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1 

The production of drinking water in Kuwait comes as a result of either from 
blending distilled water produced from Multi Stage Flash units (MSF) with 
brackish water produced from water well fields of Sulaibiya, Shigaya, Al-Wafra, 
Um-Qudair and Al-Atraf or form Reverse Osmosis (RO). 

The distribution networks consist of a main pumping and distribution lines and 
subsidiary networks, for supplying fresh water and brackish water to consumers. 
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 In recent years, bromate has become known as a contaminant of potable water 
& it is not normally found in water. 
 

 Because bromate is potentially carcinogenic, according to World Health 
Organization guidelines (WHO, 2011) & also European Union (EU), the maximum 
contaminant level (MCL) is 10 μg L−1.  
 

 Moreover, bromate is stable, and there is currently no economically feasible 
technology to remove it once it is formed. 
 

 In kuwait, now-a-days the fresh water is disinfected by chlorine gas, resulting 
in the formation of bromate as byproduct in distribution networks with different 
concentration levels.  
 

 Subsequently, both distilled water and brackish water contain bromide ions with 
different concentrations. And also, the fresh Reverse Osmosis (RO) water 
produced from shuwaikh and Az-Zour power stations has bromide ions 
concentration. 
 

 The path-way and rate of decomposition are related to factors, such as pH 
concentration of the source water, temperature, ionic strength and light which 
lead to formation of bromate.  
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Studies on Bromate in 
Drinking Water 

  

Most oxidizing chemical disinfectants can oxidize bromide to bromate, however it 
is very dependent on the mode of action of the individual disinfectant. 

 

Considerable bromate was formed from the chlorinated water, when exposed to 
sunlight has been investigated by Macalady et al. (1977). 

 

Furthermore, bromate was also formed in the dark, by cross-oxidation reaction 
ions between hypobromite and hypochlorite during Chlorinated water was 
explained Haag (1981) respectively. 

 

In the presence of ammonia, residual chlorine may exist as monochloroamine  will 
react with hypobromite to form bromate has been proposed by Bousher et.al., 
(1990). 

 

Other oxidant like, UV and hydrogen peroxide are likely to result in the oxidation 
of bromide lead to bromate formation by Richardson e. al., (1981) 

 

Therefore, it is theoretically possible for chlorination during the treatment of 
drinking water to result in the formation of bromate as by-product. 

 

Hence, the purpose of this study to find a solution to overcome the formation of 
bromate as byproduct from bromide concentration in potable water network in 
Kuwait. 
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Chemical Reaction Lead to 
Formation of Bromate 

 Chlorine Gas  
 

In Kuwait, Ministry of electricity & water is producing Fresh water by blending 
distilled water with brackish water in order to cover the consumption demand of 
potable water.  
Here, chlorine used as disinfectant in water distribution network at different 
stations in order to contact the fresh water quality parameter to W.H.O standard. 
Chlorine gas under normal pressure and temperature, can be compressed to a liquid 
and stored in cylindrical containers (i.e.) as pressure-liquefied gas.  
The following equation presents the hydrolysis reaction: 

 

                                       Cl2 (g) + H2O           HOCl + H+ Cl- 
 

 Here, disinfection plays an important step in eliminate pathogens that exists in 
water distribution system and ensuring that water is safe to drink.  
Consequently, the quality of potable water in the distribution system through 
different areas is checked and the water samples are randomly collected for the 
chemical analysis during 2013. 
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From the chemical analysis report we find that chlorine disinfectant process 
produced disinfection byproducts of Trihalomethanes, Haloacetic acid & bromate 
formation. 
In fact upon chlorination water, enhanced formation of bromate was described by 
the following reaction scheme: 
 
 
 

 

Although these reaction takes place when reaction rates increase with decrease 
pH, it has been suggested that the ionic species can also react via,. 
So, the higher risk factor was deemed acceptable based on additional 
considerations such as the potential risk associated with a decrease in current 
levels of microbial protection and risks from increases in levels of disinfection by-
products from the chlorine disinfectant. 
In order to overcome from these byproducts, now-a-days alternative water 
disinfection method is considered for the development of disinfection byproducts 
(DBPs) in potable water.  
To avoid this by products, in current year chlorine dioxide disinfection technique 
will be applied. 
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It’s a new method which will be applied in a part of the network this year. 
Chlorine dioxide is used as disinfectant for fresh water treatment. 
Under Vacuum, Chlorine dioxide can generate or applied by two techniques. 
According to the following Chemical reaction: 

 

           (i)   5NaClO2 +  4HCl            4ClO2  +  5NaCl  +  2H2O ( 1st  Technique) 
       (ii)  2NaClO2 +  Cl2           2ClO2  +  2NaCl ( 2nd  Technique) 

The Above Project will use the 1st  Technique  
For, portable water ClO2 is generate from NaCl (24.5%) & HCl solution (32%) with 
these two chemical are injected to generator Via., dosing pump. 
 The chemical features of ClO2 gas is soluble in water strong oxidizing agent. 
It’s activities not depend on pH, while chlorine pH depended. 
Very low formation of in-organic ions chlorine dioxide improves the quality of 
drinking water ,it neutralize odor, remove color. 
It is better than Cl2 for removing iron & manganese. 
Because, chlorine dioxide is a very effective bacterial disinfectant and it is even 
more effective than chlorine for the disinfection of water that contains viruses. 
Chlorine dioxide removes and prevents bio film. It is much less corrosive than 
chlorine and does not hydrolyse to form an acid. 

 

  

Disinfection of Fresh 
Water by Chlorine Di oxide 

(Az-Zour Project) 
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Comparision Table For 
Chlorine & Chlorine Di oxide   
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Avoid storage & handling of combustible or reactive material such as acid or 
organic material in sodium chlorite area. 
Raw chemicals storage tanks should be with vent to atmosphere. 
Chlorine dioxide solution concentration in storage tanks should not exceed more 
than 4% for temperature 40°C. 
Leakage for raw chemicals (NaClO2 

  & HCl) is not possible in under vacuum system. 
If leakage in pipe-works, ClO2 generating system will be shut off automatically (by 
interlock) for safety reason. 
If Chlorine dioxide solution leaks in ClO2   storage tank, ClO2 generating system 
will be shut off automatically . 
 If motive water fails for any reeasons, ClO2 generating system will be shut off 
automatically . 

 
  Safety Steps for Personnel’s 

In case of ClO2 solution leaks, ClO2 leak detector will function and gives alarm/ 
indication & buzzer to take care before entering the plant. Ventilation take action 
on leak alarm.  
Wear gas mask, breathing apparatus. 
Safety googles & face protector like chlorine. 
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Analysis of Bromide & Bromate in 
Drinking Water Using IC with 

Suppressed Conductivity Detection 

The target anion (i.e. bromate) was determined in drinking water samples during 
the year 2013. So, we have collected the samples from RO line fresh water 
network around shuwaikh area in Kuwait as suggested. 
For analysis the drinking water samples were collected in Amber brown bottle 
containers directly from the faucet (after thorough rinsing).  
After collecting samples were kept immediately in an ice cooler until they reached 
the lab where they were transferred to the refrigerator. All water samples were 
stored at 4°C until analysis. 

 

 Bromide & Bromate ion Concentration in Shuwaikh RO Line Water 
  

 

From the chart, even we have high or low concentrations level of bromide & 
conductivity shows bromate ion is < 1 μg/L during the year 2013, respectively.  
The analyzed RO Line water  was checked before chlorine injection. As a result we 
get <1 μg/L of bromate concentration in water analysis test.  
From this result we can confirm that before chlorine injection there was no 
bromate ions in RO Line water. 
The Bar graph shown in Fig (1) & Fig (2) respectively. 
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Bar Graph For Maximum & Minimum 
Bromide Concentration in Shuwaikh RO 

Line During 2013 

Maximum Concentration Level of Conductivity Vs Bromide 
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Minimum Concentration Level of Conductivity Vs Bromide 
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CONCLUSION 

 This study shows that if bromide is present in the water sample and disinfection is 
applied, there is definite probability of forming bromate in drinking water.  

 Also, in coastal areas, there are high levels of bromide present due to seawater 
and ground water intrusion in drinking water.  

 According to the data during 2013, our results show that increasing total dissolved 
solids (TDS) will increase bromide concentration to form bromate.   

 These are the following factors which will affect bromate formation such as 
bromide ion concentration, pH of the source water, temperature and the reaction 
time in the distribution network.  

 As per water analysis results, there are significant high concentrations of bromide 
ions in water samples randomly collected, and also showed detectable amount of both 
bromide and bromate concentration level in drinking water.  

 To overcome the formation of bromate as byproduct, we apply the following 
procedure to minimize the level of bromate concentrations in the water network 

 By either reducing the total dissolved solids (TDS) to less than 120 ppm. 
 to mineralize the MSF water with lime stone to make it potable water and in the 

same time to minimize as much as possible using brackish water for blending 
(blending ratio). 

 decreasing the injection of chlorine gas as much as possible without effecting the 
quality of the drinking water 
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 Even so after all these steps, the result show detectable amount of bromate 
concentration in drinking water. 

 So, in order to avoid this, now-a-days alternative water disinfection method 
will be considered for the elimination of disinfection byproducts (DBPs) in 
potable water. 

 By comparing the advantages and disadvantages of chlorine disinfectant, we  
can conclude that chlorine dioxide gas is easy to generate and maintain water 
disinfection level in water distribution system. 

 Theoretically the use of chlorine dioxide instead of chlorine gas prevents the 
formation of harmful halogenated disinfection byproducts, for example 
trihalomethanes and halogenated acetic acids and expected no bromate 
formation.  

 According to the World Health Organization (WHO, 2011) the maximum 
contaminant level (MCL) of chlorine dioxide (ClO2) is 0.7 mg/l to make drinking 
water  safe to drink. 
 
 




