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The world relative distribution of desalination technologies



Advantages of RO for Water Desalination

 Simplicity of principle.

 Low energy need. Development trend is towards lower application 

pressures.

 Desalination of both brackish and sea water.

 Modular process.

 Removal of non charged particles.

 Continuous process.

 Do not require excessive chemical dosing.







General Chemical Composition of Natural Water Sources

1. Dissolved Salts mainly inorganic.

2. Non ionic Inorganic Components.

3. Non ionic Organic Components.

4. Dissolved Gasses.

5. Suspended Matter.

6. Colloidal Matter.

7. Micro Organisms.





I- Chlorination:

The most commonly applied disinfection technology in view of its relatively lower cost,  
ease of application stocking and transportation and its  residual sanitizing effect.

Cl2 gas dissolves in water to give hypochlorous acid HOCL and hypochlorite which are

together known as (Free Available Chlorine, FAC)

Cl2 +  H2O → HOCl + HCl

HOCl → H⁺ +   OCl⁻



Cl2 gas reacts with ammonia to give chloramines

NH3 + HOCI → NH2CI +   H2O

Ammonia Hypochlorous acid           Monochloramine

NH2CI + HOCI → NHCI2  + H2O

Monochloramine Hypochlorous acid Dichloramine

NHCI2 + HOCI → NCI3 + H2O

Dichlogamine Hypochlorous Acid             Trichloramine

NH2 Cl and NH Cl2 together are known as (Combined Available Chlorine) They have 
disinfecting action but quite weaker than that of FAC. 



Action of Chlorination

Cl2 reacts with certain enzymes in the bacteria cell wall forming toxic

chlorocompounds which destroy the bacteria completely depending on Cl2

concentration, contact time, and susceptibility of microorganisms

Factors which influence chlorination

1. Water pH, 

2. Temperature

3. Turbidity

4. Water composition



 Cl2 oxidizes organics to give chloro-organic compounds with slight sanitizing 
effect.

Cl2 then oxidizes nitrogen derivatives like ammonia to give combined available

chlorine.

 Remaining Cl2 will sanitize water

 A residual dose of about 0.5 ppm should remain in product water as protection 
against recontamination.

Advantages of disinfection by Cl2

1. Low cost

2. Residual effect

Disadvantages of disinfection by Cl2

1. Bad taste and odor of water.

2. Chlorinated organics (THM).



Dechlorination:

The only chemical sensitivities of the polyamide RO membranes are:

a- Oxidizing agents

they damage thin film by an oxidation dissolution mechanism with loss of selectivity.

b- Extreme pH values

out of the range 4-10 in continuous operation and 2-11 in cleaning, the PA thin film 

suffers chemical degradation by a hydrolysis mechanism.

Dechlorination of RO feed stream (up to zero) after sanitization by Cl2 is  essential to 

protect the membranes.

The most common dechlorinating agents and the concentration required to

neutralize mg/L of Cl2 are:

Compound ppm Chemical/ppm Chlorine

Sodium Sulfite 1.77

Sodium bisulfite 1.46

Sodium metabisulfite 0.70



pH Adjustment:

Purpose of pH adjustment is to stabilize the chemical characteristics of the later in 

order not to cause deposition of scales (CaCO3) in RO membranes or in pipes or 

tanks.

Langleir Saturation Index, LSI depends on assumption that each water has a 

particular pH value, called saturation pHs, at which water does not deposit CaCO3

nor cause corrosion. pHs depends on Ca hardness, alkalinity and temperature.

LSI = pH - pHs

- ve LSI → Corrosion of metal pipes

+ ve LSI → Scale deposition on membranes or on solid surfaces



Reaction of preparation of polyamide Thin Film



Thin film composite, polyamide membrane



Thin Film Composite, Spiral wound, Polyamide RO membrane element







Blocking of the feed spacer  in RO membrane bioorganic fouling       
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Uranium 238

α emitter

Half life of
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Health risks encountered in the consumption of Ra, U and Rn

If radon 222 gas is directly respired its disintegration product will remain in 
the lungs and increase the risk of lung cancer. US Surgeon General Stated 
that Rn is the second cause of the lung cancer in USA. The consumption of 
Rn contaminated water in drinking water in drinking increase the risk of 
stomach cancer.

On the other hand, radium 226-228 is a bone seeker. It accumulates in the 
same organs as calcium. Ingestion of radium may lead to the development 
of bone abnormalities, cancer, or death.

Uranium 238 is nephrotoxic, it has a chemical poisoning effect at conc. of 20 
ppb (30 pCi/l) which leads to kidneys failure. At 250 ppb, on the other hand, 
U 238 in drinking water increases the probability of kidney cancer.

In order to minimize risks to human health, the exposure levels to these 
component s must be reduced to the lowest level. The norms of permissible 
MCLs are, in fact, periodically revised, and progressively lowered parallel to 
the advance in methods of analysis and processes of separation.

11/29/2023
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Current MCLs in 

drinking water

RadionuclideS/N

5 pCi/lRadium 226 and 228 (combined)1

20 ppb

250 ppb

Uranium 238 chemical poisoning limit.

Radiation limit

300 pCi/lRadon 2223

Current MCL in airGas RadionuclideS/N

4  pCi/l Radon 2221

MCLs of dissolved radionuclides in drinking water and in air 

according to the US– EPA regulations.
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BAT Radionuclide

Reverse Osmosis

Lime Softening

Ion Exchange

Radium -226

Radium -228

AerationRadon-222

Reverse Osmosis

Coagulation/Settling/Filtration

Anion Exchange

Lime Softening

Uranium-238

Best Available Technologies for Removal of 

Radionuclides

(BAT) US - EPA



Special aspects of contamination of groundwater by radionuclides

According to our present and previous results  the main aspects of this contamination 
which complicate the processes of water treatment, increase the cost of treatment, 
represent public health risks upon consumption of contaminated water and threat to 
environment upon disposal of wastewaters or sludge, are the following:

1- Radioactivity at a level that is dangerous for drinking is due, in fact, to an ultratrace
contaminant concentration. This is usually in picograms/L in mixture with other 
dissolved salts of more than 10 orders of magnitude higher concentration which 
would lead to severe masking upon treatment for decontamination. Selective 
membrane techniques were shown to avoid this problem.

2- In such low concentration isotopes may be present in mixture with other ions of the 
same chemical nature as Ra2+

226, 228 with Ca2+, both being alkaline earth metals, 
which would introduce strong interference with the processes of isotope removal. 
Selective membrane techniques were shown to avoid this problem.

3- Removal of radionuclides leads to their concentration in form of sludge, solid 
deposit or WW stream which, according to its activity, should be discharged to 
either of surface water,  storm sewers, sanitary sewers, deep wells, land filling or in 
low-level radioactive waste disposal facility with particular precautions in 
collection, storage, transportation, and disposal of such waste.

28
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Selective Membrane Methods

3.1.Reverse Osmosis 

3.2.Nanofiltration

Rejection of radioactive isotopes takes place at high 
efficiency in the same system of desalination without extra 
equipment or process steps..
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Comparison between the behavior of RO, LERO, and NF membranes id 

rejection of polyvalent radioactive cations  

Parameter of 

Comparison

Normal Brackish RO 

Membrane

Low Energy RO 

Membrane

Nanofiltration

Membrane

Process percent 

recovery

85

Or higher

85

Or higher

85

Or higher

Feed pressure (bar) 12.5 8.1 6.2

Permeate TDS 

(ppm)

50.1 94.1 303.8

Percent TDS 

rejection

95.1 88.4 45.7

Percent rejection of 

divalent cations

98.6 94.4 89.4

Blending with feed 

stream

Blending or TDS 

adjustment usually 

required for drinking 

purpose

NA NA



Advantages of removal of radioactive contaminates by NF

1- Parallel total water desalination

2- High rejection efficiency to polyvalent radionuclide

3- Lower operation pressure than RO

4- Not sensitive to TDS and ionic composition of the contaminated water

5- Continuous process with no shutdown for regeneration

6- No chemical dosing specific to radionuclide rejection, no settling and no 

sludge formation

7- Low footprint and space requirements

8- Easy process of high design flexibility
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Coagulation { Fe2(SO4)3 or Al2(SO4)3 Coagulants }



Problems of Removal of U-238 by Coagulation / Settling / Filtration

1. Separation of uranium by coagulation is highly dependent on case by case 
conditions like type and valence state of contaminant, water composition, 
pH, type and dose of coagulant. 

2. Settling step upon coagulation is a slow step. Additives may be used for 
acceleration of settling.

3. Subsequent filtration is required.

4. No water desalination takes place parallel to decontamination.
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G. Khedr, Desalination & Water Treatment  2(2009) 342-350
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Processing of  Reverse Osmosis Reject Stream

1- In fact, after 85 % recovery, we reject to evaporation ponds the 15 % reject water of medium salinity of

about 100 million m3 /year and we desalt sea water of higher salinity while RO reject is already

filtered and sanitized. We investigated further processing of desalination reject in brackish water RO

plants,

2- Processing is done by an independent RO unit or in already present plant where there is no place for

new units, processing is done by recycling reject in the low pressure feed stream to raise %

recovery and decrease ground raw water consumption.

3- Processing increased production of permeate water and % recovery was shown to attain > 95%.

4- The secondary RO permeate of slightly higher TDS than the primary one, but since its amount is

much smaller only insignificant increase of the total permeate is observed.

5- Reject processing lowered to the third the surface area of the evaporation pond which decreases cost

of installation and maintenance and promotes environmental safety.
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Processing of Primary RO Reject by Secondary RO



Processing of Desalination Reject by Recycling
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ASBAR World Forum, 2019



Advantages of NF rejection of contaminants over removal by HLS



Nanofiltration Pretreatment of SWRO Feed Stream

Ummlujj NF/RO project by SWCC

1. Ahead of RO unit, NF pretreatment removes at a high efficiency most of problem making components from the 

feed stream:

- Scale forming ions (hardness components) and Silica.

- Organic substances.

- Colloidal particles, organic and inorganic.

- Suspended matter (TSS).

- Microorganisms (bacteria and Algae).

2. The RO pretreated feed stream with high rejection of the fouling components enables the subsequent RO process

to be realized at a higher recovery (60 to 65 %) i.e., at higher process efficiency.

3. Rejection of hardness components by NF enable to attain such high RO recovery without need of antiscalant

dosing.

4. The parallel partial desalination of the feed stream by NF enables better TDS rejection by RO at lower feed

pressure.

5. The rate of shutdown of RO for maintenance is much lowered after NF pretreatment and more steady operation is

realized.

6. NF pretreatment enables already existing RO plants to promote the total process efficiency without additional

investment in increasing intake and pretreatment systems.







High Temperature Reverse Osmosis



High Temperature Reverse Osmosis
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High Temperature Reverse Osmosis, Control of Biofouling

ASBAR World Forum, 2019



Typical Analysis of Oil Field – Produced Water





Nanofiltration gives efficient rejection of different contaminants 

in oil field produced water

M. Gamal Khedr, Nanofiltration of oil field produced water for reinjection and optimum protection of

oil formation,,jounal of Desalination & Water Treatment( 2014),1-9.



Innovations in SWRO membranes and plants (Sorek plant)

A 25 year BOT SWRO plant of 624,000 m3/d, the world largest SW desalination plant.

Technical features which contributed to the low production cost of 0.5 €/m3 are selected based

on scientific research and pilot testing.

1- 16 inch RO elements and pressure vessels of local manufacture. Membranes give 4.3 times larger

flow rate than 8 inch ones at the same feed pressure and operating conditions.

2- Innovative design of vertical fixing of pressure vessels which adds gravity effect to the efficiency of

agitation at the membrane surface.

3- To reduce chemicals dosing micro organisms are removed by use of volcanic lava rocks filters.

4- The plant is designed with energy recovery devices throughout the desalination process.

5- Corrosion of intake structure is inhibited by cathodic protection.





Sorek Reverse Osmosis Plant
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Graphene membrane network


