










Water can classified According it’s source and salinity to : 
 
1- potable water ( fresh water ) [ TDS < 500 ppm ] 
 
2- Brackish water ( Ground water ) [ TDS = 500 – 30000 ppm ] 
 
3- Sea water ( Brine water ) [ TDS >30000 ppm ] 
 



-Fresh water can be defined as water contain less 
than 500 ppm of total dissolved salts ( TDS ). 
 

-Fresh water may come from rains , rivers , lakes 
and some ground water.  
 

-Fresh water represent Only 2.5–2.75% of world 
water, including 1.75–2% frozen in glaciers 
, ice and snow, 0.7–0.8% as fresh groundwater 
and soil moisture, and less than 

 , swamps and rivers.  
 



Contaminant Acceptable limit ranges 

Aluminum 0.05 to 0.2 mg/L 

Chloride 250 mg/L 

Color 15 (color units) 

Copper 1.0 mg/L 

Corrosivity noncorrosive 

Fluoride 2.0 mg/L 

Foaming Agents 0.5 mg/L 

Iron 0.3 mg/L 

Manganese 0.05 mg/L 

Odor 3 threshold odor number 

pH 6.5-8.5 

Silver 0.10 mg/L 

Sulfate 250 mg/L 

Total Dissolved Solids 500 mg/L 

Zinc 5 mg/L 



Disinfectants and disinfectant by-products  
 

http://www.lenntech.com/chlorine_dioxide.htm


Element/ 

substance 

Symbol/ 

formula 

Normally found in fresh 

water/surface 

water/ground water 

Health based guideline by 

the WHO 

Aluminum Al 0,2 mg/l 

Ammonia NH4 < 0,2 mg/l (up to 0,3 mg/l in 

anaerobic waters) 

No guideline 

Antimony  Sb < 4 μg/l 0.005 mg/l 

Arsenic As 0,01 mg/l 

Asbestos No guideline 

Barium  Ba 0,3 mg/l 

Brillium  Be < 1 μg/l No guideline 

Boron B < 1 mg/l 0,3 mg/l 

 Cadmium  Cd < 1 μg/l 0,003 mg/l 

Chlorides Cl 250 mg/l 

Chromium Cr+3, Cr+6 < 2 μg/l 0,05 mg/l 

Colour Not mentioned 

Copper Cu 2 mg/l 

Cyanide  CN- 0,07 mg/l 

Dissolved Oxygen O2 No guideline 



Fluorides  F < 1,5 mg/l (up to 10) 1,5 mg/l 

Hardness mg/l CaCO3 No guideline 

Hydrogen sulfide H2S No guideline 

Iron Fe 0,5 - 50 mg/l No guideline 

Lead Pb 0,01 mg/l 

 Manganese Mn 0,5 mg/l 

Mercury  Hg < 0,5 μg/l 0,001 mg/l  

Molybdenum   Mb < 0,01 mg/l 0,07 mg/l 

Nickel Ni < 0,02 mg/l 0,02 mg/l 

Nitrates & Nitrites NO3, NO2 50 mg/l total nitrogen 

Turbidity Not mentioned 

pH No guideline 

Selenium  Se < < 0,01 mg/l 0,01 mg/l 

Silver Ag 5 – 50 μg/l No guideline 

Sodium Na < 20 mg/l 200 mg/l 

Sulfate SO4 500 mg/l 

Inorganic Tin Sn No guideline 

TDS No guideline 

Uranium U 1,4 mg/l 

Zinc Zn 3 mg/l 

http://www.lenntech.com/Periodic-chart-elements/Ca-en.htm


Brackish water ( Ground water )

- Brackish water is that has more salinity than fresh 
water, but not as much as seawater.  
 
-Chemically , brackish water contains between 0.5 and 
30 grams of TDS per liter more often expressed as 0.5 to 
30 parts per thousand (or % ) 
 

- As the total dissolved solids range increase also some 
quality items affected such total suspended solids which 
increase the water turbidity and on the other hand due 
to it is rich by minerals it is good medium of bacterial 
growth which the total microbial count will increase.  



Seawater or salt water is water from sea or oceans.  

On average, seawater in the world's oceans has 

a salinity of about 3.5% (35 g/L) 

Sea water ( Brine water )



Other Meaning : 
Process for enhancing the quality of water so  
that it meets the water quality criteria for its 
fitness for the intended use, and that can be 
achieved by several technologies. 

treatment of water it means doing some 
process to make it safe and acceptable 
for human use. 





  
 

 

 Factors affecting choosing of suitable technique : 

 

 1 – Feed water salinity  

       2 – Required quality of produced water 

 3 – Required pretreatment 

 4 – Need to specific treatment such removal of 

             specific contaminant or microorganisms 

 5 – Energy and cchemical availability  

 6 – cost  





Gravity separation of suspended material from water is the oldest and 
most widely used process in water treatment. Gravity separation 
historically has meant sedimentation, where water is introduced into 
a large quiescent basin for a long enough period of time so that the 
majority of the particles in the water settle to the bottom of the basin. 
Most raw surface waters will contain mineral particles and organic 
particles. Mineral particles usually have densities ranging from 2000 
to 3000 kg/m3 and will settle out readily by gravity, whereas organic 
particles with densities of 1010 to 1100 kg/m3 may require a long time 
to settle by gravity 
 
More recently, air bubbles have been used to float particles to the 
water surface for removal. Adding air bubbles to the water is known as 
dissolved air flotation (DAF) 





Filtration  

1- Granular filtration : (Sand filter) 

Filtration done by passage of the suspension through a porous medium. In 
granular filtration, the porous medium is a bed of granular material such 
as sand , there are two types of sad filtration: 
 
 Slow filtration : 
process during which water passes slowly down through a bed of sand. 
Filtration occurs primarily by straining at the surface of the Schmutzdecke 
located at the top of the bed. 
 
 rapid filtration  ( include depth filtration ) 
process engineered to achieve filtration rates about 100 times greater than 
slow sand filtration. Key requirements include coagulation pretreatment, 
granular media sieved for greater uniformity, and backwashing to remove 
accumulated particles. 

Filtration can be defined as any process for the removal of solids ( suspended or 
dissolved ) particles from water. 





Adsorption 

The primary adsorbent materials used in the adsorption process for drinking water 
treatment are powdered activated carbon (PAC) and granular activated carbon 
(GAC). 
 
Adsorption is a mass transfer operation in which substances present in a liquid 
phase are adsorbed or accumulated on a solid phase and thus removed from the 
liquid. Adsorption processes are used in drinking water treatment for the removal 
of taste- and odor-causing compounds, synthetic organic chemicals (SOCs), color-
forming organics, and disinfection by-product (DBP) precursors. Inorganic 
constituents, including some that represent a health hazard, such as perchlorate, 
arsenic, and some heavy metals, are also removed by adsorption. Reactions with 
granular activated carbon (GAC), a common adsorbent, can also be used to 
dechlorinate drinking water 





Four types of pressure-driven membranes are currently used 
in municipal water treatment:  
 
 microfiltration (MF) membranes,  
 Ultra filtration (UF) membranes,  
 Nanofiltration (NF) membranes, 
 reverse osmosis (RO) membranes. 









-Mainly it is physicochemical process which combines semi-permeable membrane  
separation technology and ion exchange media processes to provide high efficiency 
demineralization process . 
 

- Electro –dialysis employ electrical current and specially prepared membranes 
which are semi-permeable to ions based on their charge. 
 

- Through electro-dialysis an electrical potential transports and segregates charged 
aqueous species. 
 

- The electrical current is used to continuously regenerate the resin eliminate the 
periodical need to regeneration and avoid chemical hazardous.    





Different procedures are used for distillation , high quality WFI 
can be produced using all procedure presented here , the 
choice of procedure depends on the volume of WFI to be 
produced and the desired distillate temperature. 

 simple distillation  
 heat pump distillation 
 Multi-stage distillation 





Sedimentation using chemicals 

in a conventional treatment train, 
sedimentation follows coagulation and 
flocculation, which are used to destabilize 
particles and form large aggregates that 
will settle out of suspension in a 
reasonable time period. 







Due to presence of T.S.S which cause : 

1- Reduce the clarity of water to unacceptable levels (i.e., cause 
turbidity) as well as impart color to water. 
 
2- Be infectious agents (e.g., viruses, bacteria, and protozoa) 
 
3- Have toxic compounds adsorbed to their external surfaces 
 
4- many of the constituents that comprise dissolved NOM are 
precursors to the formation of disinfection by-products when 
chlorine is used for disinfection 











In water treatment, chemical oxidation and reduction 
processes are used for the treatment of specific inorganic or 
organic species found in water. For organic compounds, the 
purpose is to convert compounds into harmless or non-
objectionable forms. 
 
For example, it is desirable to oxidize toxic organic 
compounds into carbon dioxide and mineral acids (e.g., 
HCl) or taste and odor compounds into non-odorous 
compounds.  
Inorganic metal species (e.g., iron or manganese) are 
oxidized to insoluble forms and are removed by 
precipitation. Other inorganic species such as hydrogen 
sulfide, an odorous gas, is oxidized to non-odorous sulfate. 
 



The oxidants are usually added at the beginning (e.g., pre-
oxidation) or end (e.g., disinfection) of the water treatment 
process; however, oxidants are also added at a variety of 
intermediate points depending on the treatment objectives. 

Application of Conventional Oxidants in Water Treatment 
The principal applications of chemical oxidation are for 
 
1. Taste and odor control 
2. Hydrogen sulfide removal 
3. Color removal 
4. Iron and manganese removal 
5. Disinfection 





In the water treatment process , reducing microbiological 
contaminants is accomplished by two basic strategies, removing them 
from the water or inactivating them.  

Inactivated microorganisms, although still present in the water, are 
no longer able to cause disease in the consuming . Processes that use 
inactivation as their strategy are traditionally referred to as 
disinfection 

Disinfection is used to refer to two activities:  
 
(1) primary disinfection—the inactivation of microorganisms in the 

Water 
 
(2) secondary disinfection—maintaining a disinfectant residual in    
the treated-water distribution system. 



-The most significant taste and odor problem in surface waters 
is from naturally occurring organic compounds (NOM’s) that 
are produced by algal blooms and bacteria. 
 

 The three principal organic compounds,  
 geosmin ,  
 2-methylisoborneol (MIB) , 
 cyclocitral  
are thought to be produced and released into the water by 
actinomycetes and cyanobacteria. 

disinfection with chlorine had become a world water 
treatment standard and, even today, many water supplies are 
treated with chlorination alone The presence of a free chlorine 
residual in water at the tap was generally taken as a guarantee 
of microbiological safety by health officials and the public.  





Ion exchange resins are polymers that are capable of 
exchanging particular ions within the polymer with ions in the 
solution that is passed through them. 
 
This synthetic resins are used mainly in water treatment and 
the aim is usually either to soften the water or demineralizd it. 



Ion-Exchange Resin Bead model 

Fixed Anion 

Counter Cation 

Styrene 

Cross linking Agent  

(DVB) 

Hydrating Water 





SEM of Ion-Exchange Resin Bead 

Bead diameter: 

300 to 1200 µm 

(0.3 to 1.2 mm) 

 

Beads pores: 

1 to 100 nm 

(0.001 to 0.1 µm) 

 

Bead dry weight 
40 to 60% 





 De-ionizing resins: 
 
If the water needs to have the mineral content entirely 
removed it is passed through a resin containing H+ ( which 
replace all cations ) and then though a second resin 
containing OH- ( which replace all anions ) , the H+ and OH- 
are then react together to give more water.  

 

 softener resin  
 

    the resin containing Na+ cations but which binds Ca++  and 
Mg++ more strongly than Na+. As the water passes through the 
resin the resin take up Ca++  and Mg++  and release Na+ 
making for softer water 

 



Example for Cationic Resin: 
Strong acidic Sulphonated polystyrene cation exchange resin 
Functional group is SO3

-H+ 

 
Example for Anionic Resin : 
Strong basic quaternary ammonium anion exchange resin 
Functional group is –CH2NR3

+OH- 









1 – What are we meaning by osmosis ? 
2 – What are we meaning by reverse osmosis ? 
3 – How does Reverse Osmosis work? 
4 – What will Reverse Osmosis remove from water? 
5 – What are we mean by the following terms ? 
-     Permeate 
-     Concentrate , Reject , Brine 
-     Recovery % 
-     Salt rejection % 
-     Salt passage % 
-     Concentration Factor 
-     Flux 
-     Stage & pass 



Osmosis: 
 

Osmosis is a naturally occurring phenomenon and one of the most 
important processes in nature. It is a process where a weaker saline 
solution will tend to migrate to a strong saline solution. Examples of 
osmosis are when plant roots absorb water from the soil and our kidneys 
absorb water from our blood. 

A solution that is less concentrated will have a natural tendency to 
migrate to a solution with a higher concentration. 



Reverse Osmosis is the process of Osmosis in reverse However, you 

need to ‘push’ the water through the membrane by applying pressure that 
is greater than the naturally occurring osmotic pressure in order to 
desalinate (demineralize or deionize) water in the process, allowing to pass 
pure water through while holding back a majority of contaminants. 









How does Reverse Osmosis work? 
Reverse osmosis works by using a high pressure pump to increase the pressure on 
the salt side of the RO and force the water across the semi--‐permeable RO 
membrane, leaving almost all (around 95% to 99%) of dissolved salts behind in the 
reject stream. The amount of pressure required depends on the salt concentration 
of the feed water. The more concentrated the feed water, the more pressure is 
required to overcome the osmotic pressure. 



What will Reverse Osmosis remove from water? 
 
Reverse Osmosis is capable of removing up to 99%+ of the dissolved salts (ions), 
particles, colloids, organics, bacteria and pyrogens from the feed water (although 
an RO system should not be relied upon to remove 100% of bacteria and viruses). 
An RO membrane rejects contaminants based on their size and charge. Any 
contaminant that has a molecular weight greater than 200 is likely rejected by a 
properly running RO system. Likewise, the greater the ionic charge of the 
contaminant, the more likely it will be unable to pass through the RO membrane. 
For example, a sodium ion has only one charge (monovalent) and is not rejected 
by the RO membrane as well as calcium for example, which has two charges. 
 
Likewise, this is why an RO system does not remove gases such as CO2 very well 
because they are not highly ionized (charged) while in solution and have a very 
low molecular weight. Because an RO system does not remove gases, the permeate 
water can have a slightly lower than normal pH level depending on CO2 levels in 
the feed water as the CO2 is converted to carbonic acid. 



The good produced water that comes out of an RO system has the 
majority of contaminants removed  

is the water that contains all of the contaminants that were unable to 
pass through the RO membrane. 

Percent Recovery is the amount of water that is being ‘recovered’ as 
good permeate water.  



This equation tells you how effective the RO membranes are 
removing contaminants. A well designed RO system with properly 
functioning RO membranes will reject 95% to 99% of most feed 
water contaminants.

This is the amount of salts expressed as a percentage that are passing 
through the RO system. The lower the salt passage, the better the 
system is performing 
 



The concentration factor is related to the RO system recovery and is 
an important equation for RO system design. The more water you 
recover as permeate (the higher the % recovery), the more 
concentrated salts and contaminants you collect in the concentrate 
stream. This can lead to higher potential for scaling on the surface of 
the RO membrane when the concentration factor is too high for the 
system design and feed water composition. 



It’s the rate of permeate transferred per unit membranes area (gfd) 
or (L/m2.h)

Flux value is Known depending on the source of feed water and type 
of used membranes for example for DOW filmtec mem. LE--‐440i 

Feed Water Source                                Gfd 
Sewage Effluent                                      5--‐10 
Sea Water                                                8--‐12 
Brackish Surface Water                          10--‐14 
Brackish Well Water                               14--‐18 
RO Permeate Water                               20--‐30 











Firstly You must know exactly the following data: 
 
Water source ( water type ) 
Full chemical analysis ( to determine the needed technology ) 

 Water consumption   
 Client need or uses ( target quality ) 



For filtration media design: 
 
The main factor affect the process  is the media surface area 
which  
for sand each cubic foot can filter about 5 gpm. 
For GAC each cubic foot can adsorp 8 – 10 gpm. 
 
Which 1 ft3 = 28.3 liter 
 
For sand each liter equal about 1.6 Kg 
For GAC each liter equal about 0.5 Kg 



Pressure vessel volume calculation : 
Due to it is cylindrical in shape  
                         
                         V= π h r2  
 
Example : 
Vessel 10” x  54“ 
Solution: 
r = 10/ 2 = 5 inch = 5 x 2.54 = 12.7 cm = 0.127 m 
h = 54 inch = 54 x 2.54 = 137.16 cm = 1.37 m 
 
V= π (0.127)2(1.37) = 0.0695 m3 = 69.5 L3 

 



Ion exchange resin needed volume calculation : 
 
1- Exchange capacity: 
 
Theoretically exchange capacity = 1.45 mg/l 
practical exchange capacity = 1.25 mg/l 
  
Real exchange capacity = practical cap. X (Mwt / n) 
 
Due to the hardness represented as CaCO3 which have Mwt = 
100 
So Real exchange capacity = 1.25 x 100/2 = 62.5 mg/l 
 
2- Calculate ionic load: 
 
Ionic load = hardness value x consumption per day 


