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1. INTRODUCTION 

The Joint World Health Organization (WHO), United Nations Environment 
Programme (UNEP), Regional Organization for the Protection of Marine Environment 
(ROPME) Consultation for Planning the Preparation of the Water Quality Guidelines for 
Desalination was held in Manama, Bahrain, from 28 to 31 May 2001. The Consultation was 
inaugurated by His Excellency Dr Jawad Al Arrayed, Minister of Municipalities and 
Environment and His Excellency Dr Faisal Al Mousawi, Minister of Health, Bahrain.  Dr 
Mohammad Al Sofi was elected as Chairperson, Dr Abdulmajeed Alawadhi as Co-
Chairperson, and Dr Joseph Cotruvo as Rapporteur. Dr H. Abouzaid and Dr M.Y. 
Abdulraheem acted as secretaries of the consultation. In addition to WHO (Eastern 
Meditterenean Regional Office and Headquarters), ROPME and UNEP Secretariat, a group 
of nine experts in the fields of health, water quality, water supply, desalination and and the 
marine environment participated in the consultation. The experts came from Bahrain, 
Kuwait, Saudi Arabia and United States of America. Representatives from United Natons 
Educational Scientific and Cultural Organization (UNESCO) and International Atomic 
Energy Agency also attended the meeting. In addition, nine observers from seven ROPME 
Member States (Bahrain, Islamic Republic of Iran, Kuwait, Oman, Qatar, Saudi Arabia and 
United Arab Emirates) attended. The agenda, programme and list of participants are given in 
Annexes 1, 2 and 3. 

After welcoming the meeting participants to Bahrain, H.E. Dr Jawad Al Arrayed, 
Minister of Municipalities and Environment, Bahrain, stated that the demand for water for 
drinking, industrial, agricultural and other purposes was increasing worldwide. It was 
anticipated that the scarcity of water problem would increase markedly within the coming 
25 years in the West Asia and the Eastern Mediterranean Regions. 

In order to cope with the increasing demand for water, many desalination projects had 
been initiated worldwide, for the most part in the member countries of the Gulf Cooperation 
Council (GCC), and these depended greatly on desalinated seawater for their industrial 
expansion and other economic development projects. Since the waters used for desalination 
differed in their chemical composition and various desalination technologies were used, 
finished waters might not meet the international guidelines for drinking-water quality, which 
are set by the World Health Organization. Hence, there had arisen the need to adopt the 
initiative of developing water quality guidelines for desalination, to ensure that the quality 
of finished water was suitable for human consumption.  

 His Excellency thanked all the experts involved in the consultation, and also WHO, 
UNEP and ROPME for their interest in and support for this issue, and expressed his hope 
that the consultation would make some concrete recommendations that might result in 
tangible benefit for the Region. He complimented H.E. Dr F. Al Mousawi, the Minister of 
Health, Bahrain, for Bahrain’s efforts to ensure drinking-water quality in close coordination 
with the Ministry of Water and Electricity.  
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Dr Gezairy, WHO Regional Director for the Eastern Mediterranean thanked the 
Government of Bahrain, especially His Excellency Dr Faisal Al Mousawi, Minister of 
Health, and His Excellency Dr Jawad Al Arrayed, Minister of Municipalities and 
Environment, for agreeing to host the meeting in Manama and for their valuable support. 

 He recognized with gratitude that both the United Nations Environment Programme, 
Regional Office for West Asia (UNEP/ROWA) and the Regional Organization for the 
Protection of the Marine Environment (ROPME) had agreed to jointly organize with WHO 
this consultation, the final goal of which was to prepare guidelines for desalination, as part 
of the global process of updating the WHO guidelines for drinking-water quality. 
Cooperation between the WHO, Regional Office for the Eastern Mediterranean, 
UNEP/ROWA and ROPME had increased during recent years. In fact, the plan of action for 
health and environment in the Eastern Mediterranean Region had been signed jointly by the 
Regional Director of UNEP/ROWA and himself. 

 He also noted with satisfaction that, in addition to UNEP/ROWA and ROPME, the 
International Atomic Energy Agency, International Water Association, NSF International, 
United States Bureau of Reclamation and the Kuwait Institute for Scientific Research had 
expressed their interest in participating in this initiative. Dr Gezairy expressed his 
appreciation for the kind financial support provided by the Arab Gulf Programme for United 
Nations Development Organizations (AGFUND) to the Regional Office to initiate this 
process. 

Dr A. Al Awadi, Executive Secretary, ROPME, in his address referred to the role of 
ROPME in ensuring the preservation of sea water against contamination, particularly by oil 
pollution, and in evaluating the impact of development and industrialization on the quality 
of water at the intake stages, the impact of oil traffic and daily operations that pour around 
40 000 barrels/day of oil into the marine environment of the ROPME sea area. He 
mentioned the efforts of ROPME to build reception facilities and introduce regulations that 
compel ships using the ROPME sea area to handle their waste at their reception facilities, 
and stressed the importance of maximizing the reuse of desalinated water to control the 
waste of energy and expenses the process involves. 

Dr Al Awadi also emphasized the importance of ensuring that guidance should be 
developed in the region and approved by WHO to coordinate standards internationally. He 
pointed out that the Gulf Cooperation Council (GCC) sub-region was the area where 
desalination was used the most extensively in the world. Hence, the indigenization of the 
desalination industry and technology was imperative. Finally, he noted that desalinated 
water was manufactured water; it should, therefore, be possible to produce it to the highest 
possible standards. 

Dr M. Abdulraheem, Director and Regional Representative, UNEP/ROWA, said that 
seeking to chart a mechanism for the development of the most appropriate guidelines for the 
quality of desalinated water, was an important consultation exercise.  It was fitting it should 
be held in the West Asia Region, home to over 60% of the world’s desalination capacity.  If 
all the indications of UNEP’s Global Environment Outlook 3 (GEO-3) future scenarios for 
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water demand in the region were correct, dependence on desalination would increase further 
to meet the pressures of increasing population and industrial demands. 

He added that the Arab Ministers of the Environment had, in their Abu Dhabi 
declaration called for the “indigenization of water desalination techniques and production of 
reverse osmosis membranes, applying at the same time techniques of water resource 
management that ensure the balance between supply and demand”. 

He also emphasized that water was one of UNEP’s primary priorities, with the water 
policy and strategy forming one of the core programming activities of the organization. 
UNEP Water Policy and Strategy places considerable emphasis on addressing these 
problems in a holistic, integrated manner.  

2. BACKGROUND  

 The first WHO publication dealing specifically with drinking-water quality was 
published in 1958 as International standards for drinking -water.   It was subseque ntly 
revised in 1963 and in 1971 under the same title. In 1984–85, the first edition of the WHO 
guidelines for drinking -water quality was published in three volumes: Vol. 1 
Recommendations; Vol. 2  Health criteria and other supporting information; and Vol. 3 
Surveillance and control of community supplies. The second editions of the three volumes of 
the guidelines were published in 1993, 1996 and 1997, respectively. Addenda to the first and 
second editions were published in 1998, addressing selected chemicals only. An addendum 
on microbiological aspects, reviewing selected microorganisms, is in press. 

 The primary aim of the guidelines for drinking-water quality (GDWQ) is the 
protection of public health. The GDWQ provide an assessment of the health risk presented 
by microorganisms, chemicals and radionuclides present in drinking-water.  The guideline 
values (GVs) recommended for individual constituents of water are not mandatory limits; 
they are intended to be used in the development of risk management strategies, including 
national or regional standards developed in the context of local or national environmental, 
social, economic and cultural conditions.  Such strategies, if properly implemented, will 
ensure the safety of drinking-water supplies through the elimination, or reduction to a 
minimum concentration, of constituents of water that are known to be hazardous to health. 

 Volume 3 of the GDWQ: Surveillance and control of community supplies is distinct in 
orientation and is a document oriented towards “good practice”. The present edition is 
principally focused upon the situation in developing countries. Other “good practice” 
guidance documents are linked to GDWQ and include, for example, Toxic cyanobacteria in 
water.  

 It was agreed in 1995 that the guideline s for drinking-water quality would be subject 
to a rolling revision process. Through this process, microbes and chemicals are subject to 
periodic review, and documentation related to aspects of “protection and control” of 
drinking-water quality is prepared progressively. This process was initiated at a meeting of 
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the Coordinating Committee for the Rolling Revision of the WHO Guidelines for drinking-
water quality, at which three working groups were established.  These were to address 
microbial aspects, chemical aspects and aspects of protection and control of drinking-water 
quality.  

WHO periodically receives requests for guidance concerning desalination for 
drinking-water. No readily available text on this theme has been identified. It was therefore 
proposed that specific guidance be developed. The need for guidance in this area was 
endorsed by the meeting of the WHO Drinking-Water Quality Committee, held in June 
2000, in Berlin, Germany. 

There is a clear public health argument for providing guidance on use of desalinated 
water for drinking-water. Desalination within particular WHO regions is already common 
and is increasing rapidly globally. There are likely to be particular chemicals and microbes 
that would be identified as being of particular importance in desalinated water. Of these, 
particular concern was expressed regarding the presence of microbes due to blending of 
final waters which, because they may be derived from coastal and marine sources, may not 
be adequately addressed in the guidelines for drinking-water quality. Similar concerns were 
noted about particular chemicals. It was stressed that any microbes or chemicals, identified 
as being of particular relevance, that may not be covered by the current guidelines for 
drinking-water quality reviews, should be forwarded to the respective working groups with 
a recommendation for review.  

It was recommended by the Drinking-water Quality Committee that the GDWQ third 
edition include guidance on applicability of the GDWQ to desalinated systems and that a 
free-standing monograph also be prepared, and that this process be led by WHO/EMRO, in 
collaboration with WHO/head quarters and other regional offices. 

 The interest of WHO/EMRO in desalination stems from the unfortunate fact that, 
except in a few countries, scarcity of water resources is the general rule. About half of the 
countries of the Eastern Mediterranean Region consume more than 100% of their renewable 
water resources.  

Averting the water crisis and securing the water supplies in the countries of the 
Eastern Mediterranean Region was started with a serious shift towards water demand 
management, in order to influence demand for water so as to match existing resources 
through efficient utilization, reduction in wasteful consumption, more efficient allocation, 
and maximum recycling. After reducing the gap between demand and existing supplies, 
many countries will have to secure additional water resources through desalination or cross -
border transfer. 

 In some countries of the Region, desalination already plays a major role in providing a 
supplement to meet water demand for various uses, and in improving the quality of brackish 
water. In particular, desalination is the major source of water in the GCC countries, 
accounting for 58% of municipal and industrial water consumption. Desalination accounts 
for a small percentage of the water requirements in Egypt, Islamic Republic of Iran, Libyan 
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Arab Jamahiriya, Morocco and Tunisia. However, it is expected that many countries will 
resort to desalination to meet their water budget deficit in the future. 

Organization of this joint consultation to plan the preparation of water quality 
guidelines for desalination was thus felt to be timely. 

3. TECHNICAL PRESENTATIONS 

3.1 Programme and method of work 
Dr H. Abouzaid, Regional Adviser, Supportive Environment for Health, WHO/EMRO  

The main objectives set for the consultation were to: recommend the scope of the 
guidelines for drinking-water quality as applied to desalinated water systems; propose the 
format of the freestanding document and determine what other supporting documents should 
be prepared and time-frame thereof; propose tasks to institutions and individuals and 
identify reviewers to support the initiative; establish the link with the guidelines for 
drinking-water quality Coordinating Committee for the WHO Guidelines for drinking-water 
quality and working groups; and advise on resource mobilization. 

Since this was a planning consultation, a large place was given to discussion. Four 
work groups were constituted, namely microbiological aspects, chemical aspects, other 
aspects, and institutional arrangements for a regional partnership for desalination.  

A field visit to the Al Hidd thermal distillation desalination plant was also 
programmed  to enable specialists familiar with desalination facilities to anchor their 
discussion on the site, and to give the few participants who were not so familiar with 
desalination technology the opportunity to get a closer look at a desalination facility. 

3.2 Preparation of the third edition of the WHO Guidelines for Drinking -Water 
Quality 
Dr J. Bartram, Coordinator, Water, Sanitation and Health, WHO/HQ 

The history of the development of WHO’s Guidelines for drinking-water quality and 
preceding international standards for drinking-water quality was outlined, and the purpose 
of the guidelines and the scale of their present application worldwide described. The present 
approaches to derivation of guidelines for both microbial and chemical hazards were 
presented. The approach and programme of work developed for the third edition of the 
guidelines for drinking-water quality were described, emphasizing the substantive change in 
the overall approach to the microbial hazards, and the need to provide useful guidance to 
countries in implementation of guidelines concerning the many different specific chemical 
substances in the guidelines for drinking-water quality. With regard to desalination in 
particular, the recommendation of the Drinking Water Quality Committee/2000 meeting, to 
prepare guidance on this, led by WHO/EMRO, was presented and the relationship between 
the guidelines per se, substantiation and evidence on implementation was described. The 
presentation concluded noting the position of the guidelines for drinking-water quality 
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within the UN system, the fact that they were an example of a WHO-wide initiative, with 
participation from diverse headquarters programmes, regional offices and country staff, and 
that especially in the field of guidance on implementation, cooperation with other UN 
agencies was actively encouraged.  

3.3 The need for  WHO water quality guidelines for desalination 
Dr H. Abouzaid, Regional Adviser, Supportive Environment for Health, WHO/EMRO,  
Dr M.Y. Abdulrahmeem, Director and Regional Representative, UNEP/ROWA and  
Dr J. Cotruvo, WH O Temporary Adviser 

Desalination of seawater or brackish water is already a major source of drinking water 
in many parts of the world. Various technical issues, including potentially unique source and 
blending waters, microbial and chemical contaminants, corrosion control, long-term 
consumption of low salinity water, process additives and others, have moved WHO to move 
to address desalination in the broad public health context. 

The goal for developing health-related water quality guidelines for desalination is to 
provide water quality guidance that will assist practitioners of desalination and public health 
authorities, to assure that water produced from the various sources and utilizing the several 
technologies and conditions will be microbiologically and chemically safe when it enters 
distribution, and that it will be compatible with the distribution system, acceptable to 
consumers and safe for all normal uses. It is expected that well reasoned water quality 
guidelines should facilitate the installation of new facilities by providing universally 
accepted quality goals. WHO guidelines will also provide confidence that the water quality 
goals are credible, scientifically defensible and appropriate. 

The process will be closely integrated with WHO’s revision of all of the guidelines for 
drinking-water quality that are already under way. The water guidelines for desalination will 
not duplicate the existing Guidelines for drinking-water quality, but rather will augment 
them by addressing issues that are specific to desalinated water. When finalized, the 
desalination guidance will become part of the array of guidelines and supporting technical 
documents produced by WHO and aimed at helping all nations to achieve safe drinking-
water.  

As part of the decision to initiate guidelines development, a preliminary issues 
analysis was prepared to identify a variety of health, aesthetic and water quality aspects of 
the potential chemical and biological contaminants in finished water, distribution, 
monitoring, process chemicals, and surfaces and environmental effects. Some of the 
potential questions to be addressed in the guidelines and guidance development process 
could include the following: 

?? What are appropriate guidelines for assuring the healthfulness of drinking water 
produc ed by desalination of seawater and brackish waters? Should these reflect climate? 

?? What should be the quality guidelines for blending waters that are added post-
desalination for adjustment and stabilization? 
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?? What are appropriate guidelines for aesthetic and stability/factors, e.g. total dissolved 
solids, pH, taste/odour, turbidity, corrosion indices, etc.? 

?? Should guidelines reflect potentially nutritionally desirable components of finished 
water, e.g. calcium, magnesium? 

?? What should be the role of guidelines  in addressing the quality specifications and safety 
of chemicals and materials used in production and in contact with the water, e.g. 
coagulants, disinfectants, pipes and surfaces in desalination plants, distribution systems, 
etc? 

?? Should the guidelines include recommendations for monitoring of plant performance 
and safety during distribution, e.g. key chemical and microbiological parameters and 
monitoring frequencies? 

?? Should the guidelines include consideration of environmental protection factors relating 
to siting, marine ecology, groundwater protection, energy production, and air quality?  

The draft guidelines will be made available on the Internet for comment prior to 
adoption. The development process and the prospective guidelines should, by achieving 
international consensus on health and quality goals, be a good step forward to ensuring that 
the benefits of desalination technology will be more readily available to meet the ever 
increasing worldwide demand for safe drinking-water. 

3.4 Overview of water de salination in regional literature  
Dr H. Bakir, Rural Environmental Health Adviser, Centre for Environmental Health 
Activities (CEHA), WHO/EMRO 

In 2000, desalination met 2.2% (4 billion cubic meter) of the water demand in the 
Arab countries, around 82% of this amount being located in the GCC region. Desalination 
now contributes 58% of the GCC region’s domestic and industrial water, and is expected to 
contribute more than 65% in the year 2010. It is expected that by the year 2025, the 
quantities of desalinated water in the Arab world will reach 6 bcm per annum. Some experts 
forecast the volume of global desalination business to grow more than 7% annually in the 
next two decades. 

Different desalination technologies are used in the Eastern Mediterranean region 
countries, mainly the multi-stage flash (MSF) process and reverse osmosis (RO). RO 
desalination plants account for 16.25% only, MSF accounts for 80.25% and all other 
methods account for the rest. However, these proportions differ significantly between the 
GCC countries and the world as a whole. Of the worldwide total capacity, only 51% is 
provided by MSF, 32% by RO and the remaining by other methods. 

To meet the expected demand for desalination in Eastern Mediterranean Region 
countries, cooperation is needed with respect to standards of water quality, practices and 
uses; evaluating the impact on the environment of brine water and other health aspects; and 
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capacity-building and transfer of know-how from the experienced GCC countries to other 
countries of the region. More research is needed to refine current technologies and reduce 
the cost of desalination. Used solar power as an energy options is a promising area for 
research. 

3.5 Nuclear energy for desalination 
Mr P. Gowin, International Atomic Energy Agency 

Energy options and nuclear energy for desalination the status of nuclear desalination 
worldwide and the need for the new guidelines to be applicable to nuclear desalination, were 
highlighted. Special emphasis was placed on aspects of energy production plants that, when 
coupled to desalination plants, should be considered in the new guidelines namely, 
interaction between energy and desalination plants on a technical level; siting considerations 
for combined plants; materials being used in energy plants; and water storage in the 
proximity of energy plants. These aspects could be of particular importance for nuclear 
desalination plants.  

The technical safety aspects of nuclear desalination plants are covered by IAEA. 
Aspects related to the final product, and how coupling energy plants to desalination plants 
might raise health-related issues, may be addressed by the WHO guidelines for drinking-
water quality. 

3.6 Water quality aspects in the design and operation of desalination processes 
Mr F. Leitz, WHO Temporary Adviser and Dr F. Al Awadhi, Expert, ROPME, 
UNEP/ROWA  

For drinking-water purposes, seawater or brackish water is used as a source in 
distillation and other desalination processes. In the distillation process, raw seawater is 
subject only to mechanical sieving and chlorination at the intakes, while chemicals used as 
anti-scalents, anti-foam and anti-corrosion agents are usually added in the plants. Total 
dissolved solids (TDS) in distilled water range between 3 mg/l and 50 mg/l. Most of the 
volatile organics , mainly halomethanes, leave the water through the vent, while heavy 
compounds go back to sea with the brine. 

Membrane processes need much more extensive pre-treatment, where filtration, 
coagulation, acidification, chlorination and dechlorination are neede d. 

The products of both systems need post-treatments, where caustic soda, re -carbonation 
with calcium bicarbonate or sodium bicarbonate are used; phosphates or silicates are also 
used to prevent corrosion. The finished water is usually blended with seawate r or brackish 
water, chlorinated and its pH adjusted. 
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3.7 Marine biological toxins  
Dr H.O. Enevoldsen, International Oceanographic Commission Project Coordinator 

Marine biotoxins comprise toxins of very different origins. The main groups include 
those of algal and cyanobacterial origin, and those of fish origin. The toxins relevant to 
drinking- water are some of those of algal or cyanobacterial origin.  

Health hazards from freshwater algal toxins in drinking-water have been suspected 
since the 1920s and are now well documented. Major toxicity events are a significant 
problem, but the long-term effects of low concentrations of algal toxins in drinking-water 
derived from surface freshwater or potentially from desalinated seawater is also a source of 
concern. Toxin-producing ‘algae’, include dinoflagellates, other flagellates, cyanobacteria, 
diatoms and other phytoplankton. These produce a diverse group of toxins with very 
different properties and toxic effects. Clinical reports of harm to humans from consuming 
algal toxins in drinking water are often only partial accounts in which original 
circumstances are frequently difficult to define. The causative organisms have often 
disappeared from drinking-water supply systems well before the public health authority 
considers the presence of toxic algae as the possible hazard. Health authorities are often 
unaware of the harmful nature of algal blooms due to lack of knowledge of toxic hazards, or 
to the assumption that standard water purification techniques remove any potential problem.  

There are two potential origins of algal toxins in drinking water from desalination: a) 
toxins present in the source seawater (or in algae in the seawater) entering the desalination 
unit (marine species); b) toxins produced by microalgae in the desalination/purification unit 
after desalination (freshwater species). It is the first case which is unique to water from 
desalination plans and also the least investigated. A preliminary search shows that there do 
not appear to be any references in the scientific literature to algal toxins of marine origin 
having been found in drinking-water from desalination plants. A critical question is whether 
anyone looked for them. At the general level there is an obvious need for a broad risk 
assessment of the possible acute and long-term toxicity of all the algal toxins. More 
specifically there is a need for research on possible long-term risks to human populations by 
algal toxins in drinking-water, and a risk assessment for the presence of marine algal toxins 
in desalinated drinking-water. The latter should include technical studies on the potential for 
marine algal toxins to pass the desalination and purification processes. 

3.8  Drinking-water as a source of micronutrients  
Dr K.M. Hussain, WHO Temporary Adviser 

Desalination processes significantly reduce all the essential elements in drinking-
water. Therefore, people who consume desalinated water only are more prone to reach the 
deficiency state for micronutrients, if their diets are also deficient in those essential 
nutrients. Some of the micronutrients contained in drinking-water are considered essential, 
e.g. fluoride, calcium, magnesium, sodium, chloride, selenium, potassium, iodine, 
chromium and manganese. 
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Fluoride is most effective in carries prevention when a low level of fluoride is 
constantly maintained in the oral cavity. Calcium and magnesium have been proved by 
many researchers to protect against cardiovascular diseases. Therefore, the levels of these 
two elements have to be considered. Other trace elements are also of importance in terms of 
health. The WHO may need to consider minimum as well as maximum levels for these 
nutrients. 

Water can be used as a source of beneficial dietary substances and some essential 
nutrients, which are either naturally present in water or added to a level of significance to 
public health. However, the main source of most micronutrients and essential minerals that 
should be relied upon is food.  

3.9  Aspects related to coastal zone ecology 
Dr M.Y. Abdulraheem, Director and Regional Representative, UNEP/ROWA, and Dr 
M.F. Al Rashed, Expert, UNEP/ROWA 

Marine resources in the vicinity of a desalination plant are affected by the types and 
quantities of chemicals present in the brine discharge, increase in salinity and temperature, 
release of chemicals from system cleaning and maintenance, and also loss of marine species 
as a result of collision with the intake screens or migration of species into plant with the 
feed-water and killed during plant processes. The waste discharge de pends on the 
desalination technology used, the quality of the intake water, the quantity of the water 
produced and the pre-treatment and cleaning. The potential effects on the vicinity of the 
plant are an increase in salinity, temperature, nutrients and heavy metals (copper, nickel, 
iron and zinc notably). 

An increase in temperature of up to 5º–6ºC in winter is beneficial as it promotes 
biological activity. However, increase in summer could have a reverse effect. Higher salt 
concentration and fluctuation in salinity levels could kill marine organisms near the outfall.  
Also as the discharge from the desalination plant has higher density than the seawater, it 
would sink to the bottom causing adverse impact to the benthic communities. Small 
amounts of copper, nickel and manganese are discharged due to corrosion and acid washing 
of distillers. This concentration, combined with the high levels of iron, nitrogen and 
phosphorus in the waste effluent, can be very toxic to the fish stock, larvae and plankton.  

Dr Mahm ood Abdulraheem added that a specific concern is the release of halogenated 
organics, mostly in the form of bromoforms, which have been shown to be toxic in the early 
life stages of marine organisms. Residual halogenated compounds could be traced for long 
distances away from the discharge point into the sea. 

4. TECHNICAL CONCLUSIONS 

1. Desalination systems are adversely affected and their performance is challenged by 
surface phenomena, including oil and other contaminants of source waters. These 
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sources should be protected and treatment adjustments may be necessary to 
accommodate source waters that are vulnerable to contamination. 

2. Due to the high bromide content of seawater, and often of brackish blending water, 
brominated organics will often be the predominant by-products of disinfection of 
desalinated water. 

3. Because of the inter-dependence of the treatment processes with one another and with 
distribution management, management and operation of desalination systems should be 
integrated with drinking-water production, blending and distribution, for optimal 
performance.  

4. Total dissolved solids (TDS) have very limited value as a measure/indicator of 
acceptability in desalination systems because the different constituents contributing to 
TDS may contribute differently to organoleptic quality. In particular sodium and 
chloride ions, which dominate in seawater, contribute disproportionately to taste. 

5. Blending desalinated waters with seawater to increase dissolved solids is of very limited 
value due to the very large sodium and chloride content in seawater. Blending with 
lower salinity water is preferable. 

6. Nitrite levels in distributed water can increase significantly due to bacterial action if 
disinfection residuals are lost and ammonia is present. Thus, disinfection residuals 
should be maintained throughout the distribution system. 

5. RECOMMENDATIONS 

General 

1. Meeting participants endorsed the WHO Drinking-Water Quality Committee 
recommendation (Berlin, June 2000), to develop water quality guidelines for 
desalination through an initiative led by WHO/EMRO, in collaboration with WHO/head 
quarters and other regional offices. Active collaboration with UN and other appropriate 
agencies should be pursued.  

2. Meeting participants further endorsed the recommendations to develop a guidance text 
on desalination for safe drinking-water supply and the need to explicitly address 
desalination in the third edition of WHO guidelines for drinking-water quality.  

3. Energy issues, e.g. implications of the technical interactions between desalination 
processes and energy plants should be covered in the new WHO guidance, including 
explicit references to energy generating options, such as fossil fuels, nuclear, renewable 
and other sources. Thus the guidelines should be applicable in all of those cases. 
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Guidelines for drinking -water quality 

4. Participants endorsed the recommendation of the Drinking-water Quality Committee 
(Berlin 2000), that a short text describing the application of the WHO guidelines for 
drinking-water quality to desalinated waters be prepared. The draft text, included as 
Annex 4 to this report, was prepared based on deliberations of the consultation and 
discussed by meeting participants. It was proposed that it be presented to future 
meetings concerned with development of the third edition of the guidelines for drinking-
water quality as the initial draft text for this purpose. 

5. Guideline values and guideline requirements for safe facilities and practices that will 
ensure safe-drinking water supply are specified in the guidelines for drinking-water 
quality. The next edition of the guidelines should explicitly address their application to 
desalinated waters.  

6. The microbiology guidelines should address microbiological issues and pathogens 
associated with sanitary contaminants and also issues associated with marine organisms 
that may have implications on desalinated water. In addition, specific issues associated 
with treatment and management to assure quality and safety should be addressed (see 
Annex 5a). 

Development of guidance on desalination for safe drinking  water supply 

7. In order to support and guide practitioners, a more extensive guidance document on 
desalination for safe drinking-water supply is required. Such guidance should not 
consist of too many layers, but should include major associated issues such as 
environmental impact assessment for desalination projects. 

8. The guidance document should address source water, plant design and operation, 
storage and distribution, consumer issues, environmental assessment and management, 
desalination waste management and a number of cross-cutting issues (see Annexes 5c 
and 6). 

9. The guidance document should include analytical procedures, monitoring locations and 
frequencies, from the source through treatment and distribution to the end-user, so as to 
assure process control and protection of public health, in line with the process-control 
approach being adopted in the preparation of the third edition of the WHO guidelines 
for drinking-water quality.  

10. Proposed target audiences for the guidance document are government regulators; 
desalination professionals; environment and environmental health specialists; managers 
and planners of water and energy supply sectors; water quality monitoring and 
surveillance agencies and professionals; coastal zones managers; interested non-
governmental Organizations and students; research and development institutions; and 
advanced education students. 
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11. Safe drinking-water production from desalination plants using nuclear energy is 
addressed in two sources: the IAEA guidance on plant safety in nuclear desalination 
facilities, and the WHO guidelines for drinking-water quality (water production and 
water quality, including radiological aspects). 

12. The development of the guidance document, as part of the process of the WHO GDWQ, 
will be coordinated by Dr Joseph Cotruvo (NSF International, WHO Collaborating 
Centre for Drinking-Water Safety), who also acts as coordinator for material and 
chemical aspects. Meeting participants recommended that WHO should explore the 
possibility of expanding cooperation with the US Bureau of Reclamation and of 
cooperation with the National Water Research Institute (NWRI), USA and other 
interested orgnizations, in the organization of further meetings on the topic. 

13. In light of the extensive experience with desalina tion in the WHO Eastern 
Mediterranean Region, particularly in the GCC countries, continued participation and 
input of experience from regional countries was considered important in ensuring 
quality and global relevance of the guidance and should be secured. 

Regional Task Force on Desalination in the GCC 

14. The meeting participants proposed the establishment of an Interagency Task Force on 
Desalination in the GCC countries to promote information exchange, research and 
development in desalination. It is recommended that UNEP/ROWA, in cooperation with 
WHO/EMRO and ROPME, coordinate the work of the Task Force, provide the 
secretariat, seek funding and liaise with the global programme on desalination. The 
WHO/EMRO Centre for Environmental Health Activities (CEHA) will serve as the 
information exchange centre for the Task Force (See Annex 5d ). 

Supporting actions 

15. Concern has been repeatedly expressed regarding the health implications of long-term 
consumption of desalinated water. High-quality epidemiological studies w ith 
appropriate power would assist greatly in responding to these concerns and are a high 
priority. Such studies are costly, typically of mid-term to long-term duration, and 
suitable locations with adequate control populations may not be readily available. 
Opportunities to undertake such studies should be identified and pursued. WHO was 
encouraged to call together an international advisory group to support such an initiative 
and to ensure the quality and dissemination of its output. 

16. There is need for a review and analysis of evidence concerning toxic marine algae in 
relation to drinking-water management including desalination applications. WHO and 
the Intergovernmental Oceanographic Commission (IOC) of UNESCO should pursue 
collaboration and cooperation to de velop such a review with recommendations for 
future action, including recommendations concerning the need for additional reviews, 
and possibly derive guideline values for certain toxins. The review and proposal should 
be presented at the final task force meeting for the Guidelines for drinking-water 



WHO-EM/PEH/543/E/L 
Page 14 

 

quality, third edition, is tentatively scheduled for 2003. Management recommendations 
should include procedures for surveillance and observation of source waters for toxic 
algae blooms, toxin detection in water, and water diversion or treatment to prevent 
contamination of drinking-water. 

17. When the WHO guidelines for toxic cyanobacteria are updated, they should explicitly 
address desalinated water and marine sources. WHO and the IOC should discuss 
cooperation in producing this update. 

18. Large amounts and/or diverse types of direct and indirect chemical additives may be 
used during desalination, as well as conventional water production. It is impractical for 
water producers to analyse commercial products and contaminants originating from 
them that may reach finished drinking-water. Product standards and certification 
systems at the national and international level should be utilized to assure appropriate 
quality of those products that can be used in contact with drinking water. WHO should 
complete the guidelines for chemicals and materials used in drinking-water production 
and distribution, which encourages development or application of those standards and 
certification systems, and these should be referred to in both the guidelines for drinking-
water quality per se and the desalination guidance document. 

19. WHO should convene an international workshop of medical, nutrition, public health and 
water experts to assemble and review information and recommendations regarding the 
contribution of finished water (including desalinated water) to nutrition (micro and 
macro nutrients). Topics should include water hardness and cardiovascular disease, 
sodium and hypertension, and trace essential nutrients. The workshop should 
recommend to the Drinking-water Guidelines Committee whether and how this issue 
should be dealt with in the GDWQ. 

20. Regional input to the WHO fluoride guidance document (in preparation) should ensure 
expert participation, including meeting participants and other experts from the Eastern 
Mediterranean Region, in particular in the updating of the country reviews. The fluoride 
guidance document should further provide additional discussion on the adaptation of the 
guideline values to local circumstances and water consumption patterns. National 
authorities should adopt appropriate fluoride levels in relation to their water 
consumption patterns. 

21. WHO should reach out to relevant professionals and their organizations, such as the 
International Desalination Association (IDA), International Water Association (IWA), 
other organizations (see Annex 6) and specialist groups, so that they may be fully aware 
of the activity and be able to contribute their expertise, and also to effectively utilize the 
guidelines and guidance that are produced. 

22. WHO should support Member States in translating into their national water quality 
standards, and other guiding documents aiming at achieving safe drinking-water, the 
outcomes of the initiative to develop WHO water quality guidelines and guidance for 
desalination. 
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Annex 1  

AGENDA 

1. Opening. 

2. Election of officers. 

3. Programme and method of work.  

4. The preparation of the third edition of the WHO guidelines for drinking water quality 

5. The need for WHO water quality guidelines for desalination. 

6. Issues related to the desalination of sea and brackish waters in the GCC area 

7. Overview about water desalination in Regional literature 

8. Nuclear energy for desalination 

9. Water quality aspects in the design and operation of desalination processes 

10. Microbiological and biological aspects 

11. Chemical aspects 

12. Marine biological toxins 

13. Drinking water as a source of micronutrients 

14. Aspects related to the coastal zone ecology 

15. Group work on: 

– Microbiological aspects 
– Chemical aspects 
– Other aspects 
– Institutional arrangements for Regional partnership on desalination 

16. Field visit  

17. Presentation of the draft plan of action for the preparation of water quality guidelines for 
desalination 

18. Closure 
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Annex 2 

PROGRAMME 

Monday, 28 May 2001 

09.00–09.30 Registration 

09.30–11.00 Opening Ceremony 

11.00–11.30 Election of officers  

Programme and method of work 
By Dr H. Abouzaid, Regional Adviser, Supportive Environment for 
Health 

11.30–12.15 The preparation of the third edition of the WHO guidelines for drinking 
water quality 
By Dr J. Bartram, WSH/PHE, WHO headquarters 

12.15–13.15 The need for WHO water quality guidelines for desalination.  
By Dr H. Abouzaid, Regional Adviser, Supportive Environment for 
Health, Dr M.Y. Abdulraheem, Director and Regional Representative 
UNEP/ROWA, and Dr J. Cotruvo, WHO Temporary Adviser 

13.15–15.00 Discussion 

15.00–16.00 Issues related to the desalination of sea and brackish waters in the GCC 
area 
By Dr M. Al Sofi, WHO Temporary Advisers, and Dr Abdulmajeed 
Alawadhi, Expert, UNEP/ROWA  

16:00–17.00 Overview about water desalination in Regional literature 
By Mr H. Bakir, Rural Environmental Health Adviser, Centre for 
Environmental Health Activities 

17.00–17.30 Nuclear energy for desalination 
By Dr P.J. Gowin, International Atomic Energy Agency 

Tuesday, 29 May 2001 

09.00–09.30 Water quality aspects in the design and operation of desalination 
processes 
Introduced by Mr F.B.Leitz, WHO Temporary Adviser, and  
Dr F.Al Awadi, Expert, ROPME, UNEP/ROWA 
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09.30–10.00 Discussion 

10.00–10.30 Microbiological and biological aspects 
Introduced by Dr J. Cotruvo, WHO Temporary Adviser 

10.30–11.30 Discussion 

11.30–12.00 Chemical aspects 
Introduced by Dr J.Cotruvo, WHO Temporary Adviser, and 
Dr M. Desouky, Expert, ROPME, UNEP/ROWA 

12.00–12.30 Marine biological toxins  
Introduced by Dr H. O. Enevold sen, IOC Project Coordinator 

12.30–14.15 Discussion 

14.15–14.40 Drinking water as a source of micronutrients 
Introduced by Dr K. M. Hussain, WHO Temporary Adviser 

14.40–15.00 Discussion 

15.00–15.30 Aspects related to the coastal zone ecology 
Introduced by Dr Mahmood Y. Abdulraheem, Director and Regional 
Representative, UNEP/ROWA, and Mr M.F. Al Rashed, Expert, 
UNEP/ROWA 

15.30–16.30 Discussion 

16.30–17.00 Technical regulations 
Introduced by Dr J.Cotruvo, WHO Temporary Adviser 

17.00–17.30 Discussion 

17.30–18.00 Constitution of four groups to work on: 

1. Microbiological aspects 
2. Chemical aspects 
3. Other aspects 
4. Institutional arrangements for Regional partnership on 

desalination  
Outline of terms of reference for the groups and designation of 
conveners for each group 

Wednesday, 30 May 2001  

08.30–11.30 Group discussions 
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11.30–12.30 Presentation and discussion of the outcome of the group discussion on 
Institutional arrangements for Regional partnership on desalination  
(group 4) 

12.30–15.00 Field visit  

15.00–16.30 Continuation of group discussions (group 1 to 3) 

16.30–17.15 Presentation of the outcome of group discussions (group 1 to 3) 

17.15–18.15 General discussion (identification of redundancies and gaps in groups’ 
outcomes) 

Thursday, 31 May 2001  

08.30–10.00 Group discussions (group 1 to 3) on identification of individuals and 
institutions to contribute to the process 

10.00–10.30 Presentation of groups’ outcomes 

10.30–11.30 Discussion 

11.30–14.00 General discussion (about the draft plan of action)  

14.00–14.30 Wrap up (presentation of the draft plan of action for the preparation of 
water quality guidelines for desalination) 

14.30–15.30 Closure 
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Annex 3  

LIST OF PARTICIPANTS 

 

Dr Abdulmajeed Ali Alawadhi 
Assistant Under -Secretary for 
Distribution and Customer Services 
Ministry of Electricity and Water 
P.O. Box 2 
Manama 
BAHRAIN 
Tel.: 00973 522 050 
Fax.: 00973 532 790 
e-mail mewsama@batelco.com.bh 

Dr Fatimah M. A l Awadhi 
Consultant 
NAS Consultant 
P.O. Box 3861 – 
Safat 13 039 
KUWAIT 
Tel.: 009 655 321 238/9 
Fax.: 009 655 325 842 

Dr Muhammad Fahad Al-Rashed 
Director, Water Resources Division 
Kuwait Institute for Scientific Research 
P.O. Box 24 885 
Safat 13 109 
KUWAIT 
Tel.: 009 654 836 613 
Fax.: 9 654 834 712/4 818 482 
e-mail mrashed@safat.kisr.edu.kw  

Mr Mohammad A.K. Al Sofi 
Independent Consultant 
House of Sofia 
Al Khobar 
SAUDI ARABIA 
Tel. 0096 654 810 458 or 009 739 619 638 
Fax. 0096 638 980 177 
e-mail houseofsofia1@yahoo.com and houseofsofia1@hotmail.com 
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Dr Joseph Cotruvo 
Director 
National Sanita tion Foundation (NSF) International/ 
WHO Collaborating Centre for Drinking-Water Safety and Treatment 
501 546th St. NW 
Washington, D.C. 20 016 
USA   
Tel./Fax.: 2 023 623 076 
e-mail: cotruvo@nsf.org 

Dr Mostafa El Desouky 
Senior Researcher 
Kuwait Institute for Scientific Research 
P.O. Box 26 388 
Safat 13 124 
KUWAIT 
Tel.: 009 655 312 140–4 ext 132 
Fax.: 009 655 324 172/5 335 243 
e-mail ropme@qualitynet.net and desoukm@safat.kisr.edu.ku 

Mr Henrik Oksfeldt Enevoldsen 
IOC Project Coordinator  
IOC Science and Communication Centre on Harmful Algae 
Botanical Institute 
University of Copenhagen 
Oster Farimagsgade 2D 
DK-1353 Copenhagen 
DENMARK 
Tel.: 004 533 134 446/004 545 812 745 
Fax.: 4 533 134 447 
e-mail HENRIKE@BOT.KU.DK and HAB.IOC@UNESCO.ORG 

Dr Peter J. Gowin 
Department of Nuclear Energy 
Division of Nuclear Power 
International Atomic Energy Agency 
P.O. Box 100 
1400 Vienna 
AUSTRIA 
Tel.: 431260022 811 
Fax.: 431260029 598 
e-mail: P.Gowin@iaea.org 

Dr Khairya Moosa Hussain  
Head of Nutrition Section 
Ministry of Health 
P.O. Box 42 
Manama 
BAHRAIN 
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Tel. 00973 279 218 
Fax. 00973 279 253 
e-mail: alsaatia@batelco.com.bh 

Mr Frank B. Leitz 
Chemical Engineer 
Mail code D -8230 
Water Treatment Engineering and Research Group 
Bureau of Reclamation 
Environmental Researches Services 
Denver Office 
P.O. Box 25 007 
Denver, CO 80 225 
USA 
Tel.: 003 034 452 255 
Fax.: 003 034 456 329 
e-mail: fleitz@do.usbr.gov 

OBSERVERS 
Ms Mona Rashid Al Alili 
Chemist 
Abu Dhabi Water and Electricity Authority 
P.O. Box 54 000 
Abu Dhabi 
UNITED ARAB EMIRATES 
Tel. 00971 507 921 202 

Mr Musallam Mubarek Al Jabri 
Head of Marine Pollution and CZM Section 
Ministry of Regional Municipalities , 
Environment and Water Resources 
P.O. Box 323 
Area code 113 
Muscat 
OMAN 
Tel.: 00968 692 550 
Fax.: 00968 692 462 
e-mail maljabri@hotmail.com 

Mr Hatim Aseer Al Motairy 
Head of Water Quality Section 
Meteorology & Environmental 
Protection Administration 
Ministry of Defence & Aviation 
P.O. Box 1358 
Jeddah 21 431 
SAUDI ARABIA 
Fax. 009 654 835 483 
e-mail hatemalmotairy@yahoo.com 
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Ms Eman Said Al Nakhi 
Chemist 
Abu Dhabi Water and Electricity Authority 
P.O. Box 6975 
Abu Dhabi 
UNITED ARAB EMIRATES 
Tel. 00971 506 229 392 

Dr Mohamad Yacob Al-Sulaiti 
Manager, Environment, Safety and Quality 
Assurance Department 
Qatar Electricity and Water Corporation 
P.O. Box 9984 
Doha 
QATAR 
Tel. 009 744 845 577 
Fax. 009 744 845 595 
e-mail abuyacob@yahoo.com 

Mr Ibrahim Mohammad Deyab 
Head of Water Pollution 
Environment Public Authority 
P.O. Box 24 395 
13 104 Safat 
KUWAIT 
Tel.: 009 654 830 896 
Fax.: 009 654 835 483 

Dr Shaker A. Khamdan 
Head of Environmental Monitoring Section 
Ministry of State for Municipalities 
Affairs and Environment Affairs 
P.O. Box 26 909 
Manama 
BAHRAIN 
Tel.: 00973 293 693 
Fax.: 00973 294 192 
e-mail: skhamdan@bahrain.gov.bh 

Mr Attitalla Hassan Salem 
Chief Chemical Engineer 
Abu Dhabi Water and Electricity Authority 
P.O. Box 73 413 
Abu Dhabi 
UNITED ARAB EMIRATES 
Tel.: 0097 126 427 106 – Mobile 00971 504 453 846 
Fax.: 0097 126 427 141 
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Miss Farnaz Shoaie  
Expert 
Marine Environmental Research Bureau 
Department of Environment 
P.O. Box 5181 
Postal code 15 875 
Teheran 
ISLAMIC REPUBLIC OF IRAN 
Tel.: 0098 218 808 776 
Fax.: 0098 218 907 223 
e-mail farnazsh@altavista.com 

ROPME SECRETARIAT 

H.E. Dr Abdul Rahman Al Awadi, Executive Secretary, Regional Organization for the 
P rotection of the Marine Environment, Kuwait 

UNEP SECRETARIAT 

Dr Mahmood Y. Abdulraheem, Director and Regional Representative, United Nations 
Environment Programme, Regional Office for the West Asia, Manama 

Dr Habib El Habr, Deputy Director, United Nations Environment Programme, Regional 
Office for the West Asia, Manama 

WHO SECRETARIAT  

Dr Hussein A. Gezairy, Regional Director, World Health Organization, Regional Office for 
the Eastern Mediterranean, Cairo 

Dr Houssain Abouzaid, Regional Adviser, Supportive Environment for Health, World Health 
Organization, Regional Office for the Eastern Mediterranean, Cairo 

Dr Jamie Bartram, Coordinator, Water, Sanitation and Health, Department for Protection of 
the Human Environment, World Health Organization, Geneva  

Mr Hamed Bakir, WHO Sanitary Engineer, Rural Environmental Health Adviser, Centre for 
Environmental Health Activities, Amman 

Mr Hiroki Hashizume, Sanitary Engineer, Water, Sanitation and Health Programme, 
Department of Protection of the Human Environment, World Health Organization, Geneva 

Ms Safaa Nofal, Secretary, World Health Organization, Regional Office for the Eastern 
Mediterranean, Cairo 
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Annex 4 

DRAFT TEXT PROPOSED FOR THE GUIDELINES  
FOR DRINKING-WATER QUALITY, THIRD EDITION 

Text prepared and endorsed by meeting participants, to be next discussed, reviewed 
and modified at the meeting of the Guidelines for Drinking -water Quality working groups 
in Manila. 

Application of the guidelines to desalination systems 

Background 

The principal purpose of desalination as a source of drinking-water is to enable sources 
of brackish or salty water, otherwise unacceptable for human consumption, to be used for this 
purpose. 

Because of  water scarcity driven by pressures arising from population growth, over-
exploitation of water resources and pollution of other water sources, the use of desalination as 
a drinking-water source is increasing and is likely to continue to increase. Whilst most present 
capacity (around 60% of presently-constructed capacity) is in the Eastern Mediterranean 
Region, particularly in the Gulf Cooperation Council (GCC) countries, desalination facilities 
exist all over the world and their use is likely to increase in all continents. 

Most present applications of desalination are to estuarine, coastal and seawater. 
Desalination may also be applied to brackish inland waters (both surface water and 
groundwater); and may be used onboard vessels. Small-scale desalination units also exist for 
household and community use and present specific challenges to effective operation and 
maintenance. 

Further guidance on desalination for safe drinking-water supply is available in [title of 
guidance document and publishing details]. 

The Guidelines for Drinking-water Quality should not be applied directly to desalinated 
water supply systems without taking account of certain major differences between these and 
systems abstracting water from fresh water sources. These differences include the factors 
described below. Once taken into account the general requirements of the guidelines for 
securing microbial, chemical and radiological safety should apply. 

Major issues 

Coastal and seawater sources may contain hazards not encountered in freshwater 
systems. These include diverse harmful algal events of micro and macro algae and of 
cyanobacter ia; certain free-living bacteria (including Vibrio species such as V. 
parahaemolytius and V. cholerae); and some chemicals such as boron and bromide which are 
more abundant in seawater. 
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Harmful algal events may be associated with exo and endo toxins that are thermo labile 
or stable, cell-associated or free, and volatile or non-volatile and these are usually not affected 
by chlorination. Unrecognized toxins probably exist. Minimizing intake of potentially toxic 
algae through location/siting and intake design plus effective monitoring and intake 
management is an important primary preventive measure. Removal of whole algal cells and 
thereby cell-associated toxins, to the extent possible, should be a component of good 
management practice [cross-reference IOC products]. 

Other chemical hazard issues such as control of “additives”, disinfection by-products 
(DBPs), pesticides, etc are similar to those encountered in freshwaters [cross -reference 
guidance on ‘materials and chemicals’ and other guideline values], except  that a larger variety 
and greater quantities may be used in desalination. Due to the presence of bromide, the 
distribution of disinfection by products will likely be predominated by brominated organics. 

Approaches to monitoring and assessing the quality of source waters developed for 
freshwater may be inapplicable to desalinated waters. In particular many faecal indicator 
bacteria die -off more rapidly in saline than freshwater and are not appropriate; and the 
principal chemical contaminants of concern may be distinct. 

Water desalination is an energy intensive process and facilities may be located close to 
or directly coupled with energy/heat producing facilities. Such facilities often employ fossil 
fuel burning or nuclear energy. The potential pollution impacts of nearby energy generation 
should be taken into account [cross-reference IAEA products for nuclear energy sources]. 

The effectiveness of some of the treatment processes in removing some substances of 
health concern remains inadequately understood. Examples of inefficiencies  include imperfect 
membrane and/or membrane seal integrity (membrane treatment), bacterial growth through 
membranes/biofilm development on membranes (in membrane treatment systems); and carry 
over, especially of volatile toxic compounds (with vapour). [Cross reference Guidelines for 
Drinking-water Quality treatment text] 

Because of the apparently high effectiveness of some of the processes used in removal 
of both microorganisms and chemical constituents (especially distillation and reverse 
osmosis), these processes may be employed as single stage treatments or combined only with 
application of a low level of residual disinfectant. The absence of multiple barriers places 
great stress on the continuously safe operation of that process and implies that even short-term 
decrease in effectiveness may present significant risk to human health. This in turn implies the 
need for on-line monitoring linked to rapid management intervention. [Cross reference 
Guidelines for Drinking-water Quality treatment text] 

Water produced by desalination is “aggressive” towards materials used, for example, in 
water supply and domestic plumbing, pipes, etc. Special consideration should be given to the 
quality of such materials and normal procedures for certification of materials as suitable for 
potable water use may not be adequate for water, which has not been stabilized (see next 
paragraph). 
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Because of the aggressivity of desalinated water and because desalinated water may be 
considered bland, flavourless and una cceptable, desalinated water is commonly treated by 
adding chemical constituents such as calcium carbonate with carbon dioxide. Once such 
treatment has been applied, desalinated waters should be no more aggressive than waters 
normally encountered in drinking-water supply. Chemicals used in such treatment should be 
subject to strict procedures for certification [cross -reference additives text]. 

Desalinated waters are commonly blended with small volumes of more mineral-rich 
waters, to improve their organo-leptic quality and to stabilize them (see above paragraph). 
Blending waters should be fully potable, from a microbiological point of view, as described 
here and elsewhere in the Guidelines. Where seawater is used for this purpose the major ions 
added are sodium and chloride. This does not contribute to improving hardness or ion balance 
and only small amounts (e.g. 1–3%) can be added without leading to organo-leptic problems. 
Blending waters from coastal and estuarine areas may be more susceptible to contamination 
with petroleum hydrocarbons. Some ground or surface waters, when used for blending after 
suitable treatment, may be employed for blending in higher proportions and may contribute to 
hardness and ion balance, as well as improved organo-leptic quality. 

Desalinated water is a manufactured product. Concern has been expressed about the 
impact of extremes of major ion composition or ratios for human health. [Evidence is not 
adequate to describe the health risk associated with long-term consumption of such water 
although concerns regarding hardness may be limited by the stabilization processes outlined 
above.] 

Desalinated water, by virtue of its manufacture, often contains lower than usual 
concentrations of other ions commonly found in water, some of which are essential elements. 
Water typically contributes a small proportion of these in human diet and most intake is 
through food [exceptions include fluoride and declining dental health has been reported from 
populations consuming desalinated water with very low fluoride content]. 

Desalinated water may be more subject to ‘regrowth’ problems than other waters as a 
result of one or more of: higher initial temperature (from treatment process), higher 
temperature (application in hot climates) and/or the effect of aggresivity on materials (thereby 
releasing nutrients). The direct health significance of regrowth, with the exception of 
Legionella [cross reference within Guidelines] is inadequately understood. In the absence of 
disinfectant residuals, nitrite  formation by organisms in biofilms way prove problematic.  
Precaution implies that preventive management should be applied as part of good 
management practice. 

Construction and operation of large desalination facilities may have significant 
environmental and ecological impacts including those arising from energy generation and the 
waste streams produced. For these reasons such plants should be typically subject to impact 
assessment [cross -reference information on impact assessment]. 
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Annex 5  

WORK GROUP REPORTS 

A) GROUP 1 : MICROBIOLOGY 

Participants: 

Dr Houssain Abouzaid 
Mr Hatem Al Motiairi 
Dr Jamie Bartram 
Dr Mostafa Desouky 
Dr Habib El Habr 
Dr Henrik Enevoldsen 

Terms of Reference for Group 1  

1. Identify specific future steps; and 

2. Identify issues to be included in the terms of reference for technical groups, both those 
for guidelines and for the guidance document; and 

3. Identify unique hazards re desalination and related basic management approaches. 

Scope: Desalination of brackish to oceanic water, all types of plants from large scale 
industrial plants, vessel desalination plants to household desalination units. 

What are the hazards specific to desalinated drinking water with  respect to microbiological 
hazards?  

1. WATER 

Source water: including brackish surface and ground water, coastal to oceanic water, 
excluding indirect waste water reuse. 

1. Faecal originating organisms 
Bacteria, viruses, parasites: same as freshwater 

2. Natural occurring organisms 
Bacteria (e.g. Vibrios) 
Viruses? 

Toxic algae: Risk assessment of both acute exposure and long term exposure to low 
concentrations of toxins (need for international effort WHO-IOC-UNEP) 
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Confirm that massive jelly-fish, macro-algae (Caulerpa?) and other blooms do not pose 
a health risk. 

Which of these organisms are relevant in relation to re-growth? 

Mixing water: 

Freshwater surface water or ground water: ordinary guidelines apply 

Brackish water: same as source water 

2. TREATMENT ISSUES 

Toxin carry-over and/or concentration/decomposition/altered nature of toxins/reactions 

Membrane growth-through 

Congelation: Desalinated water should be considered as raw water 

Ion exchange (growth within the matrix): desalted water should be considered as raw 
water 

Are the relevant organisms different from those in conventional water treatment plants 
because of the different composition of the water? 

Processes tend to yield warmer water: related growth hazards are poorly understood. 

3. MANAGEMENT ISSUES 

Regarding toxic algae  

Complex group of relevant toxic compounds 

– Thermo-labile and stable 
– Cell associated and free 
– Volatile and non-volatile 

First management practice is: 

?? to avoid intake of potentially toxic micro-algae. Guidance should be provided on: 

– Siting of facility and in-take (knowledge on e.g. seasonal occurrence and other 
factors controlling the occurrence of toxic algae in a particular area may be useful 
for early alerts vis a vis change of intake) 

– Design and construction 
– Operation 
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?? to avoid lysis of cells in transport (shear forces), filters (crushing), chemical treatment 
(cell membrane rupture/permeability). 

Guidance on management plans should address both acute cases and persistent cases at 
lower toxins levels. 

?? Monitoring and management: 

– priority is for simple screening method for toxicity/presence of toxins. 
– priority is for indicators of potential hazards. 

May a battery of indicators, which provides a screen, be designed? 

Regarding re -growth 

Likely to take place 

Poorly described 

Hazards not fully identified 

Guidance on management plans should address: 

– Effects on re-growth of the high temperature in thermal desalination as compared 
to conventional water treatment plants; 

– Use of disinfectants adapted to control of re-growth in desalination plants. 

Monitoring and management: 

Priority is for simple screening methods for re-growth 

Regarding source water derived organisms 

Conduct screening-level Quantitative Microbial Risk Assessment (QMRA) on pathogens 
not encountered in conventional systems. 

Quantify whether conventional systems provide reasonable comparable protection. 

RECOMMENDATION FROM THIS CONSULTATION: 

Capacity building on management of biotoxins in relation to desalination (how to apply 
the guidelines). 
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B) GROUP 2: CHEMICALS 

Participants 

Ms M. Al Alili 
Dr F. Al Awadhi 
Ms E. Al Nakhi 
Dr J. Cotruvo 
Mr I. Deyab 
Dr K.M. Hussain 
Mr A. Salem 
Ms F. Shoaie 

The Chemicals Group reviewed the full spectrum of the process of producing 
desalinated water starting at the source through pretreatment, treatment, stabilization, 
blending and distribution of finished water. The goal was to identify chemicals that may be 
unique to desalination that should be addressed in revised WHO Guidelines. The group 
concluded that, in general, there were no obvious examples of unique chemical contaminants 
in finished desalinated water that were not already covered in WHO Guidelines. However, the 
group concluded that many substances could be associated with desalination processes that do 
require attention and that should be emphasized in WHO Guidelines that relate to 
desalination. 

The major concern was with the many chemical additives associated with pretreatment, 
water stabilization, corrosion control, polymers, coatings, piping and all surfaces that may be 
affected by aggressive waters. The group concluded that all of these should be dealt with by 
use levels and product quality specifications and encouraged WHO to provide guidance for 
chemicals and materials used in drinking water production, which will encourage use of 
qualified National or International product standards and certification systems. Several 
specific issues were identified for consideration. 

?? Localized source water contamination by petroleum and chemicals from waste 
discharges can challenge desalination systems. 

?? Use of sea water for blending is not particularly beneficial and has very limited 
applications potential for increasing dissolved solids due to very high sodium and 
chloride levels. 

?? Nitrite levels in distributed water can be increased significantly in warm climates if 
disinfectant residuals are dissipated, however, maintaining disinfectant residuals may 
also increase disinfection by-products. 

?? Because of the presence of bromide in source water or blending water, the disinfection 
by-products that are found in desalination systems tend to increase brominated organic 
by-products relative to chlorinated. 



WHO-EM/PEH/543/E/L  
Page 31 

 

The group discussed nutrients and trace essential metal levels in desalinated water. It did 
not take a position on the subject, but recommended that WHO convene an international 
workshop of medical, nutrition and water experts to assemble state-of-the-fact information 
and recommendations regarding the relationship between drinking water composition and 
human health, including water hardness and cardiovascular disease, sodium and hypertension, 
and trace essential nutrients. 

The WHO fluoride guidance should be revisited to be sure that the range of acceptable 
levels should reflect climate as it affects water consumption so that dental fluorosis will not be 
excessive. National authorities should choose appropriate fluoride levels relating to their 
water consumption patterns. 

Recommenda tions should include analytical procedures locations over frequencies from 
the source to the consumer’s water tap to assure process control and protection of public 
health.  

Unique substances or unique conditions?  

Source waters Oil Contamination 
TOC ?  DBP  
Contamination near intakes – e.g. pesticides/Hg 

Pre-treatment DBP formation – esp. Brominated organics  
Additives 

Treatment process Coatings 
Monomers and polymers 
Distillate –  Organics, e.g. THMS 

Stabilization Alkalinity, Ca, Mg, hardness issues 

Blending Seawater –  Bromide 
Brackish  
Minerals 

Post chlorination DBPs – esp Brominated organics 

Distribution/storage 

 

DBPs – esp. Brominated organics 
Leaching from storage + pipes and plumbing 

NO2 –  Ammonia + Nitrosomonas  
Time and temperature  
Biofilms 

General Monitoring and methods 
Chemicals + Materials Guidance 
Nutrients Review fluoride guidance 

Workshop on Drinking Water Composition and Health. 
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C) GROUP 3: GENERAL ISSUES: CONTENT OF THE WHO GUIDANCE 
DOCUMENT ON DESALINATION FOR SAFE DRINKING WATER SUPPLY 

Participants: 

Dr M.F. Al Rashed 
Dr M.Y. Al Sulaiti 
Dr H. Bakir 
Mr P. Gowin 
Mr H. Hashizume 
Dr F. Leitz 

Below is a list of the areas that the group believes may have an effect on health, sorted by 
categories, that should be included in the guidance document. 

Health issues 

Source water 

?? Intake protection 

?? Intake conflicts between energy plant and desalination plant 

?? Emergencies like oil spills or chemical accidents 

?? Quality of water 

?? Potential contamination of source water 

Desalination plant/unit 

– Site selection 

– Energy 

– Technical interaction with energy plant 
– Co-location/co-production of plants 
– Different assessment for fossil, nuclear, solar or other sources of energy 

– Guidance during design 

– Guidance during construction 

– Guidance during operation 

– Not just define quality but also process to deliver quality 
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– Materials  

– Monitoring 

– Maintenance 

– Certification of chemicals and materials 

– Chemical storage and spill protection 

– Different requirements and results of various processes 

– Acceptability of improvements in technology 

Post-treatment, storage and distribution system 

– Storage at plant site  

– Storage in distribution system 

– Safe and durable distribution system 

– Blending water 

– Certification of supply system infrastructure materials  

– Passivation of product water 

– Post treatment 

– Protection of water in distribution systems 

Customer and use  

– Consumer education 

– Conservation 

– Storage at consumer site  

– Considerations for introducing desalinated water in existing distribution systems 

– Incompatibilities between the desalinated water and household plumbing and distribution 
piping. 

– Protection of water quality within households 
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Desalination waste management 

– Sludge disposal 

– Chemical disposal 

– Reject disposal of single versus co-production effluents 

Environmental impacts  

– waste management 

– impact of desalination on the environment 

– refer to environmental impact assessment (EIA) but not detail it 

Overall/cross-cutting/general 

– Disinfectants and disinfection 

– Safe water supply: quantity, quality, supply continuity, product affordability.  

– Quality surveillance regimes to cover entire system 

– Need to look at the system in an integrated manner 

– Compatibility with existing water supply systems 

– Training at all levels. 

D) GROUP 4: INSTITUTIONAL ARRANGEMENTS FOR PARTNERSHIP ON 
DESALINATION IN THE GCC COUNTRIES 

Participants 

Dr H. Gezairy 
Dr Abdulraham Al Awadi 
Dr Abdulmajeed Alawadhi 
Dr M. Aldulraheem 
Dr M. Al Souffi 
Dr M. Al Rashed 
Dr H. Abouzaid 
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The group examined different options for establishing a partnership amongst the Gulf 
Cooperation Council Member States (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, United 
Arab Emirates) to promote information exchange, research and development in desalination. 

An Inter -Agency Task Force, grouping the three organizers of the Consultation, as well 
as two research institutions on desalination in the subregion and two independent experts was 
proposed as the easiest way to ensure a rapid development of the partnership, while keeping 
the necessary flexibility. The working group recommended that UNEP/ROWA, in cooperation 
with WHO/EMRO and ROPME, coordinate the work of the Task Force, provide the 
secretariat, seek funding and liaise with the activities on desalination at a global level 
including the development of Guidelines and guidance by WHO, brief description of the task 
force is attached. 

The WHO/EMRO Center for Environmental Health Activities (CEHA) will serve as the 
information exchange center for the Task Force. 
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Annex 6 

A PROPOSED OUTLINE F OR GUIDANCE DOCUMENT  
ON DESALINATION FOR SAFE DRINKING-WATER SUPPLY 

 
Background – Extent and perspectives, cross cutting issues 
Review of health aspects 
Source water 
Desalination plants/units 
Post treatment/blending 
Storage and distribution 
Waste management  
Impact assessments for new facilities 
Water quality control and surveillance 
Small facilities, vessels and household units 
Public perception and acceptability 

Notes: 

1. Some considerations on possible content under the different chapters. 

2. Input should be secured from areas where desalination is periodically used to 
supplement water during shortage (in intermittent operation e.g. Japan). 

3. Individuals/institutions from small islands states, where desalination is practiced, should 
be sought. 

4. Expertise regarding desalination on board vessels should also be secured.  

5. Candidates, individuals and institutions that may provide expertise and/or experience 
include: 

?? IWA Standing Committees 

?? IDA Standards Committee 

?? IDA affiliates: 

– American Desalting Association 

– European Desalination Society 

– Indian Desalination Society 

– Japan Desalination Assoc iation 
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– Pakistan Desalination Association 

– Spanish Desalination Association 

– Water Science and Technology Association (WSTA/GCC) 

?? Others 

– Abu Dhabi Water and Electricity Research Centre, United Arab Emirates 

– Jubail Research Centre, Saudi Arabia  

– Kuwait Institute of Scientific Research, Kuwait 

– Saline Water Conversion Corporation, Saudi Arabia  

– University of New South Wales, Australia  

– Water Research Commission, South Africa 

– Water Research Section, Ministry of Power, Islamic Republic of Iran, 

– Attmann, Bechtel Consulting, Germany – Desalination project management 

– Dr Abdulmajeed Alawadhi, Bahrain 

– Dr Fatimah Al Awadhi, Distribution Systems and Quality Monitoring, Kuwait 

– Dr Khawlah Al Shaigi, Kuwait University 

– Mohamed Al Sofi, Desalination General, Al Khobar, Saudi Arabia 

– Dr Mohamad Al Sulaiti, Qatar General Electricity and Water Corporation 

– Faibish, USA/IAEA – Energy 

– Furuhawa, USA/JP, IDA – Desalination general 

– Mr P. Gowin, IAEA – Review/energy 

– Dr Totoro Goto, Japan 

– Dr Ata Hossain, Al Jubail, Saudi Arabia  

– Dr Frank Leitz, Denver, CO, USA 

– Mr Mike Mideley, Concentrate Disposal Boulder, CO, USA  

– Dr Nabil Nada, Jeddah, Saudi Arabia  

– Shleider, USA-General 

– Mr Neil Wade, Brighton, UK 

6. Participants/reviewers are asked to propose to WHO venues, addresses and contact 
information of additional organizations that should be listed.  
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A proposal to establish an Interagency Task Force 
on Desalination in the GCC Countries  

The proposal: 

The Consultation for Planning the Preparation of the Water Quality Guidelines for 
Desalination organized jointly by the World Health Organization, (WHO), the United Nations 
Environment Programme, Regional Office for West Asia (UNEP/ROWA) and the Regional 
Organization for the Protection of the Marine Environment (ROPME), and held in Manama, 
Bahrain, from 28 to 31 May 2001 proposes establishing an Interagency Task Force to promote 
information exchange, research and development in desalination. 

Introduction 

With very few exceptions, the water scarcity is the general rule in the countries of the 
WHO Eastern Mediterranean Region (EMR), particularly the GCC countries. 

Desalination is the major source of water in the GCC countries accounting for 58% of 
municipal and industrial water consumption. Experts suggest that 65% of the GCC water 
supplies will come from desalination by 2010. Desalinated water production in Qatar and 
Kuwait currently exceeds the total domestic and industrial water needs. 

Desalination accounts for a small percentage of the water requirements in Egypt, 
Islamic Republic of Iran, Libyan Arab Jamahiriya, Morocco and Tunisia. However, it is 
expected that many countries will resort to desalination for meeting their water budget deficit 
in the future. 

Several other EMR countries currently (e.g. Jordan and Yemen) suffer from severe 
water shortages and many othe rs are expected to suffer severe water stress in the next 25 
years. Water shortages are due to structural conditions relating to geographic and climatic 
conditions, and the population pressure. Water shortages are also due to management induced 
conditions relating to lack of water management policy leading to inefficient and unwise use 
of water, inadequate pollution control, and overexploitation. 

Averting the water shortages crisis and securing the water supplies in EMR countries 
starts with a serious shift towards water demand management to influence demands on water 
to match existing resources through efficient utilization of water, reduced wasteful 
consumptions, efficient allocation of water resources, and maximum recycling. After reducing 
the gap between the demands and existing supplies, many countries will have to secure 
additional water resources through desalination or cross-borders transfers. 

Transferring water across national boundaries is achievable but costly and risky. 
Desalination is achievable but remains costly and in the near future will remain outside the 
reach of most EMR countries unless the costs are significantly reduced.  
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Securing water supplies is one of the most important prerequisites for protecting public 
health. Security of water supplies is measured in terms of the following parameters: adequate 
quantity, adequate quality, reliability and affordability. 

Objectives of the Interagency Task Force for Desalination in the GCC Countries 

1. Follow up the recommendations of the Joint WHO/UNEP/ROPME Consultation, 
relevant to the sub-region; 

2. Ensure Regional input into the WHO Guidelines on Water Quality on Desalination; 

3. Follow up on national/sub-regional desalination strategies; 

4. Promote research and development to reduce the cost of desalination; 

5. Promote low cost desalination using renewable energy; 

6. Promote research on the health impacts of desalinated water; 

7. Support the WHO initiative of preparing the water quality guidelines for desalination; 

8. Promote studies on the environmental impacts of desalinations facilities and their 
minimization; 

9. Provide information exchange and networking services. 

Institutional arrangements  

The Task Force is to be formed from: WHO/EMRO, UNEP/ROWA, ROPME, The 
Water Science and Technology Association (WSTA), Jubail Research Centre in Saudi Arabia, 
Kuwait Institute for Scientific Research (KISR) and two independent experts from the GCC 
countries. UNEP/ROWA in cooperation with WHO/EMRO and ROPME will coordinate the 
work of the Task Force and provide the secretariat for the Task Force, seek funding and liaise 
with the global programmes on desalination. The WHO/EMRO Regional Centre for 
Environmental Health Activities (CEHA) will serve as the information exchange center for 
the Task Force. 

Resources and requirements 

The focal point and information exchange activities would need to be implemented as a 
project with specific objectives, activities, resources, and outputs. External funding is to be 
sought to support the following: necessary coordination staff, cost of activities, cost  of 
establishing the specialized information exchange services. 

 


