/LS

N

World Health
| 0rgan|zat|0n

L‘a

WHO/HSE/WSH/11.03

Safe Drinking-water from Desalination



© World Health Organization 2011

All rights reserved. Publications of the World Health Organization can be obtained
from WHO Press, World Health Organization, 20 Avenue Appia, 1211 Geneva 27,
Switzerland (tel.: +41 22 791 3264; fax: +41 22 791 4857; e-mail:
bookorders@who.int). Requests for permission to reproduce or translate WHO
publications—whether for sale or for non-commercial distribution—should be
addressed to WHO Press at the above address (fax: +41 22 791 4806; e-mail:
permissions@who.int).

The designations employed and the presentation of the material in this publication do
not imply the expression of any opinion whatsoever on the part of the World Health
Organization concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines
on maps represent approximate border lines for which there may not yet be full
agreement.

The mention of specific companies or of certain manufacturers’ products does not
imply that they are endorsed or recommended by the World Health Organization in
preference to others of a similar nature that are not mentioned. Errors and omissions
excepted, the names of proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by the World Health Organization to
verify the information contained in this publication. However, the published material
is being distributed without warranty of any kind, either expressed or implied. The
responsibility for the interpretation and use of the material lies with the reader. In no
event shall the World Health Organization be liable for damages arising from its use.

This publication contains the collective views of an international group of experts and
does not necessarily represent the decisions or the policies of the World Health
Organization.



Contents

ADDIEVIALIONS e iv
ACKNOWIEAGEMENTS ...t e e e eneeees iv
1. INEFOAUCTION et 1
2. Desalination and water safety plans.......cccccci 2
3. Source water and potential hazards ..........cccoooiiiiii 4
4, DeSaliNation PrOCESSES ... .uuiiiiiiiei ittt e e e ab b eeeeaeas 5
4.1 PretrealMeNt. ... 5
N I (=T= 111 01T | PO 7
4.3 POSErEAIMENT ... 8
5. DISINTECTION ..ttt e e e e e e e e e e sabb b e e e e e e e e e ean 8
6. Blending and remineralization .........ccccccoiiiiiiiiiiiieiiie e 9
6.1 Blending source water with desalinated water .............cccvvvvvviiiiiiiiiinininnn. 9
7. Storage and distribution of processed Water ..........ccccvvvvvviiieiiiiiiiiiiiiiii. 11
7.1 Microbial QUAIILY ........uuuuuuuiiiiiiiiiiiiiiiiiiii 11
7.2 Chemical QUAIILY .......ooiiiiiiiiiiie e 12

7.3 lIssues with blending desalinated water with other sources of treated
drinKiNg-Water ... 13
8. REFEIENCES ..o 13
9. Recommended readiNg ........cooiiciiiiiiiiie e e e e 15
Annex 1: Chemicals of concern for desalination processes...........cccccccvvvvvvnnnn. 19
BOron and DOFALE ..........ueiiiiiiiie e 19
Bromide and DrOMALE .........coviiiiiiiiiiiie e 19
Sodium and POLASSIUM ......ccieeiiiiieee e e e e e e e e e e e e s e eee e e e ennnnees 20
Magnesium and CalCIUM ..........ooiiiiiiiiiiii e 21
Organic chemicals found naturally in SOUrce Waters ...........c.ccvvvvvvvenviveeennennnnnn 21
Annex 2: Efficiency of desalination processes for removing pathogens.......... 23
REVEISE OSIMOSIS ...cviiiiiiiiteee ittt e s 23
Integrity of the RO SYSEM ......cooiiiiiiiiiiie e 23
THEIMAl PrOCESSES ....vvviiiiiie ettt e e s e e e e e e e e e s e e eaeeeeeennnnes 24
ANNex 3: REMINEraliZatiON .........ccueiiiiiiiiie e 25
Calcium, magnesium and cardiovascular diSEase..............uvvvrvvvviirvrrrererreennnnns 26
Dietary suUpplemMentation ...t 27
Consumption of low-mineral Water ...........cccvvveeii i 28



Abbreviations

BTEX benzene, toluene, ethylbenzene, xylenes

CT product of disinfectant concentration (C) and contact time (T)
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NOM natural organic matter
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1. Introduction

Desalination is increasingly being used to provide drinking-water under
conditions of freshwater scarcity. Water scarcity is estimated to affect one in
three people on every continent of the globe, and almost one fifth of the
world’s population live in areas where water is physically scarce. This
situation is expected to worsen as competing needs for water intensify along
with population growth, urbanization, climate change impacts and increases in
household and industrial uses.

Desalination may be applied to waters of varying levels of salinity, such as
brackish groundwater, estuarine water or seawater; in some regions, it forms
the primary source of drinking-water. At its origins, desalination technology
was primarily thermal, by flash distillation, but as a result of technological
advances, membranes have become a more cost-effective alternative that is
increasingly being selected for new systems. Many thermal plants remain in
use.

Saline sources are different from freshwater sources in that they always
require a substantive treatment step. However, while the desalination process
usually provides a significant barrier to both pathogens and chemical
contaminants, this barrier is not necessarily absolute, and a number of issues
could potentially have an impact on public health. Some of these are similar to
the challenges encountered in most piped water systems, but others, such as
those related to stabilizing and remineralizing the water to prevent it from
being excessively aggressive, are different and therefore must be addressed
within the context of a site-specific health risk management plan (see section
2 below).

This document aims to:

¢ highlight the principal health risks related to different desalination
processes;

e provide guidance on appropriate risk assessment and risk management
procedures in order to ensure the safety of desalinated drinking-water.

The document introduces the concept of water safety plans (WSPs) for
desalination systems, provides an overview of potential hazards in source
water and describes microbial and chemical risks and other key issues
associated with treatment, remineralization, storage and distribution. More
detailed information is presented in a series of annexes.

The document will be of use to health authorities, water quality regulators,
operators of desalination plants and others interested in water quality and
health issues.

A comprehensive examination of technical and water quality issues pertaining
to desalination, such as environmental impacts, engineering considerations
and equipment and processes for different desalination technologies, is



provided in Desalination technology: health and environmental impacts
(Cotruvo et al., 2010).

2. Desalination and water safety plans

As with any drinking-water supply, the development of a WSP is an essential
first step in the provision of safe drinking-water (Figure 1). For any new
system, development of a WSP should be initiated at the planning phase and
carried through as the plant is built and commissioned. For existing plants,
WSPs are equally important, as they help to identify potential risks and
available barriers in their systems and support the introduction of a preventive
risk management approach to problems that could have an impact on the
quantity and quality of water supplied.

Figure 1. Framework for safe drinking-water (WHO, 2011)
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Prepared, implemented, and regularly revised by the water supplier comprising:
* Mapping the water supply system (e.g. making a flow diagram)
* ldentifying the hazards and assessing the risks from catchment to consumer
(e.g. through an agreed ranking system)
Implementing needed improvements (e.g. following a prioritized schedule)
Monitoring and confirming adequacy of preventive control measures (e.g. through validation of processes,
operational monitoring and end-point verification of water quality)
Reviewing the water safety plan (e.g. through internal audits) and developing supporting processes (e.g.
through training)
* Documenting all of the above, and establishing management and communication procedures for both
‘normal’ and ‘incident’ circumstances
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Independent surveillance
Undertaken by the regulator on all aspects of drinking-water
safety, including external auditing of the water safety plan and
verification monitoring
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A WSP maps the water supply system from catchment to tap to facilitate a
thorough understanding of the system, including all its steps and stages,
identifies the hazards that may be introduced at each stage and determines
the risks associated with those hazards. Hazards are physical, microbial and
chemical contaminants that could have an impact on health or adversely
affect the acceptability (e.g. taste and odour) of the water to consumers.
Hazards may also be substances or circumstances that threaten the operation
of the desalination plant. The risks may be the potential for a particular hazard
to reach the consumer in numbers (pathogens) or concentrations (chemicals)
that will result in illness or the water becoming unacceptable. This may
include the risk of exceeding the current drinking-water standards in a given
country. In addition to technical considerations, a WSP also entails essential
management components, such as training, maintaining records,
documentation and periodic review of operating procedures to enhance the



operation and management of the water supply system. Table 1 illustrates the
key elements of a WSP for desalination.

Table 1. Elements of a water safety plan for desalination

Component

Action

Description of the system, including
the water source and sources of
hazards.

Assess the risks of hazards
reaching consumers in numbers or
concentrations of concern, and
ensure that steps are in place to
mitigate the risks.

Ensure that the barriers are working
efficiently at all times, and develop
procedures for responding when
efficiency starts to fall.

Verification that the WSP is working
adequately and that a safe and
acceptable supply of drinking-water
is delivered.

Develop supporting programmes.

Periodically review the WSP, and
update the WSP in the wake of
problems or emergencies.

Thoroughly understand and document the system
from the source to the tap.

Determine the pathogens or chemicals that could be
introduced at each stage, and ensure that barriers
or operational procedures are in place to reduce the
risks to meet health-based targets.

Develop operational monitoring to demonstrate that
processes are working efficiently and an alert
system to warn upon a decrease in effectiveness.
Develop management procedures to ensure that all
of the procedures are followed.

Analyse key indicators of water quality and safety,
and assess against appropriate standards and
guidelines.

Activities in such programmes are tailored to the
specific needs and priorities of the water supply
system and may vary from consumer education and
community engagement to workforce training
programmes.

Ensure that operation and management procedures
are kept up to date and revised to incorporate
lessons learnt.

Specific hazards and risks are considered in the following sections. Hazards
may be present in source waters or may arise during treatment or other
drinking-water production processes, during distribution and in consumer
premises. Once the hazards have been identified, the associated risks need
to be mitigated by removing or reducing their influx into the source using
specific treatment barriers and sound operation and management procedures.
A key step is operational monitoring of processes or barriers to ensure that
they are working optimally at all times. However, all monitoring should be
used to provide information that can be applied to ensure the proper
management of the system and safe water quality. The WSP will also include
procedures to ensure that chemicals and materials used in the system comply
with requirements and will not introduce hazards. Appropriate emergency
plans that would cover all aspects of the system, from a contamination
incident in the raw water source to a breakdown in treatment and distribution
(e.g. in final disinfection or damage to the distribution system), are also
important components. In addition, WSPs for desalination systems should
take into account the process of remineralization or stabilizing the treated

water before distribution.



Detailed information on WSPs can be found in the World Health
Organization’s (WHO) Guidelines for drinking-water quality (WHO, 2011) and
supporting WHO guidance documents, such as the Water safety plan manual:
step-by-step risk management for drinking-water suppliers (WHO, 2009).

3. Source water and potential hazards

Source water for desalination can be marine or brackish surface water or
highly mineralized groundwater. By definition, this water has a significant
content of naturally occurring inorganic ions, and the objective of treatment is
to reduce the concentration of, or remove, these substances. These naturally
occurring substances include some that would be of potential concern if
present in sufficient concentrations after treatment. Like all surface water
sources and some groundwater sources, there can be contamination by
pathogenic viruses, bacteria and parasites and by a variety of chemical
contaminants from human activities.

There are notable differences between freshwater sources and brackish or
saline sources. In particular, the survival of many microbial pathogens is
significantly reduced in saline waters, especially in combination with a high
level of solar radiation. However, some pathogens, such as Vibrio cholerae,
do survive well in saline waters. There are also many marine algae that can
produce toxins of concern to human health. These issues are covered in
detail in Desalination technology: health and environmental impacts (Cotruvo
et al., 2010).

Chemical constituents of interest include boron (borate), bromide, iodide,
sodium and potassium; they may require additional actions for removal
(boron) or are present in such concentrations as to leave significant residues.
While natural organic matter (NOM) varies significantly, there are a number of
organic substances, coming from both natural and anthropogenic sources,
that are of particular interest. Individual and groups of chemicals that are of
concern for desalination processes are considered in more detail in Annex 1.

Understanding the hazards that are likely to be present in the source water is
a critical condition for the proper design of the desalination process; it
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