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1. BACKGROUND 

In June 2000, a meeting of the WHO Guidelines on Drinking-Water Quality Committee 
in Berlin, Germany recommended unanimously to develop a WHO guidance monograph on 
health and environmental aspects applicabIe to desalinated water production, distribution and 
water quality. This resulted from an initiative by the WHO Regional Office for the Eastern 
Mediterranean (EMRO) to facilitate the introduction of desalination benefits on a wider scale. 
The guidance development process began talung shape in a joint WHO/UNEPROPME 
consultation held in Manama, Bahrain in May 2001, emphasized the need to, as much as 
possible, involve broad participation of the numerous interested organizations and individuals 
from around the world in the Guidance development process that WHO will manage. This 
Guidance should contribute to the improvement of public health, quality of life and to 
economic development. 

The administrative structure of the Guidance development process consists of the 
Oversight Committee, Steering Committee and Technical Committee. 

Oversight Committee: Membership comprises WHO (Em0 and headquarters), United 
Nations Environment Programme Regional Office for West Asia (UNEP/ROWA), Regional 
Organization for Protection of the Marine Environment (ROPME) and the Technical 
Sccrctariat. This Committee has the responsibility of overseeing thc lnanagelllent of the 

project to: assure consistency with the goals and needs of the WHOIUN agencies; assure that 
all international elements of sensitivity are met; assure that all interested Agencies are kept 
aware of the progress of the project and are appropriately involved; resolve any problems that 
develop within their purview; communicate progress; and guide the project at its initiation and 
during the term of its undertaking. Committee members are: Dr Houssain Abouzaid 
(WHO/EMRO); Dr Jamie Bartram (WHO/HQ); Dr Habib El Habr (UNEPROWA); Dr Abdel 
Rahrnan A1 Awadi (ROPME) (alternate Dr Hassan Mohammadi); and Dr Joseph Cotruvo 
(Technical Adviser). 

Steering Committee: The Steering Committee' is responsible for overseeing the 
operations and progress of the project and the Technical Committee, resolve problems that 
develop and review and revise the draft and final reports. The Steering Committee members 
consist of key stakeholders from WHO and other international agencies and organizations, 
gu vcmmenrs and academia with worldwide coverage: Mr Amer Al-Rabeh (Saudi Arabia); Dr 
Anthony Fane (AustraIia); Dr Gelia Frederick van Genderen (Cayman Islands); Dr Totaro 
Goto (Japan); Dr Jose Medina San Juan (Spain); and Dr Kevin Price, (United States of 
America). The Oversight Committee is also part of the Steering Committee. The Secretariat to 
the Steering Committee comprises Dr Houssain Abouzaid, Dr Jamie Bartram and Dr Joseph 
Cotruvo. 

Technical Committee: The TechnicaI Committee consists of a balanced group of 
internatinnal expert scie.ntists and engineers with particular expertise in the specialty technical 
areas that are required in each of the 5 Technical Workgroups. These Workgroups and their 
members conduct the scientific analyses and generate the technical documents that will 
providc thc basis for thc rccornrnended guidance that will be produced, 
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The final Guidance document will consist of the recommendations and guidance 
information generated by the Committees, supported by the Secretariat, plus the supporting 
technical documents generated by the Technical Workgroups. 

A single workshop on public health and nutritional issues was conducted in November 
2003. The report of this meeting is a contribution to the desalination Guidance programme, 
and has been published in draft on the WHO website for public external review; the final 
report is in press. A symposium and expert meeting will occur on 24-28 April in Baltimore, 
United States of America, to examine the scientific basis for the "hard water benefits" 
hypothesis and to provide recommendations for future WHO Guidance. 

The first meeting of the Steering Committee, held on 10-12 May 2004 in Manama, 
Bahrain, revised the workplan and proposed membership for the Technical Committee and its 
five Workgroups. The Technical Committee convened for the first time in Irvine, California, 
United States of America on 22-24 October 2004. The five Workgroups met and began to 

develop their assessment documents in their respective subject areas. They reached agreement 
on the direction of the guidance development and on the content of their sections. The 
preliminary ourputs arid assig~lmr;nts of c;ach Wolkgroup, along with a description of thc 
initiation of the project and the results of the meeting, were published in the meeting report 
(WHO-EM/PEH/556/E). The groups prepared initial drafts and assigned responsibilities for 
continued analyses after the meeting. Revised and expanded assessments were prepared in the 
interim and provided for use in the second meeting. 

Since that meeting, the Chairman of Workgroup III (Microbiology) withdrew and was 
replaced by Dr Michele Prdvost, formerly a member of the Technology Committee. The 
Workgroups (and their ctirrent Chairs) are: 

I. Technology: engineering, chemistry, large and smalI facilities (Dr Corrado S ommariva) 
11. Tkalth: toxicology of chcmical contaminants and nutritional issues @r Mahmood 

Abdulraheem) 
IT. Microbiology: sanitary and marine (Dr Michele Prkvost replaces Dr Jean-Cl aude Block) 
IV. Monltonng: microbiological, analytical chemistry and regulatory @r David Cunliffe) 
V. Impact assessments for new facilities (Ms Sabine Lattemann) 

The estimated schedule to completion is as follows. 

Deliver complete revised draft reports from workgroups: 1 February 2006 
Hold the second Steering Committee meeting: Mid March 2006 
Draft final Guidance to internd review: May 2006 
Deliver draft final report and Guidance: June 2006 
Initiate external peer review: June 2006 
Revise the report and prepare final Guidance: October 2006 
Print final Guidance in English: November 2006 
Print finaI Guidance in Arabic: December 2006 
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2- INTRODUCTION 

The second meeting of the Technical Committee was hosted by the Kuwait Foundation 
for the Advanccment of Scicnccs (KFAS) and mct in the KFAS headquarters in Kuwait City. 
In addition to the Technical Committee members who were in attendance, four members of 
the Steering Committee were also present: Arner A1 Rabeh (Saudi Arabia), Dr Habib El Habr 
(UNEPIROWA), Dr Jose Medina San Juan (Spain) and Dr Gelia Fredrick van Genderen 
(Cayman Islands). 

The meeting was inaugurated with a message from Dr Ali Al-ShamJan, Director- 
General, Kuwait Foundation for the Advancement of Sciences, which was delivered by Dr 
Naji Al-Mutairi, Director, Research Directorate, KFAS. In his message, Dr Al-Shamlan noted 

that Kuwait depended mainly on desalination technology to cover the increasing demand for 
water. Kuwait had been a pioneer in using desalination to produce drinking-water and was, in 
1960, the first country to use muIti-stage flash distillation (MSF) technology. Thc Kuwait 
Foundation for the Advancement of Science (KFAS) was committed to the progress of science 
and technology since its inception in 1976. KFAS, which was financed by Kuwaiti 
shareholding companies contributing a percentage of their annual net profit, had supported a 
total of 543 research projects so far with for grand sum of 16 million Kuwaiti dinars (over 
US$ SO million). In September 2003, a water resources programme had been initiated at the 
Research Directorate in order to draft the strategic plans for the establishment of a leading 
Centre for Water Resources in Kuwait and the region. In addition, the programme focused on 
specialized studies and research on water resource technologies, integrated water resource 
management, water policies, and the training and development of the technical staff. The 
current meeting was an example of the cooperative activities within the KFAS water resources 
programme. 

Dr Habib NicoIas Al Habr, Acting Regional Director and Regional Representative, 
W P / R O W A ,  extended to all the g~ectings to Dr KIaus Tvepkr, UNEP's Executive Director, 
and noted that the discussions over the next few days would focus on the quality of 
desalinated water. Within the Gulf Cooperation Council (GCC) sub-region, the desalination 
capacity was currently approximately 1.6 cubic kilometres per year, accounting for 60% of 
total world capacity and providing about 50% of the domestic water supply. It was believed 
that at current rates of demand, the desalination capacity would almost double to reach 3 
cubic kilometres per year by 2020. The quality of the water produced by desalination plants 
therefore had a major bearing on the overall quality of water supply in the Region, and the 
related implications for human health. Alongside this were the potential environmental 
impacts of the desalination process itself, something which was naturally of great interest and 
concern to UNEP working in the Region. 

Dr Abdul Rahman A1 Awadi, Executive Secretary, Regional Organization for the 
Protection of the Marine Environment (ROPm),  addressed the meeting, stating that the need 
for specific water quality guidelines for desalination had been feIt in the GCC area for at least 
20 years and WHO was to be complimented for taking up the matter. In dry areas, 
desalination was providing a vital solution to meet increasing water demand. Where 
desalination was practised, greater water reuse was required. He noted that in Kuwait, which 
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had put into place advanced wastewater treatment, only about 30% of available treated waste 
water was actually reused. In countries such as Kuwait, the available groundwater resources 
should be considered strategic reserves and protected against different sources of pollution. 

Dr Hussein A. Gezairy, WHO Regional Director for the Eastern Mediterranean, pointed 
out that in areas where water was scarce, instead of abstracting water from aquifiers, efforts 
needed to focus instead on recharging these for the benefit of future generations. The subject 
of the meeting was important because it was related to water quality and environmental 
effects. However, the desalination processes were energy intensive, while it might be expected 
that the finite oil and gas resources would become so precious as raw material for the industry 
that before being exhausted, their use as sources of energy would no longer be justifiable. 
Efforts should therefore be directed to sustainable alternative sources of energy, particularly 
solar energy, since the Region was well endowed in that regard. Water conservation was a 
must, including in relation to industrial water supply and usage. 

Dr Gezairy noted with gratitude that both UNEPROWA and ROPME had agreed to 
jointly organize with WHO the Bahrain planning consultation, and both organizations were 
represented in the Steering Cor~ullittee for tht; iniLialivc. He expressed his appreciation for the 
generous financial support provided by the Arab Gulf Programme for United Nations 
Development Organizations (AGFLTND) to WHO to initiate this process. In addition, the 
following institutions had contributed financially to advancing the work: KFAS, the United 
States Bureau of Reclamation, National Risk Management Research Laboratory of the United 
States Environmental Protection Agency, and the American Water Works Association 
Research Foundation. He also recognized the suppoa provided by Mr Amer Al-Rabeh on 
behalf of the Saline Water Conversion Corporation, Saudi Arabia, in preparing a background 
document on water quality aspects of desalinated water in the GCC m a ,  and the National 

Institute for Water Research, United States, for providing support to the first meeting of the 
Technical Committee, which took place in California in October 2004. He also acknowledged 
a rcport on chcrnical addition by Dr Fatimah A1 Awadhi of WAS. Lastly, Dr Gezairy 
acknowledged the contribution of time, knowledge and expertise of all the experts present, as 
well as others who could not join the meeting. 

Dr Jose Mechna San Juan (Spain) served as Chairman of the meeting. The meeting's 
programme is attached as Annex 1. It was modified somewhat at the suggestion of members 
to facilitate the work of the Workgroups; in particular, a field visit to the Solaibya wastewater 
treatment plant was included on 14 November 2005. The list of participants, including 
members of each Workgroup, is attached as Annex 2. 

3. PLENARY PFtESENTATIONS 

3.1 Overview of the project status 
Dr Huussain A bouzaid, Coordinatof; Healfhy Environment Programme, WHOEMRO 

WHO has a dual role in matters of health and environment that includes both normative 
work (i.e. setting of guidelines) and technical cooperation with Member States Among the 
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numerous examples of other WHO Guidelines are: Air Quality Guidelines, Codex 
Alimentarius Standards for food and bottled water safety, Guidelines for reuse of wastewater, 
recreation a1 water, ship sanitation and most particularly the Guidelines for Drinking-Water 
Quality (GDWQ), within which the guidance on the health and environmental aspects of 
desalination will be included. The third edition of the GDWQ was released in September 
2004, and work on the fourth edition has already begun. The third edition is a very 
comprehensive treatise on virtually all aspects of safe drinking-water. It includes specific 
guideline values for numerous organic and inorganic chemicals and radionuclides, as well as 
for microbial contamination of drinking-water. It discusses analytical methods and treatment 
technologies, and it includes brief discussions on water reuse and desalination foreshadowing 
the desalination guidance, which is targeted for inclusion in the fourth edition. There are also 
detailed methodologies for risk assessment of drinking-water and also a methodology for 
comprehensive management of water supplies for quality called water safety plans. The 
GDWQ are available on the WHO web at: 
http://www.who.intlwater sanitation health/dwq/guidelines/en/. 

The main steps on the way to Kuwait were summarized, An important step in the 
devl=lopment of thr, initiativr, was tht= clc~is iu~i  uf the Rcgiunal Director of WHO1EM.O to 
use his Development Fund to start implementing the 3-year workplan to prepare the Guidance 
document. The nature of the support provided by different institutions to the desalination 
guidelines initiative was touched upon. It was noted that, after the completion of the Guidance 
document, the next challenge will be its use by national authorities, and the desalination, 
water supply and reuse community. 

3.2 Objectives and methodology 

Dr Joseph Cotruvo made an introductory presentation with background on the origin 
and initiation of the WHO desalination guidance development, and the primary issues being 
addressed. The Desalination Guidancc would addrcss those and other issues. The result will 
be a supplement to the WHO GDWQ in respect to the unique aspects of desalinated water and 
desalination processes. This new guidance on quality goals and environmental protection will 
be based on practical considerations. It is directed to both new and existing facilities, and a m s  
to arrive at a set of universal principles that should ultimately put public, government and user 
industry acceptance on a sound and consistent basis. 

The goal in this first WHO Desalination Guidance is to produce WHO guidance specific 
to desalination that will provide useful infomation and useful perspectives for design 
engineers, project managers, and national regulatory decision-makers, and the public. 
Important health and environment issues should be considered and consciously addressed in 
advance at the time of siting, design etc., rather than arise unexpectedly after operations 
begin. The goal is also to provide some level of international uniformity of perspective on 
those matters. A number of suggestions were provided to each Workgroup to assist their 
delibclatiolls un the subject rrlatler and types of guidance that they might develop. In addition 
to substantive guidance, each Workgroup was asked to identify possible issues related to 
health and environment considerations, data gaps and research needs that should be filled in 
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the future to facilitate desalination projects and also to contribute to revised guidance that 
could be developed in the future. The objectives of the meeting are as follows: 

Review the content and completeness of the draft background and analytical documents, 
e Share information between Workgroups to assure that each document contains the 

essential infomation and interrelates with the other Workgroup documents; 
Prepare revised and expanded drafts of each Workgroup's documents; 
Recommend specific points and principles to be included in the WHO Guidance; 
Work on editorial and format requirements; 
Agree on the plan of work and schedule to complete the documents shortly after the 
meeting. 

Each Workgroup prepared a brief progress report of its deliberations and 
recommendations. In ad&tion, the second drafts of the Workgroup reports were provided by 
each Workgroup. 

4. PROGRESS REPORTS OF THE TECHNICAL WORKGROUPS 

4.1 Workgroup I: Technology-engineering, chemistry, large and small facilities 
Dr Tom Pankratz, Acting Chairman 

Issues to be covered 

Source water composition 
Desalination plantsjunits, types, performance and technical considerations 
- S ~ r ~ a l l  facililies, vessels, a11d l i uus~ l~o ld  units 
- Post treatment blending, disinfection and corrosion control 
- Storage and distribution 
- Disinfection by-products 
- Chemical additives for treatment and distribution 
- Specific guidance text 
- Data gaps and research needs 

In August 2005, the draft of the guidelines for technology, engineering and chemistry 
was discussed. Suggestions were made as to how the section could be better organized and 
expanded to meet the required objectives. Comments incIuded that the document should be 
expandedfmodified and the actions taken by the Workgroup were as follows. 

More information on the desalination process, summarizing issues and concerns. A new 
section describing the membrane desalination process and the associated issues was 
prepared. Some of the specific issues addressed were the importance of pre-treatment; 
concerns about membrane salt rejection efficiency, particularly for bromide and borate 
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ions; concerns about membrane integrity and integrity monitoring; membrane 
hydrolysis; and, possible energy recovery cross contamination. 

- Must= i111uxnlaliu11 on yusl-hcalmen~ process options, summarizing issues and concerns. 
A new section covering the post treatment process options was prepared. Some of the 
specific issues addressed were the stabilization by addition of carbonate alkalinity; 
corrosion inhibition; re-mineralization by blending with other water sources; 
disinfection; water quality polishing for enhance removal of specific compounds such as 
boron, silica, and N-nitrosodimethylamine (NDMA). A list of suggested indices to be 
used in quantifying the degree of post treatment was included. 

Amendment af the pre-treatment section. This section was edited to include more 

information on pre-treatment chemicals and processes. See the NSF report and the 
report from Dr A1 Awadi from the first meeting 

Braclush water applications considered in the intake section. The intake section was 
edited to include brachsh water considerations. Other issues added to the section 
include those regarding anaerobic wells; and the control of biofouling by means of pre- 
chlorination. 

Addition of a concentrate management section. A new section on concentrate 
management was added. It included comments on dealing with pre-treatment residuals 
issues and concerns 

Less technical details on thermal desalination processes. The section was amended to 
more accurately reflect the intent of the guidelines, and the common issucs rclating to 
multiple effect distillation (MED) and MSF processes were integrated into a single 
thermal section. The section on small thermal systems was integrated into the thermal 
sectio~~. 

More specific recommendations on monitoring. A list of specific recommendations 
regarding areas that required monitoring was prepared. 

A new committee member, Dr Nikolay Voutchkov, joined the Workgroup. The team 
members met with three members of the Steering Committee during the initial planning 
session to dscuss the document. After reviewing the document in detail and in Iight of the 
comments included in the plenary session, each membe.r was assigned two sections to review 
and update before integrating them in the revised draft. 

4.2 Workgroup 11: HeaIth-toxicology of chemical contanlillallts aud r~utrilional issues 
Dr Mahmood Abdulraheem 

Issues to be covered 

Identify unique source contaminants, chemical additives, blending, disinfection by- 
products 
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substances for inclusions in WHO Guidelines for Drinking-Water 

water quality issues 
calcium and magnesium 

Progress 

ers of the Workgroup and two observers participated in the discussions. The 
ed the draft report, inputs from new members and issues raised by other 

the first 2 days of discussion. The Workgroup based revision of the draft 
0 wate.r safety plans, particularly identifying hazards and tak ing  i n t o  

of the risks associated with exposure to chemicals in drinking-water 
on. The Workgroup considered both the potential for adverse effects on 
tial for adverse impacts on acceptability. In addition, the potential for 
ned by the reintroduction of key nutrients during the necessary 
alancing process was also considered. 

The co prehensive water safety plan approach requires that the hazards to the system 
are identifie , that the risks are evaluated and the appropriate interventions to mitigate the 
risks are ide ified and put into place. The Workgroup considered hazards from source waters, 
with emphas s on the need to understand fully the characteristics of raw waters, including the 
potential sou ces of contamination and the contaminants of concern, natural or anthropogenic. 
The potentia for removal of the contaminants in the raw water was considered as part of the 
risk assessm nt since this will determine the exposure of consumers through the final water. 
Thc Workgr p also considered hazards that could be introduced during different stages of the 
process, inc uding the generation of by-products (particularly brominated DBPs) from 
oxidative di 'nfectants used in pre-treatment and to ensure the hygienic quality of the final 
water. I 

and chemicals used in contact with drinking-water are an important potential 
This was identified as a particular problem for desalinated water, 

aggressive than drinking-water derived from more traditional 
modifications. In this case the appropriate intervention is by 

and controls on the way in which they will be used, rather 
a large number of potential contaminants that may be 

chemically. The use of seawater in the production of 
for disinfection, was identified as a potential source 

of the generation of bromate and the 

The T rkgroup considered the approaches used to remineralize desalinated water and 
expressed c ncem about the use of improperly treated make-up water, particularly seawater, 
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which may come from highly c.ontaminate.d sources. It was supportive of the WHO initiatives 

to determine the value and appropriate levels of addition of calcium and magnesium, which 
are likely to be of nutritional value. 

The Workgroup emphasized the need for more extensive investigation of hazards from 
the source water and from treatment and identified contaminants that require further 
investigation with a view to developing guideline values. Some additional recommendations 
were made for other Workgroups, particularly on the need for quality assurance and training 
for monitoring. Guidance on the selection and approval of materials, specifically with 
desalination in mind, is an important requirement. 

4.3 Workgroup 111: Microbiology-sanitary and marine 
Dr Michele Prkvost 

Issues to be covered 

Sanitary microbiology issues 
Marine microbiology 
Membrane fouling 
Distribution system biofilms and microbial management 
Post treatment management 
Blending waters quality 
Specific guidance 
Data gaps and research needs 

Progress 

Workgroup I l l  members were not in attendance; however, a revised report from Dr 
Pdvost was submitted to the illceting. TThe dlaft report addresses sourct: water ~haraclerislics 
and microbial quality, desalination processes as they affect microbial quality of the finished 
water, including biofouling, disinfection of desalinated water, and storage and distribution of 
desalinated water. The summary below is based on the report submitted by Dr Prkvost. 

Source water characteristics 

The report addressed presence, characteristics and health risks of waterborne indigenous 
and pathogenic micro-organisms in seawater and brackish water- Waterborne pathogens in 
these waters are essentially the same as those of concern in freshwater sources. The pathogens 
generally do not grow or proliferate in water. In addition to anthropogenic sources of 
pathogens, indigenous organisms such as those of thc Vibrio gcnus occur, as well as toxin- 

producing algae. Monitoring by routine or occasional sampling is not a very efficient process. 
Indicator organisms provide useful information, but suitable indicators do not exist for some 
classes of micro-organism. 
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Guidance recommendations 

Monitoring of source water for pathogens is not effective or practical for system 
operations. 
Baseline information for use an indicator of significant water quality change is useful 
for treatment system design and operations. 
Several biological and physical/chemical parameters have good applicability. Some uT 
these include E. coli and Enferucoccus and coliphage. Heterotrophic plate count (HPC) 
is a useful baseline parameter for indicating microbial community changes, but not for 
faecal contamination. 

Desalination processes 

Pre-treatment often involves filtration and disinfection; blending of finished water 
with lower quality water can contribute to risk. 

Recommendations 

Contaminated water should not be blended with water to be desalinated. 
Pre-treatment of blending water contributes to the barriers in the process train and helps 
to assure safe product water. 
The level of pre-treatment is primarily a function of the desalination process needs, 
however, it can also reflect the need for microbial control. 

Reverse osmosis (RO) membranes can remove bacteria and larger pathogens and 
essentially all viruses, when the system is fully intact; virus removal can vary. Removal of 
bacteria and protozoa by RO membrane systems can be as much as 11 logs, which is orders of 
magnitude greater than expected of conventional coagulation, filtration and disinfection. 
Biofilm managcmcnt is an important part of desalination processes. 

Recommendation 

Even though RO provides an ideal level of microbial removal, post-treatment 
disinfection is important for assurance of virus removal as well as to protect the water 
during storage and distribution. 

Thermal processes 

The temperatures reached during thermal processes are often equivalent to 
pasteurization, however, some low pressure processes may operate below 50 OC, which 
could be insufficient to inactivate some protozoa, viruses and spores. 
Post-treatment disinfection is readily achieved due to the very low turbidity and total 
organic carbon (TOC) of desalinated water. It is necessary as protection in the event of 
breakdown and virus passage and blending with untreated water, however, it may not be 
sufficient in the latter case. 
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Blending water may require pre-treatment prior to mixing with desalinated water and 
post disinfection. 

Storage and distribution 

Maintenance of the microbial quality of treated water is essential. The WHO Guidance 
for Safe Piped Water risk reduction framework should be ulili~ed. Rcducliun uf lrriclobial 

quality after treatment can result in recontamination during storage or transit, rnicrobiaI re- 
growth, lack of stable lsinfectant residual, high temperature, and long time periods prior to 
use. Temperatures between 30 "C and 45 "C may reduce survival of some pathogens, but also 
increase the growth of others such as Legionella. It may also contribute to nitrification when 
chloramines are used, as well as to increased metals corrosion. 

4.4 Workgroup IV: Monitoring-microbiological, analytical chemistry and regulatory 
Dr ,Sh.oichi Kunikane. Acting Chainnan 

Issues to be covered 

Process management data 
Source water quality and source protection 
Blending watcrs quality 
Storage and distribution quality protection 
Chemical and biological analytical methods 
Monitoring strategies, surrogates, frequencies, locations 
Specific guidance 
Data gaps and research needs. 

Progress 

Revisions of the draft being made 

The frequency of monitoring, such as daily, weekly, monthly and yearly, was proposed 
for large and small desalination plants, with indication of the possibility of a change in 
certain circumstances. A boundary of large and small desalination plants is set at 10 
MGD. 
Monitoring and surveillance of brine, cooling water, and pre-treatment waste effluent 
discharges is very important from the aspect of minimizing environmental impact, and it 
was aIso considered. 
Chlorate and bromate in a sodium hypochlorite solution are of health concern. If it is 
stored for a long time, especially in hot climate regions, the relative concentration of 
chlorate to effective chlorine concentration increases. Some text was added to indicate 
the importance of its proper handling and storage. 
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Further revisions to be made 

Monitoring requirements according to the scale of a desalination plant, as well as a 
capacity of 10 MGD as the. boundary of small and large. plants, should be further 

investigated in order to achieve safe drinking-water and minimal environmental impacts 
without overburdening small- and micro-scale desalination units. - Recordii~g and filing of monitoring data sl~ouId be mentioned, and intcl-pletatiun of 1 1 ~  

data with respect to the permeate and the concentrate, in order to ensure desalination 
plant compliance with regulations and standards set by regulatory agencies. Such 
records provide very important evidence in the event that legal complaints are filed by 
another party or the plant management against a newly intervening polluting entity. 
Differentiation between water quality parameters and other operational parameters (e.g. 
flow rates, recovery ratio, trans-membrane pressures, dose rates and the specifications 
of chemicals) should be considered. 

Recommendations 

The Workgroup recommends providing the outlines for thc survcys and water safety 

planning to be carried out by the national regulatory agencies 
All desalination pIants should conduct monitoring and surveillance programmes to 
ensure the best operational plant performance and the fewest user complaints wlth 
respect to drinking-water safety and consumer satisfaction. 
Distnbution system monitoring should be carried out to assure that safe water is being 
delivered to consumers. 
Workgroup I shouId indicate the importance of having on-line monitoring equipment, 
regardless of the size of the plant, in order to ease the burden on the monitoring 
laboratories and reduce operational running cost. 

4.5 Workgroup V: Impact assessments 
Ms Sabine Lattemann 

Issues to be covered 

The objective of Workgroup V is to provide a guidance document for environmental 
impact assessment (EIA) of desalination plants. The guidance document to be prepared by 
Workgroup V will reduce the potential obstacles that may be encountered in EXAS for 
desalination plants and will facilitate the implementation of EIAs for desalination plants on a 
broader scale. 

During the first meeting of the Technical Committee in October 2004, it was agreed that 
the EIA document should provide guidance on how an EIA for desalination plants may be 
carned out and what the relevant issues mght  be that should be covered in an EIA for 
desalination plants. Correspondingly, an outline of the EIA guidance document was 
conceptualized that divides the document into two parts, A and 3.  
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Part A provides a general overview on the EIA process. It identifies 10 gene.ral steps and 

gives explanations on each step, from screening to EIA review and decision-making. 
Matching the steps of Part A, Part B contains 10 chapters which give further details on what 
to include in an EL4 rcport. The EIA rzyort is the psiillary doculllent for decision-making. It is 

elaborated in the EIA process and submitted at the end of the process to the competent 
authority for project evaluation. The EL4 report should therefore organize and synthesize all 
the relevant infomation collected during steps 1-10 and present all the results obtained 
during the EIA process. Part B outlines how an EIA report may be organized and gives a 
broad overview of issues that may be relevant for EIAs of desalination projects. In essence, 
Part B provides specific guidance on preparing EIA reports in the form of a "blueprint". 

In between the first and second meeting of the Technical Committee, the structure of the 
document was refined and more material added to both parts. During the second meeting, the 
draft document was reviewed by Workgroup V and it was decided to modify and amend it 
further as a follow-up to the meeting. Furthermore, the specific guidance that is supposed to 
come out of the EIA guidance document was summarized for the purpose of including it into 
the executive summary or other prominent parts of the WHO guidance document. The main 
decisions taken in the progress of the meeting and the specific guidance are included in the 
following and present the main results of the meeting. 

Progress 

Expected specific guidance of the ETA document 

An environmental impact assessnlcrll (EM) is a procedure that identifies and evaluates 

potential positive and negative impacts of proposed desalination projects. An EIA can be 
undertaken for individual projects such as a new desdination facility or adopted for plans, 
policies or programmes as a strategic environmental assessment. The document prepared by 
the Workgroup is primarily considered as a guidance manual for assessment at project level. 

An EIA predicts impacts related directly or indirectly to the implementation of a 
desalination project. This comprises environmental implications including ecosystem, 
sncinecnnomic, and public heaIth effects and their cumulative and transboundary 
implications. It attempts to identify the positive effects and offers methods or approaches for 
mitigation of negative impacts. This component of the WHO guidance document is designed 
to providc a frarncwork for the development of a structured approach to be followed with 
emphasis on aspects specifically related to desalination process. The EIA process proposed for 
desalination projects involves 10 basic steps. 

1. Decide, on the basis of a screening process, whether or not an EIA is required. 
2. Conduct scoping to determine the content and extent of information required for the 

EIA. 
3. Identify policy and administrative aspects. 
4. Describe the proposed desalination project. 
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5. Assess the environment baseline. 
6. Evaluate the potential impacts of the project. 
7. Identify approaches for mitigation of negative impacts. 
8. Provide a summary and develop conclusions. 

9. Establish a programme to monitor impacts. 
10. Review the findings for decision-malung purposes. 

An EIA addresses the following areas of impact: abiotic and biotic environment, 
socioeconomic, cultural, and public health implication. Abiotic factors include characteristic 
landscape and natural scenery, as well as soils, sediments, and air and water quality. The 
biotic environment encompasses the terrestrial and marine biological resources, includng 
flora, fauna and sensitive species that inhabit the area impacted by the proposed project. 
Socioeconomic and cultural considerations include the project's effects on the day-to-day 
Iives of the indrviduals and the community, and the local and regional development. Public 
health addresses the quality of life, improvement in community health, and potential risks 
associated directly or indirectly with the desalination project. 

Public involvement is an integral part of the planning and implementation of 
desalination projects for community water supply. To manage increasing desalination activity 
on a regional or a national scale, and to make it compatible with other human activities and 
nature conservation in the coastal zone, it is recommended to elaborate plans which go 
beyond the scope of individual projects, i.e. water resources management and integrated 
coastal zone management plans. 

Follow-up and open tasks 

It was agreed to prepare and deliver remaining texts by 10 January 2006, to then be 
incorporated into the EIA draft guidance document, which will be sent out for a last review 
and commenrs to the pdcipants of Workgroup V. After any remaining comments have been 
implemented, the final draft will be submitted to WHO/EMRO in February 2006. 

It was proposed in plenary that each Workgroup should provide a reference list for the 
WHO guidance document, which gives key references for further reading. The selection 
should be based on the quality of the literature. The WHO guidance document should point 
out the need for further research and should proposed to establish a more comprehensive 
literature database, e.g. in the form of an internet portal, to access information, 

It was agreed that the preamble of the ETA guidance part should make clear that the EL4 
document tries to be comprehensive and raise issues, but that not all of them may be 
applicable to cach individual project duc to a great variety of site-specific environmer~tal 

conditions; different perceptions of and needs for desalination; different definitions of 
environmental standards and acceptable risks; different cultural backgrounds, different types 
of projects in terms of processes, capacity etc). 
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There was gcncral agreement that monitoring of human health effects should be 
recommended in the environmental health chapter of Part B, as monitoring of human health 
effects is a logical consequence if the health impact assessment is be part of the EIA. It should 
become clear that we refer to monitoring of community heallh in h e  scrlsc; that this will be 
accomplished by accessing existing data (e.g. in government health agencies, hospitals), 
rather than by collecting and establishing new data. The impression should be avoided that 
monitoring of human health effects is necessary because negative impacts are expected from 
the consumption of desalinated water. This is simply considered a good opportunity to collect 
data which do not exist so far, though desalinated water has been consumed for a long time in 
some countries. Some positive effects may even be expected (such as that addition of Ca and 
Mg may reduce the likelihood of cardiovascular diseases). 

Even though the use of renewable energy for desalination is still limited to small-scale 
units, it was decided that this option should nevertheless be mentioned in the EIA guidance 
document, and that he ust: Tor tht: yulyose of desalination is in principal recommended where 

this is applicable to reducelprevent greenhouse gas emissions. 

It was decided that Workgroup IV will recommend parameters for monrtoring of the 
discharge (differentiating between brine and cooling water discharges) such as salinity, 
temperature, pH, toxic organics, heavy metals etc. Some more recommendations for 
monitoring chemicals in the discharge to be included in the report of Workgroup N will be 
provided as a follow up to the meeting. Workgroup V will cover environmental monitoring. 

It was decided to include an appendix with scoping and screening criteria. It was 
furthermore decided to include an appendix with specific impact information and 
recornmendations.Workgroup1 was askcd to include more specific information on discharges, 
in particular on chemical additives and concentrations of residuals in the discharge in the 
report of Workgroup 1. In the EL4 guidance document of Workgroup 5, a general overview on 
the potential impacts should be given, based on the UNEP / MAP guidelines from 2001, the 
work of Workgroup 1 (e.g. chapter 13 on concentrate management) and possibly other 
documents available. The appendix will focus on the impacts which are specific to 
desalination plants (e.g, chemical discharges, entrainment) and describe them briefly. 
References for further reading may be given where necessary, Impacts which relate to many 
other projects as well (e.g. surface covering, noise emissions) will not be included in the list, 
as they are already listed in Part B of the document, which is sufficient for the purpose of the 
EIA guidance document. In the appendix on impacts, it should be pointed out that there are 
still many gaps of knowledge and uncertainties regarding the actual impacts, as monitoring 
results of impacts in operating plants are only available to a limited extent. Furthermore, a 
wide variety of project- and site-specific impacts may occur. The list will thus not be 
complete; and not every impact r~ler~tivried in the appendix may apply to each individual 
project. It rather may help EIA consultants to identify the relevant issues to be addressed in an 
EIA. It was also decided to include an appendix on site selection criteria. 
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S .  MAJOR ISSIJES 

Each Workgroup identified issues and extensive discussions occurred in the plenary 
sessions to hclp clarify positions and resolutions. Key topics included the following. 

Post treatment blending is an important part of many desalination processes and it is an 
important factor affecting the quality of the drstnbuted water, It provides an opportunity 
of introducing contaminants if the blending water is not of suitable quality. Pre- 
treatment of blending water might be necessary in some cases. 

Disinfection by-products (DBPs) formation is an important quality issue in many 
projects. Desalinated water has low TOC so it should not in itself prod~rce s ip i f jcant  
amounts of DBPs. However, some practices such as producing hypochlorite from 
electrolysis of seawater will produce significant amounts of bromate and also of 
organohalogens, and probably particularly brominated organics to a grcatcr dcgrcc than 
would occur in most conventional fresh water production. 

Stabilization of the desalinated water is an essential process to minimize corrosion of 
pipe during transmission. A key issue is what are the most appropriate and desirable 
methods for stabilization and what are the pros and cons of each approach being 
considered, 

Microbial contaminants are a special concern especially during distribution in long 
pipes and under warm climatic conditions. 

Management and monitoring of key chemical and microbial indicators during 
distribution are essential to assure the safety of water being distributed to the 
consumers. 

Public involvement is not commonly employed in many societies for major decisions 
like siting of desalination facilities. EIAs provide a vehicle for informed public 
involvement, and this has been advocated by other international organizations, as it will 
be in this Guidance. 

6. NEXTSTEPS 

111 the f i nd  session, the entire colrurritlcc mel in plenary session to review the draft 
meeting report and to discuss final comments on each of the Workgroup pIans. The meeting 
report will be completed and returned for participants comments within a week, the comments 
received will then be consolidated and the report submitted to editing. The work is moving 
into the final stages and meeting the completion schedule will be especially critical. Very 
significant work has been completed by each Workgroup, and some additional work is needed 
to be completed in the next two months (by 1 February). The larger technical assessments 
provided by each Workgroup will be compiled and integrated into a draft Guidance for review 
and comment and modification an appropriate. It is important that these documents will be 
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fnrmatted hoth in text and bibliography according to the WHO style sample that was provided 

at the meeting. 

In addition to compIetion of the technical assessment documeilts by each Woikgroup the 

key focus should be on articuIating the specific Guidance recommendations from each 
Workgroup that emanate from the assessment documents that they have prepared. It is 
essential that the Guidance recommendations are supported in the text of the assessment. 
Finally, each Workgroup assessment should identify the data and information gaps that exist 
and that should be addressed to strengthen future attempts to provide Guidance that is well 
supported by the science and practical considerations. 

The completed draft documents should be submitted by the Workgroup C h a i n  to the 
Secretariat by I February so that they can be compiled and edited and provided in advance to 
the Steering Committee. The Steering Committee and Workgroup Chairs will meet in March 
2006 to complete a comprehensive review of the entire draft document. A tentative offer has 
been made by Dr Gelia Fredrick van Genderen to host that meeting. 

When the Steering Committee review has been completed, the document will be 
reedited by the Secretariat into common format. After the document has been completed, it 
will be provided to each member for final review before submission to WHO for external 
review via publication on the WHO website. The website review will probably last for 90 
days. The comments received will be examined by the Secretariat with the Workgroup Chairs 
for resolution. The revised document will be provided to the Workgroups for a final look. It 
will then be resubmitted to WHO to enter the publication processes. English language 
publication has been targeted for November 2006 and Arabic translation is targeted for 
T3eccrnhe.r 2006. This completion is scheduled in record time for a WHO document of this 
magnitude, and it is hoped that all participants will set their goals to alIow it to be met. 

WHO expresses its appreciation to all of the ymtic;ipanLs for their excellent work in 
developing the Guidance, which will be a milestone in helping to optimize desalination 
applications for maximum benefit for public health and the environment. 
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Annex 1 

PROGRAMME 

Saturday, 12 November 2005 

08:00-08:30 Registration 
08:30-09: 15 Opening Ceremony 

Welcome Address of Dr Ali A1 Shamlan, Director General, Kuwait 
Foundation for the Advancement of Sciences 
Address of Dr Habib Nicolas El-Habr, Acting Regional Director and 
Regional Representative, UNEPROWA 
Address of Dr Abdul Rahman Al Awadi, Executive Secretary, Regional 
Organization for the Protection of the Marine Environment (ROPME) 
Address of Dr Hussein A. Gezairy. Regional Director, WHO/EMRO 
Introduction and overview of the project status 
Dr Houssain ,Abouzaid, Coordinator, Healthy Environment 
Progmmme, WHO/EMRO 
Objectives for the meeting and of method of work 
Dr Joseph Cotruvo, Technical Adviser for the Desalination Guidance 
Initiative, WHOEMRO 
Discussion of the Programme 
Reports on status of Workgroup reports and issues by Workgroup 
Chairs 
I - Technology, engineering, chemistry: Dr Corrado Sornrnariva (Dr 
Tom Pankratz, Acting Chairman) 
U - Health-toxicology of contaminants and nutritional aspects: Dr 
Mahmood Abdulraheem 
III - Microbiology-sanitary and marine: Dr Michele Prgvost 
IV- Monitoring-microbiological, analytical chemistry, surveillance, 
regulatory: Dr David Cunliff @r Shoichi Kunikane, Acting Chairman) 
V - Erivirunmt;~~tal eff~cts  and inlpact assessments; Ms Sabine 
Lattemann 
General Discussion 
Individual Workgroups Convene 
Individual Workgroups Convene (cont.) 
Brief meeting of Workgroup Chairs with Dr Houssain Abouzaid, 
Coordinator, Healthy Environment Programme, WHO/EMRO, and Dr 
Joseph Cotruvo, Technical Adviser for the Desalination Guidance 
Initiative 

Sunday, 13 November 2005 

08:OO-10:3 Plenary Session 
Status of reports by Workgroup Chairs 
lssues to be resolved 
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CIarifications needed from other Workgroups 
Arrange crossover meetings between Workgroups 

10:30-14100 Inter Workgroup Meetings 
14:OO-15:15 Worlcgroups reconvene separately or in pairs, as needed 

15:15-17:OO Workgroups Reconvene 
17:OO-17:30 Plenary discussions of progress 

Monday, 14 November 2005 

08:OO-10:3 Workgroups Reconvene 
10:30-12:OO Draft Meeting Report submitted to Workgroups 
12:OO-15:OO Reconvene in Plenary 

Presentations of Draft Reports and Draft Workgroup Documents 
Workgroup Chairs: Dr Corrado Sommariva 
Dr Mahmood Abdulraheem 
Dr Michele Prevost 
Dr David Cunliffe 
Dr Sabint; Lattt=ma~in 
General Discussions of Workgroup Reports 
Dr Houssain Abouzaid, Coordinator, Healthy Environment 
Programme, WHOIEMRO 
Status 
Remaining issues 
How to resolve remaining issues 
Work needed to complete the Workgroup Documents 
Guidance Drafting and Review Prncesc 
Completion Schedule 
Closure 
Short post meeting bctwccn Workgroups Chairs with Dr Houssain 
Abouzaid, Coordinator, Healthy Environment Programme, 
WHOIEMRO, and Dr Joseph Cotruvo, Technical Adviser for the 
Desalination Guidance Initiative 

Tuesday, 15 November 2005 

Finalization of the plan of action for remaining work: 
Secretariat, Workgroups Chairs, and Steering Committee Members 
present 
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