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Abstract 

 

Most of the natural sources of water around the world are not always suitable for drinking without treatment. Microorganisms can 

be found in raw water from rivers, lakes, ponds and groundwater. Pathogens present in water can be transmitted through a drinking 

water distribution system, causing waterborne disease to those who consume it. Disinfection is a crucial water treatment method 

as it ensures that water is free of pathogenic micro-organisms causing water-borne diseases. In order to combat waterborne diseases, 

different disinfection methods are used to inactivate pathogens. The main aim of this paper is discussed different methods of 

disinfection, their suitability, limitation, factors influencing disinfection process, Chlorine by products and impacts of chlorine by 

products impacts on human beings. 
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I. INTRODUCTION 

Most of the natural sources of water around the world are not always suitable for drinking without treatment. In the past, people 

depended on sun, wind, filtration through soil and time for obtaining pure water. Due to the intensive use of available water 

resources, the need for water treatment became unavoidable, because of the physical, chemical, and/or biological contaminants, 

which come from human activities, animals, and nature. 

 Microorganisms can be found in raw water from rivers, lakes and groundwater. While not all microorganisms are harmful to 

human health, there are some that may cause diseases in humans. The presence of microorganisms in water may cause a great 

many diseases including the hepatitis, cholera, typhoid fever, dysentery, and others. These are called pathogens. Pathogens present 

in water can be transmitted through a drinking water distribution system, causing waterborne disease in those who consume it.  

 Drinking water supplies containing human enteric viral pathogens can pose a risk to public health. Enteric viruses can cause a 

range of disease with severity from self-limiting diarrhea to meningitis and even death (Alyaa M. Zyara et al., 2016). Removal of 

the viruses depends on virus type and performance of the treatment process (LeChevallier et al,.2004 ), and even though the 

conventional drinking water treatment process is generally quite efficient in removing viruses from water, some may still survive 

and enter the distribution system and cause epidemics (Kukkula et al.,1999 & Maunula et al.,2005). 

 In order to combat waterborne diseases, the pathogens must be killed in order to make the water safe for drinking. The chemicals 

used for killing these pathogenic bacteria known as disinfectants, and the process known as disinfection (S.K. Garg). Different 

disinfection methods are used to inactivate or kill pathogens along with other water treatment processes such as Plain 

sedimentation, sedimentation aided with coagulation and filtration, disinfection creates water that is safe for public consumption. 

 Water disinfection is a crucial step in the production of safe drinking water. “Disinfection refers to the selective destruction of 

disease-causing organisms, by use of chemical agents or physical methods. All the organisms are not destroyed during the process; 

this differentiates disinfection from sterilization which is the destruction of all organisms” (Bergman et al., 1976). Some 

disinfection processes also provide a disinfectant residual to prevent microbial regrowth during water distribution, where the 

presence of a disinfectant residual is more important for large distribution systems with long retention times or when the 

replacement of distribution system pipes is infrequent (Rosario-Ortiz et al., 2016). 

II. DISINFECTION IMPACTS TO DRINKING WATER SAFETY  

The process of disinfection of water is most important, because the bacterially contaminated water lead to the spread of various 

diseases and their epidemics, causing disasters to public life. The presence of turbidity, colour, or minerals etc., may not be 

dangerous, but the presence of a single harmful organism will leads to dangerous. Therefore, making disinfection of water is most 

important process. 

 Natural disasters such as extreme weather phenomena (floods) or earthquakes might cause several damages to water distribution 

networks and may result in the entrance of microorganisms at several parts of the network. Malicious threats might include 

terrorism attacks using biological or chemical compounds that may cause adverse effects to the health of water consumers. Even 

under normal operating conditions it is possible that contaminants might enter the network, after a scheduled or not, maintenance 
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or even during normal operations (e.g., due to leaking pipes allowing substances from the ground to enter in the network) ( 

Kanakoudis, V. et al,..2007). As sometimes sewerage networks are located above water supply pipes, possible leakages in both 

networks might be the cause for water contamination. Other potential cases where water safety is threatened by normal operating 

conditions, is when techniques such as pressure management are applied by the water utilities to reduce water losses. Reducing the 

pressure, water age (being the time water remains within the network) increases, especially at dead ends of the network. Increased 

water age means that water quality is deteriorated (Kanakoudis, V.2007) 

 Therefore, safeguarding water safety is of immediate priority. Disinfection not only removes / inactive the existing bacterium 

from water in water treatment plant, but also ensures their immediate killing even afterwards, in the distribution system. The 

contamination of water during its transit from the treatment plant to the place of its consumption is also prevented by disinfectants. 

The disinfectants able to have residual sterilising effect for a long period, those affording some protection against recontamination. 

The disinfectants should be harmless, unobjectionable to tongue, economical, and measurable by simple tests (S. K. Garg). 

 Good disinfectant, as “ it must be toxic to microorganisms at concentrations well below toxic thresholds to humans and higher 

animals also; it should have a fast rate of kill and should be persistent enough to prevent re-growth of organisms in the distribution 

systems”( Peavy et al. (1985). 

   Disinfection is a crucial water treatment method as it ensures that water is free of pathogenic microorganisms causing water-

borne diseases. In the U.S. cholera incidence was reduced by 90%, typhoid by 80% and amoebic dysentery by 50% after 

introducing disinfection in water treatment (Ohanian, E.V 1990). 

 In the developed world, the use of water supply disinfection as a public health measure has been responsible for a major reduction 

in people contracting an illness from drinking water. However, many of these disinfectant chemicals, if over dosed or used 

inappropriately, as part of a water treatment process, can cause the formation of disinfection by-products. Disinfection by-products 

are formed when disinfection chemicals react with organic or inorganic compounds. Research shows that human exposure to these 

by-products may have adverse health effects. ( D. Schoenen 2002). 

III. DISINFECTION METHODS 

 Physical Methods:  

Physical methods of disinfection mainly include - (a) Boiling (b) U-V radiation (c) Electromagnetic radiation; (d) Ultra-sonic 

sound and (e) by activated carbon. 

These methods are very costly and don’t have any residual power against future possible contaminations, so that these methods  

apply at limited places.  

 Boiling:  

Boiling is simple and basic method of disinfection. Bacteria present in water can be destroyed by boiling it for a long time. 

Temperature of water is raised to its boiling point and maintained for 15-20 min to kill all the bacteria (Fair G.M et al,. 1968). 

Bacteria sensitive to heat and rapid kills less than 1 minute per log (90%) reduction are achieved at temperatures above 65 °C. 

Viruses are inactivated at temperatures between 60 °C and 65 °C, but more slowly than bacteria. For poliovirus and hepatitis A, as 

temperatures increase above 70 °C, a greater than 5 log inactivation (99.999% reduction) is achieved in less than 1 minute 

(WHO,2011, Guidelines for Drinking Water). Boiling is not practically possible for huge amount of public water supplies. 

Moreover, it kills the existing germs but can’t take care future possible contaminations. This method only suitable for household 

purposes or in case of epidemics. 

 UV Radiation:  

U-V radiation may kill a cell, retard its growth, and change its heredity characteristics (Nicki Pozos et al., 2004). UV rays usually 

found in sunlight, also can be produced by passing electric current through mercury enclosed in quartz bulb. For treatment the 

water has to pass several times around the quartz bulbs emitting UV Rays. The UV spectrum runs from 100 and 400 nanometres 

(nm) with the optimal wavelength for bacterial disinfection occurring between 200 and 280 nm. UV light is split into four major 

categories, UV-A, UV-B, UV-C and Vacuum UV. The area between 240 and 280 nanometres (nm) is UV-C, commonly known as 

germicidal light. Disinfection using ultraviolet radiation in the UV-C range may be a more favourable option for many applications. 

The key factor of a UV treatment system is the UV dosage, which can be measured from the known UV intensity, exposure time 

and water flow rate. The depth of water over the bulb should not be excess 10 cm or so, because the rays are effectively penetrate 

this much depth only. Disinfection with UV rays doesn’t impart any additional taste or odour to the water, since no chemical are 

added during treatment. 

 When microorganisms are exposed to UV radiation, a constant fraction of the living population is inactivated during each 

progressive increment in time. This dose-response relationship for germicidal effect indicates that high intensity UV energy over 

a short period of time would provide the same kill as lower intensity UV energy at a proportionally longer period of time. For high 

removals, the remaining concentration of organisms appears to be solely related to the dose and water quality, and not dependent 

on the initial microorganism density. Tchobanoglous (1997) suggested the following relationship between coliform survival and 

UV dose. 

N = f · D n 

Where: N = Effluent coliform density, /100mL 

D= UV dose, Mw x s/cm2 
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n = Empirical coefficient related to dose and  f = Empirical water quality factor 

 Appropriation of UV Radiations: 

1) UV light disinfection is being increasingly used in the treatment of both wastewater and potable drinking water since such 

treatment does not produce disinfectant by-products and is effective against cysts of Cryptosporidium and Giardia 

(Clancy, J. L et al., 2000). These two pathogenic micro-organisms of major importance for the safety of drinking water. 

2) It does not significantly alter the water quality; such as no change in total organic carbon (TOC), pH, corrosivity, DBP 

formation potential, or turbidity.  

3) The technology is relatively inexpensive, with low capital and operating costs, compared to other disinfection options for 

protozoa.  

4) It is relatively easy to operate (i.e., turn up or turn down) the UV equipment based on changes in water flow, water quality, 

etc.  

5) No chemicals are needed for UV disinfection.  

6) Disinfection is quick. Few seconds of Contact time is sufficient.  

 Limitations of UV disinfection can be listed as follows: 

Low dosage may not effectively inactivate some spores and cysts; some microorganisms sometimes may repair and reverse the 

destructive effects of UV through a repair mechanism known as “ photo reactivation ”, or in the absence of light known as “ dark 

repair ”, Virus are most UV resistant organisms especially Adenoviruses, and bacterial spores. The protozoon Acanthamoeba is 

also highly UV resistant ( Abhijeet ashok paidalwar et al., 2016). Adenoviruses are the most resistant microbes against UV (Charles 

P. Gerba et al.,2002) and it may even need a UV dose of several hundreds mWs/cm2 to be inactivated by 6 Log10 units (Hijnen et 

al. 2006).  Turbidity and total suspended solids in waters can render UV disinfection ineffective by decreasing UV transmission 

and harboring pathogens; and the need to dose post disinfectant in drinking water treatment before distribution systems to decrease 

the risk of microbial regrowth since UV does not leave residual. UV disinfection is user friendly for operators.  UV disinfection is 

that unlike other forms of chemical treatment it does not leave a persistent residual in the treated water, which can lead to problems 

of regrowth of organisms in some circumstances (Burhan Davarcioglu 2015). This method is suitable for treat small quantity of 

water in hospitals, dispensaries for surgical uses and drinking purpose at some places where cost is not a prime factor. 

 Electromagnetic radiation:  

Electromagnetic radiation is an electric and magnetic disturbance travelling through space at the speed of light (2.998 × 108 m/s). 

EM radiation includes radio waves and microwaves, as well as infrared, ultraviolet, gamma, and x-rays. Some sources of EM 

radiation include sources in the cosmos (e.g., the sun and stars), radioactive elements, and manufactured devices. EM exhibits a 

dual wave and particle nature. X-rays and Gamma rays both have high ionizing power. They tend to ionize nearly anything with 

which they collide. Radiation between 0.2 to 0.3 J has germicidal properties with peak germicidal wavelength of 0.26 J (2600 Aº). 

Hence source must be close to the medium. Water should be exposed in thin sheets. Cobalt 60 (Co60) is the primary source of 

radiation (Bhagwatula. A, 2000). 

 Ultra-sonic sound:  

Sounds with a frequency of 20 kHz and higher are referred to as ultrasound (or ultrasonic sound).Ultrasonic is effective for water 

disinfection. Ultrasound creates bubbles in water through a process called cavitation. "When the bubbles collapse, the gas inside 

of them becomes very pressurized and is at high temperatures for a very short amount of time ".  "The temperatures and pressures 

are such that organic contaminants can degrade." 

 Cavitation is a complex process that depends on the volume and structure of bubbles and cavities over a continuous time period. 

Cavitation occurs if a threshold of 0.06–0.1 MPa exceeds acoustic pressure amplitude for distilled water, and when driving 

frequencies of about 20 kHz are used (Eskin & Eskin, 2014). 

 Ultrasonic waves themselves don’t have germicidal effect. Ultrasonic waves of frequency 400 KHz have been demonstrated to 

provide complete sterilization in 60 minutes .Very large reduction in bacterial number is observed within 2 seconds (Mohmoud 

Farshbaf Dadjour 2006). 

 Activated carbon:  

"Activated carbon" comprises a family of substances, whose members are characterized primarily by their sorptive and catalytic 

properties. Activated carbon can be prepared from a variety of carbonaceous materials and processed to enhance its adsorptive 

properties. Some common materials that are used to make activated carbon are bituminous coal, bones, coconut shells, lignite, 

peat, pecan shells, petroleum-based residues, pulp mill black ash, sugar, wastewater treatment sludge, and wood (Weber, 1972). 

 GAC is typically used in a water treatment plant after the coagulation and sedimentation processes and, commonly, following 

preliminary disinfection steps during which chemical reactions can occur. Moreover, water is often disinfected before it passes 

through the GAC adsorbers in order to prevent nuisance biological growths. 

 Water is usually passed downward through packed beds of GAC. The frequency of backwashing is dependent on the amount of 

particulates being removed and the extent of microbial growth.  Treatment of a water supply with GAC, post disinfection is 

generally used to reduce the total number of bacteria, some of which may be present because of the microbial growths in adsorbers. 

Sufficient disinfectant is usually applied to ensure a residual in the distribution system to prevent contamination of the water. Post 

disinfection is used in addition to pre disinfection because aqueous oxidants that are used in preliminary disinfection steps will 

generally be eliminated by reaction with the GAC.  

 In certain instances, some synthetic resins may serve as replacements for GAC or they may be used in conjunction with GAC 

to provide the desired quality of water. The major difference between resins and GAC is that the resins are regenerated by 
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application of aqueous solutions of acids, bases, and/or salts, or of non aqueous solvents or steam, while GAC is usually thermally 

regenerated. In general, resins usually require a pre treatment step that is dependent upon the nature of the resins (Drinking Water 

and Health, Volume 2, 1980). 

 Chemical Methods:  

Chemical methods of disinfection means chemicals are added during disinfection process. These are the following  chemicals sung 

for disinfection process: a) Ozone; (b) lime  (c) Potassium permanganate (d) Metallic ions ; (e) Other Halogens; (f) Hydrogen 

peroxide ; and (g) Acid & alkali. 

 Treatment with ozone:  

Ozone gas is a faintly blue gas of pungent odour, and an excellent disinfectant. Ozone gas is unstable allotropic form of oxygen, 

with each of its molecule containing three oxygen atoms. Ozone has can be produced by passing high electric current through a 

stream of air in a closed camber, under the following chemical reaction: 

3 O2     Under high electric arc voltage        2 O3 

Oxygen molecule                                                  Ozone molecule 

Because of its instability, ozone readily breaks down into normal oxygen, and release nascent oxygen as below: 

O3            O 2                 +           O 

             Oxygen                 Nascent oxygen 

 The nascent oxygen is a powerful oxidising agent and removes the organic matters as well as the bacteria from the water. During 

the treatment ozone gas is manufactured and bubbled through water containing a sterilised chamber having inlets and outlets for 

water as well as an inlet for ozone.  

 Advantages of ozone treatment: 

1) Ozone removes colour, taste, and odour from water in addition to remove bacteria from it. 

2) The ozonised water becomes tasty and pleasant, unlike the chlorinated water, which becomes bitter to tongue. 

 Disadvantage of ozone treatment: 

1) Ozone treatment is very costly, much costlier than chlorination. 

2) Ozone needs electricity for its manufacturing and hence it can be used when electricity is available easily and cheaply. 

3) No residual can be maintained because it is highly unstable, and thus its use does not ensure safety against future possible 

contaminations. 

4) Ozoniser is required to be installed at the treatment plants, because it can’t be supplied in cylinder as like as chlorine.  

 The reaction of ozone with natural organic matter (NOM) may result in the formation of numerous byproducts. The most 

common ozonation by-products are short-chained carboxylic acids (Gagnon et.al. 1997) and aldehydes (Weinberg et.al., 1993). 

Minimization of aldehydes and other organic ozonation by-product in drinking water is very desirable. Formaldehyde and 

acetaldehyde are volatile, have produced respiratory tumors, glyoxal has promoted stomach tumors (Zehra S. Can & Mirat 

Gurol,.2003 ). The highly biodegradable aldehydes as well as the others biodegradable by-products formed during oxidation 

process are considered to be the part of biodegradable organic carbon (BOC). The production of aldehydes may depend on several 

variables, such as ozone dosage, temperature, pH value of water, and concentration of natural organic matter (NOM). The total 

aldehyde concentration was observed to increase with increasing ozone dose and initial organic carbon concentration. 

 They are removed from water after ozonation, usually by bio filtration process to prevent the distribution system from the 

bacterial regrowth. Most drinking water treatment plants using ozone also use a secondary disinfectant to maintain disinfection in 

the distribution system. 

 However, despite of these disadvantages, ozone has  extensively used in France and Russia and cities like Chandigarh in India. 

 Treatment with lime:  

Lime is generally used in water treatment plant for water softening (CPHEEO: Manual on water supply and treatment.”). If excess 

amount lime is added to water the water it will kill the bacteria also. An addition of 14-43 ppm of lime has been found to be remove 

the bacterial load about 99.3- 100 % from highly polluted waters. When lime added to water it raises the p H value of water, 

making it extremely alkaline. These extremely alkaline conditions are found to be detrimental to bacteria. That will kill the bacteria, 

either partially or completely. When lime raises the p H value of water to about 9.5, 99.9 to 100 % bacteria are removed.  

 Lime treatment is quite practical for complete removal of bacteria, yet needs to be removal of excess lime from the water before 

it can be supplied to the general public.  It can’t protect the water from future possible dangers of recontaminations, and hence not 

used these days.  

 Treatment with potassium permanganate:  

Potassium permanganate is cheap, handy and quite useful. Potassium permanganate is a very strong oxidizing agent, which is used 

for removal of iron & manganese besides that it exhibits germicidal property. It oxidizes the organic matter present in water. It 

also used as an algicide and for removing colour and iron from water. 

 For treating well water supplies, small amount of potassium permanganate has to dissolve in bucked of water and mix with water 

thoroughly. The addition of potassium permanganate produce pink colour. If the pink colour disappears it shows that organic matte 

present in water, and more quantity of potassium permanganate should be added until the pink colour stands. The well water should 

not be used for at least 48 hours after addition of potassium permanganate. 
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 Potassium permanganate cannot remove 100 % of bacteria, it can remove about 98 %. It might remove 100 % of organisms 

causing cholera. Water treated with potassium permanganate with passage of time produces dark precipitates, which is noticeable 

on porcelain vessels and very difficult to remove. This method of water treatment is only suitable for well water and rural areas. 

 Metallic ions:  

Some metallic ions, such as that of silver, mercury, copper and Fe (VI) posses disinfection property (Min Cho, 2006). In this 

method metallic silver ions are introduced into the water by passing it through a tube containing solid silver electrodes which are 

connected to direct supply of 1.5 volts. It will kill the pathogens with contact period of 15 minute- 3 hours with dosage of 0.05-0.1 

mg/l. 

 Silver ions treatment neither imparts taste and odour to the water. It is very costly treatment, hence not suitable for public 

supplies. Suspended organic matter and hydrogen sulphide has to be removed by pre-treatment before using silver ions, because 

they interfere with the efficiency of bacterial removal. 

 Other Halogens:  

Halogens other than chlorine also exhibit disinfection property (CPHEEO: Manual on water supply and treatment). Adding of 

iodine and bromine to water helps to kill the pathogenic bacteria. Bromine & Iodine are good oxidising agents and are easily 

available in the form of pills.  Iodine is available in the form of tablets of tetra glycerine-hypo-peroxide for field use. The quantity 

of iodine and bromine is limited about 8 mg/l and contact period of 5 minutes is generally sufficient. This method is not suitable 

for public water supplies, but used for treating water supplies for many army troops, private plants and swimming pools etc.  

 Acid & alkali:  

By addition of acid or alkali like water becomes either acidic or alkaline (Fair G.M.1968). The growth of microorganism is dependent 

on pH of water and bacteria cannot survive at very low or very high pH. By adding small amount of acid or alkali and continuous 

stirring will reduce or increase pH of water. After destruction of pathogen the pH of water should be brought back to neutral. 

Although, disinfection of water can be achieved using this method, the method is not practicable. 

 Chlorine:  

Chlorine is universally adopted for disinfection purpose. It is cheap, reliable, easy to handle, easily measurable and most 

importantly it is capable of providing residual disinfecting effect for long periods. Its disadvantages are that when added a greater 

amount, it imparts unpleasant taste and bitter taste to the sensitive- tongued consumers.  

When chlorine added to water it forms hypochlorous acid or hypochlorite ions, which have disastrous effect on microscopic 

organisms.  The reaction takes place as follows: 

Cl2     +    H2O    HOCL         +     HCL 

      Hypochlorous acid 

Hypochlorous acid is unstable and it dissociates into hydrogen ions and hypochlorite ions, as follows: 

 p H >  8 

HOCL      H+        +           OCL- 

  p H < 7 Hydrogen ions               Hypochlorite ions  

 The sum of hypochlorous ions (HOCL), hypochlorite ions( OCL) and molecular chlorine existing in a sample of water know as 

free available chlorine.  

 The above reaction is reversible and depends upon the p H value of water. The dissociation of hypochlorous acid into ions is 

more effective at high p H values and vice versa. When p H value greater than 10, in that case only OCL ions are found , when p 

H value less than 7 ( more than 5 ) only HOCL ions existing without dissociating into OCL ions. But when p H value less than 5, 

chlorine does not react and remain as elemental chlorine.  

 Hypochlorous acid is 80 time more powerful than hypochlorite ions. When p H value of water less than 7 only HOCL ions are 

formed and keep dissociation of HOCL is minimum.  

 When chlorine added to water, it immediately react with ammonia present in water to forms various chloramines, as follows: 

                                     NH3   +   HOCl                     NH2Cl              +       H2O 

  Monochloramine 

                                   NH2Cl   + HOCl                                 NHCl3             +        H2O 

                         Dichloramine 

                                    NHCl2   + HOCl                                     NCl3            +       H2O 

   Nitrogen Trichloramines 

 Monochloramines are predominate at p H values over 7.5 , dichloramines at p H values between 5-6.5  and Nitrogen 

Trichloramines are predominate at p H value below 4.4.  Nitrogen Trichloramines don’t have any disinfection power. 

 Free available chlorine is 25 times more powerful than combine chlorine of the three chlorine species (HOCl, OCl-, and NH2Cl), 

hypochlorous acid is the most efficient for the deactivation of pathogens in water and wastewater. The existence of interacting 

compounds in water decreases the killing microorganisms’ performance of chlorine; comparatively, elevated doses of chlorine 

(20-40 mg/L) are needed for acceptable decrease of viruses. In wastewater sewages, no free chlorine species are accessible after a 

few seconds of residence. 
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 The germicidal action of free chlorine or combined chlorine is explained by theory of enzymatic hypothesis. According to this 

theory chlorine enters into the wall of bacteria and reacts with and kill the enzymes, which are essential for the metabolic process 

of living organism, thus bring out disinfection.  

 Dosage of chlorine: 

When chlorine added to water it first react with inorganic impurities (reducing agents like Fe++, Mn++, NO2, S—etc.) that convert 

the chlorine into chlorides. Excess chlorine after this point reacts with ammonia to form chloramines. Simultaneously chlorine will 

react with organic impurities and form combined chlorine. The chlorine consumed in all the above three stages represents chlorine 

demand of water.  

 The free chlorine and combined chlorine have germicidal action on bacteria and pathogens.  Free chlorine will instantaneously 

kill the pathogens and combined chlorine will provide long term germicidal effect. 

 Most of waters are satisfactorily disinfected if the free chlorine residual is about 0. 2 mg/l, 10 minutes after the chlorine is 

applied. Large chlorine residual may cause bad taste, whereas a smaller residual may not be relied upon.  It is usually added at 

concentrations of 0.2–0.5 mg/L to get around 0.2 mg/L residual free chlorine in the distribution system (WHO, 2011). 

 There is a  difference among the diverse microbial pathogens concerning their resistance to killing agents. Spore-forming 

bacteria are more resistant to killing agents than are vegetative bacteria. Resistance to chemical products changes as well between 

non-spore-forming bacteria and between strains belonging to the same species, Legionella pn0eumophila is much more resistant 

to chlorine than is Escherichia coli (G.Bitton, 2011). 

 The effect of chlorination has been found to vary highly depending on virus type. hepatitis A virus completely inactivated by 

using 10–20 mg/L free chlorine in 30 min contact time (Li et al.,2002). The main disadvantage of chlorination is its potential to 

form carcinogenic disinfection by-products when reacting with organic material (Ates et al,.2007; Yang et al.,2013). 

IV. CHLORINATION BY PRODUCTS  

Chlorine reacts with the organic matter in the water to form chlorination by products (CBPs), and it often changes overall chemical 

properties of water. 

 Some naturally occurring organic matter, anthropogenic contaminants, bromide, and iodide are also present in water, and when 

a chemical disinfectant such as chlorine is added to water, it tends to react with organic matter to form disinfection by products 

(DBPs), which are known to have adverse health effects on humans (S. D. Richardson, 2011).Many disinfection by products are 

known for their carcinogenic, mutagenic, cytotoxic, genotoxic, or teratogenic effects. However, the formation of DBPs is a function 

of several factors such as the pH, temperature, source water characteristics, type of disinfectant, and residence time (S. W. Krasner, 

2009). 

 By-product concentrations vary both spatially and temporally within a distribution system. These variations are caused by source 

water quality variability, variations in water-treatment efficiency, and the dynamic nature of by-product formation during 

distribution (Clark, R. M., et al, 1994). 

 The disinfection of water is an essential treatment process for safeguarding the quality of drinking water but could create   undesirable 

chemical risk due to the formation of disinfection  by products during chloramination, chlorination, and ozona tion with natural 

organic matter. Since the early seventies, studies have revealed that chlorination produces potentially harmful DBPs with more 

than 600  DBPs detected and qua tified in drinking waters (S. E. Hrudey et al., 2012). 

 Identified classes of DBPs include trihalomethanes (THMs), haloacetic acids (HAAs), halo acetaldehydes (HALs), halo ketones 

(HKs), and nitrogenous DBPs (N-DBPs) such as haloacetonitriles (HANs), halonitromethanes (HNMs), and haloacetamides (T. 

Bond  et al, 2011). There are two major classes of DBPs that have been regulated by US Environmental Protection Agency (USEPA) 

with maximum contaminant level (MCL) of 60 and 80 mg/L for five HAAs and four THMs, respectively (USEPA 2006 & 2013). The 

trihalomethanes are produced through the interaction of chlorine and chloramine with organic and inorganic matter in water. The 

THMs include bromo dichloromethane (BDCM), dibromochloromethane (DBCM), bromoform (TBM), and chloroform (TCM), 

while the HAAs include dichloroacetic acid, trichloroacetic acid, chloroacetic acid, bromoacetic acid, and dibromoacetic acid (S. D. 

Richardson 2011) .A possible health hazard of drinking water that contains the unregulated DBPs is however on the increase with the 

non availability of non chlo rinated or alternative disinfectants. Several epidemiological studies have reported that health 

complications, associated with liver, reproductive system, kidney, and central nervous system, increased risk of cancer due to 

consumption of drinking water that contains DBPs in excess of the maximum contaminant level (MCL) (S. Pan, et al. 2014 &  

USEPA 2013). 

 Toxicological studies have shown that certain DBPs cause cancer in the liver, kidney and/or large intestine of animals and that 

particular DBPs cause adverse reproductive or developmental effects (Boorman et al. 1999). Epidemiological studies have 

indicated a slightly increased risk for bladder, colon and rectal cancers in individuals who were exposed to chlorinated surface 

waters for many years (Villanueva et al. 2004). In addition, some epidemiology studies have shown an association between the 

consumption of chlorinated drinking water and adverse reproductive or developmental health effects, such as spontaneous abortion 

or foetal anomalies (Nieuwenhuijsen et al. 2000). 

 Disinfection by products (DBPs) in drinking water has received considerable interest because of their possible association with 

cancer, particularly bladder and rectal cancer (Morris RD et al, 1992). More recently the interest has shifted from cancer to 

reproductive outcomes. Trihalomethanes (THMs) are generally the most prevalent and are routinely measured. Trihalomethanes 

(THMs) are volatile halogenated hydrocarbons which are formed during water chlorination (Rook JJ et al.,1974) through reactions 

https://www.sciencedirect.com/topics/chemistry/chemical-properties-of-water
https://www.sciencedirect.com/topics/chemistry/chemical-properties-of-water
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involving natural organic substances present in raw water. Major THMs include chloroform (CHCI), bromodichloromethane 

(CHCl2Br), dibromochloromethane (CHClBr2), and bromoform (CHBr3).  

 To establish whether there are adverse effects due to by product compounds in drinking water is difficult, as they exist in low 

concentrations and in conjunction with many other chemicals. Obtaining estimates of a person’s exposure in utero to such agents 

is dependent not only on the type of disinfection process of the mother’s residential water source, but also on the person’s 

consumption of tap water, the level of toxicants present in the water supply during the critical exposure period, and exposure 

through pathways other than ingestion such as inhalation of and dermal contact with and uptake of compounds while showering, 

bathing, and swimming (Levesque B et al.,1994 &   Weisel CP et al.,1999). 

 Controlling disinfection by products:  

Disinfection by products can be controlled in drinking water by removal of precursor materials or naturally organic material before 

they interact with disinfectant or use disinfectants that minimize the formation of by products. The least- expensive approach is 

use of an alternative disinfectant. The least – desirable approach is remove once disinfection by products are formed. The most 

effective approach to control DPBs is to remove precursor before it reacts with disinfectant ( Robert M..Clark et al., 1994). 

 An integration of coagulation, ozonation and biofiltration may efficiently decrease THMs and HAAs formation potential. NOM, 

the major precursor of DBPs, may as well be decreased by iron oxide-coated filtration media, water softening, or nanofiltration. 

Even if pre-chlorination augments the capacity for THM generation in water treatment factories, it does not appear to possess an 

important effect on HAAs production.( D. Ghernaout et al., 2011 &  W. Haag et al.,1983). 

V. FACTORS AFFECTING DISINFECTION 

 These are the following factors influence the efficiency of disinfection: 

1) Turbidity: Turbidity affects chlorination process as efficiency of disinfection process decreases if water is more turbid. 

Turbidity and dissolved matter in water affect the disinfection process. Colloids cause the turbidity that reduces the contact 

between microorganisms and chlorine (Shreoder, 1997). 

2) Metallic compounds: Presence of Iron (Fe) and manganese (Mn) consumes more amount of chlorine. So iron and 

manganese has to be removed before the application of chlorine to water. 

3) Ammonia compounds: Ammonia forms combined chlorine compounds which are not powerful disinfectants as compared 

to free available chlorine  

4) p H of water: pH manages the quantity of hypochlorous acid (HOCl) and hypochorite ion (OCl-) in solution. HOCl is 80 

times more efficient than OCl- for E. coli. With increasing p H value of water more amount of OCl- ions are forming. 

Increasing p H valves of water reduce the effectiveness of chlorination. On the contrary, bacterial, viral, and protozoan 

cyst inactivation by chlorine dioxide is usually more performing at more pH levels (G.Bitton, 2011 &  M.D. Sobsey ). 

5) Temperature of water:  Increasing the temperature of water increase the effectiveness of disinfection. 

6) Time of contact: Percentage kill of pathogens depends upon of contact of chlorine and microorganisms. Usually for free 

chlorine 10 minutes and combined chlorine 60 minutes of time requires. 

VI. CONCLUSIONS 

The methods discussed in this paper appear to be attractive methods of disinfection in certain specific situations. However, they 

have disadvantages like cost and no residual effect. As such chlorine is looked upon as a universal choice in the past and the 

present. Technological advances and development have shown the drawback in using chlorine as disinfectant and necessity of 

alternative disinfectant. Now-a-day UV radiation and ozone are used in developed countries. However, in developing countries 

use of these expensive methods is limited mainly due to lack of funds.  

 Disinfection by products (DBPs) in drinking water have received considerable interest because of their possible association with 

cancer, particularly bladder and rectal cancer. chlorination disinfection by products (DBPs) have adverse impact effects and the 

outcomes of interest are have low birth weight, preterm delivery, spontaneous abortions, stillbirth, and birth defects— in particular 

central nervous system, major cardiac defects, oral cleft, and respiratory, and neural tube defects. The most effective approach to 

control DPBs is to remove precursor before it reacts with disinfectant. 
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