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ABSTRACT:  

Introduction: The process of disinfection to prevent the colonization of harmful microorganism results in 

disinfection byproducts particularly during the desalination of sea water. Formation of inorganic oxyhalides 

such as bromate during chlorination and ozonation needs to be monitored as they found to have health 

implications.  

Objectives: This report presents the status of inorganic oxyhalides in Abu Dhabi water  

Methods: Ion Chromatography System equipped with a conductivity detector was utilized to determine the 

ionic species using a conductivity detector for selective separation of ClO2
–, BrO3

– and ClO3
– ions.  

Results: A total of 102 water samples were assessed in this study. Of the 3 oxyhalides investigated, only 

bromate was found to breach the regulatory threshold while chlorate and chlorite were below the detection 

limit. 

Conclusions: In conclusion, ion chromatography is an effective method to monitor disinfection by products 

and regular monitoring is very important particularly while converting sea water into drinking water for 

remedial measures. 

 

1. Introduction 

The process of inactivating microorganisms is generally 

referred as disinfection. It is an essential step to ensure 

safe water which may otherwise have the potential to 

cause health implications. In general, disinfection is 

achieved through ultraviolet light exposure or by using 

chemical agents such as chlorine and its derivatives 

(Ramirez et al., 2023). Chlorine is an effective 

disinfectant applied to reduce the risks of waterborne 

infections. The oxidizing potential, residual effect, large 

availability, and cost effectiveness make them preferred 

choice of disinfectants (Kali et al., 2021). However, 

chlorine reacts with naturally occurring organic and 

inorganic matter in water to form byproducts known as 

disinfection byproducts (DBPs). For instance, free 

chlorine reacts with natural organic material over an 

extended contact time resulting in the formation of 

trihalomethanes which includes chloroform, 

bromodichloromethane, chlorodibromomethane, and 

bromoform. These compounds pose serious health threat 

having the potential to cause cancer (Mishaqa et al., 

2022).  Inorganic oxyhalides are molecules with oxygen, 

halogens and another element, usually a metal. The 

halogen in these compounds is usually bonded to oxygen, 

forming an anionic complex. Examples of inorganic 

oxyhalides include chlorate (ClO₃⁻), bromate (BrO₃⁻), 

and iodate (IO₃⁻) which are often formed as by-products 

during water treatment processes, particularly in 

chlorination and ozonation. Prolonged exposure to 

inorganic oxyhalides in drinking water, at high levels can 

cause various health problems. According to the 

International Agency for Research on Cancer (IARC), 

bromate is categorized as class 2B chemical having 

carcinogenic potential in humans (IARC, 2019). 

Likewise, prolonged exposure to chlorite and chlorate 

can destroy red blood cells and subsequently cause 

methemoglobinemia and hemolytic anemia (Sorlini et 

al., 2014). To minimize the health risks associated with 

disinfection by products, the World Health Organization 

(WHO), have established guidelines and maximum 

contaminant levels (MCLs) and regulatory authorities in 
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many countries have established rigorous monitoring to 

ensure the safety of water.  

As far as Abu Dhabi, United Arab Emirates (UAE) is 

concerned, it relies on desalination and groundwater 

resources to secure freshwater needs. About 84% of 

desalinated water in Abu Dhabi is produced either by 

multi-stage flash (MSF) distillation technology or 

through multiple-effect distillation technology (MED) to 

convert sea water to drinking water. Nevertheless, long 

distance transmission channels at a relatively higher 

temperature have been a concern due to the formation of 

disinfection by-products over time (Alhamzah et al., 

2023).  Thus, regular monitoring is very crucial to assess 

the quality status of water distributed through such 

channels. The department of energy is the regulatory 

authority for setting policy, standards and regulation for 

water (DOE, 2021) which prescribes maximum 

concentration of disinfection byproducts.  

2. Objectives 

This report presents the status of inorganic oxyhalides in 

water based on the data assessed during the present 

study.  

3. Methods 

One hundred and two water samples were collected using 

grab sampling technique (APHA 2005). Briefly, one liter 

of discrete water sample from each location was 

collected using a hand-held sampler. The samples were 

labelled and transported in insulated containers to the 

laboratory for further processing. 

Anion analytical reference standards such as Chlorate 

(CAS# 14866-68-3), Chlorite (CAS# 14998-27-7), and 

Bromate (CAS# 15541-45-4) were used in this study. 

Working standards were prepared using deionized ultra-

pure water. The calibration curve was obtained using 5 

calibration levels (5, 10, 25, 50, and 100ppb). The limit 

of detection of the assay was determined by applying the 

mean value of 10 independent replicates of lowest spiked 

concentration.  

Samples with a conductivity ≤1000 µS/cm were injected 

directly into the auto sampler while those exceeding this 

value were diluted to bring the final sample conductivity 

to approximately ≤1000 µS/cm and injected. One 

hundred micro liter of sample was injected using an AS-

AP autosampler and targeted analytes (Chlorate, chlorite 

and bromate) were separated at 30 °C using a KOH 

eluent, in gradient mode, at a flow rate of 0.380 mL 

min−1 within a total run time of 30 minutes. Thermo 

Scientific Dionex ICS-5000 Ion Chromatography 

System equipped with a conductivity detector was used. 

Chromatographic separation was achieved using a 

Dionex IonPac AS19 (4 x 250 mm) chromatographic 

column with AG19 (4 x 50 mm) guard column. Data 

collection and processes were conducted using the 

Thermo Scientific Dionex Chromeleon™ 7 Software. 

The instrument conditions are provided in table. 1. 

 

4. Results and Discussion 

Ion chromatography (IC) is ideally suited for elemental 

speciation analysis. It determines ionic species mainly 

using a conductivity detector through selective 

separation of ClO2–, BrO3– and ClO3– ions.  

The assay calibration was obtained using five-point 

calibration curve (Fig. 1). The correlation coefficients 

(R2) were in the range 0.999 with good accuracy. The 

chromatographic retention time is presented in table. 2. 

The percentage of overall recovery of spike samples 

were found to lie between 80-120% and the limit of 

detection (LOD) for Chlorate, Chlorite and Bromate 

were 0.46, 2.28 and 0.8 ppb, respectively. 

Parameters ICS-5000 Equipment  

Sample loop size 100 µL 

Injection Volume 100 µL 

Guard column AG19-HC (2X50 mm) 

Main Column AS19-HC (2x250 mm) 

Temperature 30ºC 

Eluent KOH 

Eluent Flow rate, ml/min 0.25 

Eluent Generator Mode 

Gradient: 

0-10 min → 10 mM 

10-25 min → 10 mM 

25-25.1 min → 45 mM 

25.1-35 min → 10 mM 

Detection Suppressed Conductivity Detector 

Suppressor Anion Self-Regenerating Suppressor (AERS_2mm) 

Applied Suppressor Current 28 mA 

Regenerant Auto regenerant de-ionized water 

Table. 1. Ion chromatography instrument conditions 
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Fig.1. Calibration curve for Bromate, Chlorite and Chlorate 

A total of 102 water samples were assessed in this study. 

Of the 3 oxyhalides investigated, only bromate was 

detected in the studied samples while chlorate and 

chlorite were below the detection limit. About 32% of the 

studied samples found to contain a concentration ranging 

from 14.2 to 65.7 µg/L. These levels were exceeding the 

prescribed regulatory value of 10 µg/L. Our results 

corroborate with Alomirah and coworkers (2020) from 

Kuwait who reported a relatively higher concentration of 

up to 89.3 μg/L from tap water in their study.  

 

One of the reasons for opting thermal desalination over 

reverse osmosis is associated with a low concentration of 

disinfection by products (Alhamzah et al., 2023). 

Nevertheless, the current study confirms the previous 

finding that thermal desalination does not completely 

remove disinfection by product precursors (Elshorbagy 

& Abdul Karim, 2006). Further, it signifies the crucial 

role of regular monitoring so that control measures can 

be employed. Since bromine is a natural constituent of 

seawater, chlorination results in generating 

hypobromous acid and hypobromite, and there is no 

control over bromate formation (Ramírez et al., 2023). It 

is dependent on initial concentration of bromine and low 

concentration takes relatively longer time for conversion. 

Therefore, care must be taken to minimize the initial 

concentration of bromine. For instance, an initial 

concentration threshold of less than 100 µg/L of bromine 

was found to keep the bromate formation below the 

regulatory limits (Morrisson et al., 2023).  

In conclusion, ion chromatography is an effective 

method to monitor disinfection by products and regular 

monitoring is very important particularly while 

converting sea water into drinking water for remedial 

measures. 
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