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ABSTRACT 
 

 

All surface water treatment plants in Bangladesh use chlorine for disinfection. In the 

presence of high concentration of ammonia, “break point chlorination” becomes 

impractical because of very high chlorine dose requirements; therefore, “chloramination” 

is most often carried out. In the presence of high and variable concentration of ammonia, 

it becomes difficult to adjust chlorine dose to achieve desired disinfection at treatment 

plants. The primary objective of this research was to assess the effectiveness of 

chlorination of potable water in the presence of ammonia. In order to understand the 

disinfection capability of chlorine in the presence of ammonia, batch disinfection 

experiments were carried out at different chlorine to ammonia ratios (varying from 0.60:1 

to 1.4:1.0) using raw water containing different levels of fecal coliform and ammonia 

concentrations. It has been found that “chloramination” at low chlorine to ammonia 

molar ratios (less than 0.6:1.0) may be effective (i.e., zero residual FC) for disinfection 

for water containing lower level of contamination (FC up to 3,000 cfu/100 mL), even 

when initial ammonia concentration is relatively low (0.5 mg/L). However, 

“chloramination” may not be effective for water with higher level of contamination.   

During “chloramination”, mono-chloramine (NH2Cl) is the most dominant species 

followed by di-chloramine (NHCl2). Mono-chloramine concentration reaches its peak at 

chlorine to ammonia molar ratio of 1.2:1 to 1.5. Before breakpoint is reached, a 

noticeable amount of free chlorine exists in water, and its concentration increases with 

increasing chlorine dose. Presence of free chlorine along with chloramines in water 

samples from Saidabad Water Treatment Plant (SWTP) confirms simultaneous presence 

of free chlorine and chloramines in water during “chloramination”. Mono-chloramine 

appears to be an effective disinfectant. But during “chloramination”, some free chlorine 

also exists in water, and both mono-chloramine and this free chlorine act as disinfectant.   

 

At relatively lower ammonia concentration (below 0.5 mg/L), it is better to go for “break 

point” chlorination, rather than chloramination. For a fixed initial ammonia 

concentration, peak mono-chloramine concentration is reached at chlorine to ammonia 

ratio of about 1.20:1.0 to 1.50:1, which should be the optimum chlorine to ammonia 



 

 viii 

ration for effective disinfection. But for higher initial ammonia concentration (≥ 5 mg/L), 

chloramination at such chlorine to ammonia ratio would produce very high 

concentrations of chloramines, exceeding the WHO/USEPA guideline values (3.0 mg/L 

for mono-chloramines, and 4.0 mg/L for total chloramines). For such high initial 

ammonia concentration, a lower “chlorine to ammonia” ratio should be considered for 

chloramination. For fixing chlorine dose for disinfection of water containing high 

concentration of ammonia, the maximum chlorine to ammonia ratio that could be applied 

without exceeding WHO/USEPA guideline values needs to be determined. 
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CHAPTER 1 

INTRODUCTON 

1.1  BACKGROUND 

Contribution of surface water to water supply is increasing in Bangladesh. Surface 

water currently accounts for about 22% of Dhaka WASA, almost all of it comes from 

Saidabad Water Treatment Plant (SWTP). Phase-1 and Phase-2 units of this plant 

supply 225 MLD of water each, with a total production capacity of 450 MLD. 

Groundwater still accounts for the majority of water supply in Dhaka City, accounting 

for about 78% of the total water supply. Groundwater is extracted by over 400 deep 

tutbewells (DTWs) installed throughout the city. In additions, there are a large 

number of private DTWs (residential, commercial and industrial), which also extract 

huge quantity of groundwater. As a result of huge extraction of groundwater, 

groundwater level (piezometric level) within Dhaka is depleting at an alarming rate of 

over few meters per year. As a result, many DTWs of Dhaka WASA are failing each 

year (particularly during the dry season), making DTW-based water supply 

unsustainable. As a result, Dhaka WASA is changing its focus to surface water 

instead of groundwater (Khan, 2015). Dhaka WASA plans to increase contribution of 

surface water to total water supply to 70% by 2025 (from current level of 22%). A 

number of water treatment plant, including Saidabad Phase-3, Jasaldia Water 

Treatment Plant (which would draw raw water from Padma River), and Gandharbpur 

Water Treatment Plant (which would draw raw water from Meghna River) are being 

constructed.    

 

In response to lowering of groundwater level, as well as groundwater quality 

problems (high Fe, As, Mn, Salinity), surface water treatment plants are being 

installed in different cities and towns. Apart from Dhaka WASA, Chittagong WASA, 

Rajshai WASA and Khulna WASA are also constructing surface water treatment 

plants. Apart from the Mohora Water Treatment Plant, Chittagong WASA has 

recently (in 2017) commissioned the Sheikh Hasina Water Treatment Plant (143 

MLD capacity), which draws water from Karnaphuli River; the Modunaghat Water 

Treatment Plant, which would draw raw water from Halda River, is currently under 
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construction. The Department of Public Health Engineering (DPHE) has also installed 

a number of surface water treatment plants in a number of cities and municipalities.  

 

Although dependence on surface water in water supply is gradually increasing, water 

quality of surface water bodies in Bangladesh is deteriorating due to discharge of 

untreated sewage and industrial wastewater. River waters in Bangladesh, particularly 

those around major cities are typically characterized by high concentrations of organic 

matter, ammonia, and pathogens, apart from high concentrations of suspended solids 

during the wet season. Typical conventional treatment in surface water treatment 

plants involves pre-chlorination (to reduce pathogens and promote destruction of 

algae) followed by coagulation, settling, rapid sand filtration and finally disinfection 

by post-chlorination (to remove pathogens). In all surface water treatment plants in 

Bangladesh, chlorine is used for disinfection. In fact, chlorine is still the most popular 

disinfectant throughout the world. 

 

Disinfection of surface water involves the oxidation of organic and inorganic 

substances and the elimination of bacteria and viruses in the raw water (White, 1992). 

Chlorine is the most widely used disinfectant in water treatment plants because it is 

readily available, cost effective, easily applied and is more efficient than other 

disinfectants such as ozone, chlorine dioxide and potassium permanganate (Geldreich, 

1996). During chlorination, either sufficient chlorine is added to oxidize existing 

ammonia [Cl2/NH3 molar ratio > 1.6] and to retain a residual of free chlorine [referred 

to as “breakpoint chlorination”] or chlorine is added with ammonia [at Cl2/NH3 molar 

ratio < 1.0] to produce a residue of chloramine species (referred to as “combined 

residual chlorination” or “chloramination”) (Jafvert and Valentine, 1987). Chlorine 

reacts with ammonia and produces mono-, di-and tri-chloramines, depending 

primarily on chlorine to ammonia ratio and pH (Margerum et al., 1994; Jafvert and 

Valentine, 1987). Monochloramine (NH2Cl) offers several advantages over chlorine 

compounds; most importantly lower THMs and HAAs by-product concentrations (MWUA, 

2010; Sun et al. ,2009; Heidekamp et al., 2004; MERL, 2013; Yee et al., 2008). On 

the other hand, di -and tri-chloraminesgive rise to unpleasant odor in treated water 

(WQA, 2013). 
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For surface water treatment, the main sources of raw water are rivers in and around 

Dhaka city. As noted earlier, the water quality of these rivers has been severely 

damaged due to the discharge of municipal and industrial untreated wastewater 

(Hossain et al., 2007). The river water quality becomes particularly bad during the dry 

season. Ammonia concentration exceeding 20 mg/L has been reported for Sitalakhya 

River water during dry season (Khan, 2008). Therefore, principal raw water quality 

problem at Sayedabad Water Treatment Plant (SWTP), particularly during the dry 

season (December to April) is the high concentrations of ammonia, organic matter 

and algae in the raw water. The pre-chlorination of the raw water at SWTP helps in 

the elimination of algae (besides reducing fecal bacteria and pathogens) during 

subsequent coagulation (with alum) and filtration processes. Chlorine disrupts the air 

sac in algae that allows it float in water. However, if ammonia concentration is high, it 

consumes the added chlorine forming chloramines and no free chlorine exists for 

elimination of algae. The resulting problems include: (1) increase in treatment cost; 

(2) poor removal of algae; (3) probable formation of unwanted disinfection by-

products (THMs); and (4) excess ammonia/chloramines in the treated water. 

Although, ammonia does not have any particular toxic effect, its presence in the 

treated water would cause taste and odor problems (Khan, 2008).  

 

High ammonia in raw water was a major problem in the operation of the Saidabad 

Water Treatment Plant (SWTP). In order to address this problem, a nitrification pre-

treatment plant was added to the treatment plant (during construction of Phase 2 of 

plant) that converts ammonia to nitrate. The nitrification plant is designed to reduce 

ammonia concentration from a maximum of 15 mg/L to 4 mg/L at a flow rate of 450 

MLD. When ammonia concentration exceeds 15 mg/L (which often happens during 

dry season), the flow is adjusted (i.e., reduced) to achieve the desired ammonia 

concentration to some extent after pre-treatment. This often results in variable a high 

concentration of ammonia in the pre-treated water. Subsequently, after conventional 

treatment (pre-chlorination, alum coagulation, settling, filtration), the water is 

subjected to chlorination. Thus, during the dry season, post-chlorination at Saidabad 

Water Treatment Plant (SWTP) is carried out in the presence of variable and high 

concentration of ammonia. It should be noted that during the wet season, ammonia 

concentration in the water of Sitalakhya River comes down significantly, often less 

than 0.5 mg/L.  
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In the presence of high concentration of ammonia (over 1.0 mg/L), break point 

chlorination often becomes impractical because of very high chlorine dose 

requirements. It takes about 8.0 mg/L of chlorine to reach “break point” in the 

presence of 1.0 mg/L ammonia. Chlorination of high-ammonia water results in 

formation different quantities of mono-, di- and tri-chloramines, depending on 

chlorine to ammonia ratio (Yee et al., 2008), and these species have different 

disinfection potential. Di-and tri-chloramines also give rise to unpleasant odor. The 

Environmental Protection Agency (1998) in the USA established and Water Quality 

Association (2013) provided a maximum residual disinfectant level for chloramine of 

4.0 mg/L (as Cl2). WHO guideline value of Maximum acceptable concentration 

(MAC)for chloramines in drinking water is 3.0 mg/L (WHO, 2011). This MAC is 

based on a risk evaluation for mono-chloramine only, as mono-chloramine is usually 

the predominant chloramine and as information on di-chloramine and tri-chloramine 

toxicity is insufficient to establish guidelines for these two compounds.  

 

In the presence of variable concentration of ammonia in water, it becomes difficult to 

adjust chlorine dose to achieve desired disinfection. The types of chloramines formed 

vary with chlorine dose, and often the outcome is uncertain disinfection and 

generation of odor problem. At the Saidabad Water Treatment Plant (SWTP), no 

particular protocol is followed for chlorination of ammonia bearing water. Previous 

research work conducted on chloramination indicate that though chloramines have 

less disinfection capability than chlorine dioxide and free chlorine (Gagnon et al., 

2004), they have significant potential in disinfecting bacterial population in raw water 

on a plant scale (Brodtmann and Russo, 1979). It is therefore important to carry out 

detailed research on the formation of chloramines in the presence of ammonia, and the 

effectiveness of these chloramines in disinfection. 

1.2  OBJECTIVES 

The overall objective of the research is to assess the effect of variable ammonia 

concentrations on the formation of chloramines and evaluate the effectiveness of 

chlorine disinfection in the presence of ammonia. The specific objectives include: 
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(1) To assess the formation of free chlorine and chloramines species upon 

chlorination of water containing ammonia (at different chlorine to ammonia 

ratios); 

(2) To assess the disinfection capability of chloramines at different chlorine to 

ammonia ratios; 

(3) To assess the disinfection capability of chloramines at different initial FC 

concentration; 

(4) To assess the effectiveness of disinfection at different chlorine to ammonia 

ratios; and 

(5) To estimate the optimum chlorine doses for effective disinfection of potable 

water containing ammonia. 

 

1.3 OUTLINE OF METHODOLOGY 

In order to assess the formation of chloramines and their disinfection capability, 

disinfection experiments were carried out at different chlorine to ammonia ratios 

using raw sample containing different levels of initial FC (fecal coliform). For 

preparing raw sample for batch experiments, groundwater collected from a deep tube 

well was amended with domestic wastewater. Groundwater was used because it did 

not contain any appreciable organic matter (that could react with added chlorine), 

fecal coliform or ammonia. Since surface water often contains high concentration of 

organic matter and other known/unknown substances, surface water was not used for 

preparing raw water in this research.   

 

To understand formation of chloramines species and their disinfection ability, batch 

experiments were conducted. Amended raw samples were taken in a series of beakers. 

Required quantities of ammonia stock solution were added to the beakers to achieve 

the desired level of initial ammonia concentration. Then, chlorine stock solutions 

were added to the beakers to achieve the desired chlorine dose and chlorine to 

ammonia ratio. The contents of the beakers were thoroughly mixed for two minutes, 

and then these were allowed to stand for 30 minutes. Samples were then collected 

from the beakers for analysis of residual chlorine species (including chloramines) and 

FC. 
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Similar sets of experiments were carried out in Jar Test apparatus. Raw water 

containing a fixed concentration of ammonia (achieved through addition of ammonia 

stock solution) was taken in six beakers. Chlorine stock solutions were then added to 

the beakers such that Cl2:NH3 molar ratio in the beakers varied from 0.60:1.0 to 

2.4:1.0. Cl2:NH3 molar ratio less than 1.0 was regarded as low ratio and Cl2:NH3 

molar ratio greater than 1.6 was regarded as high ratio in this particular research work. 

The contents of the beakers were slowly mixed in the jar test apparatus. Samples were 

taken out from each beaker for determination of total residual chlorine, free chlorine 

and chloramines. Afterwards, a fixed quantity of a domestic wastewater was added to 

each beaker as a source of fecal coliform (FC). The contents of the beakers 

(containing different concentrations of chlorine/chloramines and same initial 

concentration of FC) were then mixed and allowed to stand for 30 minutes. At the end 

of 30 minutes of disinfection period, samples were taken from each beaker for 

determination of FC. The residual FC concentration in each beaker was then matched 

with the chlorine/chloramines species concentration in the respective beakers to assess 

the disinfection capacity of different chlorine or chloramine species. 

1.4 ORGANIZATION OF THESIS 

This thesis comprises five Chapters. The contents of each chapter are summarized 

below. 

Chapter 1: This introductory chapter presents the background and objectives of the 

study. It also presents outline of methodology followed in this study. 

Chapter 2: This chapter presents literature review covering background information 

on different types of disinfection methods used in surface water treatment plants; 

specifically, chlorination and chloramination and its potential in surface water 

treatment plants in Bangladesh. It also briefly describes the difficulties in chlorination 

in the presence of excess amount of ammonia in raw water.  

Chapter 3: This chapter describes the experimental setup used to carry out the 

laboratory experiments. Furthermore, this chapter describes the analytical methods 

used for measurement of different parameters. 
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Chapter 4: This chapter presents an assessment of disinfection potential of combined 

residual chlorination and breakpoint chlorination under varying concentration of 

ammonia. It also compares disinfection capability of different chlorine species under 

different concentration of initial fecal coliform (FC). Based on the results of the study, 

it also presents a discussion on the optimum chlorine dose in the presence of variable 

ammonia concentration for effective disinfection.   

Chapter 5: This final chapter summarizes the major conclusions from the present 

study. It also presents recommendations for future study, and also suggests some 

measures aimed at optimum chlorine dosing for ammonia-rich surface waters.  
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                                               CHAPTER 2 

  LITERATURE REVIEW 

  

2.1  GENERAL 

This chapter provides compressed summaries of previous and up to date research 

conducted in areas relevant to the disinfection of wastewater and potable water by 

different methods including chlorination and chloramination. In addition, it explains 

the mechanism and kinetics of chlorination and chloramination. 

 

2.2  TYPES OF CHEMICAL DISINFECTION 

Disinfection is the process, which involves the elimination of most pathogenic 

microorganisms (excluding bacterial spores) on inanimate objects. Chemicals used in 

disinfection are called disinfectants. Different kinds of disinfectants have different 

target ranges, not all other disinfectants can kill all microorganisms. Disinfectants are 

antimicrobial agents which should be applied to the surface of non-living objects to 

destroy microorganisms who are normally living on the objects. Disinfection does not 

necessarily kill all types of microorganisms, especially resistant bacterial spores; it is 

less effective than sterilization, which is an extreme physical and/or chemical process 

that kills all types of life. Disinfectants are different from other antimicrobial agents 

such as antibiotics, which destroy microorganisms within the body, and antiseptics, 

which destroy microorganisms on living tissue. 

 

Disinfectants are also different from biocides-the latter are intended to destroy all 

forms of life, not just microorganisms. Disinfectants work by destroying the cell wall 

of microbes or interfering with the metabolism. Sanitizer are substances that 

simultaneously clean and disinfect. Disinfectants are frequently used in hospitals, 

dental surgeries, kitchens, and bathrooms to kill infectious organisms. The Bacterial 

endospores are most resistant to disinfectants, but some viruses and bacteria also 

possess some tolerance. 

 

Water disinfection normally means the removal, deactivation or killing of pathogenic 

microorganisms. Microorganisms are generally destroyed or deactivated, resulting in 
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termination of growth and reproduction. When microorganisms are not removed from 

drinking water, drinking water usage will cause people to fall ill. 

 

In wastewater treatment process, a disinfection step with chlorine or ultra-violet (UV) 

radiation or ozonation can be included as tertiary treatment to remove pathogens from 

wastewater, for example, if it is to be reused to irrigate golf courses. An alternative 

term frequently used in the sanitation sector for disinfection of waste streams, sewage 

sludge or fecal sludge is sanitization. 

 

The following sections describe the chemical information for several disinfectants 

used around the globe in water disinfection process. Chlorine, chloramines, chlorine 

dioxide, ozone, ultraviolet (UV), sodium hypochlorite, hydrogen peroxide, iodine, 

peracetic acid, performic acid, potassium permanganate (KMnO4) and potassium 

peroxymonoulfate disinfections are discussed in this chapter. 

 

2.2.1  Chlorine Disinfection 

Water chlorination is the process of adding chlorine (Cl2) or hypochlorite to water. 

This method is used to kill certain bacteria and other microbes in tap water as chlorine 

is highly toxic. In particular, chlorination is used to prevent the spread of waterborne 

diseases such as cholera, dysentery, typhoid etc. 

 

In a paper published in 1894, it was formally proposed to add chlorine to water to 

render it "germ-free". Two other authorities endorsed this proposal and published it in 

many other papers in 1895 (Turneaure and Russell, 1901). Early attempts at 

implementing water chlorination at a water treatment plant were made in 1893 

in Hamburg, Germany, and in 1897 the town of Maidstone, England was the first to 

have its entire water supply treated with chlorine (Maidstone, 1897). 

 

When chlorine reacts with water it forms hypochlorous acid (Equation 2.1). The acid 

can then undergo acid-base reactions to form hypochlorite ion (Equation 2.2). The 

distribution of chlorine into HOCl and OCl- is pH dependent. HOCl is a stronger 

disinfectant than OCl-, and therefore a lower pH is preferred for disinfection with 

chlorine. The chlorine (HOCl or OCl-) attacks bacterial cells and the protein coat of 
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viruses, effectively killing bacteria and viruses. Chlorination, while highly effective at 

inactivating pathogens, produces many potentially harmful by-products. 

 

          Cl2 + H2O ⇔HOCl + H + + Cl −          (2.1) 

                                        HOCl⇔OCl− + H +                                  (2.2) 

 

2.2.2  Chloramine Disinfection 

The term chloramine refers to a family of organic compounds with the formulas R2NCl 

and RNCl2 (where R is an organic group). Chloramines are derivatives of ammonia by 

substitution of one, two or three hydrogen atoms with chlorine atoms monochloramin 

(NH2Cl), dichloramine (NHCl2), and nitrogen trichloride (NCl3). Monochloramine is 

an inorganic compound with the formula NH2Cl. It is an unstable colorless liquid at 

its melting point of −66 °C (−87 °F), but it is usually handled as a dilute aqueous 

solution, in which form it is sometimes used as a disinfectant. Chloramine's boiling 

point is 24 °C (75 °F). It is listed as a tumorigenic and mutagen. 

 

Chloramination involves the addition of chlorine and ammonia to the water source. 

When chlorine reacts with ammonia, monochloramine (NH2Cl), dichloramine 

(NHCl2) or trichloramine (NCl3) are formed. Equations 2.3, 2.4 and 2.5 show how 

these chemicals are formed. 

 

            NH4
+ + HOCl⇔ NH2Cl + H2O + H +        (2.3) 

                                         NH2Cl + HOCl⇔ NHCl2 + H2O             (2.4) 

                                         NHCl2 + HOCl⇔NCl3 + H2O                 (2.5) 

Monochloramine is the best chemical for disinfecting water because unpleasant taste 

and odors can arise when dichloramines or trichloramines are formed. Chlorine to 

ammonia weight ratio of 3:1 to 5:1 is commonly used to limit the amount of 

dichloramines and trichloramines formed and promote the formation of 

monochloramines. In addition, these ratios limit nitrification and biofilm growth, 

which can occur when higher levels of ammonia are used (American Water Works 

Association, 1999). 
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Chloramines are not strong disinfectants compared to free chlorine. In order to meet 

the Surface Water Treatment Rule (SWTR) regulations for primary disinfection of 

such organisms as Giardia and viruses, extremely long detention times or high 

chloramine concentrations would be needed. However, since chloramines are capable 

of producing a stable disinfectant residual, chloramination is a possible secondary 

disinfectant to control bacterial growth in distribution systems. 

 

2.2.3  Chlorine Dioxide Disinfection 

Chlorine dioxide is a chemical compound with the formula ClO2. This yellowish-

green gas crystallizes as bright orange crystals at −59 °C. As one of several oxides of 

chlorine, it is a potent and useful oxidizing agent used in water treatment and in 

bleaching.  

 

Chlorine dioxide is a neutral chlorine compound. It is very different from elementary 

chlorine, both in its chemical structure and in its behavior. One of the most important 

qualities of chlorine dioxide is its high water solubility, especially in cold water. 

Chlorine dioxide does not hydrolyze when it enters water; it remains a dissolved gas 

in solution. Chlorine dioxide is approximately 10 times more soluble in water than 

chlorine. 

 

The molecule ClO2 has an odd number of valence electrons, and therefore, it is 

a paramagnetic radical. Its electronic structure has long baffled chemists because none 

of the possible Lewis structures is very satisfactory. It was proposed a structure that 

involved a three-electron bond (Brockway, 1933). 

 

Chemist Linus Pauling further developed this idea and arrived at two resonance 

structures involving a double bond on one side and a single bond plus three-electron 

bond on the other. In Pauling's view the latter combination should represent a bond is 

slightly weaker than the double bond. In molecular orbital theory this idea is 

commonplace if the third electron is placed in an anti-bonding orbital. Later work has 

confirmed that the HOMO is indeed an incompletely-filled antibonding orbital. 
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Chlorine dioxide is a more powerful disinfectant than chlorine, and the pure chemical 

does not form THMs by reaction with humic substances. Chlorine dioxide is 

generated on demand, usually by reaction between sodium chlorite and hydrochloric 

acid; it can also be made by reaction between sodium chlorite and chlorine, although 

careful control is required to ensure by-product formation is small. The main 

disadvantages of using chlorine dioxide as a water disinfectant compared to chlorine 

are higher operating costs, health risks caused by residual oxidants and the creation of 

harmful by-products. Although not commonly used in the United States, chlorine 

dioxide is effective at inactivating waterborne pathogens. Chlorine dioxide does not 

react with organic material in water supplies to form trihalomethanes; however, some 

halogenated by-products are created when chlorine dioxide is used as a disinfectant 

(Haas and Aturaliye, 1999). Another disadvantage of chlorine dioxide is that it is a 

very unstable chemical and it rapidly dissociates into chlorite and chlorate.  

 

2.2.4  Ozone Disinfection 

Ozone is an inorganic molecule with the chemical formula O3. It is a pale blue gas 

with a distinctively pungent smell. It is an allotrope of oxygen that is much less stable 

than the diatomic allotrope O2, breaking down in the lower atmosphere to O2 or 

dioxygen. Ozone is formed from dioxygen by the action of ultraviolet light and also 

atmospheric electrical discharges, and is present in low concentrations throughout 

the Earth's atmosphere (stratosphere). In total, ozone makes up only 0.6 ppm of the 

atmosphere. 

 

Ozone's odor is sharp, reminiscent of chlorine, and detectable by many people at 

concentrations of as little as 100 ppb in air. Ozone's O3 structure was determined in 

1865. The molecule was later proven to have a bent structure and to be diamagnetic. 

In standard conditions, ozone is a pale blue gas that condenses at progressively 

cryogenic temperatures to a dark blue liquid and finally a violet-black solid. Ozone's 

instability with regard to more common dioxygen is such that both concentrated gas 

and liquid ozone may decompose explosively at elevated temperatures or fast 

warming to the boiling point (Streng, 1961). It is therefore used commercially only in 

low concentrations. 

 



 

13 
 
 

Ozone is a powerful oxidant (far more so than dioxygen) and has many industrial and 

consumer applications related to oxidation. This same high oxidising potential, 

however, causes ozone to damage mucous and respiratory tissues in animals, and also 

tissues in plants, above concentrations of about 100 ppb. This makes ozone a potent 

respiratory hazard and pollutant near ground level. However, the ozone layer (a 

portion of the stratosphere with a higher concentration of ozone, from two to eight 

ppm) is beneficial, preventing damaging ultraviolet light from reaching the Earth's 

surface, to the benefit of both plants and animals. 

 

Ozone is a gas used for disinfecting water, laundry, foods, air, and surfaces. It is 

chemically aggressive and destroys many organic compounds, resulting in rapid 

decolorization and deodorization in addition to disinfection. Ozone decomposes 

relatively quickly. However, due to this characteristic of ozone, tap water chlorination 

cannot be entirely replaced by ozonation, as the ozone would decompose already in 

the water piping. Instead, it is used to remove the bulk of oxidizable matter from the 

water, which would produce small amounts of organochlorides if treated with chlorine 

only. Regardless, ozone has a very wide range of applications from municipal to 

industrial water treatment due to its powerful reactivity. 

 

Ozone is created when oxygen (O2) is separated by an energy source into oxygen 

atoms. The oxygen atoms collide with each other to form a more stable configuration 

(O2), which later forms ozone (O3) gas. Ozone is a very strong purifier when used for 

primary disinfection in water and wastewater treatment plants. Because ozone gas 

does not have a stable chemical residual, it is not used as a secondary disinfectant 

(EPA, 1999a). In addition, ozone is becoming more widely used today because very 

few, if any, TTHMs and HAAs are formed from this disinfectant. When ozone reacts 

with water, free radicals such as HO2 and HO· are formed (Equations 2.6-2.9). These 

free radicals are thought to be the active chemicals in the disinfection of the 

pathogens. The free radicals disintegrate the cell wall of bacteria and act as a strong 

virucide also. 

 

O3+ H2O⇔HO3
+ +•OH−               (2.6) 

      HO3
+ +•OH − ⇔2HO               (2.7) 
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O3+ HO2⇔HO + 2O2•             (2.8) 

HO + HO2⇔H2O + O2•           (2.9) 

 

Ozone is more effective at inactivating organisms than chlorine. The other advantages 

of using ozone treatment include taste and odor control, oxidation of humic organic 

substances in water, and the destabilization of particles. There have been concerns 

about the safety of ozone with regard to DBP formation (other than TTHMs and 

HAAs). Bromate and formaldehyde can be formed in water after ozone disinfection, if 

the water has a high bromide ion concentration. Halo-propanones and chloral hydrates 

are some other DBPs that are formed from disinfection with ozone. All of these DBPs 

are toxic. 

 

2.2.5  Ultraviolet Disinfection 

Ultraviolet germicidal irradiation (UVGI) is a disinfection method that uses short 

wavelength ultraviolet (Ultraviolet-C) light to kill or inactivate microorganisms by 

destroying nucleic acids and disrupting their DNA, leaving them unable to perform 

vital cellular functions. UVGI is used in a variety of applications, such as food, air, 

and water purification. UV-C light is weak at the Earth's surface as the ozone layer of 

the atmosphere blocks it. UVGI devices can produce strong enough UV-C light in 

circulating air or water systems to make them inhospitable environments to 

microorganisms such as bacteria, viruses, molds and other pathogens. UVGI can be 

coupled with a filtration system to sanitize air and water. 

 

The application of UVGI to disinfection has been an accepted practice since the mid-

20th century. It has been used primarily in medical sanitation and sterile work 

facilities. Increasingly it has been employed to sterilize drinking and wastewater, as 

the holding facilities are enclosed and can be circulated to ensure a higher exposure to 

the UV. In recent years UVGI has found renewed application in air purifiers. 

 

Ultraviolet light was first discovered in 1835 and was first used as a wastewater 

disinfectant in 1901 in Europe. At that time, ultraviolet light was unpredictable and 

difficult to control, so chlorine became the disinfectant of choice. Ultraviolet 

disinfection is the transmission of electromagnetic energy from a mercury arc lamp. 

https://en.wikipedia.org/wiki/Virus
https://en.wikipedia.org/wiki/Mold
https://en.wikipedia.org/wiki/Pathogen
https://en.wikipedia.org/wiki/Medical_sanitation
https://en.wikipedia.org/wiki/Drinking_water
https://en.wikipedia.org/wiki/Wastewater
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As UV radiation enters the cell wall of a microorganism, the UV light damages the 

deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), thus preventing the 

organism from reproducing. Pathogens are successfully killed at wavelengths ranging 

from 245 to 285 nm. Either low-pressure (254 nm) or medium-pressure (180 – 1,370 

nm) mercury arc lamps, set at low or high intensities, can be used as the source of UV 

radiation (EPA, 1999b). UV disinfection is very effective at inactivating pathogens at 

low dosages (EPA, 1999b). Very small concentrations of DBPs are formed when UV 

disinfection is used. However, high concentrations of turbidity and certain minerals 

can decrease the effectiveness of UV (EPA, 1999b). In addition, this type of 

disinfection does not produce a disinfectant residual; therefore, it can only be used as 

a primary disinfectant. A secondary disinfectant, such as chlorine gas, in combination 

with UV radiation has to be used when treating drinking water with UV disinfection. 

 

2.2.6  Sodium Hypochlorite Disinfection 

Sodium hypochlorite is a chemical compound with the formula NaClO. It is 

composed of a sodium cation (Na+) and a hypochlorite anion (ClO-) It may also be 

viewed as the sodium salt of hypochlorous acid. When dissolved in water it is 

commonly known as bleach or liquid bleach (OxyChem, 2014). Sodium hypochlorite 

is practically and chemically distinct from chlorine (The Chlorine Institute, 2011). 

Sodium hypochlorite is frequently used as a disinfectant or a bleaching agent. 

 

Sodium hypochlorite is very commonly used. Common household bleach is a sodium 

hypochlorite solution and is used in the home to disinfect drains, toilets, and other 

surfaces. In more dilute form, it is used in swimming pools, and in still more dilute 

form, it is used in drinking water. When pools and drinking water are said to be 

chlorinated, it is actually sodium hypochlorite or a related compound; not pure 

chlorine-that is being used. Chlorine partly reacts with proteinaceous liquids such as 

blood to form non-oxidizing N-chloro compounds, and thus higher concentrations 

must be used if disinfecting surfaces after blood spills. Commercial solutions with 

higher concentrations contain substantial amounts of sodium hydroxide for 

stabilization of the concentrated hypochlorite, which would otherwise decompose to 

chlorine, but the solutions are strongly basic as a result. 

 

https://en.wikipedia.org/wiki/Bleach
https://en.wikipedia.org/wiki/Toilet
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2.2.7  Hydrogen Peroxide Disinfection 

Hydrogen peroxide is a chemical compound with the formula H2O2. In its pure form, 

it is a colorless liquid, slightly more viscous than water. Hydrogen peroxide is the 

simplest peroxide (a compound with an oxygen–oxygen single bond). It is used as 

an oxidizer, bleaching agent and disinfectant. Concentrated hydrogen peroxide, or 

"high-test peroxide", is a reactive oxygen species and has been used as a propellant in 

rocketry (Hill, 2001).
 Its chemistry is dominated by the nature of its 

unstable peroxide bond. Hydrogen peroxide is unstable and slowly decomposes in the 

presence of base or a catalyst. Because of its instability, hydrogen peroxide is 

typically stored with a stabilizer in a weakly acidic solution. Hydrogen peroxide is 

found in biological systems including the human body. Enzymes that use or 

decompose hydrogen peroxide are classified as peroxidases. 

 

Hydrogen peroxide is used in hospitals to disinfect surfaces and it is used in solution 

alone or in combination with other chemicals as a high level disinfectant. Hydrogen 

peroxide is sometimes mixed with colloidal silver. It is often preferred because it 

causes far fewer allergic reactions than alternative disinfectants. Also used in the food 

packaging industry to disinfect foil containers. A 3% solution is also used as an 

antiseptic. 

 

Hydrogen peroxide vapor is used as a medical sterilant and as room disinfectant. 

Hydrogen peroxide has the advantage that it decomposes to form oxygen and water 

thus leaving no long term residues, but hydrogen peroxide as with most other strong 

oxidants is hazardous, and solutions are a primary irritant. The vapor is hazardous to 

the respiratory system and eyes and consequently the OSHA permissible exposure 

limit is 1 ppm calculated as an eight-hour time weighted average and 

the NIOSH immediately dangerous to life and health limit is 75 ppm. Therefore, 

engineering controls, personal protective equipment, gas monitoring etc. should be 

employed where high concentrations of hydrogen peroxide are used in the workplace. 

Vaporized hydrogen peroxide is one of the chemicals approved for decontamination 

of anthrax spores from contaminated buildings, such as occurred during the 2001 

anthrax attacks in the U.S. It has also been shown to be effective in removing exotic 

https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/Properties_of_water
https://en.wikipedia.org/wiki/Peroxide
https://en.wikipedia.org/wiki/Single_bond
https://en.wikipedia.org/wiki/Oxidizer
https://en.wikipedia.org/wiki/Bleach
https://en.wikipedia.org/wiki/Disinfectant
https://en.wikipedia.org/wiki/High-test_peroxide
https://en.wikipedia.org/wiki/Rocket
https://en.wikipedia.org/wiki/Peroxide
https://en.wikipedia.org/wiki/Hospital
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animal viruses, such as avian influenza and Newcastle disease from equipment and 

surfaces. 

 

2.2.8 Iodine Disinfection 

Iodine is a chemical element with symbol I and atomic number 53. The heaviest of the 

stable halogens, it exists as a lustrous, purple-black metallic solid at standard 

conditions that sublimes readily to form a violet gas. The elemental form was 

discovered by the French chemist Bernard Courtois in 1811 (Patricia, 2005). It was 

named two years later by Joseph-Louis Gay-Lussac from this property, after 

the Greek ἰωδης "violet-coloured". 

 

Iodine occurs in many oxidation states, including iodide (I-), iodate (IO3
-) and the 

various per iodate anions. It is the least abundant of the stable halogens, being the 

sixty-first most abundant element. It is even less abundant than the so-called rare 

earths. It is the heaviest essential element. Iodine is found in the thyroid hormones. 

Iodine deficiency affects about two billion people and is the leading preventable cause 

of intellectual disabilities. 

 

The dominant producers of iodine today are Chile and Japan. Iodine and its compound 

are primarily used in nutrition. Due to its high atomic number and ease of attachment 

to organic compounds, it has also found favor as a non-toxic radiocontrast material. 

Because of the specificity of its uptake by the human body, radioactive isotopes of 

iodine can also be used to treat thyroid cancer. Iodine is also used as a catalyst in the 

industrial production of acetic acid and some polymers. 

 

Iodine is usually dissolved in an organic solvent or as Lugol's iodine solution. It is 

used in the poultry industry. It is added to the birds' drinking water. In human and 

veterinary medicine, iodine products are widely used to prepare incision sites prior to 

surgery. Although it increases both scar tissue formation and healing time, tincture of 

iodine is used as an antiseptic for skin cuts and scrapes, and remains among the most 

effective antiseptics known. 
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2.2.9 Peracetic Acid Disinfection 

Peracetic acid is an organic compound with the formula CH3CO3H. This organic 

peroxide is a colorless liquid with an odor reminiscent of acetic acid. It can be 

highly corrosive. Peracetic acid is a weaker acid than the parent acetic acid, with 

a pKa of 8.2 (Herbert et al., 2005). 

 

Peracetic acid is a disinfectant produced by reacting hydrogen peroxide with acetic 

acid. It is broadly not only effective against microorganism but also is not deactivated 

by catalase and peroxidase, the enzymes that break down hydrogen peroxide. It also 

breaks down to food safe and environmentally friendly residues (acetic acid and 

hydrogen peroxide), and therefore can be used in non-rinse applications. It can be 

used over a wide temperature range (0-40 °C), wide pH range (3.0-7.5), in clean-in-

place (CIP) processes, in hard water conditions, and is not affected by protein residue. 

 

2.2.10 Performic Acid Disinfection 

Performic acid (PFA) is an organic compound with the formula CH2O3. It is an 

unstable colorless liquid which can be produced by mixing formic acid with hydrogen 

peroxide. Owing to its oxidizing and disinfecting action, it is used in the chemical, 

medical and food industries. 

 

Performic acid is a colorless liquid soluble in water alcohols, ether, benzene, 

chloroform and other organic solvents (Swern, 1949; Pradyot, 2007). Its strong 

oxidizing properties are used for cleaving disulfide bonds in protein mapping 

(Simpson, 2007), as well as for epoxidation, hydroxylation and oxidation reactions in 

organic synthesis (Pradyot, 2007). Performic acid is the simplest and most powerful 

per organic acid. Formed from the reaction of hydrogen peroxide and formic acid, it 

reacts more rapidly and powerfully than peracetic acid before breaking down to water 

and carbon dioxide. 

 

2.2.11 Potassium Permanganate Disinfection 

Potassium permanganate is an inorganic chemical compound and medication. As a 

medication it is used for cleaning wounds and dermatitis (British Medical 
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Association, 2015) and it is a strong oxidizing agent. It has the chemical 

formula KMnO4 and is a salt consisting of K+ and MnO4
- ions. It dissolves in water to 

give intensely pink or purple solutions, the evaporation of which leaves prismatic 

purplish-black glistening crystals (Burriel et al., 1985). It is on the WHO Model List 

of Essential Medicines, the most important medications needed in a basic health 

system (WHO, 2015). 

 

Potassium permanganate (KMnO4) is a purplish-black crystalline powder that colours 

everything it touches, through a strong oxidising action. This includes staining 

"stainless" steel, which somehow limits its use and makes it necessary to use plastic 

or glass containers. It is used to disinfect aquariums and is also widely used in 

community swimming pools to disinfect ones feet before entering the pool. Typically, 

a large shallow basin of KMnO4/water solution is kept near the pool ladder. 

Participants are required to step in the basin and then go into the pool. Additionally, it 

is widely used to disinfect community water ponds and wells in tropical countries, as 

well as to disinfect the mouth before pulling out teeth. It can be applied to wounds in 

dilute solution. 

 

2.2.12 Potassium Peroxymonosulfate Disinfection 

Potassium peroxymonosulfate (also known as MPS, potassium monopersulfate, and 

the trade names Caroat and Oxone) is widely used as an oxidizing agent. It is 

the potassiumsalt of peroxymonosulfuric acid. This potassium salt is a component of 

a triple salt with the formula 2KHSO5·KHSO4·K2SO4 is a form with higher stability 

(Jack et al., 2001). 

 

Potassium peroxymonosulfate, the principal ingredient in Virkon, is a wide-spectrum 

disinfectant used in laboratories. Virkon kills bacteria, viruses, and fungi. It is used as 

a 1% solution in water, and keeps for one week once it is made up. It is expensive, but 

very effective, its pink colour fades as it is used up so it is possible to see at a glance 

if it is still fresh. 
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2.3 FACTORS INFLUENCING WASTEWATER DISINFECTION 

The disinfection of wastewater with chloramines is influenced by five major factors, 

i.e. the number and type of the target organisms, disinfectant concentration, contact 

time, temperature and water quality. 

 

2.3.1 Number and Type of Target Organisms 

The microbiological composition of raw and purified wastewater is intensely distinct. 

Some of the micro-organisms that are found in this complex mixture has the potential 

so that they can cause disease and that is way they are called pathogenic organisms. 

The goal of disinfection of purified wastewater is to not only reduce but also eliminate 

these pathogenic organisms completely, depending upon the effluent quality required. 

Therefore, it is important to measure the microbiological quality of purified sewage 

effluent before and after the disinfection process for ensuring so that it operates 

effectively. By isolating and counting each individual pathogenic species, it would not 

be possible to characterize such waters. This is the cause behind the testing methods 

that do not have confidence in the isolation of pathogens, have been established. The 

testing methods measure the presence of micro-organisms that indicate the possibility 

that pathogenic organisms may also be present and are therefore called indicator 

organisms. In the case of wastewater disinfection, the indicator organism is used as 

evidence of water pollution by fecal matter originating from humans or other warm 

blooded animals. An indicator organism should have generally the following 

properties: 

 

 Being present in water polluted with pathogens (larger in numbers) and absent 

during pathogens being not present 

 Being a correlation in the numbers of the indicator organisms and the 

pathogens 

 Being able to survive better and longer than the pathogens 

 Having stable properties and be easily detected by standard laboratory tests 

 

Escherichia coli, a member of the coliform group of bacteria and a normal inhabitant 

of the intestines of warm-blooded animals and humans, is the organism that most 
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closely satisfies these requirements. However, the General and Special standards 

specify only the Fecal coliform group as the indicator organism for wastewater 

treatment plant effluents and is therefore the indicator organism used in this study. 

Standard testing methods are available for the detection of pathogenic viruses, 

bacteria, fungi and protozoa (American Public Health Association, 1995).  

 

The General and Special Standards specifies only the Fecal coliform group as the 

indicator organism for wastewater treatment plant effluents and is therefore the 

indicator organism used in this study. The effectiveness of the disinfectants will be 

influenced by the type and physiological condition of the micro-organisms. For 

example, growing bacteria cells are killed easily. In contrast, bacterial spores and 

protozoan cysts are extremely resistant, and many disinfectants have little effect on 

them.  

 

The greater the number of organisms the greater the time required to achieve a 

specific percentage kill. However, this factor does not greatly influence the rate of 

inactivation of target organisms in a wastewater disinfection system. This is because: 

 

• The concentration of organisms does not vary over a wide range over time and 

• In a dilute system such as wastewater, the concentration of organisms is not a 

major consideration. 

 

2.3.2  Concentration and Type of Disinfectant 

The disinfectant type that is used will be the factor that has the greatest influence on a 

disinfection process. This is the reason various chemical agents have numerous 

disinfection capabilities. These disinfection powers have previously been measured 

under chlorine demand free conditions which remove the effect of water quality and 

these make it arduous to express an outcome in advance the relative strengths of 

disinfectants in a complex solution such as purified wastewater. If the strengths of 

different disinfectants are therefore compared, inactivation studies should be 

conducted on the water to be disinfected so that a realistic and practical answer is 

obtained. The effect of the concentration of a specific disinfectant is to increase the 

rate of inactivation with increasing disinfectant concentration. 
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2.3.3  Contact Time 

Another critical factor affecting the disinfection process is the contact time, as it is a 

characteristic inherent to the disinfection contact chamber employed. It has been 

observed that the greater the contact time (for a given concentration of disinfectant) 

the greater the degree of inactivation of the target organisms. This observation was 

first formulated in the literature and was modified in the same year to take the effect 

of disinfectant concentration into account (Chick, 1908; Watson, 1908).  

 

2.3.4  Temperature and Water Quality 

The effect of temperature on disinfection kinetics is to increase the rate of inactivation 

with increasing temperature. This means that a given percentage inactivation will be 

achieved in a shorter period of time at a higher temperature as shown by the following 

form of the Van't Hoff- Arrhenius relationship from Tchobanoglous and Burton 

(1991) expressed as in Equation 2.10: 

 

                       ln(t1/t2) = E(T2-T1)/RT1T2                                       (2.10) 

Where: t1 and t2 = time for a given percentage inactivation at temperatures T1 and T2 

                            E = activation energy, J/mol 

                            R=gas constant, 8.314J/moI.K 

 

The chemical quality of the effluent to be disinfected will affect the demand that the 

effluent has for the disinfectant used. Various chemical reactions will result in a rapid 

decay of free chlorine while the chloramine concentration will remain relatively stable 

throughout the contact period. The quality of the effluent may thus show better 

disinfection results for one disinfectant that may show poor capabilities compared to 

another when tested in demand free water in the laboratory. This once again 

emphasizes the importance of evaluating a disinfectant under the actual operating 

conditions found in practice. 
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2.3.5  Kinetic Models for Inactivation 

Since the turn of the century various mathematical models have been developed to 

describe the inactivating action of disinfectant micro-organisms. The earlier models 

developed (Chick, 1908; Watson, 1908) was based on the principles of first order 

kinetics as shown in Eq. 2.11. It is common to find that inactivation rates do not 

follow the Chick-Watson rate law. Rates of kill have been found to increase with time 

in some cases and to decrease with time in other cases. To account for these 

deviations from the Chick-Watson law, the relationship was developed (Hom, 1972) 

represented by equation 2.12 and 2.13.  

 

Later series-event kinetic model and was proposed (Severin et al., 1984). The 

equation models the disinfection process as a series of reactions between the target 

organism and the disinfectant until some lethal threshold number is reached (the 

integer j in Equation 2.14) and the organism is inactivated. This theory proposes that a 

certain number of interactions, between the individual organism and the disinfectant 

molecule, are required for inactivation. 

 

As discussed above, free chlorine is a reactive chemical that will decay when it comes 

into contact with wastewater. The resulting decrease in disinfectant concentration 

overtime affects the rate of inactivation and is taken into account (Haas et al., 1998).  

 

The equations given in Table 3 assume identical contact times for all of the target 

organisms in a sample, i.e. a batch process. This is not the case for a disinfection 

contact chamber where the contact time is not identical for all organisms passing 

through the chamber, but is a function of the hydraulic behavior of the chamber. The 

models in Table 3 must be modified to take the hydraulic behaviour of the chamber 

into account if they are to be used to predict the behaviour of the disinfection process. 

 

ln(Nt/No) = -kCnt                         (2.11) 

ln(Nt/No) = -kCnt
m                                 (2.12) 

ln(Nt/No) = -kttm                                    (2.13) 

Nt/No = e-kct∑(kct)i/i!                  (2.14) 
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ln (Nt/No) = -(m/nk*)m k(Co)
n [1-exp(-nk*t/m)]m        (2.15) 

2.4  MECHANISM OF CHLORAMINATION 

Drinking water odor and flavor have improved by the application of chloramines from 

the beginning of the twenty-first century. Eventually chloramines were also used for 

disinfection. 

 

Chloramination is the process of adding chloramine to drinking water to disinfect it 

and kill germs. Chloramination is sometimes used as an alternative to chlorination. 

Chloramines are a group of chemical compounds that contain chlorine and ammonia. 

The particular type of chloramine used in drinking water disinfection is called 

monochloramine (EPA, 2012). Monochloramine is mixed into water in levels that kill 

germs but are still safe to drink. Monochloramine is a different chemical from 

dichloramine and trichloramine, which are chloramines formed by other complex 

chemical reactions. Dichloramine and trichloramine are chloramine compounds 

sometimes found in and around indoor swimming pools, which cause skin, eye, and 

respiratory problems (Water Research Foundation, 2007). These chemicals are not 

usually linked to drinking water. 

 

Chloramines are formed during a reaction between chlorine (Cl2) and ammonia 

(NH3). Chloramines are amines which contain at least one chlorine atom, which is 

directly bonded to nitrogen atoms (N). Inorganic chloramines are formed when 

dissolved chlorine and ammonia react. During this reaction three different inorganic 

chloramines are formed; monochloramine (NH2Cl), dichloramine (NHCl2) and 

trichloramine (NCl3). Inorganic chloramines, free chlorine and organic chloramines 

are chemically related and can change into one another easily. These compounds 

cannot be found in isolated form. Inorganic chloramines are not persistent, however, 

these compounds are more persistent than freely available chlorine compounds. 

Research has shown that the half-lives of inorganic chloramines can vary from one 

minute to 23 days, depending on the circumstance.  

 

The mechanisms by which chloramines inactivate microorganisms have been studied 

to a lesser degree than with free chlorine. Monochloramine readily reacts with four 

http://www.lenntech.com/Periodic-chart-elements/Cl-en.htm
http://www.lenntech.com/Periodic-chart-elements/N-en.htm
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genetic amino acids; cysteine, cystine, methionine and tryptophan inactivating the 

microbes (Robert, 2007).  

 

The ability of chloramines to inactivate pathogens begins to degrade relatively early 

in a distribution system when organic material is present. The degradation will 

continue to occur the longer the chloramines are detained. Within a few days, 

monochlroramine applied to a water distribution system begins a process of auto-

degradation. For each 3 moles of monochloramine destroyed 1 mole of ammonia will 

be released. Additionally, chloramines will oxidize organic contaminants in the water 

releasing ammonium. Both of these processes favor nitrification. 

 

Chloramines are frequently produced by adding ammonia to water containing free 

chlorine (HOCl or OCl). As shown in Fig. 2.1, formation of chloramine species is 

strongly dependent on pH of water. The ideal pH value for reaction between chlorine 

and ammonia is 8.4. This means the water is slightly alkaline. 

 

Reaction mechanism: NH3 (aq.) + HOCI -> NH2Cl + H2O 

 

When the reaction takes place three kinds of inorganic chloramines can be formed. 

The pH value determines which kind of chloramines is formed. Trichloramines 

mainly form when the pH value is 3 or below. When the pH value is 7 or above, 

dichloramine concentrations are highest. The amounts of chlorine and ammonia in the 

water also influence the formation of chloramines. The chlorine/ ammonia rate is 

ideally 6:1. During chloramine production the rate is usually 3-5:1. When ammonia 

concentrations are higher, more di- and trichloramines are formed. Organic 

chloramines can also be formed during these reactions. Organic chloramines cannot 

be distinguished from other chloramines, using standard chloramine analysis methods.   
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Figure 2.1: Distribution Diagram for Chloramine Species with pH (Palin, 1950) 

 

2.4.1  History of Chloramination 

Chloramination is the treatment of drinking water with a chloramine disinfectant. 

Both chlorine and small amounts of ammonia are added to the water one at a time 

which react together to form chloramine (also called combined chlorine), a long 

lasting disinfectant. Chloramine disinfection is used in both small and large water 

treatment plants. Chloramines are an alternative disinfectant to chlorine. 

Chloramination does not cause the taste and odor problems often experienced when 

disinfecting with chlorine. The main disadvantage to chloramination is that it requires 

a very large CT value to provide effective disinfection (Suchana, 2016). A water 

treatment plant in Denver, Colorado was the first in the United States to use 

chloramination in 1908 (although it did not provide continuous use of 

chloramination). The first continuous use of chloramination in the United States 

occurred at the Greenville, Tennessee water treatment plant in 1926. Disinfection by 

chloramines was used often between 1929 and 1939; however, during World War II 

there was a lack of ammonia so treatment plants stopped disinfecting with 
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chloramines. In the first half of the 20th century, chloramines were used to prevent 

unpleasant tastes and odors when disinfecting. By the mid-1930s, chloramines were 

discovered to be more stable that free chlorine in the distribution system. As a result 

of this discovery, chloramines were often used to limit bacterial regrowth. 

Chloramines have grown in popularity since the 1980s because chloramines do not 

produce as high concentrations of DBPs as free chlorine. 

 

2.4.2  Water Disinfection with Chloramines 

Chloramines can be used as bleach, disinfectants and oxidators. Organic disinfectants 

slowly give off chlorine, causing a slower and less aggressive disinfection than with 

hypochlorite (OCl-). Chloramines can be used to improve odor and flavor of the water 

when chlorine is used as a disinfectant. Chloramines are also used for the disinfection 

of drinking water and wastewater and to resist biofouling in cooling water systems. 

 

When chloramines are used as a disinfectant, ammonia is added to chlorine treated 

water. Ammonia is added after chlorine, because this causes CT values to be lower 

than when ammonia is added primarily. Chloramines are as effective as chlorine for 

the deactivation of bacteria and other microorganisms, however the reaction 

mechanism is slower. Chloramines, like chlorine, are oxidators. Chloramines can kill 

bacteria by penetration of the cell wall and blockage of the metabolism. 

Monochloramine is the most effective disinfectant. It reacts directly with amino acids 

in the bacterial DNA. During deactivation of microorganisms’ chloramines destroy 

the shell which protects a virus. When the pH value is 7 or higher, monochloramine is 

the most abundant chloramine. The pH value does not interfere with the effectiveness 

of chloramines. Chloramine disinfection can be improved by raising temperatures. 

 

2.4.3  Natural Degradation of Monochloramine (NH2Cl) 

Three degradation equations for monochloramine that occur in any water system are 

shown below. In each case the end product is either ammonia or the ammonium ion 

that both contribute to nitrification. 
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Auto decomposition:  

3NH2Cl = N2 +NH3+Cl- + 3H+                                                    (2.22) 

Oxidation of Organic Matter: 

             0.1C5H7O2N + NH2Cl + 0.9H2O =0.4CO2 + 0.1HCO3
- +1.1 NH4

-+ Cl-    (2.23) 

Reduction by Nitrite:  

NH2Cl + NO2
- +H2O = NH3 + NO3

- + HCl                                        (2.24) 

 

All of these forms of degradation of monochloramine are exacerbated by long 

detention times such as in dead-end pipes or in storage tanks. Most water system 

operators do not know the residence times in their distribution systems. Studies have 

found that many average size water distribution systems have residence times that 

exceed 12 days in some places. In some smaller systems residence time as high as 24 

days are not uncommon. These residence times are more than adequate to favor 

monochloramine degradation. 

 

Since the mechanisms of the degradation of chloramine are well known, it is 

recommended that water distribution systems maintain a 2.5 mg/l level in stagnant 

areas for the distribution system to avoid the problems discussed above. When 2.5 

mg/l of monochloramine is maintained it has been found to significantly impede 

nitrification. 

 

2.4.4 Chloramines Removal from Water 

Chloramines remain active in the water system for a considerably long period of time. 

Like other molecules, chloramines contribute to the total amount of dissolved solids 

in the water (Nagarajan, 2009). Like chlorine, chloramines are selectively reactive and 

may have damaging affects when they remain in the water for too long. 

 

When chloramines are present, there are usually trace amounts of ammonia and 

hypochlorite in the water as well. Chloramines are hardly ionic. As a result, and 

because of the low molecular weight, chloramines, mainly monochloramine, are 

difficult to remove from water by reverse osmosis (RO) or water softening. Boiling 

and distillation cannot be used either. Substances for chlorine removal cannot be used 

for the removal of chloramines. Sunlight and aeration may aid chloramine removal. 
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Chloramines can be removed by means of a granular active carbon filter. This filter 

brings down chloramine concentrations from 1-2 ppm to less than 0,1 ppm. One must 

make sure that the active carbon comes in contact with chloramines for a significant 

amount of time. An active carbon filter is a selective, which means it also removes 

other compounds, such as chlorine (reduction to chloride), hydrogen sulphide, organic 

compounds, THM, pesticides and radon (EPA, 2001). When these compounds are 

present in water, this will influence the capacity of the filter. 

 

Chloramine is a more persistent disinfectant than chlorine. As a result, it is retained in 

the water for a longer period of time. The advantage is that in this way it can function 

much longer as a disinfectant than chlorine. However, it cannot be removed by letting 

the water stand for a couple of days as with chloride. The best way to remove 

chloramine is to use a water conditioner that contains a de-chlorination chemical or by 

using high quality granular activated carbon which will absorb the chloramine. 

Nevertheless, there are only a few circumstances when complete removal is 

mandatory. The amount of chloramines in the water can be determined by measuring 

the 'total chlorine' residue. This means measuring the 'total amount of chlorine' or the 

'amount of chlorine compounds'. 

 

2.4.5 Benefits of Chloramination 

Chlorination is being replaced by chloramination due to its wide range of benefits 

including reduction in THMs formation, longer retention period, better control over 

taste and odor and others. These have been briefly described as follows: 

Disinfection byproducts 

Chloramines are not as reactive as chlorine with organic material in water since they 

produce substantially lower concentrations of disinfection byproducts in the 

distribution system. Some disinfection byproducts, such as the trihalomethanes 

(THMs) and haloacetic acids (HAAs), bromate, and chlorite and so-called "emerging" 

DBPs such as halonitromethanes, haloacetonitriles, haloamides, halofuranones, iodo-

acids such as iodoacetic acid, iodo-THMs (iodotrihalomethanes), nitrosamines, and 

others (Richardson et al., 2007), may have adverse health effects at high levels. These 

disinfection byproducts are closely regulated by EPA. EPA recently reduced the 
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allowable Maximum Contaminant Levels for total THMs to 80 ug/L and now limit 

HAAs to 60 ug/L. The use of chlorine and chloramines is also regulated by the EPA 

which sets limit for Maximum Residual Disinfectant Levels of 4.0 mg/L for both 

these disinfectants. However, their toxicity is not concerned, but to assure adequate 

control of the disinfection byproducts. 

 

Chloramination is preferred to chlorination because few organic compounds 

(trihalomethanes; THM) and other possibly carcinogenic byproducts (halogenic acetic 

acid; HAA) are formed. Case studies indicate common TTHM reductions of 40 to 80 

percent when free chlorine is replaced by chloramines (Kirmeyer, 2004). Although 

haloacetic acids are present in lower concentrations with chloramination than with 

chlorination, research shows that, under certain circumstances, dihaloacetic acids and 

dissolved organic halogen are not well controlled by the use of chloramines. Research 

results imply that many unreported DBPs are created by chloramines. Generally, DBP 

formation decreases as pH increases and the chlorine to ammonia ratio decreases. 

Changing these operating variables can significantly impact DBP formation. In light 

of more stringent disinfection byproduct (DBP) regulations, more utilities are turning 

to chloramine disinfection to limit DBP production (Water Research Foundation, 

2009). 

 

Long Retention Period 

 

Chloramines provide better protection against bacterial regrowth in systems with large 

storage tanks and dead-end water mains because the chloramine residuals are more 

stable and longer lasting than free chlorine. 

 

Monochloramines are most effective when the pH value is 7 or higher. When the pH 

value exceeds 7 the water is alkaline. The benefit of alkaline water is that it is less 

corrosive than acid water. When the pH value is high, chlorine can be found in the 

water as hypochlorite ions (OCl-). When pH values are too high, its affectivity will 

diminish. 
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Biofilm Control 

Chloramine is effective in controlling biofilm, which is a slime coating in the 

pipe caused by bacteria. Controlling biofilms also tends to reduce coliform 

bacteria concentrations and biofilm-induced corrosion of pipes. 

 

Taste and Odor 

Chloramines do not alter the pH of the water and also do not tend to react with 

organic compounds. So, many systems will experience less incidence of taste and 

odor complaints when using chloramine. Chloramines provide a better taste and smell 

than chlorine. Chloramines are often applied to prevent a chlorine taste or smell. 

 

2.4.6 Drawbacks of Chloramination 

Several drawbacks are known for using chloramine as a disinfectant Chloramination 

has also some disadvantages which have been described as follows: 

 

Formation of Organic chloramines  

When large amount of organic matter is present in the water, organic nitrogen causes 

the formation of organic chloramines. These do not possess the same disinfection 

properties as inorganic chloramines. This situation occurs when organic matter 

contents exceed the 3 ppm boundary. 

 

Reaction rate of chloramines 

The drawback of chloramines is that they are less reactive than chlorine. Part of the 

disinfectant remains in the water, where it will be consumed by bacteria or broken 

down. This process can take weeks. Contrary to chlorine, chloramines do not perish 

when the water lies still for a few days. As a result, chloramines need to be removed 

from water. Chloramines can be removed by using granular active carbon or acetic 

acid. 
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Health effects 

In Massachusetts, research has been carried out to bring to light the death causes of 

people that used water disinfected by chlorine or chloramines. The results show that 

the number of people dying from bladder cancer was higher when the water was 

chlorinated (Zierler et al., 1988). When water was disinfected by chloramines, people 

were more likely to die from pneumonia or flues. This may show that chloramines are 

less effective than chlorine for the elimination of pathogenic microorganisms. 

 

US EPA drinking water quality standards limit chloramine concentration for public 

water systems to 4 parts per million (ppm) based on a running annual average of all 

samples in the distribution system. In order to meet EPA-regulated limits on 

halogenated disinfection by-products, many utilities are switching from chlorination 

to chloramination. While chloramination produces fewer regulated total halogenated 

disinfection by-products, it can produce greater concentrations of unregulated 

iodinated disinfection byproducts and N-nitrosodimethylamine (Krasner et al., 2006 

and Richardson et al., 2007). Both iodinated disinfection by-products and N-

nitrosodimethylamine have been shown to be genotoxic (Richardson et al., 2007).  

 

Water that is disinfected by chloramines does not cause a health threat. It can be used 

for drinking, bathing and washing and is suitable for several daily domestic purposes. 

Drinking chloramine-containing water or using it for boiling and bathing is safe, 

because of a neutralization of chloramines in the metabolism. However, people with 

weakened immune systems, such as young children, elderly people, people with HIV 

and people that undergo chemo therapy, should also be cautious when it comes to the 

use of chloramine disinfected water. 

 

Kidney dialysis patients and people that own fish, reptiles or amphibians should be 

careful. With kidney dialysis patients the blood comes in contact with water in a semi 

permeable membrane. This can cause chloramines to directly enter the blood vessels. 

Chloramines are toxic to the blood.  

 

https://en.wikipedia.org/wiki/N-Nitrosodimethylamine
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Skin, eye, and respiratory problems do have linked to dichloramine and trichloramine 

exposure in relation to indoor swimming pools and hot tubs (Jacobs et al., 2007). 

However, dichloramine and trichloramine are typically not an issue in treated drinking 

water, which uses monochloramine, because utilities carefully monitor the water 

quality. 

 

Aquatic Life 

Chloramines, like chlorine, are toxic to fish and amphibians at levels used for 

drinking water. Unlike chlorine, chloramines do not rapidly dissipate on standing. 

Neither do they dissipate by boiling. Fish owners must neutralize or remove 

chloramines from water used in aquariums or ponds. Treatment products are readily 

available at aquarium supply stores. Fishes can directly take up chloramines in the 

blood through their gills. Chloramines are toxic to fishes, too. Water that is used in 

aquaria should be free from chloramines. 

 

Formation of Nitrate 

High amounts of ammonia serve as nutrients for nitrifying bacteria in the water, 

which can cause nitrate levels in the water to rise. Nitrate is converted to nitrite in the 

stomach. Nitrites can react to N-nitrosamines with proteins in fish. These compounds 

may be carcinogenic. Young children are more susceptive to nitrites. When children 

are below 0.5 years old they cannot drink nitrate-rich water, because nitrites cause the 

oxygen level in the blood to fall (Blue Baby Syndrome). It is advised to feed babies 

with water that has a nitrate content of below 25 μg/L.  

 

Corrosion 

When chloramines are chemically removed, ammonia may be released. The toxic 

effect that ammonia has on fish can be prevented by the application of biological 

filters, natural zeolites and pH-control. Ammonia causes corrosion of lead and copper. 

Nowadays most waterworks are made of lead or copper. To prevent corrosion, 

orthophosphates are added. 

http://www.lenntech.com/nitrogen-cycle.htm
http://www.lenntech.com/Periodic-chart-elements/Pb-en.htm
http://www.lenntech.com/Periodic-chart-elements/Cu-en.htm
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Elastomeric materials (rubber-like compounds) that are used in plumbing fixtures and 

other distribution features can be affected to become more brittle. Chloramines react 

with certain types of rubber hoses and gaskets, such as those on washing machines 

and hot water heaters. Black or greasy particles may appear as these materials 

degrade. Replacement materials are commonly available at hardware and plumber 

supply stores. 

 

Cooling Tower Water Disinfection 

Chloramines are not very suitable for cooling tower water disinfection, because these 

compounds react very slowly with pathogenic microorganisms. 

 

2.4.7 Legislation for Chloramine Disinfection 

EU 

The European drinking water guideline does not contain standards for chloramines. 

When chloramines are used, few disinfection byproducts, such as trihalomethanes, are 

formed. However, other disinfection byproducts can form. Examples are toxic 

halonitrils (cyano chloride), halonitromethanes (chloropicrin) and other nitrogen-rich 

compounds. Some of these compounds can endanger human health. When the 

European Drinking Water Directive is revised, standards for these compounds will be 

added. 

 

USA 

According to American guidelines by EPA, drinking water that is treated with 

chloramines can contain a maximum amount of 4 mg/L Cl2 (EPA, 2002). 

 

WHO 

The WHO (World Health Organization) only dictates a standard for monochloramine 

as a disinfectant. The standard is 3 mg/L. For di- and trichloramine there are no 

standards, because the available information is not satisfactory for the establishment 

of a health guideline (WHO, 2011).  
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CHAPTER 3 

EXPERIMENTAL METHODS AND MATERIALS 

 

 
3.1 GENERAL  

The main objective of this research was to develop better understanding of the 

effectiveness of chlorination of potable water in the presence of ammonia. This 

objective was achieved through carrying out a series of batch experiments where 

effectiveness of chlorination was assessed for different chlorine to ammonia ratio and 

for different levels of initial fecal contamination. This Chapter presents the 

experimental setup and analytical methods used in this research to carry out the 

laboratory experiments. Furthermore, this chapter describes the analytical methods 

used for measurement of different parameters like mono- and di-chloramine, free 

chlorine, total chlorine, ammonia, and fecal coliform (FC).  

 

3.2 BATCH EXPERIMENTS  

In order to understand the disinfection capability of chlorine in the presence of 

ammonia, disinfection experiments were carried out at different chlorine to ammonia 

ratios using prepared raw water sample containing different levels of FC (fecal 

coliform). For preparing raw water sample, groundwater collected from a deep tube 

well pumping station beside Nazrul Islam Hall, BUET was amended with different 

quantities of domestic wastewater collected from drainage system of BUET to 

achieve different levels of initial FC concentration. Batch experiments were carried 

out at low chlorine to ammonia ratio (i.e., at chlorine dose below break point), 

referred to here as “combined residual chlorination experiment”; these experiments 

were carried out to assess disinfection capability of chloramines formed at low 

chlorine to ammonia ratio. Experiments were also carried out over a wider range of 

chlorine to ammonia ratio (beyond break point), referred to here as “combined 

residual and break point chlorination” experiments. These experiments were carried 

out to compare effectiveness of combined residual chlorination with break point 

chlorination.  
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3.2.1 Combined Residual Chlorination Experiments  

To understand disinfection ability of different chlorine species which form at low 

chlorine to ammonia ratios, batch experiments were conducted. Raw water sample 

prepared as described above was taken in a series of beakers. Initial FC concentration 

in the raw water samples was varied by mixing different quantities of domestic 

wastewater with groundwater in a large container. The initial FC concentration 

achieved were categorized into two types: (a) Relatively low FC concentration: FC 

varying from 632 to 3,000 cfu/100 mL; and (b) Relatively high FC concentration: FC 

concentration varying from 2,40,000 to 5,20,000 cfu/100 mL.   

 

For each set of experiment with different initial FC concentration, required quantities 

of ammonia stock solution were then added to the beakers to achieve desired level of 

initial ammonia concentration. Then, chlorine stock solutions were added to the 

beaker to achieve the desired chlorine dose and chlorine to ammonia ratio. The 

chlorine to ammonia ratio in these experiments varied from 0.02: 1 to 1.25: 1The 

contents of the beakers were thoroughly mixed with a glass rod for two minutes, and 

then they were allowed to stand for 30 minutes. Samples were then collected from the 

beakers for analysis of FC by Membrane Filter Method. 

 

3.2.2 Combined Residual and Breakpoint Chlorination Experiments  

These chlorination experiments were carried out in Jar Test apparatus. Groundwater 

containing a fixed concentration of ammonia (achieved through addition of ammonia 

stock solution) was taken in six beakers. Chlorine stock solutions were then added to 

the beakers such that Cl2:NH3 molar ratio in the beakers varied from 0.60:1.0 to 

2.4:1.0. The contents of the beakers were slowly mixed in the jar test apparatus for 

about 20 minutes. Depending on chlorine to ammonia ratio, the different beakers 

contained different concentrations of residual chlorine and chloramines. 

Subsequently, samples were taken out from each beaker for determination of total 

residual chlorine, free chlorine and chloramines. Total residual chlorine and free 

chlorine was measured by DPD colorimetric method (Clesceri et al., 1998). On the 

other hand, free chlorine, mono-, di-, tri-chloramines were measured by DPD 

titrimetric method (Clesceri et al., 1998). After taking out samples for measurement of 

chlorine/chloramines, a fixed quantity of a domestic wastewater was added to each 
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beaker (as well as to a “blank” beaker) as a source of fecal coliform (FC). The 

contents of the beakers (containing different concentrations of chlorine/chloramines 

and same initial concentration of FC) were then mixed and allowed to stand for 30 

minutes. The initial FC concentration achieved in these experiments varied from 

87,000 to 8,40,000 cfu/100 mL.   

 

At the end of 30 minutes of disinfection period, samples were taken from each beaker 

for determination of FC by Membrane Filtration Method. The residual FC 

concentration in each beaker was then matched with the chlorine/chloramines species 

concentration in the respective beakers to assess the disinfection capacity of different 

chlorine or chloramine species. 

 

3.2.3 Formation of Free Chlorine and Chloramines at Different Initial 

Ammonia Concentration  

Up to chlorine to ammonia molar ratio of about 1:1 (i.e., during combined residual 

chlorination or chloramination), the concentration of chloramines (particularly mono-

chloramine) increases as initial ammonia concentration increases. However, 

monochloramine concentration should not be allowed to exceed the WHO guildeline 

value of 3.0 mg/L; or total chloramines concentration should not be allowed to exceed 

the USEPA guideline value of 4.0 mg/L. In order to assess formation of chloramines 

during chloramination, batch experiments were carried out at two different chlorines 

to ammonia ratios (chlorine to ammonia weight ratio 2.5:1 and 5.0:1), where 

ammonia concentration was varied from 0.25 to 5.0 mg/L. For each ammonia 

concentration, residual chloramines were measured.  

 

Availability of free chlorine in the presence of ammonia is also an important 

consideration, because appreciable free chlorine was available in water even at 

chlorine to ammonia molar ration of below 1:1. Therefore, availability of free chlorine 

was measured for chlorine to ammonia weight ratio varying from 2.5: 1 to 10: 1, for a 

range of ammonia concentration varying from 0.25 to 5 mg/L.     

 

3.3 COLLECTION AND ANALYSIS OF DWASA WATER SAMPLES 

In order to assess free chlorine and chloramines concentration in water supplied by 
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DWASA, water samples were collected from a number of locations within Dhaka and 

analyzed for residual chlorine/chloramines. It should be noted that surface water 

accounts for about 22% of DWASA water supply and most of it comes from Saidabad 

Surface Water Treatment Plant (SWTP); chlorine is used for disinfection in all surface 

water treatment plants. Chlorine is also added to groundwater extracted through deep 

tube well (DTW) before their introduction into the water supply network. It should be 

noted that the same water supply network carries both treated surface water and 

groundwater. As a result, some areas (primarily those located close to surface water 

treatment plants) receive primarily treated surface water, while the remaining areas of 

the city receive primarily groundwater. Since ammonia is present in surface water 

bodies (Sitalakhya River) used a raw water source for treatment plants, chloramines 

are likely to be present in treated surface water supplied by DWASA. Since it was 

difficult to determine which areas receive predominantly treated surface water, and 

which areas receive ground water, water samples were collected from a number of 

locations, as shown in Table 3.1, and analyzed for free chlorine and chloramines. The 

purpose of this analysis was to identify presence of chloramines, if any, in the 

DWASA water supply that comes from surface water treatment plants. 

 

Table 3.1: Details of sample collection from DWASA water supply 

Sl.  

No. 

Sampling Location Free Cl2 

(mg/L) 

NH2Cl 

(mg/L) 

NHCl2 

(mg/L) 

Sample 

Collection 

Date 

1 Banga Islamima Super Market 

9/5, Secretary Road 

Fulbaria, Dhaka 

0.05 1.10 0.10 28th March, 

2017 

 

2 Pacific Restaurent, 

9/C, Motijheel, BA/A, 

Dhaka-1000 

0.20 1.30 0.05 31st March, 

2017 

3 28/7, K. M. Das Lane, 

Tikatuli, Dhaka-1203 

0.50 2.60 0.60 1st April, 

2017 

4 ISKON Temple 

79/1, Swamibag, Dhaka- 1100 

0.05 0.08 0.08 7th April, 

2017 

5 SWTP Phase 1 0.50 3.20 0.40 1st April, 

2017 

6 SWTP Phase 2 0.40 2.80 0.50 1st April, 

2017 
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3.4 REAGENTS AND ANALYTICAL METHODS  

3.4.1 Preparation of Chlorine and Ammonia Stock Solution  

Chlorine stock solution was prepared with bleaching power. Freshly prepared solution 

was used daily as chlorine solutions lose strength gradually. For preparation of 

ammonia stock solution few drops of liquid ammonia solution was added to distilled 

water and concentration of the stock solution was measured using a 

Spectrophotometer (HACH, DR 6000). It was then refrigerated in an air tight 

container for future use. 

 

3.4.2 Ammonia Measurement 

Ammonia was measured by Ammonia Nessler Method with the help of HACH 

Spectrophotometer (DR 6000). A wavelength of 425 nm corresponding to program 

number 2400 was used. To measure ammonia concentration, two sample cells were 

needed. First a 25 mL graduated cell was filled with the sample (the prepared sample, 

diluted as required) up to the 25 mL mark; then another 25 mL mixing graduated cell 

was filled with distilled water (the blank). After that three drops of Mineral Stabilizer 

were added to each cell and the cells were inverted several times to mix. Then three 

drops of Polyvinyl Alcohol Dispersing Agent were added to each cell, and the cells 

were inverted several times for mixing. Thereafter 1.0 mL of Nessler Reagent was 

added to into each cell and inverted several times to mix. Then the timer of the 

Spectrophotometer was turned on to count one-minute reaction time. After that, the 

blank sample was placed in the sample cell holder to initialize (zero) the reading of 

the Spectrophotometer. Then the prepared sample was placed into the cell holder, and 

total ammonia concentration was determined as mg/L as NH3-N (HACH, 1996). 

 

3.4.3 Nitrate Measurement 

Nitrate was measured by Cadmium Reduction Method using a HACH 

Spectrophotometer. A wavelength of 400 nm corresponding to program number 2520 

was used. Two spectrophotometer sample cells were needed for the measurement of 

nitrate. One 10 mL sample cell was filled with the sample (diluted, as required) up to 

the 10 mL mark. Then one NitraVer 5 Nitrate Reagent Powder Pillow was added to 

the cell. Then the cell was shaken vigorously for one minute; after that a five-minute 
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reaction period was allowed. At the end of this reaction period, a second sample cell 

was filled with 10 mL of distilled water (the blank) and placed the blank into the cell 

holder to initialized (zero) the reading of the Spectrophotometer. After that the cell 

with the prepared sample was placed in the cell holder, and nitrate concentration was 

determined as mg/L NO3
--N (HACH, 1996). 

 

3.4.4 Chlorine Residual (Total) Measurement  

Total residual chlorine was measured by DPD colorimetric method with the help of a 

HACH Spectrophotometer. A wavelength of 530 nm corresponding to program 

number 1450 was used. One cell containing distilled water was used to zero the 

reading of the spectrophotometer and second cell was used to measure total chlorine.  

 

To measure total chlorine, one DPD total chlorine powder pillow was added to the 

second cell containing 10 mL sample (diluted as required), and the cell was swirled 

for 20 seconds to mix. A three-minute reaction period was then allowed; 

subsequently, the sample turned pinkish red depending on the concentration of 

chlorine. The first cell filled with 10 ml distilled water (the blank) was then placed in 

the cell holder to initialize (zero) the reading.  Then the sample cell is placed in the 

cell holder and residual chlorine concentration was determined as mg/L chlorine 

(HACH, 1996).  

  

3.4.5 Chloramines Measurement (Titrimetric Method)  

Principle: Free chlorine and mono-, di-, tri-chloramines were measured by DPD 

titrimetric method, following Standard Methods. N, N-diethyl-p-phenylenediamine 

(DPD) is used as an indicator in the titrimetric procedure with ferrous ammonium 

sulfate (FAS). In the absence of iodide ion, free chlorine reacts instantly with DPD 

indicator to produce a red color. Subsequent addition of a small amount of iodide ion 

acts catalytically to cause mono-chloramine to produce color. Addition of iodide ion 

to excess evokes a rapid response from di-chloramine. In the presence of iodide ion, 

part of the nitrogen tri-chloride (NCl3) is included with di-chloramine and part with 

free chlorine. A supplementary procedure based on adding iodide ion before DPD 

permits estimating proportion of NCl3 appearing with free chlorine. 
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Preparation of different reagents 

Phosphate Buffer Solution: 24 g anhydrous Na2HPO4 and 46 g anhydrous KH2PO4 

was dissolved in distilled water. It was combined with 100 mL distilled water in 

which 800 mg disodium ethylene diamine tetra acetate di-hydrate (EDTA) had been 

dissolved; then it was diluted to 1 L with distilled water. 

 

DPD indicator solution: 1.1 g anhydrous DPD sulfate was dissolved in chlorine-free 

distilled water containing 8 mL 1 + 3 H2SO4 and 200 mg disodium EDTA. It was 

made up to 1 L, and later stored in a brown glass-stoppered bottle in dark. 

 

Standard ferrous ammonium sulfate (FAS) titrant: 1.106 g Fe(NH4)2(SO4)2. 6H2O 

was dissolved in distilled water containing 1 mL 1 + 3 H2SO4 and made up to 1 L 

with freshly boiled and cooled distilled water.  

 

Potassium iodide solution: 500 mg KI was dissolved and diluted to 100 mL, using 

freshly boiled and cooled distilled water. Then it was stored in a brown glass-

stoppered bottle in a refrigerator. 

 

Procedure 

The quantities given below are suitable for concentrations of total chlorine up to 5 

mg/L. If total chlorine exceeds 5 mg/L, a smaller amount of the sample needs to be 

used for the measurement. If sample volume is less than 100 mL, it needs to be 

diluted to a total volume of 100 mL. 

Free chlorine or chloramines: 5 mL each of buffer reagent and DPD indicator 

solution was placed in titration flask and mixed. 100 mL sample was added and 

mixed. 

Free chlorine: The 100 mL sample was titrated rapidly with standard FAS titrant 

until red color was discharged (Reading A). 

Mono-chloramine: 0.1 mL (2 drops) KI solution was added to 100 mL sample and 

mixed. Titration was continued until red color was discharged again (Reading B). 

Dichloramine: Several crystals of KI (about 1 g) was added and mixed to dissolve. It 
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was allowed to stand for 2 minutes and continue titrating until red color is discharged 

(Reading C). 

Trichloramine: 0. l m L KI solution was added in a titration flask. 100 mL sample 

was added and mixed. This was added to a second flask containing 5 mL each of 

buffer reagent and DPD indicator solution. The mix was titrated rapidly with standard 

FAS titrant until red color was discharged (Reading N). 

 

3.4.6 Measurement of Fecal Coliform (FC)  

For bacteriological (FC) analysis of water, Membrane Filter method has been 

employed. This method gives a direct count of fecal coliforms present in various 

sample of water. 

Initially the Erlenmeyer flask and petri dish were sterilized. A pad was then placed on 

the petri dish which was saturated with selected broth medium. Next a sterile 

membrane filter was placed on filtration unit by forceps and the filtration unit was 

assembled. After choosing a proper dilution factor, mixture of appropriate volume of 

test sample and distilled water was taken in the upper container. Then filtration was 

carried out by applying vacuum. After the entire sample was filtered, the membrane 

filter was placed on the petri dish using forceps. Finally, the petri dishes were kept in 

incubator at 44 degrees Celsius for 16-18 hours at 100% humidity. On being taken out 

from the incubator blue colonies of fecal coliform were seen to develop on the 

membrane filter. The number of fecal coliforms per 100 mL was then determined by: 

 

Fecal coliform (nos. /100 mL) = [(Number of colonies counted*100)/mL of sample 

filtered] * Dilution factor 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

 

4.1 GENERAL 

The primary objective of this research was to assess the effectiveness of chlorination 

of potable water in the presence of ammonia. To achieve this objective, a series of 

batch experiments were conducted where effectiveness of chlorination was assessed 

for different chlorine to ammonia ratio and for different levels of initial fecal 

contamination. Formation of free chlorine and chloramines were also assessed for 

different chlorine to ammonia ratio at different levels of initial ammonia 

concentration. This Chapter presents the experimental results as well as analysis of 

these results. 

 

4.2 CHLORINATION IN THE PRESENCE OF AMMONIA 

As noted earlier, if chlorine to ammonia molar ratio is maintained below 1:1 during 

disinfection, it is referred to as “combined residual chlorination” or chloramination. 

On the other hand, if it is allowed to be over 1.6:1 it is referred to as “breakpoint 

chlorination”. In this study, chlorination was carried out over a wide range of chlorine 

to ammonia ratio [chlorine to ammonia ratio below 1:1 to beyond 1.6:1]. The 

following Section describe the results of these experiments.  

 

4.2.1 Disinfection with Combined Residual Chlorination 

 

Disinfection at Low Initial FC Concentration 

Tables 4.1-4.3 shows results of chlorination experiments carried out with relatively 

low initial FC concentration (up to 3,000 cfu/100 mL) at relatively low chlorine to 

ammonia ratios (maximum molar ratio 1.25:1) that would promote formation of 

chloramines. Initial ammonia concentration in these experiments varied from 0.2 to 

10.0 mg/L. The tables show that in all cases zero residual FC concentration could be 

achieved. Table 4.1 shows results of one set of experiments where the raw water had 

initial FC concentration of 1,000 cfu/100 mL and initial ammonia at a relatively high 
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value of 5 mg/L. In this set of experiment, chlorine to ammonia molar ratio was 

varied from 0.30:1 to 1.25:1 (chlorine dose varying from 6.3 to 26.1 mg/L). Table 

4.1 shows that effective disinfection (i.e., zero residual FC) was achieved in all 

cases. The same result (i.e., zero residual FC) was obtained when chlorination was 

carried out in the absence of ammonia (Table 4.1). 

 

Table 4.2 shows results of another set of experiment where initial ammonia was 

relatively low (0.2 to 1.2 mg/L), and initial FC concentration was 3,000 cfu/100 mL. 

Here, chlorine dose was fixed at 0.5 mg/L, resulting in chlorine to ammonia molar 

ratio varying from 0.1:1 to 0.6:1. Since both ammonia and chlorine concentrations in 

this set of experiment are relatively low, the resulting chloramines concentration 

would also be low (compared to previous set of experiments, results of which are 

presented in Table 4.1). Table 4.2 shows that even at low ammonia concentration 

and low chlorine to ammonia ratio, effective disinfection was achieved in all cases. 

The same result (i.e., zero residual FC) was obtained when chlorination was carried 

out in the absence of ammonia (Table 4.2). 

       

Table 4.1: Disinfection of water with 5.0 mg/L ammonia and low initial FC (1,000       

cfu/100 mL) at low chlorine to ammonia molar ratio (0.30 to 1.25) 

Observation 

No. 

Weight 

ratio 

Cl2:NH3 

Molar ratio 

Cl2:NH3 

Total Cl2 

(mg/L) 

Total Ammonia 

as NH3-N 

(mg/L) 

FC 

(cfu/100 

mL) 

1 - - 5.0 0 None 

2 1.3:1 0.30:1 6.3 5 None 

3 2.7:1 0.65:1 13.6 5 None 

4 5.2:1 1.25:1 26.1 5 None 

 5 (blank) - - - - 1,000 

 

 

Table 4.3 shows results of another set of experiment where initial FC concentration 

of raw water was relatively low at 632 cfu/100 mL. Disinfection was carried out 

with a fixed chlorine dose of 1.0 mg/L, and ammonia concentration of raw water 

was varied from 2 to 10 mg/L, resulting in chlorine to ammonia molar ratio varying 

from 0.02:1 to 0.12:1. Table 4.3 shows that effective disinfection (i.e., zero residual 

FC) was in all cases, indication effectiveness of chlorination in presence of ammonia 
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over a wide range of ammonia concentration, when initial FC concentration is quite 

low. 

Table 4.2: Disinfection of water with low initial FC (3,000 cfu/100 mL) with a fixed 

chlorine dose of 0.5 mg/L at low chlorine to ammonia ratio (0.1:1 to 0.6:1) 

Observation 

No. 

Weight 

ratio 

Cl2:NH3 

Molar 

ratio 

Cl2:NH3 

Total Cl2 

(mg/L) 

Total Ammonia 

as NH3-N 

(mg/L) 

FC 

(cfu/100 

mL) 

1  - 0.5 0 None 

2 0.4:1 0.1:1 0.5 1.2 None 

3 1.3:1 0.3:1 0.5 0.4 None 

4 2.5:1 0.6:1 0.5 0.2 None 

5(blank) - - - - 3,000 

 

 

Table 4.3: Disinfection of water with low initial fc (632 cfu/100 mL) with a fixed 

chlorine dose of 1.0 mg/L at low chlorine to ammonia ratio (0.02:1 to 0.12:1) 

Observation 

No. 

Weight 

ratio 

Cl2:NH3 

Molar 

ratio 

Cl2:NH3 

Total 

Chlorine 

(mg/L) 

Total 

Ammonia as 

NH3-N 

(mg/L) 

FC 

(cfu/100 

mL) 

1 - - 1 0 None 

2 0.1:1 0.02:1 1 10 None 

3 0.2:1 0.05:1 1 5 None 

4 0.5:1 0.12:1 1 2 None 

     5 (blank) - - - - 632 

 

 

Thus, it appears that for samples containing low initial FC concentrations, effective 

disinfection could be achieved even at very low chlorine to ammonia ratios over a 

range of initial ammonia concentration. 

 

Disinfection at High Initial FC Concentration 

Tables 4.4-4.5 show results of chlorination experiments carried out with relatively 

high FC concentration (up to 5,20,000 cfu/100 mL) at relatively low chlorine to 

ammonia ratios (maximum molar ratio 1.20:1) that would promote formation of 

chloramines. Table 4.4 shows results of a set of experiments where disinfection of 

water containing initial FC of 5,20,000 cfu/100 mL was carried out with a fixed 

chlorine dose of 0.25 mg/L; ammonia concentration was varied from 0.2 to 1.2 mg/L, 
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resulting in a chlorine to ammonia molar ratio of 0.05:1 to 0.30:1. Table 4.4 shows 

that significant residual FC remained in the water samples after disinfection. Similar 

results were obtained (Table 4.5) when disinfection was carried out at relatively 

higher dose of chlorine (up to 1.25 mg/L) in the presence of relatively low 

concentration of ammonia. Table 4.5 shows that even in the presence of low 

concentration of ammonia (up to 0.25 mg/L), effective disinfection (i.e., zero residual 

FC) could not be achieved when initial FC was high. Thus it appears that at higher 

initial FC concentrations, chlorination at lower chlorine to ammonia ratios (i.e., 

chloramination) would not be effective for achieving complete disinfection.  

 

Table 4.4: Disinfection of water with relatively high initial FC (5,20,000 cfu/100 mL) 

at low chlorine to ammonia ratio (0.05:1 to 0.30:1) 

 

Observation 

No. 

Weight 

ratio 

Cl2:NH3 

Molar 

ratio 

Cl2:NH3 

Total 

Cl2 

(mg/L) 

Total Ammonia 

as NH3-N 

(mg/L) 

FC 

(cfu/100 

mL) 

1 0.21:1 0.05:1 0.25 1.20 34,420 

2 0.63:1 0.15:1 0.25 0.40 31,300 

3 0.96:1 0.23:1 0.25 0.26 28,070 

4 1.25:1 0.30:1 0.25 0.20 24,340 

5 (Blank) -  - - 5,20,000 

 

 

Table 4.5: Disinfection of water with relatively high initial FC (2,40,000 cfu/100 mL) 

at low chlorine to ammonia ratio (0.70:1 to 1.2:1) 

 

Observation 

No. 

Weight 

ratio 

Cl2:NH3 

Molar 

ratio 

Cl2:NH3 

Total Cl2 

(mg/L) 

Total Ammonia 

as NH3-N 

(mg/L) 

FC 

(cfu/100 

mL) 

1 3.2:1 0.7:1 0.25 0.08 1,620 

2 4.2:1 1.0:1 1.00 0.24 340 

3 5.0:1 1.2:1 1.25 0.25 140 

4 (Blank) - - - - 2,40,000 
 

 

Subsequently, experiments were carried out to assess disinfection efficiency at 

relatively higher chlorine to ammonia ratio, along with determination of chloramines 

species at different chlorine to ammonia ratios. 
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4.3 FORMATION OF CHLORAMINES AND THEIR DISINFECTION 

CAPACITY 

In order to assess the formation of chloramines during chlorination and disinfection 

capacity of chloramines, batch experiments were carried out where disinfection raw 

water containing fixed initial concentration of ammonia and FC was subjected to 

disinfection over a range of chlorine to ammonia ratio. For each set of experiment, 

residual free chlorine and chloramines were determined at the end of disinfection 

experiments, along with residual FC concentration. The results of these experiments 

allowed assessment of formation and disinfection capability of chloramines. 

 

Figure 4.1 shows total residual chlorine (both free chlorine and chloramines) 

concentration versus chlorine dose for a water sample with initial ammonia 

concentration of 0.25 mg/L and initial FC of 1,60,000 cfu/100 mL. Table 4.6 presents 

the Cl2 to NH3 ratio, concentrations of residual chlorine and chloramines species 

(mono-, di-, tri-) and residual FC corresponding to the experimental data points (A-E) 

in Fig.4.1; Fig. 4.2 shows concentration of free chlorine and chloramines for this set 

of experiment.  

 

In this set of experiment, Cl2 to NH3 molar ratio was varied from 0.60:1.00 to 

2.40:1.00; the corresponding weight ratios were varied from 2.50:1 to 10.0:1. In this 

experiment, “break point” was reached at a Cl2 to NH3 molar ratio of 1.60:1.0 (weight 

ratio of 6.75:1.0), as evident from Figure 4.1. Before the break point is reached, 

chloramines species should be dominant forms of chlorine species in water. However, 

Table 4.6 and Figure 4.2 show that at Cl2 to NH3 weight ratios below 6.5:1.0 (i.e., 

before break point is reached), appreciable amount of free chlorine remains in 

solution; the amount of free chlorine appears to increase with increasing chlorine dose 

before break point is reached. For example, residual free chlorine was negligible (0.05 

mg/L) at Cl2:NH3 weight ratio of 2.5:1.0 (Table 4.6, Fig. 4.2); but increased to 0.40 

mg/L as the ratio increased to 6.25:1.0. This free chlorine present in the water samples 

prior to reaching break point should be effective in disinfection. On the other hand, 

appreciable quantities of chloramines remained in solution after reaching break point. 

From Table 4.6, it appears that both mono-chloramine and free chlorine contribute to 

disinfection prior to reaching the “break point”.   
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Figure 4.1: BPC curve for water sample with initial ammonia concentration of 0.25 

mg/L, experimental data points being marked A – E 

 

Table 4.6: Cl2:NH3 ratio, concentrations of chlorine/chloramine species and residual 

FC corresponding to experimental data points identified in Fig. 4.1 

Point 

on 

Graph 

Weight 

ratio 

Cl2:NH3 

Molar 

ratio 

Cl2:NH3 

Total 

Cl2 

(mg/L) 

Free 

Cl2 

(mg/L) 

 

NH2Cl                          

(mg/L) 

 

NHCl2 

(mg/L) 

NCl3 

(mg/L) 

FC 

(cfu/100 

mL) 

A 2.5:1 0.60:1 0.67 0.05 0.06 0.05 0.9 1,000 

B 6.25:1 1.50:1 1.23 0.40 0.20 0.20 0.6 0 

C 6.75:1 1.62:1 0.59 0.30 0.05 0.10 0.0 0 

D 8.00:1 1.92:1 1.32 1.20 0.00 0.10 0.0 68 

E 10.0:1 2.40:1 2.16 1.40 0.05 0.20 0.4 0 

Blank -  - - - - - 1,60,000 
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Figure 4.2: Concentration of chlorine and chloramines at various Cl2:NH3 ratios for 

initial ammonia 0.25 mg/L 

 

Figure 4.3-4.4 and Table 4.7 show results of another similar set of experiment, where 

chlorination was carried out to disinfect raw water containing initial ammonia 

concentration of 0.5 mg/L and initial FC of 87,400 cfu/100 mL. As before, chlorine to 

ammonia molar ratio was varied from 0.60:1.00 to 2.40:1.00; the corresponding 

weight ratios were varied from 2.50:1 to 10.0:1. Figure 4.3 shows total residual 

chlorine concentration versus chlorine dose; while the Table 4.7 shows Cl2 to NH3 

ratio, concentrations of free chlorine and chloramines and residual FC corresponding 

to the experimental data points (A-F) in Fig. 4.3; concentration of free chlorine and 

chloramines are shown separately in Fig. 4.4.  

 

In this experiment, “break point” was reached at a Cl2 to NH3 molar ratio of 1.60:1.0 

(weight ratio of 6.75:1.0), as evident from Figure 4.3. As before, appreciable 

concentration of free chlorine was detected in the water samples prior to reaching 

break point, and appreciable quantities of chloramines remained in solution after 

reaching break point. These results also suggest that both chloramines (particularly 

the dominant species mono-chloramine) and free chlorine contribute to disinfection 

prior to reaching the “break point”.    
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Figure 4.3: BPC curve for water sample with initial ammonia concentration of 0.50 

mg/L, experimental data points are marked A – F 

 

Table 4.7: Cl2:NH3 ratio, concentrations of chlorine/chloramine species and residual 

FC corresponding to experimental data points identified in Fig. 4.3 

Point 

on 

Graph 

Weight 

ratio 

Cl2:NH3 

Molar 

ratio 

Cl2:NH3 

Total 

Cl2 

(mg/L) 

Free Cl2 

(mg/L) 

 

NH2Cl                           

(mg/L) 

 

NHCl2 

(mg/L) 

FC 

(cfu/100 

mL) 

A 2.50:1 0.60:1 0.70 0.0 0.5 0.2 22 

B 5.00:1 1.20:1 1.13 0.05 0.9 0.3 0 

C 6.25:1 1.50:1 1.62 0.2 1.1 0.4 0 

D 6.75:1 1.60:1 1.47 0.2 0.6 0.4 0 

E 8.00:1 1.92:1 1.52 0.2 0.9 0.3 2 

F 10.0:1 2.40:1 1.30 0.1 0.6 0.5 0 

Blank  - - - - - - 87,400 
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Figure 4.4: Concentration of chlorine and chloramines at various Cl2:NH3 ratios for 

initial ammonia 0.50 mg/L 

 

It is evident that as ammonia concentration in raw sample increases, concentration of 

chloramines (particularly mono-chloramine, prior to reaching break point) would 

increase upon chlorination. For example, for initial ammonia concentration of 0.25 

mg/L and 0.50 mg/L, highest concentration of mono-chloramine recorded was 0.20 

mg/L and 1.1 mg/L, respectively. Mono-chloramine is the major form of chloramines 

that contribute to disinfection. Therefore, similar additional experiments were carried 

out over a range of initial ammonia concentration in raw water, varying from 0.75 

mg/L to 5.0 mg/L. Higher ammonia concentrations were also considered because 

ammonia concentration in surface water (which are used as a source water treatment 

plants) in Bangladesh are often very high, particularly during the dry season.  

 

Results of five sets of experiments where chlorination was carried out for water 

samples containing initial ammonia concentrations of 0.75 mg/L, 1.0 mg/L, 2.0 mg/L, 

3.0 mg/L and 5.0 mg/L are presented below.   

 

Figure 4.5-4.6 and Table 4.8 show results of another similar set of experiment, where 

chlorination was carried out to disinfect raw water containing initial ammonia 

concentration of 0.75 mg/L and initial (very high) FC of 6,40,000 cfu/100 mL. In this 

set of experiment, highest chloramines (including mono-chloramine) concentration 
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was reached at chlorine to ammonia molar ratio of 1.2:1.0; mono-chloramine and di-

chloramine concentrations at this ratio were 1.60 and 0.4 mg/L, respectively; the 

corresponding free chlorine concentration was 0.4 mg/L. Although complete 

disinfection was not possible before breakpoint, the FC concentration was 

significantly reduced from a very high value of 6,40,000 cfu/100 mL to 40 cfu/100 

mL at chlorine to ammonia ratio of 1.2 to 1.0. These results also suggest significant 

disinfection capability of chloramines, particularly mono-chloramine.         

 

Figure 4.5: BPC curve for water sample with initial ammonia concentration of 0.75 

mg/L, experimental data points are marked A – E 

 

Table 4.8: Cl2:NH3 ratio, concentrations of chlorine/chloramine species and residual 

FC corresponding to experimental data points identified in Fig. 4.5 

 

Point 

on 

Graph 

Weight 

Ratio 

Cl2:NH3 

Molar 

ratio 

Cl2:NH3 

Total 

Cl2 

(mg/L) 

Free Cl2 

(mg/L) 

 

NH2Cl                          

(mg/L) 

 

NHCl2 

(mg/L) 

FC 

(cfu/100 

mL) 

A 2.50:1 0.60:1 1.13 0.2 1.2 0.3 90 

B 5.00:1 1.20:1 1.93 0.4 1.6 0.4 40 

C 6.25:1 1.50:1 0.77 0.3 0.5 0.3 60 

D 6.75:1 1.60:1 0.63 0.2 0.4 0.2 76 

E 10.0:1 2.40:1 1.30 2.1 0.0 0.1 0 

Blank - - - - - - 6,40,000 
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Figure 4.6: Concentration of chlorine and chloramine species at various Cl2:NH3 

ratios for initial ammonia 0.75 mg/L  

 

Figure 4.7-4.8 and Table 4.9 show results of another set of experiment, where 

chlorination was carried out to disinfect raw water containing initial ammonia 

concentration of 1.0 mg/L and initial FC of 7,50,000 cfu/100 mL. In this set of 

experiment, highest chloramines (including mono-chloramine) concentration was 

reached at chlorine to ammonia molar ratio of 1.6:1.0; mono-chloramine and di-

chloramine concentrations at this ratio were 3.1 mg/L and 0.8 mg/L, respectively; the 

corresponding free chlorine concentration was 0.8 mg/L. Although complete 

disinfection was not possible before breakpoint, the FC concentration was 

significantly reduced from a high value of 7,50,000 cfu/100 mL to low value of 6 

cfu/100 mL at chlorine to ammonia ratio of 1.6 to 1.0. These results also suggest 

significant disinfection capability of chloramines, particularly mono-chloramine.         

 



 

54 
 

 

Figure 4.7: BPC curve for water sample with initial ammonia concentration of 1.0 

mg/L, experimental data points are marked A – F 

 

Table 4.9: Cl2:NH3 ratio, concentrations of chlorine/chloramine species and residual 

FC corresponding to experimental data points identified in Fig. 4.7 

 

 

 

 

 

 

Point 

on 

Graph 

 

Weight 

Ratio 

Cl2:NH

3 

 

Molar 

ratio 

Cl2:NH3 

 

Total 

Cl2 

(mg/L) 

 

Free Cl2 

(mg/L) 

 

NH2Cl 

(mg/L) 

 

NHCl2 

(mg/L) 

 

FC 

(cfu/100 

mL) 

A 2.5:1 0.60:1 1.7 0.2 1.3 0.1 100  

B 5.0:1 1.20:1 2.6 0.3 2.0 0.1 30  

C 6.25:1 1.50:1 3.8 0.4 3.0 0.2 22 

D 6.75:1 1.60:1 4.9 0.8 3.1 0.8 4 

E 8.0:1 1.92:1 0.6 0.3 0.1 0.1 300 

F 10.0:1 2.40:1 2.3 1.8 0 0.2 0 

Blank - - - - - - 7,50,000 
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Figure 4.8: Concentration of chlorine and chloramines at various Cl2:NH3 ratios for 

initial ammonia 1.0 mg/L 

Figure 4.9-4.10 and Table 4.10 show results of another set of experiment, where 

chlorination was carried out to disinfect raw water containing initial ammonia 

concentration of 2.0 mg/L and initial FC of 6,50,000 cfu/100 mL. In this set of 

experiment, highest chloramines (including mono-chloramine) concentration was 

reached at chlorine to ammonia molar ratio of 1.6:1.0; mono-chloramine and di-

chloramine concentrations at this ratio were 3.2 mg/L and 1.5 mg/L, respectively; the 

corresponding free chlorine concentration was 1.0 mg/L. High concentrations of both 

chloramines and free chlorine was also found at chlorine to ammonia molar ratio of 

1.5:1.0. As shown in Table 4.10, complete disinfection (i.e., zero residual FC) was 

achieved at these chlorines to ammonia ratios (i.e., 1.5:1.0 to 1.6:1.0). It appears that 

relatively high concentrations of both chloramines (exceeding 4 mg/L) and free 

chlorine contributed to the disinfection.     
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Figure 4.9: BPC curve for water sample with initial ammonia concentration of 2.0 

mg/L, experimental data points are marked A – F 

 

Table 4.10: Cl2:NH3 ratio, concentrations of chlorine/chloramine species and residual 

FC corresponding to experimental data points identified in Fig. 4.9 

 

Point 

on 

Graph 

Weight 

Ratio 

Cl2:NH3 

Molar 

ratio 

Cl2:NH3 

Total Cl2 

(mg/L) 

Free Cl2 

(mg/L) 

NH2Cl 

(mg/L) 

NHCl2 

(mg/L) 

FC 

(cfu/100 

mL) 

A 2.5:1 0.60:1 2.7 0.2 2.0 0.3 4 

B 5.0:1 1.20:1 4.9 0.2 3.6 0.8 2 

C 6.25:1 1.50:1 6.8 1.5 3.4 1.2 0 

D 6.75:1 1.60:1 5.5 1.0 3.2 1.5 0 

E 8.0:1 1.92:1 2.3 0.6 0.1 1.8 48 

F 10.0:1 2.40:1 3.9 3.5 0 0.4 0 

Blank - - - - - - 6,50,000 
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Figure 4.10: Concentration of chlorine and chloramine species at various Cl2:NH3 

ratios for initial ammonia 2.0 mg/L 

 

Figure 4.11-4.12 and Table 4.11 show results of another set of experiment, where 

chlorination was carried out to disinfect raw water containing initial ammonia 

concentration of 3.0 mg/L and initial (very high) FC of 4,40,000 cfu/100 mL. In this 

set of experiment, highest chloramines (including mono-chloramine) concentration 

was reached at chlorine to ammonia molar ratio of 1.5:1.0; mono-chloramine and di-

chloramine concentrations at this ratio were 5.8 mg/L and 1.5 mg/L, respectively; the 

corresponding free chlorine concentration was 1.1 mg/L. These chloramine 

concentrations are much higher than the WHO guideline value for mono-chloramine 

(3.0 mg/L) and USEPA guideline value for total chloramines (4.0 mg/L) in potable 

water. As shown in Table 4.11, complete disinfection (i.e., zero residual FC) was 

achieved at this chlorine to ammonia ratios (i.e., 1.5:1.0) even in the presence of high 

initial FC concentration, indicating significant disinfection capabilities of 

chloramines.      

 

 

 



 

58 
 

 

Figure 4.11: BPC curve for water sample with initial ammonia concentration of 3.0 

mg/L, experimental data points are marked A – F 

 

 Table 4:11 Cl2:NH3 ratio, concentrations of chlorine/chloramine species and residual 

FC corresponding to experimental data points identified in Fig. 4.11 

 

Point 

on 

Graph 

Weight 

Ratio 

Cl2:NH

3 

Molar 

ratio 

Cl2:NH

3 

Total 

Cl2 

(mg/L) 

Free Cl2 

(mg/L) 

NH2Cl 

(mg/L) 

NHCl2 

(mg/L) 

FC 

(cfu/100 

mL) 

A 2.5:1 0.60:1 5.0 0.8 3.3 0.7 4  

B 5:1 1.20:1 7.8 1.0 5.4 1.1 2 

C 6.25:1 1.50:1 8.5 1.1 5.8 1.5 0 

D 6.75:1 1.60:1 6.6 3.5 1.8 1.2 4 

E 8:1 1.92:1 0.8 0.7 0 0.1 380 

F 10:1 2.40:1 6.7 6.5 0 0.2 0 

Blank - - - - - - 4,40,000 
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Figure 4.12: Concentration of chlorine and chloramine species at various Cl2:NH3 

ratios for initial ammonia 3.0 mg/L 

Figure 4.13-4.14 and Table 4.12 show results of another set of experiment, where 

chlorination was carried out to disinfect raw water containing initial ammonia 

concentration of 5.0 mg/L and initial (very high) FC of 8,40,000 cfu/100 mL. In this 

set of experiment, highest chloramines (including mono-chloramine) concentrations 

were reached at chlorine to ammonia molar ratios of 1.2:1.0 and 1.5:1.0 (Table 4.12); 

mono-chloramine concentrations at these molar ratios were 12.0 mg/L and 12.3 mg/L, 

respectively; while di-chloramine concentrations at these molar ratios were 3.5 mg/L 

and 0.8 mg/l, respectively. Corresponding free chlorine concentrations were 2.0 mg/L 

and 1.8 mg/L, respectively. As noted earlier, these chloramine concentrations are 

much higher than the WHO guideline value for mono-chloramine (3.0 mg/L) and 

USEPA guideline value for total chloramines (4.0 mg/L) in potable water. Table 4.12 

shows that complete disinfection (i.e., zero residual FC) was achieved at both these 

molar ratios even when the initial FC concentration was very high.   
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Figure 4.13: BPC curve for water sample with initial ammonia concentration of 5.0 

mg/L, experimental data points are marked A – F 

 

Table 4.12: Cl2:NH3 ratio, concentrations of chlorine/chloramine species and residual 

FC corresponding to experimental data points identified in Fig. 4.13 

 

Point 

on 

Graph 

Weight 

ratio 

Cl2:NH3 

Molar 

ratio 

Cl2:NH3 

Total Cl2 

(mg/L) 

Free Cl2 

(mg/L) 

 

NH2Cl                            

(mg/L) 

 

NHCl2 

(mg/L) 

FC 

(cfu/100 

mL) 

A 2.50:1 0.60:1 8.0 1.5 8.0 0.6 1000 

B 5.00:1 1.20:1 20.8 2.0 12.0 3.5 0 

C 5.50:1 1.32:1 12.9 1.8 12.3 0.8 0 

D 6.25:1 1.50:1 10.9 0.5 6.5 4.5 1100 

E 6.75:1 1.62:1 5.3 0.7 4.1 1.9 2000 

F 8.00:1 1.92:1 7.2 7.7 0.0 0.6 100 

Blank - - - - - - 8,40,000 
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Figure 4.14: Concentration of chlorine and chloramine species at various 

Cl2:NH3 ratios for initial ammonia 5.0 mg/L 

Results of seven sets of batch experiments have been presented above. In these 

experiments Cl2 to NH3 molar ratios were varied from 0.60:1.00 to 2.40:1.00 (weight 

ratios 2.50:1 to 10.0:1), for initial ammonia concentrations varying from 0.25 to 5.0 

mg/L.   

 

In these experiments, as expected, “break point” was reached at a Cl2 to NH3 molar 

ratio of 1.62:1.0 to 1.92:1.0 (weight ratio 6.75:1.0-8.0:1.0). Before the break point is 

reached (i.e., during “chloramination” phase), chloramines species are dominant 

forms of chlorine species in water; among the chloramines, mono-chloramine 

(NH2Cl) is the most dominant species (Lim et al., 2008). The concentration of 

chloramines increases as initial ammonia concentration increases. For example, at an 

initial ammonia concentration of 0.5 mg/L, mono-chloramine concentration reached a 

peak value of 1.1 mg/L at chlorine to ammonia molar ratio of 1.50:1; when initial 

ammonia concentration was 5.0 mg/L, mono-chloramine concentration at the same 

chlorine to ammonia ratio was 12.3 mg/L. For a particular chlorine to ammonia ratio, 

Di-chloramine concentration also increased with increasing initial ammonia 

concentration; but its concentration was in general much lower than mono-chloramine 

concentration. Tri-chloramine concentration was negligible in most cases. 
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The experimental results also show that even before break point, appreciable amount 

of free chlorine remains in solution. For a particular initial ammonia concentration, 

the residual free chlorine appears to increase with increasing chlorine dose.  

 

The experimental results suggest that during “chloramination” phase (i.e., before 

reaching break point), chloramines (particularly mono-chloramine, which is the 

dominant among chloramine species) play a major role in disinfection. In almost all 

cases, good disinfection (i.e., zero residual FC, or very low residual FC) was achieved 

when mono-chloramine concentration reached its peak. However, the free chlorine 

present in water samples prior to reaching break point should also be effective in 

disinfection. Thus, it appears that both mono-chloramine and free chlorine contribute 

to disinfection prior to reaching the “break point”.  

 

For a fixed chlorine to ammonia ratio, peak mono-chloramine concentration increases 

as initial ammonia concentration increases. On the other hand, for a fixed initial 

ammonia concentration, peak mono-chloramine concentration is reached at chlorine 

to ammonia ratio of about 1.20:1.0 to 1.50:1. Therefore, for a known initial ammonia 

concentration, the optimum disinfection should be achieved at chlorine to ammonia 

molar ratio of around 1.20:1.0 to 1.5:1.0. But for higher initial ammonia concentration 

(≥ 5 mg/L), chloramination at such chlorine to ammonia ration would produce very 

high concentrations of chloramines, exceeding the WHO guideline and USEPA 

guideline values (as discussed later). For such high initial ammonia concentration, a 

lower chlorine to ammonia ratio may be considered for chloramination.   

 

It should be noted that, as discussed in Section 4.2, complete disinfection (i.e., zero 

residual FC) is likely to be achieved when initial FC concentration is not exceedingly 

high. Therefore, if ammonia concentration is relatively low (below 0.5 mg/L), it is 

better to go for “break point” chlorination, rather than chloramination.   

 

As noted earlier, chlorine to ammonia molar ratio of about 1.20:1.0 to 1.5:1.0 would 

result in maximum mono-chloramine concentration in treated water. However, WHO 

has guideline value for mono-chloramine and USEPA has guideline value for total 

chloramine for drinking water; this value should not be exceeded during disinfection. 

Therefore, additional experiments were carried out to determine chloramines 
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concentration as a function of initial ammonia concentration for two different 

chlorines to ammonia ratios. Concentration of free residual chlorine was also 

determined at different chlorine to ammonia ratio as a function of initial ammonia 

concentration. The results of these experiments are presented below.   

 

4.4 CHLORAMINES AND FREE CHLORINE AS A FUNCTION OF 

AMMONIA CONCENTRATION IN WATER 

As noted earlier, during chloramination at a fixed chlorine to ammonia ratio, 

concentration of both total chloramines and mono-chloramines increase as initial 

ammonia concentration in water increases. WHO has set guideline value for mono-

chloramine (3.0 mg/L) and USEPA has set guideline value for total chloramines (4 

mg/L) for drinking water. Experiments were therefore conducted to determine 

chloramines concentration during chloramination for two fixed chlorine to ammonia 

ratios (molar ratio 0.6:1.0 and 1.2:1.0) as a function of initial ammonia concentration. 

Ammonia concentration in these experiments was varied from zero to 5.0 mg/L.    

 

Table 4.13 and Figures 4.15-16 show chloramines concentrations for two “chlorine to 

ammonia” ratios as a function of ammonia concentration. At a low ammonia 

concentration 0.25 mg/L, at both Cl2:NH3 ratios, mono-chloramine concentrations are 

quite low, 0.06 mg/L and 0.2 mg/L respectively at chlorine to ammonia molar ratios 

of 0.6:1 and 1.2:1; At these concentrations, the corresponding total chloramines 

concentration are 0.11 mg/L and 0.4 mg/L, respectively. As initial ammonia 

concentration increases, concentration of mono-chloramine also increases. At 

ammonia concentration of 5.0 mg/L, concentration of mono-chloramines reached 8.0 

mg/L and 12.0 mg/L, respectively at chlorine to ammonia ratio of 0.6:1.0 and 1.2:1.0 

(weight ratios 2.5:1.0 and 5.0:1.0).  

 

From Table 4.13 and Figures 4.15-4.16, it is easy to identify residual chloramines 

levels that are expected during chloramination of water containing different 

concentrations of ammonia. For example, if initial ammonia concentration is 2.0 

mg/L, chloramination could be carried out at a chlorine to ammonia molar ration of 

1.2:1.0, without significantly exceeding the WHO guideline for mono-chloramine and 

USEPA guideline for total chloramines. However, for ammonia concentration of 3 
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mg/L, the chlorine to ammonia ratio may have to be brought down in order to limit 

chloramines concentration close to WHO and USEPA guideline values.   

Table 4.13: Concentrations of chloramines at Cl2:NH3 molar ratios of 0.60:1.0 and 

0.12:1.0 for different initial ammonia concentration in water 

Ammonia  

(mg/L)  

Cl2:NH3 Molar Ratio 0.6:1.0 Cl2:NH3 Molar Ratio 1.2:1.0 

Mono-

chloramine 

(mg/L) 

Total 

Chloramines 

(mg/L) 

Mono-

chloramine 

(mg/L) 

Total 

Chloramines 

(mg/L) 

0.25 0.06 0.11 0.2 0.4 

0.50 0.5 0.7 0.9 1.2 

0.75 1.2 1.5 1.6 2.0 

1.0 1.3 1.4 2.0 2.1 

2.0 2.0 2.3 3.6 4.4 

3.0 3.3 4.0 5.4 6.5 

5.0 8.0 8.6 12.0 15.5 

WHO Guideline value for drinking water: Mono-chloramine: 3 mg/L; USEPA Guideline       

value for drinking water: Total Chloramines: 4 mg/L 
 

 
 

Figure 4.15: Concentration of mono-chloramine at two Cl2:NH3 molar ratios (i.e. 

0.6:1 and 1.2:1) as a function of ammonia concentration  
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Figure 4.16: Concentration of total chloramines at two Cl2:NH3 molar ratios (i.e. 

0.6:1 and 1.2:1) as a function of ammonia concentration  

 

 

As discussed earlier, some free chlorine was found to remain in solution during 

chloramination. This free chlorine would also contribute to disinfection of water. 

Table 4.14 and Figure 4.17 show concentration of free chlorine as a function of 

initial ammonia concentration for different chlorine to ammonia molar ratios.  

 

 

Table 4.14: Concentration of free chlorine at different Cl2:NH3 molar ratios, as a 

function of ammonia concentration in water 

Ammonia  

(mg/L) 

Free Chlorine Concentration (mg/L) 

Cl2:NH3 

0.6:1.0 

Cl2:NH3 

1.2:1.0 

Cl2:NH3 

1.5:1.0 

Cl2:NH3 

1.6:1.0 

Cl2:NH3 

1.92:1.0 

0.25 0.05 0.4 0.3 1.2 1.4 

0.50 0 0.05 0.2 0.2 0.2 

0.75 0.2 0.4 0.3 0.2 0.9 

1.00 0.2 0.3 0.4 0.8 0.3 

2.00 0.2 0.2 1.5 1.0 0.6 

3.00 0.8 1.0 1.1 3.5 0.7 

5.00 1.5 2.0 1.8 0.5 0.7 
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Figure 4.17: Concentration of free chlorine at different Cl2:NH3 ratios (i.e. 2.5:1 

to 10.0:1) at various ammonia concentration 

 

4.5 RESIDUAL CHLORINE IN DWASA WATER SUPPLY 

 

In Dhaka, DWASA is responsible for water supply. Surface water accounts for about 

22 % of total DWASA water supply, almost all of it comes from the Saidabad Water 

Treatment Plant (SWTP, Phase-1 and Phase-2 plants). Groundwater accounts for the 

about 78% of the water supply. The SWTP draws raw water from the Sitalakhya 

River. The water quality of Sitalakhya river deteriorates during the dry season; at the 

time the river water contains high concentration of organic matter and ammonia. Total 

Ammonia concentration often exceeds 20 mg/L. This gives rise to a lot of problem, 

including problem with disinfection. In order to address this issue, the SWTP installed 

a nitrification pre-treatment plant (during construction of Phase 2 of plant) that 

converts ammonia to nitrate. The nitrification plant is designed to reduce ammonia 

concentration from a maximum of 15 mg/L to 4 mg/L at a flow rate of 450 MLD. 

When ammonia concentration exceeds 15 mg/L, the flow is adjusted (i.e., reduced) to 

achieve the desired ammonia concentration after pre-treatment. Subsequently, after 

conventional treatment (pre-chlorination, alum coagulation, settling, filtration), the 

water is subjected to chlorination. Therefore, treated water coming from SWTP is 

likely to contain chloramines during the dry season. On the other hand, groundwater 

usually does not contain ammonia, and is not likely to contain chloramines upon 

chlorination.  
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In order to assess nature of residual chlorine in DWASA water supply, 6 water 

samples were collected during the dry season (March-April, 2017). Two water 

samples were collected from Saidabad Water Treatment Plant (SWTP), one sample 

each was collected from Fulbaria, Motijheel, Tikatuli, Swamibag areas. Among these, 

Fulbaria, Motijheel and Tikatuli areas were expected to get water mainly from SWTP.  

 

Table 4.14 shows ammonia, nitrate and residual chlorine concentrations in the water 

samples. As expected the two water samples from SWTP contained relatively high 

concentrations of ammonia (4.04 mg/L and 4.80 mg/L), as well as high concentrations 

of chloramines (mono-chloramines 3.2 mg/L, di-chloramine 0.4 mg/L). As found in 

the batch sorption experiments carried out in this study, some free chlorine (0.5 mg/L 

and 0.4 mg/L) were also detected in these two water samples. Relatively high 

concentrations of nitrate in these two water samples are most likely due to 

nitrification of ammonia in the pre-treatment unit of the SWTP. 

 

Water samples collected from Fulbaria, Motijheel, and Tikatuli also contained 

relatively high concentrations of chloramines; mono-chloramine varying from 1.1 

mg/L to 2.6 mg/L, and di-chloramine varying from 0.10 mg/L to 0.60 mg/L. Free 

chlorine concentrations in these water samples varied from 0.05 mg/L to 0.6 mg/L. 

These results confirm that both chloramines and free chlorine exist in water during 

chloramination, and both contribute to disinfection.    

 

The water sample collected from Swamibag did not contain measurable ammonia, and 

residual chlorine concentration was also negligible; this indicates that this water most 

likely came from groundwater source. 

 

For fixing chlorine dose for disinfection of water containing ammonia, the maximum 

chlorine to ammonia ratio that could be applied without exceeding WHO/USEPA 

guideline/standard values needs to be determined (using Fig. 4.16). 
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Table 4.15: Residual chlorine concentrations in DWASA water supply 

Sl. 

No. 

Sampling Location and 

Sampling Date 

pH Total 

Ammonia 

(mg/L NH3-N) 

Total 

Residual 

Cl2 

(mg/L) 

Free Cl2 

(mg/L) 

NH2Cl 

(mg/L) 

NHCl2 

(mg/L) 

NO3-N 

(mg/L) 

Odor 

1 SWTP Phase 1, Dhaka 

01/04/2017 

7.46 4.80 4.15 0.5 3.2 0.40 5.4 Strong smell 

2 SWTP Phase 2, Dhaka 

01/04/2017 

7.28 4.04 3.65 0.4 2.8 0.50 5.7 Strong smell 

3 Banga Islamima Market, 9/5, 

Secretary Road, Fulbaria, Dhaka 

28/03/2017 

7.47 2.93 1.28 0.05 1.1 0.10 5.4 Moderate smell 

4 Pacific Restaurent, 9/C, 

Motijheel, Dhaka; 31/03/2017 

7.52 4.03 1.6 0.2 1.3 0.05 6.7 Moderate smell 

5 28/7, K. M. Das Lane, Tikatuli, 

Dhaka-1203; 01/04/2017 

7.38 4.15 3.75 0.5 2.6 0.60 5.6 Strong smell 

6 ISKON Temple,79/1, 

Swamibag, Dhaka- 1100; 

07/04/2017 

7.18 < 0.2 < 0.2 0.05 0.08 0.08 3.1 No/low smell 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

  

5.1  GENERAL  

The overall objective of this research was to assess the effectiveness of chlorination of 

potable water in the presence of ammonia. An important objective was to determine 

the dominant chloramines species and their disinfection capability at different 

chlorine to ammonia ratios, and to come up with suitable chlorine dose for effective 

disinfection for different levels of ammonia concentration in water.  

 

The major findings of this study are presented in this Chapter. This chapter also 

provides recommendations that would be helpful for future research to be conducted 

in this field.  

 

5.2  CONCLUSIONS  

The major conclusions from the present study are as follows: 

 

(1) Chloramination at low chlorine to ammonia molar ratios (less than 0.6:1.0) is 

effective for disinfection for water containing lower level of contamination (3,000 

cfu/100 mL), even when initial ammonia concentration is relatively low (0.5 

mg/L). Chloramination may not be effective for achieving complete disinfection 

(i.e., zero residual FC) for water with higher level of contamination.    

 

(2) During “chloramination”, mono-chloramine (NH2Cl) is the most dominant species 

followed by dichloramine (NHCl2). The concentration of chloramines increases as 

initial ammonia concentration increases. Mono-chloramine concentration reaches 

its peak at chlorine to ammonia weight ratios 5.0:1.0 to 6.25:1.0. A noticeable 

amount of free chlorine exists in water, and its concentration increases with 

increasing chlorine dose before breakpoint is reached. 

 

(3) During chloramination”, some free chlorine also exists in water, and both 

chloramines (particularly mono-chloramine) and this free chlorine act as 

disinfectant.  
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(4) It is better to go for “break point” chlorination, rather than chloramination for 

ammonia concentration is relatively low (below 0.5 mg/L).  

(5) Peak mono-chloramine concentration is reached at chlorine to ammonia molar 

ratio of about 1.20:1.0 to 1.50:1, and optimum disinfection should be achieved at 

this chlorine to ammonia ratio. But for higher initial ammonia concentration (≥ 5 

mg/L), chloramination at such chlorine to ammonia ratio would produce very high 

concentrations of chloramines, exceeding the WHO/USEPA guideline values. For 

such high initial ammonia concentration, lower chlorine to ammonia ratio should 

be considered for chloramination.   

(6) For fixing chlorine dose for disinfection of water containing high concentration of 

ammonia, the maximum chlorine to ammonia ratio that could be applied without 

exceeding WHO/USEPA guideline values needs to be determined. For example, 

for an initial ammonia concentration of 3.0 mg/L or less, both mono-chloramine 

and total chloramines concentration should lie within the guideline values for Cl2: 

NH3 weight ratio up to about 2.5:1.0.  

 

5.3  RECOMMENDATIONS  

 

The following recommendations are suggested for the future study: 

 

 Raw water used in this study was prepared using groundwater which does not 

contain appreciable concentration of organic matter, ammonia and FC. On the 

other hand, surface water often contains organic matter and other constituents 

that could react with chlorine. Therefore, study should be carried out to assess 

the formation of chloramines species and their disinfection efficiency when 

“chloramination” is carried out for natural surface water.   

 

 Effect of pH on chloramines formation and disinfection was not evaluated in 

this study; studies should be carried out to assess effect of pH.      

 

 In this study, chlorination experiments were carried out with the initial 

ammonia concentration varying from 0.25 to 5.0 mg/L. Since ammonia 

concentration in polluted surface water could be much higher (exceeding 20 
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mg/L), study should be carried out for water with higher initial ammonia 

concentration.   

 

 In this particular study, residual chloramines concentrations were determined 

as a function of initial ammonia concentration for two “chlorine to ammonia” 

ratios (weight ratios 2.5:1.0 and 5.0:1.0). This should be determined for a 

range of chlorine to ammonia ratios.  

 

 Di-and tri-chloramines give rise to unpleasant odor. Odor problems regarding 

these chloramines in treated water needs to be investigated.  

 

  Reaction time of chlorine and ammonia was maintained at 30 minutes 

throughout all the experiments conducted. Concentration and dissociation of 

different chloramines species is also a function of reaction time. Effect of 

reaction time on chlorine species and disinfection should be evaluated. 

 

 Ammonia may lessen the formation of Trihalomethanes (THMs) by reacting 

with free chlorine because free chlorine reacts with ammonia and produces 

mono-, di- and tri-chloramines, depending on chlorine to ammonia ratio and 

pH and mono-chloramine offers several advantages over chlorine. Experiment 

should be carried out to determine the effect of chloramines for the formation 

of THMs. 
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