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Foreword 

 

Purpose of the workbook 
Ç The World Health Organization (WHO) has developed the Water Safety Plan (WSP) to 

provide a systematic approach for improving and maintaining drinking-water safety;  
Ç This workbook is intended to facilitate WSP development for a small to medium-sized 

organised water supply that is managed by a water utility or similar entity; and 
Ç The workbook is intended only as a guide given that development of WSPs is system-

specific. 

 

How to use the workbook 
Ç The workbook is intended to be used in a step-wise fashion, to guide the user through 

each step in the development of a WSP;  
Ç Each step has been described concisely in the body of the text with detailed examples 

having been appended to help illustrate what is involved at each step; and 
Ç A set of pro forma worksheets has been appended which, if completed for a specific 

system, will provide a first draft of a WSP. 

 

Structure of the workbook 
Ç The document is structured according to the WSP developed by WHO and draws from a 

worldwide body of practical experience; 
Ç The document begins with an introductory section designed to orient the user and 

facilitate the process of starting a WSP; 
Ç The document addresses each WSP step and provides the following information: 

Á What each step involves; 

Á An explanation of each step including worked examples; and 

Á Appended examples of formats and pro formas that can be used to complete the 
WSP. 

Ç The WSP book ñAnnette Davison, Guy Howard, Melita Stevens, Phil Callan, Lorna 
Fewtrell, Dan Deere and Jamie Bartram (2005) Water safety plans: Managing drinking-
water quality from catchment to consumerò can be accessed from  
www.who.int/water_sanitation_health/dwq/wsp0506/en/ (current as at 16 November 
2005). 
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Chapter 1  
The Broader Context of a WSP: Water Safety Framework 
This workbook provides practical guidance to water supply practitioners implementing WSPs in organised 
water supply entities in China and complements the broader WHO WSP monograph (Davison et al 2005) 
and WHO Guidelines for Drinking Water Quality 2004 (GDWQ). This workbook should also assist 
supervisory and supporting organisations, such as regulators, auditors and surveillance authorities. 
Separate WHO projects are underway to develop resources for small, remote, low income and 
community water supplies where there is not an organised water supply organisation.  

Access to safe drinking-water is a basic need and is one of the most important contributors to public 
health. The GDWQ outline a framework for safe drinking-water. This framework includes Water Safety 
Plans (WSPs), which can be implemented by those responsible for supplying drinking-water to help 
improve the safety of drinking water. 

1.1 Context: A Framework for Safe Drinking-water 
The WHOôs water safety framework comprises five key elements of which the WSP encompasses 
elements 2 to 4, as illustrated in Table 1-1.  Within the context of the WHO water safety framework, the 
GDWQ provide a range of advice on the microbial, chemical, radiological and acceptability aspects of 
drinking-water. 

As stated in the GDWQ, there are many microbial and chemical constituents of drinking-water that if 
consumed, can adversely impact human health. Detecting these constituents in raw water and water 
delivered to consumers is possible but is generally slow, complex and costly.  All these factors impact on 
a supplierôs ability to detect a water quality issue quickly and therefore, are of limited use to the consumer 
and the community in general in terms of protecting public health at an operational level.  Monitoring 
requirements within the WSP are therefore targeted at key points within a multiple barrier water supply 
system and for key characteristics to maximise the assurance of water quality as it is delivered to the 
consumer. Microbial testing results, and the use of other parameters that may have slow turn around 
times, are used within a WSP as verification of water quality to confirm that the multiple barriers are 
actually working as planned. 

1.2 Health-based targets 
The setting of health-based targets is a prerequisite to developing a WSP, as shown in Figure 1-1 and 
Figure 1-2. The health-based targets define the benchmark that needs to be achieved by the water 
supply (Table 1-2). Health-based targets underpin development of water safety plans and provide 
information with which to evaluate the adequacy of existing installations and assist in identifying the level 
and type of inspection and analytical verifications appropriate. Full details of health-based targets are in 
GDWQ Chapter 3. 
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Figure 1-1. Interrelationship of elements of the WHOôs Guidelines for Drinking-water Quality in 
ensuring drinking-water safety. 

 

Table 1-1. The WHOôs Framework for Safe-drinking Water. 

Component  Requirements  

1: Setting Health-
based Targets Ā 

Targets are based on an evaluation of health concerns and need to be set at a tolerable level for the 
community (e.g. are risk-based and can be coordinated with national guidelines, standards or WHO 
guidelines). 

2: System 
Assessment Ā 

An assessment is conducted to characterise the water supply system, assess risks and to determine 
whether the drinking-water supply (from source through treatment to the point of consumption) as a 
whole can deliver water that meets the health-based targets). 

3: Operational 
Monitoring Ā 

Monitoring of the control measures in the drinking-water supply that are of particular importance in 
securing drinking-water safety. Monitoring at multiple points within the system, rather than relying on end-
product monitoring, provides the supplier with assurance that unsafe product does not end up with the 
consumer. 

4: Management 
Plans Ā 

Management plans are set up and encompass: 

Á Documentation of the system assessment 

Á Monitoring plans including normal and incident operations, upgrades, improvements and 
communication 

5: Surveillance Ā A system of independent surveillance verifies that the above components are operating properly and 
effectively. 
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Figure 1-2. Simplified risk framework showing health-based targets (based on Bartram et al, 2001).  

1.3 Water Safety Plan 
The steps to be undertaken in a WSP are illustrated in Figure 1-3. In summary, a WSP: 

ñéprovides for an organised and structured system to minimise the chance of failure through 
oversight or lapse of management and for contingency plans to respond to system failures or 
unforeseen events.ò (GDWQ). 
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Table 1-2. What health-based targets mean to the water supplier (based on Davison et al 2005). 

Type of 
Target 

Nature of target  Typical 
applications 

Assessment Interpretation by water supplier 
for WSP 

Health Outcome 
Epidemiology 
based 

Reduction in detected 
disease incidence or 
prevalence 

Microbial or chemical 
hazards with high 
measurable disease 
burden largely water-
associated 

Public health surveillance 
and analytical 
epidemiology 

Risk 
assessment 
based 

Tolerable level of risk from 
contaminants in drinking-
water, absolute or as a 
fraction of the total burden 
by all exposures 

Microbial or chemical 
hazards in situations 
where disease burden 
is low and cannot be 
measured directly 

Quantitative risk 
assessment 

These will need to be translated by the 
water supplier into water quality, 
performance or technology targets. 

Water Quality 
 Guideline value applied to 

water quality 
Chemical constituents 
found in source 
waters 

Periodic measurement of 
key chemical constituents 
to assess compliance with 
relevant guideline values. 

 Guideline values applied in 
testing procedures for 
materials and chemicals 

Chemical additives 
and by-products 

Testing procedures 
applied to the materials 
and chemicals to assess 
their contribution to 
drinking-water exposure 
taking account of 
variations over time. 
 

These can be directly interpreted for 
chemical constituents that have their 
effects through chronic exposure and 
that can be readily monitored. For 
other chemicals and for microbial 
constituents, these will need to be 
translated by the water supplier into 
either performance or technology 
targets 

Performance 
 Generic performance 

target for removal of group 
of microbes 

Microbial 
contaminants 

Compliance assessment 
through system 
assessment and 
operational monitoring 

 Customised performance 
targets for removal of 
groups of microbes 

Microbial 
contaminants 

Individually assessment 
would then proceed as 
above reviewed by public 
health authority; would 
then proceed as above 

 Guideline values applied to 
water quality 

Threshold chemicals 
with effects on health 
which vary widely 
(e.g. nitrate and 
cyanobacteria) 

Compliance assessment 
through system 
assessment and 
operational monitoring 

These can be applied directly by the 
water supplier in terms of the system 
design specification whereby 
technologies are selected based on 
their ability to meet the performance 
targets. 

Specified technology 
 National authorities specify 

specific processes to 
adequately address 
constituents with health 
effects (e.g. generic/model 
water safety plans for an 
unprotected catchment)  

Constituents with 
health effect in small 
municipalities and 
community supplies 

Compliance assessment 
through system 
assessment and 
operational monitoring  
 

These can be applied directly by the 
water supplier through compliance with 
technology requirements. 
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Figure 1-3. Water Safety Plan steps (WHO 2004). 

1.4 References  
Bartram, J., Fewtrell, L. and Stenström, T-A. (2001) Harmonised assessment of risk and risk management for water-

related infectious disease: an overview.  In Water Quality: Guidelines, Standards and Health ï Assessment 
of risk and risk management for water-related infectious disease. (eds L. Fewtrell and J. Bartram), pp. 1-16, 
World Health Organization, IWA Publishing, London, UK. 

Davison, A, Howard, G, Stevens, M, Callan, P, Fewtrell, L, Deere, D and Bartram, J (2005) Water Safety Plans 
Managing drinking-water quality from catchment to consumer. Geneva: World Health Organisation. 
WHO/SDE/WSH/05.06 

WHO (World Health Organization) (2004). Guidelines for Drinking-water Quality. Third Edition. 
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Chapter 2  
Before Starting: Foundations of WSP Implementation 

2.1 Roles and responsibilities 
The process of development, implementation and maintenance of a WSP is primarily the role of the water 
supply organisation but generally requires support and involvement from a number of supporting and 
regulatory organisations. Therefore, prerequisite steps before beginning the WSP process include:  

Ā Identify the organisation leading the WSP process 

Ā Gain commitment from other key organisations 
 

Responsibilities for the WSP need to be clear and documented. For example:  

Ç Where a single water supply organisation is primarily responsible for managing a water supply 
system, that organisation will lead the WSP for that system; 

Ç Where multiple water supply organisations are collectively responsible for different components of 
a water supply system, a joint working group or committee might be identified as the entity with 
the overall responsibility for leading the WSP for that system. Alternatively, each water supply 
organisation might take the lead for the component of the water supply system for which they are 
responsible;  

Ç The authority responsible for regulating water quality will typically need to be formally engaged in 
the process to confirm the health-based targets and other target criteria, such as customer 
service standards. In addition, the water quality regulator will need to commit to auditing and 
surveillance roles. The auditing role may be undertaken directly by the regulator or there may be 
a requirement for independent, third party audits; and 

Ç The authorities responsible for regulating and/or managing source water quality, customer 
plumbing, water treatment and consumer management and use might also need to be involved to 
undertake relevant aspects of the WSP for those water supply system components. 

2.2 Resource (Staff) Commitment 
The critical requirement is that all those organisations responsible for the water supply system from 
catchment to tap are involved, and are committed to improving the controls in their part of the system. If a 
WSP is to be implemented and maintained in practice, two essential prerequisite steps are: 

Ā Commit to WSP implementation and maintenance 

Ā Identify and allocate the resources (staff effort) required 
 

Experience shows that successfully developing, implementing and maintaining a WSP within an 
organisation requires a firm high-level commitment to the WSP and the allocation of adequate resources. 
A WSP represents a significant responsibility that is shared by all relevant employees within a water 
supply organisation. For example:  

Ç Experience has shown that WSP development and implementation takes many months and 
requires significant resources. Even a third party can document a WSP relatively readily. 
However, implementation of a WSP within an organisation requires genuine and strong 
commitment at all levels within that organisation. At least one person within the water supply 
organisation needs to be fully dedicated to coordinating the WSP development and 
implementation process. Numerous additional employees will need to provide timely, significant 
and substantive inputs to the process to make it work; and 
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Ç Experience has shown that WSP maintenance requires ongoing management attention to 
reinforce a culture of compliance with the requirements of the WSP. At least one person within 
the water supply organisation needs to have the role of internal supervision to ensure that the 
WSP is being implemented in practice. A person with sufficient authority needs to enforce 
compliance. It may take several years until clear benefits emerge from WSP implementation, 
such as improved process control and water quality, and a degree of culture change may be 
required.  

2.3 WSPs for Multiple Systems 
For water supply organisations with multiple water supply systems, choosing one system as a pilot will 
facilitate development and implementation of the WSP and the two recommended prerequisite steps are: 

Ā Precisely identify distinct ówater supply systemsô  

Ā Decide how systems will be grouped for WSP(s)  

An important early decision that a water supply organisation must make is how to structure its WSP(s) to 
ensure that all systems are most efficiently encompassed. Where a water supply organisation is 
responsible for managing a single system, a WSP will be developed for that system. However, a 
complication arises where a water supply organisation is responsible for managing many water supply 
systems. There are three ways for a water supply organisation to structure WSP(s) for multiple systems: 

Ç A single WSP can encompass all systems within one plan;  
Ç Several WSPs can be created with each plan covering one system or a group of related systems; 

or 
Ç A combination of the above, whereby a single high-level WSP overarches a series of subordinate 

system-specific WSPs. 
In practice, where a water supply organisation is responsible for multiple systems, a WSP for one distinct 
system is often developed as a ópilotô before moving on to encompass other systems. Once the pilot WSP 
has become well enough developed, other systems are encompassed through an extension of the WSP 
program. 

2.4 Preliminary assessment of system capability to meet targets 
Before progressing to the full development of a WSP, it recommended that the following two steps are 
completed: 

Ā Describe health-based targets in relevant terms  

Ā Assess system capability to meet health-based targets  
 

A preliminary analysis is undertaken to examine the capability of the water supply system to deliver water 
of the desired quality based on the health-based targets. To complete this step, the water supply 
organisation should: 

Ç Confirm the health-based targets with the relevant regulatory organisation; 
Ç Express health-based targets in terms that are relevant, such as water quality objectives, process 

capability requirements and/or technology requirements;  
Ç Assess the existing (or proposed) system for the presence of any required technologies, system 

process capabilities or evidence of compliant water quality performance in both routine and peak 
event conditions; and 

Ç Formally document whether or not the water supply system appears prima facie capable, if 
operating according to specification, of producing water of the desired quality. 
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If a system is not confirmed as being capable of meeting the health-based targets, the water supply 
organisation may need to investigate what additional control measures and subsequent validation data 
are required. The WSP should still be developed to ensure that the best possible water quality is 
delivered at all times from the existing (or proposed) water supply system. However, there needs to be a 
formal recognition by the relevant health authority that the system for which the WSP is being developed 
is not capable of meeting the health-based targets and that upgrading or improvement may be required. 

There are several techniques that can be used independently, or together, to perform system assessment 
and examples are given in Table 2-1.  

Importantly, the preliminary system capability assessment must consider capability under both routine 
and event (such as during wet weather events) conditions. 

Table 2-1. Assessment of system capability to meet health-based targets. 

Type of 
Target 

Tools and supporting 
information 

Example 

Health 
Outcome 

Quantitative risk assessment 
(QRA) modelling 

QRA modelling is used to re-express óhealth outcomeô health-based targets in terms of 
finished water quality requirements for microbial hazards. The water supply 
organisation then reviews source water contamination to establish hazard 
concentrations in raw water. Performance targets are then developed based on the 
requirement to reliably reduce hazard concentrations in the raw to the required level in 
the water supplied to consumers during both routine and peak event conditions. The 
system capability assessment is then based on comparing system performance 
capability with performance requirements, as described two rows below. 

Water Quality Guideline concentrations for 
health-related constituents 

For chronic-acting chemical constituents, the water supply organisation compares long 
term monitoring with guideline values to establish whether or not the ówater qualityô 
health-based targets are being achieved under both routine and event conditions. For 
acute-acting chemicals, and for microbial constituents, water quality values are 
translated into either performance or technology targets and system performance 
capability is assessed as described in the two rows that follow. 

Performance Performance characteristics and 
validation data on the removal of 
groups of microbes and 
chemicals by water supply 
system process steps 

The water supplier assesses the capability to meet the required óperformanceô health-
based targets. Knowledge of system capability is obtained from both local validation 
data and literature-derived technology performance information. System capability 
assessment is based on comparing the collective performance of the multiple barriers 
in the system with performance requirements under both routine and event conditions.  

Specified 
technology 

Knowledge of the functional 
presence of technologies within 
the water supply system  

The water supplier assesses the presence within the system of the required 
ótechnologyô health-based targets. System capability assessment is based on 
comparing the functional presence of the required technology in the system with 
specified requirements under both routine and event conditions. 

2.5 References 
WHO (World Health Organization) (2004). Guidelines for Drinking-water Quality. Third Edition. 




