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Summary 
 
This book provides insights into desalinated drinking water production and treatment 
and the elements that should be addressed in that process, including health and 
environmental concerns, monitoring, and management approaches for assuring the 
quality and safety of desalinated drinking water. 
 
Access to sufficient quantities of safe water for drinking, domestic uses, commercial 
and industrial applications, is essential for healthful living, enhanced quality of life, and 
for achieving human and economic development. Many world regions are grossly 
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deficient in the availability of water of sufficient quantity and quality, the availability of 
the limited quantities of fresh water continually decreases.  
 
Most of the world’s water is seawater or brackish water and saline groundwater 
unavailable for beneficial uses without the application of technologies capable of 
removing large portions of the dissolved solids. Desalination technologies were 
introduced around the 1960s and expanded access to water, but at high energy cost. 
New and improved technologies have now broadened opportunities to access large 
quantities of safe water. Desalination and wastewater reuse are the principal sources of 
“new” water in the world.  
 
More than 15,000 desalination plants are in operation or under construction, daily 
producing about 68.2 million cubic meters of water. The capacity is growing rapidly as 
the need for freshwater supplies grows more acute, technologies improve and unit costs 
are reduced.  
 
Desalination plants use waters impaired with salts as their sources. Performance, 
operating and quality specifications seem to have evolved virtually on a site-by-site 
basis. Most desalination applications use the World Health Organization’s Guidelines 
for Drinking-water Quality (GDWQ) in some way as finished water quality 
specifications. Because desalination is applied to non-typical source waters and often 
uses non-typical technologies, existing national standards and guidelines may not fully 
cover the unique factors that can be encountered during production and distribution of 
desalinated water.  
 
1. Health and Environmental Issues for Desalinated Drinking Water  
 
From Joseph A. Cotruvo 
 
This introductory section briefly describes technologies, management approaches, water 
quality issues, and health and environmental topics that are addressed in the document 
and in greater detail in Desalination Technology: Health and Environmental Impacts, 
J.A. Cotruvo et al eds. TD479.D473 2010. CRC Press, www.crcpress.com. 
 
Most of the world’s water is seawater or brackish water and groundwater that is high in 
total dissolved solids. These waters are either undesirable or unavailable for beneficial 
uses without technologies capable of removing large portions of the dissolved solids. 
Desalination technologies were introduced especially in the Arabian Gulf region around 
the 1960s, and they expanded access to water, but at high relative costs. New improved 
technologies have greatly broadened access to large quantities of safe water in many 
parts of the world. Costs are still significant compared to freshwater sources, but there 
have been major cost reductions; the desalination option is now much more widely 
available, and along with water reuse, the principal sources of ‘new’ water. Higher 
energy costs have halted overall price reductions, although technology efficiency 
continues to improve. Even so, when the alternative is no water or inadequate water 
quantity for needs, and harm to health and welfare can occur, greater cost is endurable 
in many circumstances. 
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Desalination of seawater and brackish water, along with planned water reuse for indirect 
potable and non-potable applications (e.g. irrigation) are the world’s sources of ‘new’ 
water that have been growing rapidly in recent years. Planned reuse is a valuable 
companion to desalination and it improves cost effectiveness. The need to produce more 
water and efficiently use water to satisfy the needs of growing and more demanding 
populations has become acute. These technologies are more complex than more 
traditional technologies usually applied to relatively good quality freshwaters. As such, 
the cost of production is greater than freshwater sources, but they are being applied in 
areas where the need is also greater. This document focuses upon desalination and 
examines the major technologies and the health and environmental considerations that 
they bring in addition to water production from more traditional sources. 
 
This section provides insights into drinking water production and treatment and the 
elements that are managed in that process, as well as integrated health and 
environmental concerns, and management approaches for assuring the quality and 
safety of drinking water at the consumer’s tap. 
 
Desalination Background 
 
As of 2011, 15,300 desalination plants have been installed or under construction; almost 
11,600 were in operation producing 68.2 million cubic meters (~18 billion US gallons) 
of water per day and an additional 10.6 million cubic meters of capacity are 
contracted(WDR, 2008). About 45% of the capacity exists in the West Asia Gulf region. 
North America has about 12%, Asia apart from the Gulf about 9.6% and North Africa 
and Europe account for about 6.5% and 12.5%, respectively, and Australia has 3.2% 
(WDR/DesalData, 2011). This distribution is changing as demand increases in Australia, 
Europe and North America. Capacity is expected to reach at least 94 million m3/day by 
2015 (WDRr, 2006). Desalination plant sizes and designs range from more than 
1,000,000 m3/day down to 20 to 100 m3/day. Home sized reverse osmosis units produce 
a few  liters per day, but these are applied to freshwaters with higher than usual total 
dissolved solids (TDS). Accelerated expansion worldwide is expected in 2011 to 2016 
predominantly as seawater RO.  
 
Any large scale facility brings with it potential for unintended collateral health and 
environmental upsets unless adequate consideration is given to their concerns during 
planning and before construction and operation. Many questions are not unique to 
desalination and some are already dealt with in WHO Guidelines for Drinking Water 
Quality (GDWQ).  
 
• What are the principal technologies for desalination and what factors influence 

selection and performance? 
• How can the aggressiveness of desalinated water and its corrosivity be managed? 
• What should be the quality guidance for blending waters added post- desalination 

for stabilization? 
• What is appropriate guidance for aesthetic and stability factors, e.g., TDS, pH, 

taste/odor, turbidity, corrosion indices, etc.? 
• Should optimal finished water reflect potentially nutritionally desirable components 

that are removed during treatment, e.g., calcium, magnesium, fluoride? 
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• What are appropriate quality specifications and safety of chemicals and materials 
used in production and in contact with the water e.g., coagulants, disinfectants, pipe 
and surfaces in desalination plants, distribution systems, etc? 

• How should monitoring of plant performance and water during distribution be 
designed, e.g., key chemicals, microbiological parameters, frequencies? 

• What are environmental impact assessments relating to siting, marine ecology, 
ground water protection, energy production, and air quality? 

 
Water quality, technology and health issues 
Drinking water systems should strive to produce and deliver safe drinking water that 
meets all health and aesthetic quality specifications. The WHO Guidelines for Drinking-
water Quality (GDWQ) provide comprehensive information and they apply to 
conventional or desalinated drinking water. Desalinated water provides some additional 
issues for potential chemical and microbial components. Some recommended 
augmentations to the GDWQ are suggested. 
 
Aesthetics and water stability 
Although not directly health related, aesthetic factors like taste, odor, turbidity, and TDS 
affect palatability and consumer acceptance, and indirectly health. Corrosion, hardness 
and pH have economic consequences and they affect the extraction of metals and other 
pipe components during distribution. Corrosion has potential negative health 
consequences; magnesium and calcium may have health benefits. 
 
Blending waters 
Blending is used to increase TDS and improve the stability of finished desalinated 
water. Microbial components of the blending water can affect the quality and safety of 
the finished water because it may not receive any further treatment beyond residual 
disinfection. Some contaminants are controlled by selection of or pretreatment of the 
blending water. Some of the microorganisms in the blending water could be resistant to 
the residual disinfectant, could contribute to biofilms, or could be inadequately 
represented by surrogate microbial quality measurements such as E. coli or 
heterotrophic plate counts (HPC). 
 
Nutritionally Desirable Components 
Desalinated water is stabilized by adding lime and other chemicals. The diet is the 
principal source of nutrient minerals that are removed by water treatment, but there is a 
legitimate question as to the optimal mineral balance of drinking water to assure quality 
and health benefits. Dietary calcium and magnesium are important health factors, as 
well as certain trace elements. Fluoride is considered to be beneficial for dental and 
possibly skeletal health by most authorities (Cotruvo, 2006; WHO, 2005; WHO, 2006). 
There is a public health policy and practical economic question as to whether and to 
what extent public or bottled drinking water should be reconstituted with removed 
nutritional elements; this question would be addressed differently in different dietary, 
political and social environments. It should be part of an Environmental Impact 
Assessment.  
 
Chemicals and materials used in water production 
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Chemicals used in desalination processes are similar to those used in standard water 
production; however, they may be used in greater amounts and under different 
conditions. Governments are encouraged to utilize systems for specifying the 
appropriateness and quality of additives used in desalination, or to adopt existing 
international standards for those products tailored to desalination conditions.  
 
Water quality and distribution system monitoring 
Desalination processes utilize non-traditional water sources and technologies and 
produce drinking water that is different from usual sources and processes. Desalination 
may be practiced in locations with warm climates and longer distribution networks. 
Operators and authorities should select a small number of key parameters associated 
with source and process, included or in addition to the WHO GDWQ, that would be 
useful in particular circumstances, and utilize appropriate monitoring schemes. 
 
Environmental quality and environmental impact assessments 
Any major project can have significant effects on the environment during construction 
and operation. Procedures and elements of Environmental Impact Assessments (EIA) 
are provided to assist project designers and decision makers to anticipate and address 
environmental concerns to be considered when undertaking a project. Factors include: 
site considerations, coastal zone/marine protection regarding withdrawal and discharge, 
air pollution from energy production and consumption, groundwater protection from 
drying beds, leachates, and sludge disposal. This is discussed in detail in Desalination 
Technology: Health and Environmental Impacts Resource, and Guidance Manual for 
Environmental Impact Assessments (UNEP, 2008). 
 
1.1. Drinking-Water Production and Health Issues 
 
Drinking water delivery is divided into three broad categories: 
• Source Water  
• Treatment Technology 
• Distribution System 
 
Some factors distinguishing desalination from typical drinking water operations are: 
 
Source Water  
 
- Total dissolved solids (TDS) in the range of about 5,000 to 45,000 mg/liter  
- High levels of particular ions including sodium, chloride, calcium, magnesium, 

bromide, iodide, sulfate 
- Total organic carbon (TOC) type 
- Potential petroleum contamination 
- Saline water microbial contaminants 
 
Treatment Technology 
 
- Reverse Osmosis (RO)  
- Thermal processes 
- Leachates from system components 
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- Pretreatment and anti fouling additives 
- Disinfection by-products (DBPs) 
- Post-treatment blending with source waters 
 
Distribution System Management 
 
- Corrosion control additives 
- Corrosion products 
- Bacterial regrowth including non-pathogenic HPC, and pathogens like Legionella 
 
Related issues: 
 
- Are there risks from consumption of low TDS water, or from corrosivity toward the 

plumbing and distribution system? 
- Environmental impacts of desalination operations and brine disposal. 
- Microorganisms unique to saline waters. 
- Monitoring source water, process performance, finished water and distributed water 

to assure consistent quality. 
- Maintaining microbial and chemical quality in distribution systems in warm 

climates including presence of rooftop storage tanks. 
 
1.2. Source Water Composition 
 
Rivers, lakes, impoundments, or shallow or deep groundwaters are typical freshwater 
sources for drinking water. The water could be virtually pristine, contain natural 
contaminants, or impacted by agricultural and sewage waste discharges.  
 
Even a pristine source may contain excess undesirable minerals and suspended 
particulates that affect taste, aesthetic quality or safety, and natural organic materials 
(Total Organic Carbon and Total Organic Nitrogen) that could affect the quality of 
finished water and challenge treatment processes. Mineralization of aesthetically 
desirable freshwaters could be from less than 100 mg/liter to about 500 mg/liter.  
 
Microbial contamination can occur in pristine source especially surface water. Many are 
impacted by sewage discharges, agricultural or industrial wastes, and surface runoff, so 
virtually all surface waters require filtration and disinfection.  
 
Groundwaters often benefit from natural filtration, but they can also be naturally 
contaminated (e.g. TDS, arsenic or excess fluoride). If ‘under the influence of surface 
water’ they can be contaminated by surface discharges of sewage, agricultural and 
industrial waste or spills if the overlaying soil does not retard migration of some 
contaminants. However, many groundwaters are sufficiently protected that they may be 
consumed without further treatment, or possibly only disinfection.  
 
Seawaters and brackish waters are defined by the extent of mineralization. This includes 
minerals that are partly a function of location. They contain organic carbon and 
microbial contaminants, and they can also be impacted by waste discharges. Tables 1 
and 1 are mineral composition of several saline waters.  
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Constituent Normal 
Seawater 

Eastern 
Mediterranean

Arabian Gulf 
At Kuwait 

Red Sea 
At Jeddah 

Chloride (C1-1) 18,980 21,200 23,000 22,219 
Sodium (Na+1) 10,556 11,800 15,850 14,255 
Sulfate (SO4

-2)   2,649   2,950   3,200   3,078 
Magnesium (Mg+2)   1,262   1,403   1,765      742  
Calcium (Ca+2)      400      423      500      225 
Potassium (K+1)      380      463      460      210 
Bicarbonate (HCO3

-1)      140       --      142      146 
Strontium (Sr+2)        13       --        --        -- 
Bromide (Br -1)        65      155        80        72 
Boric Acid (H3BO3)        26        72        --        -- 
Fluoride (F-1)          1        --        --        -- 
Silicate (SiO3

-2)          1        --          1.5        -- 
Iodide (I-1)        <1          2        --        -- 
Other          1        --        --        -- 
Total Dissolved Solids 34,483 38,600 45,000 41,000 

 
Table 1. Major ion composition of seawater (mg/liter) (Al-Mutaz, 2000) 

 
Constituent Design Value Design Range 

Calcium (Ca+2) 258 230 - 272 
Magnesium (Mg+2)   90   86 - 108 
Sodium (Na+1) 739 552 - 739 
Potassium (K+1)     9 NK 
Strontium (Sr+2)     3 NK 
Iron (Fe+2)  < 1 0 - < 1 
Manganese (Mn+2)     1 0 - 1 
Bicarbonate (HCO3

-1) 385 353 - 385 
Chloride (C1-1) 870 605 - 888 
Sulfate (SO4

-2) 1,011 943 -1,208 
Nitrate (NO3

-1)      1 NK 
Phosphate (PO4

-3)   < 1 NK 
Silica (SiO2)    25 NK 
Total Dissolved Solids 3,394 2,849 - 3,450 
pH     8.0     7.8 - 8.3 
Temperature   75 °F 65 °F - 85 °F 

 
Table 2. Major ion composition of a raw brackish water (mg/liter) (USBR, 1976) 

 
1.3. Fresh Water Treatment Technologies 
 
Treatment of freshwaters involves particulate removal and microbial inactivation; 
filtration and disinfection are the main technologies. These include coagulation, 
sedimentation, and rapid sand filtration, with chlorine or chlorine dioxide and possibly 
ultraviolet light for primary disinfection, and sometimes chloramines for secondary 
disinfection. Ozone is used for oxidation and disinfection. Some reduction of natural 
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organics occurs in the coagulation/filtration process. Microfiltration and ultrafiltration 
are sometimes used, and powdered carbon and granular activated carbon for taste and 
odor and sometimes to reduce organics. Softening reduces calcium and magnesium 
hardness. Targeted technologies are used such as for arsenic or nitrate removals.  
 
Home treatment technologies are usually applied as a polish on safe supplied water, 
however, some can provide disinfection or complete treatment. They include point-or-
use (POU, end of tap), or point-of-entry (POE) that treats all of the water entering the 
home. Technologies are specific to the particular water problem; consumers should 
determine the problem before purchase. Technologies should be tested and certified by 
a credible independent organization as to claims. The most common systems involve 
ion exchange water softening, or activated carbon for chlorine taste and some organics, 
or iron removal. Some include UV light or membranes. Disinfection techniques are also 
available for home or traveller use. 
 
1.4 Desalination Technologies 
 
Desalination processes (distillation or membranes) remove dissolved salts from 
seawater and brackish water. Desalination is energy intensive and research is improving 
efficiency. Cogeneration facilities are now the norm for desalination projects.  
 
- 
- 
- 
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