe Drinking Water Act 2003 Act No.
46/2003 Part 2 Risk Management Plans. Available at: http://
www.legislation.vic.gov.au/Domino/Web_Notes/LDMS/
PubStatbook.nsf/51dea49770555ea6ca256da4001b90cd/
8fa3de3c8565c844ca256e5b002140a5/$FILE/03-046a.pdf
(accessed 10 July 2017).

Vierira, J. 2007 Water Safety Plans: Methodologies for Risk
Assessment and Risk Management in Drinking Water
Systems. IAHS, Guimaraes, Portugal.

Water Supply and Waterworks Installation Act 2010. Korea
Legislation Research Institute, Seoul, Korea 1997. Available
at: http://www.iwa-network.org/filemanager-uploads/
WQ_Compendium/ Database/Future_analysis/074.pdf
(accessed July 1 2017).

www.manaraa.com


http://cersaportal.org/wp-content/uploads/2015/02/ViewwebDoc.pdf
http://cersaportal.org/wp-content/uploads/2015/02/ViewwebDoc.pdf
http://cersaportal.org/wp-content/uploads/2015/02/ViewwebDoc.pdf
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1017/S0950268815002083
http://dx.doi.org/10.1017/S0950268815002083
http://dx.doi.org/10.1017/S0950268815002083
http://www.legislation.nsw.gov.au/&num;/view/regulation/2012/311/part5
http://www.legislation.nsw.gov.au/&num;/view/regulation/2012/311/part5
http://www.legislation.nsw.gov.au/&num;/view/regulation/2012/311/part5
http://dx.doi.org/10.2166/wp.2014.207
http://dx.doi.org/10.2166/wp.2014.207
http://dx.doi.org/10.2166/wp.2014.207
http://dx.doi.org/10.1016/j.aogh.2015.06.008
http://dx.doi.org/10.1016/j.aogh.2015.06.008
https://www.legislation.qld.gov.au/LEGISLTN/CURRENT/W/WaterSupSRA08.pdf
https://www.legislation.qld.gov.au/LEGISLTN/CURRENT/W/WaterSupSRA08.pdf
https://www.legislation.qld.gov.au/LEGISLTN/CURRENT/W/WaterSupSRA08.pdf
https://www.legislation.qld.gov.au/LEGISLTN/CURRENT/W/WaterSupSRA08.pdf
http://dx.doi.org/10.2166/wqrjc.2013.063
http://dx.doi.org/10.1016/S0924-2244(00)00036-4
http://dx.doi.org/10.1016/S0924-2244(00)00036-4
http://dx.doi.org/10.2166/ws.2011.058
http://dx.doi.org/10.2166/ws.2011.058
http://dx.doi.org/10.2166/ws.2011.058
http://dx.doi.org/10.2166/ws.2011.058
http://dx.doi.org/10.1016/j.ijheh.2017.02.004
http://dx.doi.org/10.1016/j.ijheh.2017.02.004
http://dx.doi.org/10.1016/j.ijheh.2017.02.004
https://www.legislation.sa.gov.au/LZ/C/A/SAFE&percnt;20DRINKING&percnt;20WATER&percnt;20ACT&percnt;202011/CURRENT/2011.16.UN.PDF
https://www.legislation.sa.gov.au/LZ/C/A/SAFE&percnt;20DRINKING&percnt;20WATER&percnt;20ACT&percnt;202011/CURRENT/2011.16.UN.PDF
https://www.legislation.sa.gov.au/LZ/C/A/SAFE&percnt;20DRINKING&percnt;20WATER&percnt;20ACT&percnt;202011/CURRENT/2011.16.UN.PDF
https://www.legislation.sa.gov.au/LZ/C/A/SAFE&percnt;20DRINKING&percnt;20WATER&percnt;20ACT&percnt;202011/CURRENT/2011.16.UN.PDF
http://www.dhhs.tas.gov.au/__data/assets/pdf_file/0013/205006/1._drinking_water_guidelines_FINAL_2Nov2015_publish.pdf
http://www.dhhs.tas.gov.au/__data/assets/pdf_file/0013/205006/1._drinking_water_guidelines_FINAL_2Nov2015_publish.pdf
http://www.dhhs.tas.gov.au/__data/assets/pdf_file/0013/205006/1._drinking_water_guidelines_FINAL_2Nov2015_publish.pdf
http://www.dhhs.tas.gov.au/__data/assets/pdf_file/0013/205006/1._drinking_water_guidelines_FINAL_2Nov2015_publish.pdf
http://www.legislation.vic.gov.au/Domino/Web_Notes/LDMS/PubStatbook.nsf/51dea49770555ea6ca256da4001b90cd/8fa3de3c8565c844ca256e5b002140a5/&dollar;FILE/03-046a.pdf
http://www.legislation.vic.gov.au/Domino/Web_Notes/LDMS/PubStatbook.nsf/51dea49770555ea6ca256da4001b90cd/8fa3de3c8565c844ca256e5b002140a5/&dollar;FILE/03-046a.pdf
http://www.legislation.vic.gov.au/Domino/Web_Notes/LDMS/PubStatbook.nsf/51dea49770555ea6ca256da4001b90cd/8fa3de3c8565c844ca256e5b002140a5/&dollar;FILE/03-046a.pdf
http://www.legislation.vic.gov.au/Domino/Web_Notes/LDMS/PubStatbook.nsf/51dea49770555ea6ca256da4001b90cd/8fa3de3c8565c844ca256e5b002140a5/&dollar;FILE/03-046a.pdf
http://www.legislation.vic.gov.au/Domino/Web_Notes/LDMS/PubStatbook.nsf/51dea49770555ea6ca256da4001b90cd/8fa3de3c8565c844ca256e5b002140a5/&dollar;FILE/03-046a.pdf
http://www.iwa-network.org/filemanager-uploads/WQ_Compendium/ Database/Future_analysis/074.pdf
http://www.iwa-network.org/filemanager-uploads/WQ_Compendium/ Database/Future_analysis/074.pdf

24 R Baum & J. Bartram | Systematic literature review on enabling environment elements for WSPs

Journal of Water and Health | 16.1 | 2018

Western Australia Government 2017 Protecting and managing
drinking water. Available at: http://www.water.wa.gov.au/
urban-water/drinking-water/protecting-and-managing-
drinking-water (accessed 20 July 2017).

WHO 2004 World Health Organization Water Safety Plans.
Available at: http://www.wsportal.org/templates/
1d_templates/layout_33212.aspx?Objectld=20686&lang=eng
(accessed May 24, 2015).

WHO 2012 Water safety planning for small community
water supplies: step-by-step management guidance for
drinking-water supplies in small communities. Available at:

http://www.who.int/water_sanitation_health/publications/
small-comm-water_supplies/en/ (accessed 15 June 2017).

WHO 2014 European Strategic Workshop on Water Safety
Planning: Key Outcomes, Berlin, Germany.

WHO/IWA 2013 Water Safety Plan Quality Assurance. Available
at: http://www.who.int/water_sanitation_health/
publications/wsp_qa_tool/en/ (accessed 15 June 2017).

Winston, G., Lerman, S., Goldberger, S., Collins, M. & Leventhal, A.
2003 A tap water turbidity crisis in Tel aviv, Israel, due to technical
failure: toxicological and risk management issues. International
Journal of Hygiene and Environmental Health 206, 193-200.

First received 11 August 2017; accepted in revised form 15 October 2017. Available online 23 November 2017

ol Lalu Zyl_ﬂbl

www.manharaa.com


http://www.water.wa.gov.au/urban-water/drinking-water/protecting-and-managing-drinking-water
http://www.water.wa.gov.au/urban-water/drinking-water/protecting-and-managing-drinking-water
http://www.water.wa.gov.au/urban-water/drinking-water/protecting-and-managing-drinking-water
http://www.water.wa.gov.au/urban-water/drinking-water/protecting-and-managing-drinking-water
http://www.wsportal.org/templates/ld_templates/layout_33212.aspx?ObjectId=20686&lang=eng
http://www.wsportal.org/templates/ld_templates/layout_33212.aspx?ObjectId=20686&lang=eng
http://www.wsportal.org/templates/ld_templates/layout_33212.aspx?ObjectId=20686&lang=eng
http://www.who.int/water_sanitation_health/publications/small-comm-water_supplies/en/
http://www.who.int/water_sanitation_health/publications/small-comm-water_supplies/en/
http://www.who.int/water_sanitation_health/publications/small-comm-water_supplies/en/
http://www.who.int/water_sanitation_health/publications/wsp_qa_tool/en/
http://www.who.int/water_sanitation_health/publications/wsp_qa_tool/en/
http://www.who.int/water_sanitation_health/publications/wsp_qa_tool/en/
http://dx.doi.org/10.1078/1438-4639-00206
http://dx.doi.org/10.1078/1438-4639-00206

Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.

www.manharaa.com

Ol LA ZIJI_F.LI



	A systematic literature review of the enabling environment elements to improve implementation of water safety plans in high-income countries
	INTRODUCTION
	METHODS
	RESULTS
	Qualitative synthesis
	International-scale promotion and adoption of WSPs
	National- and state-scale promotion and adoption of WSPs
	Local promotion and adoption of WSPs

	DISCUSSION
	CONCLUSION
	REFERENCES


