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ABSTRACT 

The rise in the number of industries in Bangladesh, including textile-dyeing operations, has 

seriously increased water pollution in the country. The effluent treatment plants (ETPs) are based 

on a combination of two or more treatment methods: physical, chemical and biological.The aim 

of this study is to assess the treatment efficiency of textile waste by chlorination and evaluation 

of possible THM formation. The influent and effluent characteristics and efficiency of ten 

chlorine based treatment plants were investigated in this study. The concentrations of untreated 

effluent was found ranged between BOD5:96 -242mg/l, COD: 225-800mg/l, TDS: 228-2040mg/l, 

TSS: 15-110mg/l, Color 382- 205 (Pt-Co unit). All the treated effluents do not meet the 

standards set as per Schedule 12-B of the Environmental Conservation Rules -1997 (ECR-1997, 

Bangladesh).  Chlorine oxidation of untreated sample of textile waste water by commercially 

available bleaching powder solution as the source of chlorine was done in the laboratory. The 

effect of chlorine dose was observed. It is found that 1 to 1.5 kg chlorine is required for 1 kg 

BOD removal. The effect of contact time was also assessed and it is evident that 20 min contact 

time is enough for chlorination process.  

 

The concentrations of Trihalomethane (THM) in the treated effluent were assessed since these 

disinfection byproducts are suspected to cause cancer, liver and kidney damage in human fetus. 

The concentration of THM was measured and the presence of THMs was confirmed in this 

study. However, the concentration of THMs in treated water sample was found below the WHO 

concentration where the effluents contain a lower value of DOC. The effect of pH and dissolved 

organic carbon (DOC) and chlorine dose on the concentration of THMs was assessed. It is 

assessed that trihalomethanes formation increase significantly with increasing pH but it is 

independent of THM when the concentration of THM is 150ppb and above. The pH value is 8.5 

at 150 ppb concentration of THM. Finally curves have been generated in Matlab software to find 

out the concentration of THM for different chlorine dose, pH and DOC values. The 

concentrations of THM in the outlet stream of different ETPs can be found out using these 

curves. The results are very close to the practical measured values. 
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Chapter 1 

INTRODUCTION 

1.1 Introduction 

The textile and apparel industry in Bangladesh occupies a prominent position within the 

country’s industrial structure. It is the largest manufacturing sector, providing jobs for 

some 50% of the total industrial workforce and contributing 9.5% of the country’s GDP 

(Sultana al., 2013). The ready-made garment (RMG) sector has become one of the largest 

manufacturing sectors in Bangladesh with over 4500 registered apparel manufacturing 

units. RMG sector accounts 80 per cent of Bangladesh’s total export, which was 

approximately USD $15.6 Billion in 2010 (Khan et al., 2011). 

 

Textile effluent is often a major source of environmental pollution, especially water 

pollution. Among the various stages of textile manufacturing most pollution is generated 

in the fabric coloring stage (dyeing and bleaching). The textile dyeing wastes contain 

unused or partially used organic compounds, strong color, high chemical oxygen demand 

(COD) and biochemical oxygen demand (BOD) (Khan et al, 2011). Under the 

Bangladesh Environment Conservation Act (ECA 1995) and Environmental 

Conservation Rules (ECR 1997) textile dyeing industries are categorized as ‘Red 

industries’, and must treat and monitor the wastewater quality conforming to national 

discharge quality standards. 

 

When the textile processing sector as a backward linkage to RMG and Knitwear sectors 

had begun in the mid-eighties of the 20th century, Bangladesh did not have any rules and 

guidelines for effluent discharge for any industry (Quader, 2010).The sector belongs to 

the private sector. After the enactment of the Environmental Conservation Act-1995 

(ECA-1995) the Department of Environment (DOE), Bangladesh came into being in its 

present form. And the Environmental Conservation Rules-1997 (ECR-1997) came out on 
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August 28, 1997. The ECR-1997 classifies the industry sector into four categories, 

namely, Green, Orange-A, Orange-B and Red as well as sets effluent discharge standards. 

Schedule 12-B of ECR-1997 provides the standards for Textile effluents.  After ECA-

1995 and ECR-1997, the sector has slowly been responding to the requirements of 

building and operating ETPs. These ETPs are based on a combination of two or more 

treatment methods: physical, chemical and biological. These ETPs have been built on 

turn-key basis with either Indian or Chinese technical support and plant equipment with 

little or no technology and know-how transfer. It is estimated that more than one hundred 

crore taka is spent annually for these chemicals, which are mostly imported from China 

and India. The owners of this industry sector have found dubious alternative for not 

operating the ETPs resulting in unabated pollution of surface water (Quader, 2010).  

It is expected that, by developing a comparatively cost effective treatment method it is 

possible to encourage the industry owners to treat the effluent of their industries and thus 

help improving the quality of water bodies in Bangladesh. 

 

1.2 Background of the Study 

Chlorine is a well-known oxidant and has long been used to purify water, destroy 

organisms in wastewater and swimming pools and oxidize chemicals in wastewater. The 

destruction of cyanide and phenols by chlorine oxidation is well-known in waste-

treatment technology. Chlorination of wastewater for BOD reduction was practiced as 

long ago as 1859 in England (Metcalf and Eddy, 1979).  

 

Historically chlorine was effectively employed for industrial wastewater for almost one 

hundred years ago. Because of high cost of chlorine, the industry then looked for 

alternative chemicals and treatment system which has led to chemico-physico treatment 

process requiring more equipment and increased investment (Rao and Datta,1987). In 

spite of the use of chlorine as disinfecting chemical today, renewed interests have been 

shown in using chlorine for treating textile-dyeing finishing waste water through in-situ 
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generation of chlorine by electrolysis of a chlorine bearing salt in the wastewater. Major 

achievements reported are: color destruction and significant reduction of COD and BOD 

(Quader, 2010).  

 

The chlorination leads to the formation of disinfection by products. Trihalomethanes 

(THMs) are the major category of disinfection by-products in chlorinated water suspected 

to cause cancer, liver and kidney damage, related fetus growth (WHO, 2005). The 

organics present in the water or waste water can react with dissolved chlorine forming 

chloro-organo compounds. The reaction depends on the type of organics (alkanes, 

alkenes etc), pH and availability of chlorine. Any process that uses chlorine gas directly 

or chlorine liberating chemicals or where chlorine is produced in the process, formation 

of chloro-organo compounds is a real possibility if alkanes, alkenes etc are available 

(White, 1999). Any water or waste water that contains Fulvic or Humic acids can produce 

THMs when these acids react with chlorine if available. The origin of textile waste water 

being different from the sewage it is unlikely for these waters to contain Humic and 

fulvic acids; so the possibility of THM formation is remote (Mac Crehan et al., 2005).  

 

Where chlorine is cheap or available as an otherwise unusable product, its use in the 

treatment of wastewater can be a desirable option. If the chlorination of textile 

wastewater achieves all the objectives of its treatment such as color removal and 

reduction of TDS, BOD and COD; and the treated effluents meet the standards set as per 

Schedule 12-B of the Environmental Conservation Rules -1997 (ECR-1997, Bangladesh), 

the treatment of textile wastewater with chlorine gas would be a practical technological 

option for Bangladesh. The ETP operation would be widely practiced for its low 

operating costs because of low price of chlorine produced by local chlor–alkali plants in 

the country.  
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1.3 Objective of the study 

This research work is aimed at achieving knowledge on various issues related to 

chlorination of textile liquid waste. The overall objective of the present study is to assess 

the treatment of textile waste by chlorination and evaluation of possible THM formation. 

Specific objectives of this study include: 

 

a) Observing the capability of chlorine gas to treat textile dyeing effluent by 

analyzing the parameters such as pH, TSS (suspended solids), TDS, BOD5, COD, 

free chlorine and color of both treated and untreated effluent from the textile 

industries. 

 

b) Chlorination of untreated sample of textile liquid waste in the laboratory to assess 

the treatment efficiency using bleaching powder as source of chlorine with the 

variation of chlorine dose, contact time, and pH. 

 

c) To evaluate the possible THM formation in treated effluent using THM Plus 

method (Method 10132) and to assess the effect of dissolved organic carbon 

(DOC), pH, and chlorine dose on THM formation. 

 

The study would help to assess whether the existing pollution level of the water bodies 

from the textile waste water will be significantly reduced the pollution level if this simple 

technology is adopted. The possible outcomes of the proposed study include: 

(i) Better understanding of the operation of chlorine based ETPs and chlorination 

process. 

(ii)  and evaluation of possible trihalomethane (THM) formation in the treated effluent. 
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1.4 Methodology of the work 

The present study on textile waste chlorination comprises of following experimental 

stages: 

a) Collection of samples (both treated and untreated) from the textile industries those are 

currently using chlorination process for effluent treatment and detail analysis in the 

laboratory of those samples to investigate the treatment efficiency. 

 

b) Chlorination of untreated sample in laboratory using bleaching powder as the source of 

chlorine and assessing the efficiency of  chlorine(in bleaching powder) in treating the 

textile liquid waste  with by varying the chlorine dosing and contact time. 

 

c) Evaluation of trihalomethane (THM) formation in treated effluent. To determine the 

THM in the treated effluent THM Plus method (Method 10132) was used. The effect of 

pH, chlorine dose and dissolved organic carbon(DOC) on THM formation was assessed 

using the correlation developed by Rodrigue (2000). 

 

1.5 Organization of the study 

Apart from this chapter, the remainder of the thesis has been divided into four chapters. 

Chapter two contains a concise and selective review of the relevant literature which 

provides process flow of the textile industries, effluent discharge quality standard and 

unit processes in effluent treatment various issues related to textile waste chlorination. It 

also includes suitability of chlorination process in Bangladesh. Chapter Three presents 

the methodologies of laboratory experiments designed in the research. Methodology of 

the experiments for treatment of textile liquid waste by chlorination and removal of BOD, 

COD, TDS, TSS, color etc. and possible formation of trihalomethane (THM) are also 

discussed in this chapter. Chapter Four presents results and discussions and chapter five 

provides the conclusions and recommendations for future work. 
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Chapter 2 

LITERATURE REVIEW 

2.1 Introduction 

Textile industries produce wastewater, otherwise known as effluent, as a by-product of 

their production. Effluent from the textile industry is often a major source of 

environmental pollution, especially water pollution. Among the various stages of textile 

production, the operations in the dyeing plant, which include pre-treatments, dyeing and 

finishing, unused or partially used organic compounds and have a high biochemical 

oxygen demand (BOD) and chemical oxygen demand (COD). They are often of strong 

color and may also be of high temperature. When disposed into water bodies or onto land 

these effluents can result in the deterioration of ecology and damage to the aquatic life. 

(Sultana et al., 2013) 

 

The rise in the number of industries in Bangladesh, including textile-dyeing operations, 

has seriously increased water pollution in the country. National laws have been enacted to 

protect the environment from this pollution. In Bangladesh textile dyeing is categorized 

as a Red Category Industry under the Environmental Conservation Act (1995). In 

accordance with the Environmental Conservation Act (1995) and Environmental 

Conservation Rules (1997) it is mandatory for textile dyeing factories to install effluent 

treatment plants (ETPs) to treat the wastewater before it is discharged by the factory. 

International pressure for effluent to be treated is also increasing and many international 

buyers are now showing increasing concern over whether or not textiles are produced in 

an environmentally friendly way. This trend means that in the future it is likely that 

installation and operation of an ETP will be essential if Bangladehshi textile producers 

are to maintain their market share (BCAS, 2006). 

 

Many industries are now making progress in establishing and operating their own ETPs 

to comply with national and international requirements, and also because of increased 

personal awareness of the negative impacts of industrial effluent. These ETPs are based 

on a combination of two or more treatment methods: physical, chemical and biological.  

The ETPs have been built on turnkey basis requiring investments ranging from several 
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million to several cores taka, most of it being foreign currency. More than one hundred 

crore taka is spent for imported chemicals used in their operation. The owners of this 

sector have found dubious alternative for not operating the ETPs resulting in unabated 

pollution of surface water (Quader, 2010).   

 

As the chlorination of textile wastewater achieves all the objectives of its treatment such 

as color removal and reduction of TDS, BOD and COD; and the treated effluents meet 

the standards set as per Schedule 12-B of the Environmental Conservation Rules -1997 

(ECR-1997, Bangladesh), the treatment of textile wastewater with chlorine gas is a 

practical technological option for Bangladesh. Historically chlorine was effectively 

employed for industrial wastewater for almost one hundred years ago. Because of high 

cost of chlorine, the industry then looked for alternative chemicals and treatment system, 

which has led to chemico-physico treatment process requiring more equipment, and 

increased investment (Ramalho, 1977). Where chlorine is cheap or available as an 

otherwise unusable product, its use in the treatment of wastewater can be a desirable 

option. If this process, which is simple if adopted by the textile sector, the ETP operation 

would be widely practised for its low operating costs because of low price of chlorine 

produced by local chlor–alkali plants in the country. Satisfactory operation of the ETPs 

treating textile wastewater with chlorine at low costs has made this process affordable 

and attractive to the textile sector (Quader, 2010). Some of the perceived limitations of 

chlorination out weighs the greater benefits of textile wastewater treatment with chlorine 

gas leading to cleaner water bodies which receive these effluents otherwise. 

 

2.2 Textile Industries 

Textile industry is a very diverse sector in terms of raw materials, processes, products and 

equipment and has very complicated industrial chain. The textile finishing covers the 

bleaching, dyeing, printing and stiffening of textile products in the various processing 

stages (fibre, yarn, fabric, knits, finished items). The purpose of finishing is in every 

instance the improvement of the serviceability and adaptation of the products to meet the 

ever-changing demands of fashion and function (Savin et al., 2008) 
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Textile establishments receive and prepare fibers: transform fibers into yarn, thread, or 

webbing; convert the yarn into fabric or related products; and dye and finish these 

materials at various stages of production. In its broadest sense, the textile industry 

includes the production of yarn, fabric, and finished goods. The process of converting 

raw fibers into finished apparel and non apparel textile products is complex; thus most 

textile mills specialize in specific productions (USEPA, 1997).  

 

Textile mills can be classified in several ways. One way is according to the formation 

process of fabrics that are finished by the industries. The major methods for fabric 

manufacture are weaving and knitting and the fabrics manufactured by those processes 

are called woven and knit fabric respectively. Another type of textile mill is stock and 

yarn dyeing finishing. Textile industries can also be classified according to the fiber used 

to manufacture fabric. The fiber used in the textile industry may be broadly classified into 

four groups: cotton, wool, regenerated and synthetics (Rao and Datta 1987). Cotton and 

wool are natural fibers and regenerated and synthetic are manmade fibers. Chemicals 

with pulp create regenerated fiber or cellulosic fibers such as rayon and acetate. Synthetic 

fibers such as polyester and nylon are synthesized from organic chemicals (USEPA, 

1997). 

 

2.3 Process Flows in Textile Industries 

Production of woven fabrics either from cotton or from synthetic stock involves: Opening 

and Picking (for cotton), Blending (for synthetic), Carding and Spinning, Slushing 

(sizing) and Weaving. The steps through which woven or knitted clothes (natural, 

synthetic and mixed fibers) complete the processing include: Singeing, Desizing, 

Sourcing, Bleaching, Mercerizing, Dyeing, Printing and Finishing depending upon the 

type of finished clothes desired and fibres used. Except for singeing and finishing steps, 

all other steps are wet operations leading to generation of wastewater as well as use of lot 

of water. In general, textile mills include the production of yarn, fabrics and finished 

products. The processes used in these mills can be grouped into four main stages 

(Akhtaruzzaman, 2006): 

1. Yarn formation, 2.Fabric formation, 3.Wet processing and 4.Fabrication 
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Figure 2.1:Various steps involved in processing textile in a cotton mill (Babu et al, 2007) 
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a. Yarn formation 

Yarn is formed from textile fibers by grouping and twisting operations used to bind them 

together. Yarn can be produced from both natural and manmade fibers. The yarn 

production processes from these two types of fibers are almost similar. Production of 

yarn from fibers includes steps like, opening and cleaning, carding, combing, drawing, 

drafting, spinning. (USEPA, 1997). This yarn formation stage produces little or no 

wastewater. 

 

b.  Fabric formation 

In this stage fabric is produced from yarn. Most fabrics are manufactured by two major 

methods: weaving and knitting. Weaving is done on looms. Fabrics are formed from 

weaving by interlacing one set of yarns with another set oriented crosswise. Before 

starting weaving action the yarn is passed through a size solution which is called 

sizing/slashing. Starch is most commonly used for the purpose of sizing. Polyvinyl 

alcohol, the leading synthetic size, is also used for this purpose. Oils, waxes, and other 

additives are often used in conjunction with sizing agents to increase the softness and 

pliability of the yarns. In the loom the steps include shedding, picking, battening, and 

taking up operations. (USEPA, 1997). Knitted fabrics are manufactured by using hooked 

needles to interlock one or more sets of yarns through a set of loops. The loops may be 

either closely or loosely constructed, depending on the purpose of the fabric. Knitting is 

done using either warp or weft methods. (USEPA, 1997). This fabric formation stage 

produces little or no waste water except the sizing step. In this sizing step waste originate 

to spills and the floor washings at the weekend. 

 

c. Wet processing    
In this stage the fabric is processed to make that suitable for manufacture apparel and 

other finished goods. For this purpose, the fabric is passed through several water-

intensive wet processing steps. Wet processing enhance the durability, appearance and 

serviceability of fabrics by converting undyed and unfinished goods, known as gray or 

greige goods, into finished consumers' goods. There are a number of steps used in wet 

processing, but most commonly used steps are singening, desizing, scouring, bleaching, 
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mercerizing, dyeing, printing, heat set, mechanical finishing and chemical finishing. Few 

of the above mentioned steps can be skipped considering the type of fabric to be 

processed, type of dye used, and the extent of finishing required. The mostly used 

techniques in wet processing are briefly described in the following (Babu et al, 2007). 

 

Desizing 

This step is used to remove size material applied prior to weaving. Man made fibers are 

generally sized with water-soluble sizes that are easily removed by a hot-water wash or in 

the scouring process. Natural fibers such as cotton are most often sized with water-

insoluble starches or mixtures of starch and other materials. Enzymes are used to break 

these starches into water-soluble sugars, which are then removed by washing before the 

cloth is scoured. Removing starches before scouring is necessary because they can react 

and cause color changes when exposed to sodium hydroxide in scouring. (USEPA, 1997). 

 

Scouring 

This technique is used to remove impurities from fibers, yarns, or cloth through washing. 

Typically alkaline solutions are used for scouring. Most often sodium hydroxide is used 

to break down natural oils and surfactants and to emulsify and suspend remaining 

impurities in the scouring bath. The impurities removed though scouring includes 

lubricants, dirt and other water-soluble sizes, anti static agents and residual tints (Babu et 

al, 2007). 

 

Bleaching   

This technique is used to eliminate unwanted colored matter from fibers, yarns or cloth 

by using chemicals. The most commonly used bleaching agents are hydrogen peroxide, 

sodium hypochlorite, sodium chlorite, and sulfur dioxide gas. Hydrogen peroxide is by 

far the most commonly used bleaching agent for cotton and cotton blends, accounting for 

over 90 percent of the bleach used in textile operation, and is typically used with caustic 

solutions (USEPA, September 1997). Peroxide bleaching can be responsible for the 

wastewater with high pH. Bleaching process contributes less than 5 percent of the total 

textile industry BOD load (NCDEHNR, 1986). 
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Mercerizing 

This step is used to increase the dyeablity, luster and appearance of cotton and cotton 

polyester fabric. In this process the fabric is passed through a cold 15 to 20 percent 

caustic soda solution and then stretched out on a tender frame where hot-water sprays 

remove most of the caustic solution (Corbman, 1975). After treatment, the caustic is 

removed by several washes under tension. Remaining caustic may be neutralized with a 

cold acid treatment followed by several more rinses to remove the acid. Wastewater from 

mercerizing can contain substantial amount of high pH alkali, accounting for about 20 

percent of the weight of goods (USEPA, 1997). 

 

Dyeing 

This step is used to add color and intricacy to textiles and increase the product value. A 

wide range of dyestuffs, techniques and equipments are used for this purpose. The 

dyestuffs used in dyeing are mostly synthetic. Typically those dyestuffs are derived I ram 

coal tar and petroleum-based intermediates. To   perform dyeing the fabric is kept in 

contact with the dye solution in the machine for a certain amount of time. Some other 

factors like pH, temperature of the dyeing solution are also regulated according to the 

optimum dyeing recipe developed in the laboratory of the textile industry. Salts, fixing 

agents and other additives are sometimes added to increase the quality of dyeing. Dyeing 

can be done using continuous or batch process. The type of dyes to be used varies with 

the color to be dyed and the type of fabric to be dyed Not all the dyes used in the dyeing 

process are fixed with the fabric. Fixation rates of the different dye classes vary from 60 

percent to 90 percent. Improper dyeing condition decreases the fixation rate much lower. 

Unfixed dyes come out with effluent and contribute to the pollution load of the 

wastewater. The dyes are primarily classified based on the fibers to which they can be 

applied and the chemical nature of each dye. Acid, basic, direct, disperse, reactive, sulfur 

and vat are the six major dye classes (Babu et al, 2007). 
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Printing 

Fabric printing is done with color and pigment using a variety of techniques and 

machines. About 75 to 85 percent printing operations is done with pigments. Printings 

with pigments do not require washing steps. So they generate a little amount of waste. 

 

Heat-setting 

This is a dry process used to stabilize and impart textural properties to synthetic fabrics 

and fabrics containing high concentration of synthetics. Textural properties include 

durable and attractive surface effects such as pleating, creasing, puckering, and 

embossing. This process does not contribute any water pollution load (Babu et al, 2007). 

 

Chemical treatment 

There are a number of chemical treatments available which are used to impart to the 

textiles a variety of properties ranging from decreasing static cling to increasing flame 

resistance. 

 

d. Fabrication 

Finished fabric is fabricated into a variety of apparel and household and industrial 

products. 

 

2.4 Effluent generation in a Composite Textile Mill 

The textile dyeing industry consumes large quantities of water and produces large 

volumes of wastewater from different steps in the dyeing and finishing processes. 

Wastewater from printing and dyeing units is often rich in color, containing residues of 

reactive dyes and chemicals, and requires proper treatment before being released into the 

environment (Babu et al, 2007).  Chemicals used in these industries include acrylonitrile, 

chlorinated phenols, salicylanilide, organic mercurial compounds, and copper ammonium 

carbonate. Organic components degrade water quality during decomposition by depleting 

dissolved oxygen. The non-biodegradable organic components persist in the water system 
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for a long time and pass into the food chain. In- organic pollutants are mostly metallic 

salts, and basic and acidic compounds (Sultana et al., 2013).  

 

Efluent generation in a Composite Textile Mill at different processing steps mentioned 

here above is shown in figure 2.2  shows the emission sources in a Knit Fabric Finishing 

Mill and Figure 2.3 shows the emission sources in a Stock and Yarn Dyeing and 

Finishing Mill (Quader, 2010). 

 

 

 

 

 

 

 
Figure: 2.2 Emission Sources in Knit Fabric Finishing (UNEP, 1994)  
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Figure2.3. Emission Sources in Stock and Yarn Dyeing and Finishing (UNEP, 1994) 

 

2.5   Materials Used in the Process and Sources of Pollutants 

A large variety of input materials are used in textile industries. A knowledge of the input 

materials will help to understand the nature of the effluent (e.g. whether biodegradable or 

not) The input materials used in textile dyeing and finishing can include: water, the fiber, 

yarn or cloth e.g. wool, cotton, polyester, and a degree of process chemicals. The process 

chemicals include (Akhtaruzzaman,2006): 

•    Acids, e.g. acitic, formic; 

•    Alkalis, e.g. sodium hydroxide, potassium hydroxide, and sodium carbonate; 

•    Bleach, e.g. hydrogen peroxide, sodium hypochlorite, sodium chlorite; 

•    Dyes, e.g. direct, disperse, pigment, vat 

•    Salts, e.g. sodium chloride; 

•    Size, e.g. starch, PVA; 

•    Stabilizers, e.g. sodium silicate, sodium nitrate, organic stabilizers; 

•    Surfactants; 

•    Auxiliary finishes, eg fire retardant, softeners (or handle modifiers). 
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The majority of wastewater of textile mill originates from wet processing operations. 

Types of wastewater include cleaning water, process water, noncontact cooling water, 

and stormwater. Later two types of wastewater are sometimes not subjected to any 

treatment. Primary sources of biochemical oxygen demand (BOD) include waste 

chemicals or batch dumps, starch sizing agents, knitting oils, and degradable surfactants. 

The volume of wastewater to be treated can be determined from the water use data of the 

textile mill. The volume of water used varies widely in the industry, depending on the 

specific processes operated at the mill, the equipment used, and the prevailing 

management philosophy regarding water use. Due to the wide variety of process steps, 

textile effluent typically contains a complex mixture of chemicals (Akhtaruzzaman, 

2006). 

 

The highest concentration of pollutants in textile effluent comes from the desizing step 

where the size chemicals used in the weaving processes are removed. Desizing processes 

often contribute up to 50 percent of the BOD load in wastewater from wet processing 

(Snowden-Swan,  1995). Table 2.1 shows typical BOD loads from preparation processes. 

 

A large portion of the industries wastewater originates from the dyeing operations. 

Wastewaters from these operations typically contain by-products, residual dye, auxiliary 

chemicals and cleaning solvents such as oxalic acid. Dyes in wastewater may be 

chemically bound to fabric fibers (ATMI, 1997). 

 

Finishing processes typically generate wastewater containing natural and synthetic 

polymers and a range of other potentially toxic substances (Snowden-Swan, 1995). 

Peroxide bleaching normally is not a major concern since the only bi-product of the 

peroxide reaction is water. The major pollution issues in the bleaching process are 

chemical handling, water conservation and high pH. 
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Table 2.1: Typical BOD loads from preparation processes (ATMI, 1997) 

Process 

 

Pounds of BOD per 1,000 Pounds of 

Production 

Singeing 

 

0 

Desizing 

       Starch 

       Starch, mixed size 

       PVA or CMC 

 

67 

20 

0 

Sourcing 40-50 

Bleaching 

       Peroxide 

       Hypochlorite 

3-4 

8 

Mercerizing 15 

Heatsetting 0 

 

Hazardous waste generated by textile manufacturers' results primarily from the use of 

solvents in cleaning knit goods (ATMI, 1997). Solvents may be used in some scouring or 

equipment cleaning operations, however, more often scouring processes are aqueous-

based and cleaning materials involve mineral spirits or other chemicals (ATMI, 1997). 

Spent solvents may include tetrachloroelhylene and trichloroethylene (NCDEHNR, 

1985). 

 

2.6.   Typical Textile Effluent Characteristics 

The textile industry dealing with wet operations normally generate liquid, solid and 

gaseous wastes. Since the wet processes use a large quantity of water, they produce a 

large quantity of wastewater. Recommended consumption of water in the processes is 

100 liter per kg of product. Since the wastewater contains suspended solids (SS), large 

amount of dissolved solids, unreacted dyestuffs, chemicals and processing aids, it is 

considered a pollutant when discharged to surface water or municipal sewage system. 

Gaseous emissions that include oil and acid mists, solvent vapors, odors and dust rather 
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affect the workplace inside the mills and not the environment outside. Solid wastes such 

as dust, lint, packaging materials etc. are not considered a pollution problem. If the 

wastewater and solid wastes contain substances listed in the US EPA Target Compounds, 

the wastes are to be classified as hazardous.  

 

The impacts on the environment by textile industry have been recognized for some time, 

both in terms of the discharge of pollutants and of the consumption of water and energy 

(Lacasse and Baumann, 2006). Finishing processes can be categorized into purely 

mechanical and wet processes. The liquid phase for the latter type is primarily water, and 

to a lesser extent - solvents and liquefied ammonia gas. Another important medium is 

steam. To achieve the desired effects, a range of chemicals, dyes and chemical auxiliaries 

are used. Characterization of textile process effluent streams is very important to develop 

strategies for water treatment and reuse. To optimize treatment and reuse possibilities, 

textile industry waste streams should be in principle considered separately. When the 

characteristics of the separate streams are known, it can be decided which streams may be 

combined to improve treat ability and increase reuse options (EWA, 2005; Le Rosi et al., 

2007). 

Typical compositions of the wastewaters generated during Woven Fabric Finishing, Knit 

Fabric Finishing and Stock and Yarn Finishing are shown in Table 2.2 

 

Table 2.2: Typical Compositions of Waste Waters (UNEP 1994) 

 

 
 

TSS 
(mg/l) 
 

COD 
(mg/l) 
 

BOD5 
(mg/l) 
 

Oil & Grease 
(mg/l) 
 

Phenol* 
(mg/l) 
 

Cr* 
(mg/l) 
 

Sulphide* 
(mg/l) 
 

Woven Fabric 
 

300 
 

1200 
 

650 
 

14 
 

0.04 
 

0.04 
 

3.0 
 

Knit Fabric 
 

300 
 

1000 
 

350 
 

53 
 

0.24 
 

0.24 
 

0.2 
 

Stock & Yarn 
 

75 
 

800 
 

250 
 

- 
 

0.12 
 

0.12 
 

0.69 
 

* Special parameters based on type of dye; Cr: Chromium (UNEP 1994) 
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The average characteristics of combined wastewater from wet processing of cotton 

fabrics are given in Table 2.3 

 

Table2.3: Average Characteristics of Combined Wastewater 

From Wet Process of Cotton Fabrics (BCAS, 2006) 

Parameters Values* 

PH 7.5-12 

Alkalinity as CaCO3 1500 

Suspended Solids 350 

Dissolved Solids 3000 

Oil and Grease 10 

COD 900 

BOD5 400 

Phenols 0.5 

Chloride 500 

Sulphate 75 

*Except pH, all values are in mg/l  

 

The typical constituents, characteristics and loadings of wastewater from different 

operations arc given in Table 2.4.  

 

Table 2.4: Constituents, Characteristics and Loadings of wastewater (Quader, 2010) 

Operation % of total load Characteristics 

 Waste 
water 

BOD Solids  

Sizing and Desizing 16 53 36 Neutral,high solids high 

BOD 

Sourcing,Mercerizing and 

Bleaching 

19 37 43 Alkaline,high solids high 

BOD, hot 

Washing,Dyeing,Prinying 

and Finishing 

65 10 21 Alkaline,high solids, high 

BOD,colored 
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The composition and quantity of textile mills wastewater varies with the type of fiber, the 

process involved and the way that process is operated. Quality of effluent is determined 

by: 

•    The level of impurities in the raw fiber prior to processing; 

•    The lype of configuration of the wash ranges, eg batch or continuous; 

•    The type of chemicals used and their concentration; 

•    The amount of water used and the washwater flow rate. 

 

Other factors affecting effluent characteristics include fashion requirements and changing 

seasons, ie colors and shade (Environmental Technology Best Practice Programme, 

1997). The effluent characteristics of the same type of industries may vary because of the 

country the industry is situated in. This is because industries in developed countries like 

USA, UK, Canada use more sophisticated equipment, more skilled labor than industries 

in third world countries. Monitoring of the effluent discharge quality is more regular and 

appropriate and the effluent discharge quality standard is also more stringent in the 

developed countries. This leads the industries in those countries to use less cost effective 

out more environmentally friendly dyes and chemicals and production processes. typical 

characteristics of combined effluent from the processing of cotton and synthetic blends 

can be summarized as follows 

 

Table 2.5: Typical characteristics of combined effluent from the processing of cotton 

and synthetic blends (Environmental Technology Best Practice Programme, 1997) 

Parameter 
 

Woven           
fabric finishing 

Knit           fabric 
finishing 

Stock     and     yarn 
dyeing and finishing 

BOD (mg/1) 550-650 250-350 200-250 

Suspended solids (mg/1) 185-300 300 50-75 

COD(mg/) 850-1200 850-1000 524-800 

Sulfide 3 0.2 0-0.09 

Color (Pt-Co units) 325 400 600 

pH 7-11 6-9 7-12 
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Characteristics of typical effluent from textile mills using different types of fibers are 

summarized below: 

 

Table 2.6: Characteristics of typical effluent from textile mills using different types 

of fibers 

Parameter 

 

Cotton textile milla 

 

Woolen textile millb 

 

Synthetic        textile 

mill b 

BOD (mg/1) 760 900 50 

Total solids (mg/1) 6170 3000 2500 

Total  Suspended 

Solids (mg/1) 

 

 

100 

 

 

 

COD (mg/1) 1418  500 

Total Chromium 

(mg/1) 

12.5 

 

4 

 

 

 

Color  Brown Grey-yellowish 

PH 9.8-11.8 9-10.5 7.5 

 Total Alkalinity 

(mg/1 as CaC03) 

17.35 

 

600 

 

Low 

 

a Ref (Kothandaraman, Aboo and Sastry, 1976)                bRef (Rao and Datta ,1987) 

 

2.7 Discharge Quality Standard for Classified Industries-Composite 

Textile Plant  

 

Effluent from textile dyeing industries must meet the national effluent discharge quality 

standards set by the Government of Bangladesh, including the “Quality Standards for 

Classified Industries”, and may also need to meet additional standards set by international 

textile buyers. Consequently any ETP must be designed and operated in such a way that it 

treats the wastewater to these standards. 

 



22 
 

The regulations state that these quality standards must be ensured from the moment of 

going into trial production for industrial units. They also state that the Department of 

Environment can undertake spot checks at any time and the pollution levels must not 

exceed these quality standards. Furthermore, the quality standards may be enforced in a 

more stringent manner if considered necessary in view of the environmental conditions of 

a particular situation (Sultana Z et al., 2013). 

 

The waste discharge quality standards differ according to the point of disposal. So, the 

standards are different for inland surface water (ponds, tanks, water bodies, water holes, 

canals, river, springs or estuaries); public sewers (any sewer connected with fully 

combined processing plant including primary and secondary treatment); and irrigated 

land defined as an appropriately irrigated plantation area of specified crops based on 

quantity and quality of wastewater (Sultana Z et al., 2013). 

 

Under the Environmental Conservation Rules 1997, industrial units and projects are 

classified into four categories (Green, Orange A, Orange B, and Red) based on their 

environmental impact and location. Fabric dyeing and chemical treatment industries fall 

under the Red category. This means that when they are applying for site clearance they 

must submit an ETP plan to the Department of Environment, including the layout and 

location. When the design has been approved by the Department of Environment and the 

ETP has been constructed, then Red category industries can apply for an environmental 

clearance certificate. 

 

Some of the main parameters listed in the water quality discharge standards are briefly 

discussed here to give a working knowledge of what they are and why they are important 

(BCAS, 2006). 

 

Colour 

Although colour is not included in the Environment Conservation Rules (1997), it is an 

issue in dye house effluent because unlike other pollutants it is so visible. Reducing 

colour is therefore important for the public perception of a factory. Consequently, 
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international textile buyers are increasingly setting discharge standards for colour. 

However, as a health and environmental issue colour is less of a concern than many of 

the other parameters (BCAS, 2006). 

 

BOD and COD 

Measurement of the oxidisable organic matter in wastewater is usually achieved through 

determining the 5-day biological oxygen demand (BOD5), the chemical oxygen demand 

(COD) and total organic carbon (TOC). BOD5 is a measure of the quantity of dissolved 

oxygen used by microorganisms in the biochemical oxidation of the organic matter in the 

wastewater over a 5-day period at 20oC. The test has its limitations but it still used 

extensively and is useful for determining approximately how much oxygen will be 

removed from water by an effluent or how much may be required for treatment and is 

therefore important when estimating the size of the ETP needed (BCAS, 2006). 

 

COD is often used as a substitute for BOD as it only takes a few hours not five days to 

determine. COD is a measure of the oxygen equivalent of the organic material chemically 

oxidised in the reaction and is determined by adding dichromate in an acid solution of the 

wastewater (BCAS, 2006). 

 

TDS and TSS 

Wastewater can be analysed for total suspended solids (TSS) and total dissolved solids 

(TDS) after removal of coarse solids such as rags and grit. A sample of wastewater is 

filtered through a standard filter and the mass of the residue is used to calculate TSS. 

Total solids (TS) is found by evaporating the water at a specified temperature. TDS is 

then calculated by subtracting TSS from TS (BCAS, 2006). 

Choosing an Effluent Treatment Plant 

Metals 

A number of metals are listed in the national environmental quality standards for 

industrial wastewater, including cadmium, chromium, copper, iron, lead, mercury, nickel 

and zinc. Many metals, which are usually only available naturally in trace quantities in 



24 
 

the environment, can be toxic to humans, plants, fish and other aquatic life (BCAS, 

2006). 

 

Phosphorus, Total Nitrogen, Nitrate and Ammonia 

These parameters are all used as a measure of the nutrients present in the wastewater, as a 

high nutrient content can result in excessive plant growth in receiving water bodies, 

subsequent oxygen removal and the death of aquatic life (BCAS, 2006). 

 

pH 

pH is a measure of the concentration of hydrogen ions in the wastewater and gives an 

indication of how acid or alkaline the wastewater is. This parameter is important because 

aquatic life such as most fish can only survive in a narrow pH range between roughly pH 

6-9 (BCAS, 2006). 

 

Sulphur and Sulphide 

Textile dyeing uses large quantities of sodium sulphate and some other sulphur 

containing chemicals. Textile wastewaters will therefore contain various sulphur 

compounds and once in the environment sulphate is easily converted to sulphide when 

the BOD of the effluents has removed oxygen. This is a problem because hydrogen 

sulphide can be formed which is a very poisonous gas, it also has an unpleasant smell of 

rotten eggs. The presence of sulphides in effluents can interfere with biological treatment 

processes (BCAS, 2006). 

 

Oil and Grease 

This includes all oils, fats and waxes, such as kerosene and lubricating oils. Oil and 

grease cause unpleasant films on open water bodies and negatively affect aquatic life. 

They can also interfere with biological treatment processes and cause maintenance 

problems as they coat the surfaces of components of ETPs. 
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Table 2.7: Discharge quality standard for classified industries- composite textile 
plant and large processing units (ECR 1997, unofficial translation) 

 
Parameter Limit (mg/l) 

Total Suspended solid(TSS) 100 
BOD5(200C) 150 

Oil and Grease 10  
Total Dissolved Solids(TDS) 2100 

Waste Water Flow 100 l/kg of fabric processing 
pH 6.5-9 

Special Parameters based on classification of dyes used 
Total Chromium (as Cr molecule) 2 

Sulfide (as S molecule) 2 
Phenolic compounds as C6H5OH 5 

 
 
2.8 Limitations of the Effluent Discharge Standard for Textile Industries Set by 

DOE 

In Bangladesh, Department of Environment (DOE) is the regulatory body to monitor and 

control the pollution from the industrial discharge. It has set up the industrial discharge 

standard for the industries. But regarding effluent discharge standard for textile industries 

it has some major limitations. 

 

According to DOE, integrated textile mill and large processing unit which have 

investment over 30 million taka falls into classified industries and have to comply with a 

standard different from general standard. Classified textile industries have to comply with 

only 9 parameter whereas textile industries which have investment less than or equal to 

30 million taka have to comply with 33 different parameters. 

 

For industries other than classified industries the effluent discharge standard varies 

according to their location of effluent discharge. For instance, the BOD5 standards are 50, 

250 and 100 mg/l to discharge effluent in inland surface water, public sewer secondary 

treatment plant and irrigation land respectively. For classified textile industries no 

discharge location has been mentioned. 

 



 
 

26 
 

According to the effluent discharge standard for classified textile industries BOD5 limit is 

150 mg/l. But it has also been mentioned that this BOD5 limit of 150 mg/1 will be 

applicable only for physicochemical processing method. As there is no clear definition of 

this physicochemical processing method it has been assumed that BOD5 limit of 150 mg/l 

will be applicable only for physicochemical processing method of effluent treatment. 

Therefore, it has been observed that there is no BOD5 limit if any industry uses biological 

treatment method along with physicochemical treatment method for the treatment of their 

effluent. 

 

DOE has not set up any color standard for the industries. Although as a health and 

environmental issue color is less of a concern than many of the other parameters, it is an 

issue in dye house effluent because unlike other pollutants it is so visible. Reducing color 

is therefore important for the public perception of a factory. 

 

It has been observed that textile wastewater is permitted to discharge in irrigated land if 

the investment is less than or equal to 30 million taka. Sodium is an important parameter 

in calculating Sodium Adsorption Ratio (SAR). SAR is a very important parameter for 

irrigation water. Textile industrial waste waters contain a high concentration of sodium. 

Again there is a tolerance level of salinity for each crop. Therefore, there should have a 

sodium concentration limit in the discharge standard if the textile wastewater is allowed 

to discharge in irrigated land. 

 

For non-classified textile industries the TDS limit is set as 2100 mg/1 whereas the 

electrical conductivity limit has been as 1200 micro mho / cm. The dissolved solids 

content can be approximated by multiplying the specific conductance (in µS) by an 

empirical factor varying from about 0.55 to 0.90. Therefore, the electrical conductivity 

limit must be higher than 2100 micro mho/cm if the TDS limit is kept as 2100 mg/1 

(Sultana et al., 2013). 
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2.9    Textile Wastewater Treatment Technologies  

The textile wastewater treatment technologies aim at achieving: color removal and 

reduction of TDS, BOD and COD. Treatment processes include physical, chemical and 

biological; and they have merits and limitations. In order to meet the environmental 

requirements, researchers and ETP designers have been making efforts to use a 

combination of two or more methods for producing an acceptable effluent from the 

treatment facility (Sultana et al., 2013). 

 

Effluent can be treated in a number of different ways depending on the level of treatment 

required. These levels are known as preliminary, primary, secondary and tertiary (or 

advanced). The mechanisms for treatment can be divided into three broad categories: 

physical, chemical and biological, which all include a number of different processes 

(Table 2.7.1). Many of these processes will be used together in a single treatment plant. 

Descriptions of the most commonly used processes are given in this section. 

 

Table 2.8: Wastewater Treatment Levels and Processes ( Metcalf and Eddy, 2003) 

 
 

Treatment  Level Description Process 

Preliminary Removal of large solids such as rags 

sticks,girt and grease that may 

damage equipment or result in 

operational problems 

Physical 

Primary Removal of floating and settable 

materials such as suspended solids 

and organic matters 

Physical and chemical 

Secondary Removal of biodegradable organic 

matter and suspended solids 

Biological and 

chemical 

Tertiary / Advanced Removal of residual suspended 

solids/ dissolved solids 

Physical, chemical and 

biological 
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2.9.1 Physical Unit Operations 

Common physical unit operations include among other processes screening, flow 

equalisation, sedimentation, clarification and aeration. 

 

Screening 

A screen with openings of uniform size is used to remove large solids such as cloth, 

which may damage process equipment, reduce the effectiveness of the ETP or 

contaminate waterways. 

 

Flow Equalization 

There are several different steps in the textile dyeing process and therefore wastewater 

quality and quantity varies over time. ETPs are usually designed to treat wastewater that 

has a more or less constant flow and a quality that only fluctuates within a narrow range. 

The equalization tank overcomes this by collecting and storing the waste, allowing it to 

mix and become a regular quality before it is pumped to the treatment units at a constant 

rate. To determine the required volume of an equalization tank the hourly variation of 

flow needs to be determined. 

 

Sedimentation and Filtration 

The flocks formed in flocculation (see chemical unit processes for a description of 

flocculation) are large enough to be removed by gravitational settling, also known as 

sedimentation. This is achieved in a tank referred to as the sedimentation tank, settling 

tank or clarifier. Sedimentation is also used to remove grit and suspended solids, to 

produce clarified effluent, and to thicken the sludge produced in biological treatment. 

Flocculation and sedimentation should remove most of the suspended solids and a portion 

of the BOD ( BCAS, 2006). 

 

Aeration 

Aeration is required in biological treatment processes to provide oxygen to the 

microorganisms that breakdown the organic waste (this is described in more detail in the 
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biological treatment section). Two main methods are used for this, either mechanical 

agitation of the water so that air from the atmosphere enters the water, or by introducing 

air into the tank through diffusers (BCAS, 2006).  

Choosing an Effluent Treatment Plant 

2.9.2 Chemical Unit Processes 

Chemical unit processes are always used with physical operations and may also be used 

with biological treatment processes, although it is possible to have a purely physico-

chemical plant with no biological treatment. Chemical processes use the addition of 

chemicals to the wastewater to bring about changes in its quality. They include pH 

control, coagulation, chemical precipitation and oxidation (BCAS, 2006). 

 

pH Control 

Waste from textile industries is rarely pH neutral. Certain processes such as reactive 

dyeing require large quantities of alkali but pretreatments and some washes can be acidic. 

It is therefore necessary to adjust the pH in the treatment process to make the wastewater 

pH neutral. This is particularly important if biological treatment is being used, as the 

microorganisms used in biological treatment require a pH in the range of 6-8 and will be 

killed by highly acidic or alkali wastewater. Various chemicals are used for pH control. 

For acidic wastes (low pH) sodium hydroxide, sodium carbonate, calcium carbonate or 

calcium hydroxide, may be added among other things. For alkali wastes (high pH) 

sulphuric acid or hydrochloric acid may be added. Acids can cause corrosion of 

equipment and care must be taken in choosing which acid to use. Hydrochloric acid is 

probably better from an environmental view point but can corrode stainless steel 

therefore plastic or appropriately coated pumps and pipes must be used (BCAS, 2006). 

 

Chemical Coagulation and Flocculation 

Coagulation is a complex process but generally refers to collecting into a larger mass the 

minute solid particles dispersed in a liquid. Chemical coagulants such as aluminium 

sulphate (alum) or ferric sulphate may be added to wastewater to improve the attraction 

of fine particles so that they come together and form larger particles called flocs. A 

chemical flocculent, usually a polyelectrolyte, enhances the flocculation process by 
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bringing together particles to form larger flocs, which settle out more quickly. 

Flocculation is aided by gentle mixing which causes the particles to collide (BCAS, 

2006). 

 

2.9.3 Biological Unit Processes 

The objective of biological treatment of industrial wastewater is to remove, or reduce the 

concentration of, organic and inorganic compounds. Biological treatment process can 

take many forms (Table 4) but all are based around microorganisms, mainly bacteria. 

These microorganisms use components of the effluent as their “food” and in doing so 

break them down to less complex and less hazardous compounds. In the process the 

microorganisms increase in number (BCAS, 2006).  

 

There are two main types of processes, these involve suspended microbial growth (e.g. 

activated sludge) and attached microbial growth (e.g. fixed film). With both approaches 

large populations of microorganisms are brought into contact with effluent in the 

presence of an excess of oxygen. In both systems the microbial population has to be 

retained in a tank referred to as the reactor (BCAS, 2006).  

 

With suspended growth systems microbes grow in small aggregates or “flocs” (this is 

known as activated sludge). Activated sludge (AS) leaves the reactor with the treated 

effluent but is settled out in a clarifier and returned to the aeration unit to recycle the 

bacteria. If the amount of AS is excessive some may be disposed of rather than being 

recycled (BCAS, 2006). 

 

In fixed film systems the microbial population grows as a thin layer (a “bio-film”) on the 

surface of an inert support medium. The classical fixed film system is known as a 

percolating or biological filter and uses small stones as a medium to support microbial 

growth. In the more modern system microbes grow on plastic supports. In the traditional 

percolating filters effluent is sprayed over the medium and trickles through a packed bed 

with oxygen entering from the air. In more recent reactor designs, the medium (usually 

plastic) is submerged in effluent and air is blown into the base of the reactor. Traditional 
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percolating filters require large areas of land and are unlikely to be of use in Bangladesh 

due to land costs. Submerged fixed film reactors using plastic media require much less 

land (BCAS, 2006). 

 

Fixed film systems require a final clarifier to remove particles of biofilm that become 

detached from the medium. However, this material is not recycled to the reactor While 

most of the activated sludge is recycled some may be surplus to requirements and needs 

to be disposed of, as does detached biofilm ( BCAS, 2006). 

Choosing an Effluent Treatment Plant 

From fixed film reactors. This material must be disposed of appropriately so that the 

pollutants now present in this sludge do not enter the water cycle. The treated liquid is 

discharged to the environment or taken for further treatment depending on the desired 

standard of effluent quality or the required use of the wastewater (BCAS, 2006). 

 

Biological treatment plants must be carefully managed as they use live microorganisms to 

digest the pollutants. For example some of the compounds in the wastewater may be 

toxic to the bacteria used, and pre-treatment with physical operations or chemical 

processes may be necessary. It is also important to monitor and control pH as adverse pH 

may result in death of the microorganisms. The ETP must be properly aerated and must 

be operated 24 hours a day, 365 days a year to ensure that the bacteria are provided with 

sufficient “food” (i.e. wastewater) and oxygen to keep them alive ( BCAS, 2006).  

 

Like humans, microorganisms need a “balanced diet” with sources of carbon, nitrogen, 

phosphorus and sulfur. While textile wastes have enough carbon and sulphur (sulphate) 

they are generally lacking in nitrogen and phosphorous containing compounds. If the 

microorganisms are to grow and work effectively they are likely to need addition of 

nutrients. Normally materials such as urea and ammonium phosphate are added. It is 

possible to replace these nutrients by substituting the liquid portion of effluent from 

toilets, which is rich in nitrogen and phosphorus containing chemicals (the solid portion 

may cause problems) (BCAS, 2006). 
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Both activated sludge and fixed film systems can produce high quality effluent but both 

have advantages and disadvantages. In the AS process, the settling and recycling of AS to 

the aerobic reactor is vital, and the settling process can be difficult to accomplish. Fixed 

film systems do not require recycling of biomass and so do not have this problem. 

 

   Table 2.9: Biological Treatment Processes (Metcalf and Eddy, 2003) 

Treatment Processes Definition 

Suspended-growth processes e.g. activated 

sludge 

The microorganisms are maintained in 

suspension in liquid. 

Attached- growth processes or fixed – film 

process 

The microorganisms are attached to some 

inert medium such as rock or inert plastics 

Combined Process Acombination of suspended-growth and 

fixed – film. 

 

2.9.4 Choosing an Effluent Treatment Plant 

Each factory that is having an ETP designed and constructed must decide which 

components are needed to treat the waste from that particular factory. This decision must 

be based on the answers to the questions, such as the quality and quantity of the 

wastewater to be treated. This section provides suggestions of how such an ETP may be 

designed and discusses the advantages and disadvantages. Three models are used for this, 

a purely biological ETP, a physico-chemical ETP and an ETP that combines all three. 

This section does not prescribe one particular design and there are many other ways of 

combining the operations and processes that would also be highly effective. 

 

2.9.4.1 Biological Treatment 

The basic units needed for biological treatment are: screening; an equalization unit; a pH 

control unit; an aeration unit; and a settling unit. A sludge dewatering unit may also be 

included. Biological treatment plants require the presence of microorganisms that are 

adapted to degrade the components of the effluent to be treated. Textile industry waste 

will not contain suitable microorganisms so these must be added to the ETP when it is set 
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up. Traditionally in South Asia cow dung is used as a source of microorganisms. While it 

may be useful to use cow dung it is unlikely to be the best source of microbes for 

treatment of textile waste. If possible new reactors (either activated sludge or fixed film 

systems) should be set up using activated sludge from an existing ETP, preferably one 

treating a similar waste. If this is not possible polluted river water is likely to be a good 

source of suitable microorganisms and can be used together with cow dung or activated 

sludge. It is likely to take several months for the microbial population to establish itself 

and successful treatment to result (BCAS, 2006). 

 

Output quality 

Evidence shows that output quality from biological treatment can satisfy the national 

standards for most of the required parameters except colour. According to Metcalf & 

Eddy (2003) a properly designed biological ETP can efficiently satisfy BOD, pH, TSS, 

oil and grease requirements. However, as already mentioned, the compounds in industrial 

wastewater may be toxic to the microorganisms so pretreatment may be necessary. 

Similarly most dyes are complex chemicals and are difficult for microbes to degrade so 

there is usually very little colour removal (BCAS,2006). 

 

Figure 2.4: Typical Flow Diagram of a Biological Treatment Plant (Metcalf and Eddy, 

2003) 

*  A sludge recycle line is essential for activated sludge systems but is not 
needed for fixed film systems. 
** The aeration unit can be either activated sludge or a fixed film reactor. 
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2.9.4.2 Physico-chemical Treatment 

The basic units needed for a stand-alone physico-chemical treatment plant are screening, 

an equalization unit, a pH control unit, chemical storage tanks, a mixing unit, a 

flocculation unit, a settling unit and a sludge dewatering unit. 

 

Output quality 

With physico-chemical treatments generally used in Bangladesh (coagulation and 

flocculation) it is possible to remove much, possibly all of the colour depending on the 

process used. It is however difficult to reduce BOD and COD to the value needed to meet 

the national effluent discharge standard, and impossible to remove TDS. The removal 

rate is dependent on the influent wastewater quality. The removal efficiency of this type 

of treatment has been found to be 50% and 70% for BOD5 and COD respectively. 

 

 

  

Figure 2.5: Typical Flow Diagram of a Physico-chemical Treatment Plant (Metcalf 

and Eddy, 2003) 
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2.9.4.3 Physico-chemical and Biological Treatment 

In this type of treatment a combination of physical operations, and physico-chemical and 

biological processes are used. The basic units needed for a physico-chemical and 

biological treatment plant are screening, an equalization unit, a pH control unit, chemical 

storage tanks, mixing units, flocculation units, a primary settling unit, an aeration unit, 

and a secondary settling unit (Figure 4).  

 

Output Quality 

These are the most common form of ETP used in Bangladesh for the treatment of textile 

waste and are the most likely to meet the water quality standards set by the Government 

of Bangladesh, as they provide the benefit of physical, chemical and biological treatment 

and can therefore raise the efficiency of BOD and COD removal to 90 % (BCAS, 2006). 

 
 
 

 
 
Figure 2.6: Typical Flow Diagram of a Physico-chemical and Biological Treatment 

Plant (Metcalf and Eddy, 2003) 

*  A sludge recycle line is essential for activated sludge systems but is not needed for fixed film systems. 

** The aeration unit can be either activated sludge or a fixed film reactor. 
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2.10 Textile Wastewater Treatment with Chlorine 

Historically chlorine was effectively employed for treating industrial wastewater for 

almost one hundred years ago. Because of high cost of chlorine, the industry then looked 

for alternative chemicals and treatment system, which has led to chemico-physico 

treatment process requiring more equipment and increased investment. Where chlorine is 

cheap or available as an otherwise unusable product, its use in the treatment of 

wastewater can be a desirable option. Combination of chlorination and chemical 

coagulation is reported to meet the environmental requirements for textile wastewater 

treatment (Quader, 2010). 

 

Sources of chlorine can be either chlorine gas in cylinder or indirect on-site 

electrochemical chlorine. The aqueous chlorine as a chemical oxidant produces one atom 

of oxidizing power per mole of chlorine as shown below. 

 

C12  + H2O                 2HC1 + [O] 

 

Thus 71 kg of Chlorine will deliver 16 kg of Oxygen for the desired oxidation process. In 

spite of the complexities of chlorine oxidation process, chlorine offers the advantage for 

its ability to destroy organics, colors, odors, cyanide, phenols, detergents etc. Moreover, 

chlorination renders treated water disinfected (Quader,2010). 

 

The chemistry of the chlorination of all waters whether potable, waste waters or industrial 

wastes is fundamentally the same. The reactions differ because of the variations in 

species and amounts of interfering substances, both organic and inorganic. The 

interfering substances are those that either lead to excessive consumption of chlorine or 

affect the bactericidal efficiency of the residual chlorine 

 

Figure 2.6 is the Process Flow Diagram (PFD) of the Wastewater Treatment system 

based on chlorine gas. Existing ETPs (Effluent Treatment Plants) can use the chlorination 

process with minor modification (Quader ,2010). 
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The operation and performance of the wastewater treatment facility require close 

monitoring of the parameters such as pH, SS (Suspended Solids), TDS, COD, free 

chlorine, color and temperature at these points of the facility as indicated in the PFD, 

Figure 2.6. 

- Entry point of wastewater into the Equalization Tank 

- Outlet of the Equalization Tank 

- Overflow to the Aeration Tank after Chlorination 

- Treated water outlet to the drain 

Measurement of chlorine in the overflow to the Aeration Tank will help in adjusting 

chlorination rate. COD being indicative of BOD, its measurement will help to establish 

how much organics arc being destroyed. On site measurement of these parameters can be 

easily carried out using portable instruments. For BOD5 whenever required, samples are 

to be sent to analytical laboratory. 

 

 

Figure 2.7: Process Flow Diagram of the wastewater Treatment system based on chlorine 

gas (Quader, 2010) 
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2.11 Chemistry of Chlorination Process 

The term chlorination is often used synonymously with disinfections. Chlorine may be 

used as an element (Cl2), as sodium hypochlorite (NaOCl), also known as bleach, as 

calcium hypochlorite [Ca(OCl)2 ], or as chlorinated lime (CaOCl2 ) (Buxton and Subhani, 

1971). 

  

When chlorine is added to water, a mixture of hypochlorous acid (HOCl) and 

hydrochloric acid (HCl) is formed: 

      

This reaction is pH dependent and essentially complete within a very few milliseconds. 

The pH dependence may be summarized as follows: 

• In dilute solution and at pH levels above 10, the equilibrium is displaced to the right and 

very little Cl2 exists in solution. 

 

• Hypochlorous acid is a weak acid and dissociates poorly at levels of pH below about 6. 

Between pH 6.0 and 8.5 there occurs a very sharp change from undissociated HOCl to 

almost complete dissociation: 

 

• Chlorine exists predominantly as HOCl at pH levels between 4.0 and 6.0. 

• Below pH 1.0, depending on the chloride concentration, the HOCl reverts back to Cl2 as 

shown . 

• At 20oC, above about pH 7.5, and at 0 oC, above about pH 7.8, hypochlorite ions (OCl-) 

predominate. 

• Hypochlorite ions exist almost exclusively at levels of pH around 9 and above. 

Chlorine existing in the form of HOCl and/or OCl- is defined as free available chlorine 

or free chlorine.  (Buxton and Subhani, 1971). 

 

Hypochlorite salts dissociate in water to yield hypochlorite ions:   
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The hypochlorite ions establish equilibrium with hydrogen ions. Thus, the same active 

chlorine species (HOCl and OCl - ) and equilibrium are established in water regardless of 

whether elemental chlorine or hypochlorites are used. The significant difference is in the 

resultant pH and its influence on the relative amounts of HOCl and OCl - existing at 

equilibrium. Elemental chlorine tends to decrease pH; each mg/L of chlorine added 

reduces the alkalinity by up to 1.4 mg/L as CaCO3. Hypochlorites, on the other hand, 

always contain excess alkali to enhance their stability and tend to raise the pH somewhat. 

To optimize disinfecting action, the design pH is in the a range 6.5 to 7.5 (Buxton and 

Subhani, 1971). 

 

Free chlorine is relatively stable in pure water. It reacts slowly with naturally occurring 

organic matter (NOM) and rapidly with sunlight. The photolytic reaction is with 

hypochlorite. The reaction products are oxygen, chlorite ion, and chloride ion (Buxton 

and Subhani, 1971). 

 

2.11.1Chlorine/Ammonia Reactions 

The reactions of chlorine with ammonia are of great significance in water chlorination 

processes. When chlorine is added to water that contains natural or added ammonia 

(ammonium ion exists in equilibrium with ammonia and hydrogen ions), the ammonia 

reacts with HOCl to form various chloramines. The reactions between chlorine and 

ammonia may be represented as follows (AWWA, 2006); 

  

   

The distribution of the reaction products is governed by the rates of formation of 

monochloramine and dichloramine, which are dependent upon pH, temperature, time, and 
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initial Cl2:NH3 ratio. In general, high Cl2:NH3 ratios, low temperatures, and low pH 

levels favor dichloramine formation. Chlorine also reacts with organic nitrogenous 

materials, such as proteins and amino acids, to form organic chloramine complexes. 

Chlorine that exists in water in chemical combination with ammonia, or organic nitrogen 

compounds, is defined as combined available chlorine or combined chlorine. The sum of 

the concentrations of free chlorine and combined chlorine is called total chlorine. The 

oxidizing capacity of free chlorine solutions varies with pH because of variations in the 

resultant HOCl:OCl- ratios. This is also true for chloramine solutions as a result of 

varying NHCl 2 :NH 2 Cl ratios. Monochloramine predominates at high pH levels 

(AWWA, 2006). 

 

2.11.2 Chlorine Dioxide  

Chlorine dioxide is a stable free radical that, at high concentrations, reacts violently with 

reducing agents. It is explosive with a lower explosive limit  (LEL) reported variously 

between 10 and 39 percent. Thus, virtually all applications require synthesis on-site. 

Chlorine dioxide (ClO2 ) is formed on-site by combining chlorine and sodium chlorite. 

One of three alternative reactions may be employed (MWH, 2005). 

   

Under alkaline conditions chlorine dioxide forms chlorite  and chlorate  ions (Gordon et 

al., 1972): 

 

   

 

The typical reaction of chlorine dioxide in water is a one-electron reduction (Haas, 1999): 
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2.11.3 Chlorine Demand 

 

The chlorine demand of a water is the difference between the amount of chlorine added 

and the amount of free, combined or total chlorine remaining at the end of the contact 

period. A similar definition may be used for chlorine dioxide or ozone. The demand is a 

function of the water quality characteristics, pH, temperature of the water, amount of 

oxidant applied, and the time of contact. Significant amounts of ammonia in the water 

react with chlorine to produce an unpleasant taste and odor (T&O).  

 

One method for removing T&O is by the addition of chlorine in a process called 

breakpoint chlorination. The reactions of chlorine and ammonia exhibited in breakpoint 

chlorination are an illustration of chlorine demand (Figure 2.). With molar Cl2: NH3 (as 

N), concentrations up to 1:1 (5:1 mass basis) monochloramine and dichloramine will be 

formed. The relative amounts of each depend on pH and other factors. Chloramine 

residuals generally reach a maximum at equivocal concentrations of chlorine and 

ammonia. Further increases in the Cl2 : NH3 ratio result in the oxidation of ammonia and 

reduction of chlorine. Sufficient time must be provided to allow the reaction to go to 

completion.  

 

Chloramine residuals decline to a minimum value, the breakpoint, when the molar 

Cl2:NH3 ratio is about 2:1. At this point, the oxidation/reduction reactions are essentially 

complete. Further addition of chlorine produces free chlorine (AWWA, 1969). 

 

Other demand reactions are not as dramatic as breakpoint chlorination. Significant 

concentrations of strong reducing compounds that react rapidly will yield a demand curve 

such as that for sulfur dioxide. Lower concentrations of compounds such as NOM react 

slowly. The demand of these compounds is determined by comparison of their rate of 

decay to the rate of decay of the oxidant in pure water under identical conditions. 
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Figure 2.8: Breakpoint chlorination (AWWA, 1969). 

 

 

 

Figure 2.9 Chlorine demand exhibited by a very fast reaction such as with sulfur dioxide 

(AWWA, 1969) 
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2.12 Functions of Chlorination in Textile Waste Treatment 

 
Functions and purposes of chlorination in textile waste treatment are (Metcalf and Eddy, 
2003): 
 
1.   Elimination or reduction of colors and odors: Color and odor-producing substances 

present in waste waters are oxidized by chlorine. The oxidizing ability of chlorine is 

employed for odor control and color removal in treatment of many industrial effluents 

(beet sugar, cannery, dairy, pulp and paper, textiles). 

2.   Disinfections: Owing to its strong oxidizing capacity, chlorine destroys or inhibits 

growth of bacteria and algae. 

3.   BOD reduction: Chlorine accomplishes BOD reduction by oxidation of organic 

compounds present in waste waters. 

4.   Oxidation of metal ions: Metal ions which are in reduced state are oxidized by 

chlorine (e.g., ferrous to ferric ion and manganous to manganic ions). 

5.   Destruction of cyanides, phenols and detergents. 

6.   Control of foams and flies. 

7.   Aiding scum and grease removal. 

 

Chlorination of wastewater for BOD reduction was practiced as long ago as 1859 in 

England (Metcalf L. and Eddy, 1979). A number of studies of BOD reduction by effluent 

Chlorination where it was recognized as such were conducted the 1920s and 1930s  

(Susage, 1968). In the USA in the 1920s and 1930s and thereafter the chlorination of 

Sewage was in use for purposes of protecting water supplies, bathing beaches and 

shellfish laying situated at the sewer outfalls. Chlorination was reported to reduce 

Biochemical Oxygen Demand of sewage as well as to control odor. Applications of 

chlorine in wastewater collection, treatment and disposal are reported in several 

publications. 

 

In spite of the use of chlorine as disinfecting chemical today, renewed interests have been  

generation of chlorine by electrolysis of a chlorine bearing salt in the wastewater .Major 
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achievements reported are: color destruction and significant reduction of COD and BOD 

(Quader, 2010).  

 

2.13 Reducing BOD and COD of textile waste water with chlorine  

 

Chlorine is a well-known oxidant and has long been used to purify water, destroy 

organisms in wastewater and swimming pools and oxidize chemicals in wastewater. The 

destruction of cyanide and phenols by chlorine oxidation is well-known in waste-

treatment technology. 

 

US Patent No. 3,910,999 describes the stepwise chlorine oxidation of mixture of 

compounds present in industrial wastes, such as glycols, chloroalcohols, organic acids  by 

controlling the pH in the alkaline range initially to oxidize those most favorably 

destroyed by hypochloritce ion, then allowing the pH to drop to the acid range to destroy 

those oxidized more rapidly at low pH (US patent 3910999). 

 

Chlorine generally reacts in a prescribed order, first with inorganic reducing compounds. 

If enough chlorine is added to react with these substances, then the addition of more 

chlorine will result in reactions of chlorine with the organic matter that is present. These 

chlororgano compounds have little or no disinfecting action. Again, if enough chlorine is 

added to react with all the reducing compounds and all the organic matter, then the 

addition of little more chlorine will react with ammonia or other nitrogenous compounds 

to produce chloramines or other combined forms of chlorine. The continued addition will 

result in the destruction of the chloramines and organic compounds and the formation of 

free chlorine (Metcalf and Eddy, 2003). 

 

Though all three species, C12, HOC1 and OC1-, will readily oxidize organic compounds, 

HOC1 is the most reactive for its higher redox potential (Fukayama et. al. 1986). The 

reactivity of HOCI is based on the electrophollic nature of the molecule at either the 

oxygen or chlorine atom. Reactions occurring at the oxygen atom produce a chloride ion 

by displacement in reactions with organic compounds, the chlorine atom may become 
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electrophilic and may combine with an electron pair in the substrate. This behaviour 

accounts for the reactions of HOCI with ammonia and amines, with phenols and other 

aromatic substances and in the formation of chloroform from organic substrate 

(Fukayama et. al. 1986). 

 

2.14 Decolorization and reducing BOD and COD and TDS using chlorine oxidation 

The reactions with chlorine mentioned here above are well known and can be found in 

books and journal publications (White, 1999; Ramalho,1977) 

Decolorization (Bleaching) step involves the following reactions with hypochlorous acid: 

dye (colored) + HOC1 —>  HC1 + (dye clolorless + O)......... (1) 

Reaction of chlorine with hydrogen sulfide: 

H2S (g) + C12 (g) — > 2 HC1 (g) + S (s)........... (2) 

 

Many metals salts and alkalies react with chlorine; with alkali solution, hypochlorile and 

chloride of the metal are formed for example: 

CI2 (g) + 2NaOH (aq) —> NaOCl (aq) + NaCI (aq) + H20 (I)......... (3) 

Zn(s) + Cl2(g)  —> ZnCI2(s).........(4) 

2FcCl2(aq) + Cl2(g)   —>   2FcCl3(aq)......... (5) 

Reaction with cyanides 

2CN-+ 8OH- + 5C12 —>  2CO2 (g) + N2 (g) + 10C1-+ 4H2O ......... (6) 

 

Reaction with phenols  

C6H5 + C12 —>  C6H5C1+HC1....... ..(7) 

Chemical Oxidation of BOD and COD (Metcalf and eddy,1979): 

 

The overall reaction for oxidation of organic molecules comprising BOD, for example, 

with chlorine, ozone and hydrogen peroxide, can be represented as follows: 

 

Organic                  Cl2              Intermediate                      Cl2          Simple end products 

Molecule                                   oxygenated              (e.g. CO2, H2O etc) 

(e.g. BOD)                           molecule 
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Multiple arrows in the direction of the reaction are used to signify that a number of steps 

arc involved in the overall reaction sequences. The overall reaction rates are reported to 

be slow. The reaction for COD reduction is same as reaction (7). 

From reactions (1), (2), (6) and (7), it is evident that the TDS of the effluent are likely to 

decrease. 

 

2.15 Disinfection Byproducts 

 

Chlorine reacts with natural organic matter (NOM) to form a number of carcinogenic 

byproducts. These include but are not limited to trihalomethanes (THMs), haloacetic 

acids (HAAs), haloacetonitriles, haloketones, haloaldehydes, chloropicrin, cyanogens 

chloride, and chlorophenols. The THMs and HAAs occur most frequently and generally 

represent the highest concentrations of the organic contaminants. Chloramines react with 

NOM to form byproducts similar to those formed by chlorination but at lower 

concentrations (U.S. EPA, 1994).  

 

Water chlorination is used by many water companies to ensure potable drinking water. 

This process, however, can lead to the production of disinfection byproducts (DBPs) 

when chlorine reacts with natural organic matter. The production of trihalomethanes 

(THMs) such as chloroform and bromoform as a byproduct of water chlorination has 

come under increased scrutiny as THMs are known to be carcinogens in laboratory 

animals (Singer 1999) and have also been tied to higher incidence of rectal and bladder 

cancer in humans (Simpson and Hayes 1998). Recent regulations (2004) by the United 

States Environmental Protection Agency (USEPA) have reduced the allowable amount of 

THMs in finished water from 100 µg/L to 80 µg/L. This reduction has required some 

water companies to aggressively treat source waters in an effort to remove THM 

precursors before chlorination.  

 

Two methods are commonly used to reduce THM formation potential (THMFP) in 

drinking water plants. Coagulation with subsequent flocculation of natural organic matter 

is effective and acts to reduce the amount of precursors in water prior to chlorination. 
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Water treatment plants may choose to pre-oxidize source water with potassium 

permanganate or other strong oxidizers (Jiang and Lloyd 2002 for a list of commonly 

used oxidizers) before treating with a flocculant such as ferric chloride. This process is 

effective in many cases in reducing THMFP, but in source waters with high levels of 

humic substances (Singer 1999), coagulation and flocculation may not reduce precursor 

amounts to levels below the USEPA standards. In addition, oxidizers can be hazardous 

and need to be handled with great care. Ozonation is an alternative disinfection process in 

which ozone is used to inactivate microbial contaminants in source water (Elovitz et al. 

2000). This process results in little production of halogenated DPBs, but leads to the 

production of bromate (in bromine rich waters) which is also a hazardous DBP. Ozone is 

also an environmental hazard and improper handling of this oxidizer could result in 

unsafe conditions for employees at water treatment facilities.  

 

The relative importance of various forms of THM precursors is thought to be influenced 

by site-dependent factors that include watershed characteristics (soils, land-use) and 

source water conditions (Jack et al. 2002).  

 

2.16 Factors of THM formation 

The chlorination of water containing natural organic matter leads to the formation of 

disinfection by- products. Trihalomethane (THMs) are the major category of disinfection 

by-products in chlorinated drinking water. Chloroform (CHCl3), Bromodichloromethane 

(CHCl2Br), dibromochloromethane (CHClBr2), and bromoform (CHBr3) are the four 

compounds belonging to the group of THMs. Several studies are reported about the 

carcinogenic and non-carcinogenic health effects of THMs. Due to the hazardous health 

effects, the concentration of THMs in water supplies are monitored on regular basis in 

several countries. The maximum contaminant level (MCL) set by USEPA for the 

concentration of total THMs in drinking water is 80 µg L-1 (EPA, 1998). The 

concentration of total THMs regulated by the European Union in drinking water is 100 

µg L-1 (EEC, 1998). WHO guideline values for CHCl3, CHCl2Br, CHClBr2 and CHBr3 

are 200, 60, 100 and 100 µg L-1, respectively (Nikolaou et al., 2002). 
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The formation of disinfection byproducts (DBPs) is a function of many factors, including 

precursor concentration, disinfectant dose, water pH, temperature, contact time, and 

bromide ion concentration. 

 

Concentration and Characteristics of Precursors 

The formation of THMs is related to the concentration of precursors at the point of 

disinfection. In general, greater DBP levels are formed in waters with higher 

concentrations of precursors. Therefore, removing DBP precursors prior to disinfectant 

addition is one of the most effective approaches to DBP control. Studies conducted with 

different fractions of NOM have indicated the reaction between disinfectant and NOM 

with high aromatic content tends to form higher DBP levels than NOM with low aromatic 

content. For this reason, UV254, which is generally linked to the aromatic and unsaturated 

components of NOM, is considered a good predictor of the tendency of a source water to 

form THMs and HAAs (Owen et al., 1998; Singer and Reckhow, 1999). 

 

Time Dependency of DBP Formation 

The longer the contact time between disinfectant/oxidant and precursors, the greater the 

amount of DBPs that can be formed. Generally, DBPs continue to form in drinking water 

as long as a disinfectant residual and precursors are present. After formation, THMs and 

HAAs are generally chemically stable as long as a significant disinfectant residual is still 

present (Singer and Reckhow, 1999). As a consequence, high concentrations of DBPs can 

accumulate in water with old age. High THM levels usually occur where the water age is 

the oldest.  

 

Conversely, HAAs cannot be consistently related to water age because HAAs are known 

to biodegrade over time when the disinfectant residual is low. This might result in 

relatively low HAAs concentrations in areas of the distribution system where disinfectant 

residuals are depleted. 

 

 

 



 
 

49 
 

Water Temperature 

The rate of formation of THMs increases with increasing temperature. Consequently, the 

highest THM may occur in the warm summer months. However, water demands are often 

higher during these months, resulting in lower water age within the distribution system 

which helps to control DBP formation. Furthermore, high temperature conditions in the 

distribution system promote the accelerated depletion of residual chlorine, which can 

mitigate DBP formation and promote biodegradation of HAAs unless chlorine dosages 

are increased to maintain high residuals (Singer and Reckhow, 1999). For these reasons, 

depending on the specific system, the highest THM and HAA levels may be observed 

during months which are warm, but not necessarily the warmest.  

 

Higher DBP precursor levels in the fall or spring may also cause the highest THM and 

HAA levels to be observed in cooler months. Seasonal trends affect THM and HAA 

concentrations differently. For example, when water is colder, microbial activity is 

typically lower and DBP formation reactions are slower. Under these conditions, the 

highest THM and HAA concentrations might appear in the oldest water in the system. In 

warmer water, the highest HAA concentrations might appear in fresher 

 

Water pH 

In the presence of DBP precursors and chlorine, THM formation increases with 

increasing pH, whereas the formation of HAAs decreases with increasing pH. The 

increased THM production at high pH is likely promoted by base hydrolysis (favored at 

high pH). HAAs are not sensitive to base hydrolysis but their precursors are. 

Consequently, pH can alter their formation pathways, leading to decreased production 

with increasing pH (Singer and Reckhow, 1999). Water pH also affects the balance of 

hypobromite and hypobromous acid formation during the ozonation of waters containing 

significant concentrations of bromides. At low pH, the equilibrium shifts to the less 

reactive hypobromous acid. Consequently, the overall formation of bromate decrease as 

the pH decreases (Singer and Reckhow, 1999). However, the hypobromous acid at low 

pH can react with NOM to form HAAs and THMs. This may occur if systems using 
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ozone operate at low pH to control bromate formation. In addition, systems may maintain 

a low pH to achieve the required inactivation. 

 

 

Figure 2.10: Effects of pH, chlorine dose and reaction time on THMs formation  

(Choudhury et al., 2008) 

 

2.17 THM Formation Models 

Reactions between natural organic matter (NOM) and chlorine during disinfecting 

drinking water form trihalomethanes (THMs) and other chlorinated by products (CBPs), 

some of which are possible carcinogen to human health. A number of models have been 

developed to predict THMs formation since the discovery of THMs in drinking waters. 
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A fraction of these models used a total of 22 different parameters while individual models 

used 3 to 8 parameters. Some existing models incorporated more than one parameter 

from total organic carbon (TOC), dissolved organic carbon (DOC) and UV absorption 

capacity at 254 nm (UV254), while all of these three characterize NOM in water; thus, 

there exist a possibility of ill- conditioned coefficient estimation (Choudhury et al. 

(2008).  

 

The past studies identified pH, temperature and reaction time as significant for THMs 

formation; however, some existing models ignored these parameters. Although these 

models have good performance in predicting THMs formation in respective 

environmental conditions, some models might suffer weakness from mathematical point 

of view; thus needs to be carefully applied. This study recommends using one parameter 

from TOC, DOC and UV254 and chlorine dose, pH, temperature and reaction time for 

future modeling (Choudhury et al. (2008). 

 

In predicting human health risk from exposure to THMs in drinking water, numerical 

modeling is an alternative approach to complex experimental procedures for determining 

THMs concentrations in drinking water, which can be expensive and time consuming. 

However, the accuracy of the predictions and their acceptability are often critical issues 

because of the inherent variability of the parameters. Existing THMs prediction models 

present a number of advantages, as well as limitations. Differences in correlations could 

be attributed to the natural variability and environmental conditions at the specific site of 

the source waters. The general behaviors of the associated parameters can be generalized 

as follow (Choudhury et al. 2008)s: 

 

• THMs formation increases with increase in pH, reaction time and NOM 

•  Reaction rates generally increase with temperature, yielding higher rates of 

THMs formation. 

• The chlorine demand increases with increasing NOM content, which is measured 

as UV254, TOC or DOC, as well as slow reactions in the pipes and pipe materials 
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itself. The TOC, DOC and UV254 have strong correlations with THMs formation, 

while TOC, DOC and UV254 are strongly correlated with each other. 

 

• Bromide ions can be an important factor in the modeling of THMs formation in 

areas where bromide ion concentrations are high (e.g. coastal areas). The presence 

of bromide ions leads to the increased formation of brominated THMs resulting in 

a corresponding decrease in the formation of chlorinated THMs.  

 

The chlorine beyond the actual demand by the NOM in water has insignificant effect on 

THMs formation. As such, model development requires careful investigation of the 

chlorine demand exerted by the organic compounds, which are precursors to THMs 

formation.  

 

The omission of some of these potentially significant parameters in modeling efforts 

raises the question on models’ performance in diverse operating conditions. Although the 

models presented in Table 2.9 have shown good predictability when applied to the 

specific testing locations for which they were developed, the general knowledge gap in 

terms of understanding parameter correlation, interactions and interdependency could 

lead to difficulties and unreliable results when the model is applied to other source waters 

or operational conditions. Hence, further research involving the characterization and 

correlations of these critical water quality parameters is necessary to improve model 

predictions of THMs formation and the associated risk to human health as a result of 

exposure to THMs (Choudhury et al. 2008). 

 

The number of parameters required for the modeling of THMs formation could 

potentially be reduced to NOM measured as UV254 or DOC, chlorine dose, pH, 

temperature, reaction time and bromide ion concentrations (in areas where applicable, 

such as coastal regions). Provision for uncertainty analysis could make the model more 

flexible in its application and ability to reasonably predict THMs formation in diverse 

operating conditions. It is often difficult for a mathematical precision-based model to 

incorporate such natural variability (Choudhury et al. 2008). 
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Existing literature and experimental investigations would appear to indicate that there 

exists a significant gap with respect to the model parameter selections, as well as the 

characterization of model parameter correlations and interactions. Parameters including 

pH, temperature, reaction time and bromide ion concentration have been found to be 

independent and have significant role in THMs formation. Parameters characterizing 

organics such as TOC, DOC and UV254 have been found strongly correlated. There is a 

scientific need to determine and better understand these relationships (Choudhury et al. 

2008).  

 

However, the spatial and temporal variability of NOM and the difficulties associated with 

its characterization contribute to the complexity. Chlorine dose is affected by the amount 

and type of organic matter.  The interactions among various correlated parameters also 

need to be considered and modeling guidelines should be established. The resulting 

THMs formation model could be applied in and greatly beneficial to future human health 

risk management studies (Choudhury et al., 2008). 
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Table 2.10 Partial list of models for chlorinated by-products formation (Choudhury et al. 

2008) 
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Table: 2.10 Partial list of models for chlorinated by-products formation (Choudhury et al. 

2008) (Continued) 
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2.18 Production of Organo-chloro compounds and THMs during Chlorination of 

Textile Wastewater. 

The organics present in the water or wastewater can react with dissolved chlorine 

forming chloro-organo compounds. The reaction depends on the type of organics 

(alkanes, alkenes etc), pH and availability of chlorine. Any process that uses chlorine gas 

directly or chlorine liberating chemicals or where chlorine is produced in the process, 

formation of chloro-organo compounds is a real possibility if alkanes etc are available 

(Karim et al., 2011). 

 

Any water or wastewater that contains Fulvic or Humic acids can produce THMs when 

these acids react with chlorine if available. The origin of textile wastewater being 

different from the sewage it is unlikely for these waters to contain Humic and Fulvic 

acids; so the possibility of THM formation is remote (Quader, 2010). 

 

The following paragraphs quoted from G.C White's Handbook of Chlorination and 

Alternative Disinfectants (4th edn., Wiley Interscience, 1999) tell the story of the 

Beginning of the Water Quality Scare from the use of chlorination in water treatment. 

 

About 1970 the U.S Public Health Service became concerned over an increase in 

waterborne disease outbreaks and possible surface water contamination by herbicides, 

pesticides, and other petrochemical products. In 1970, a community water supply survey 

discovered that the levels of dissolved organics in many water supplies exceeded the 

Public Health Service's recommended limit of 0.02 mg/L. About the same time other 

government agencies began to examine various parts of the environment, making that a 

magic word. The focus changed from ensuring potable water quality to protect 

consumers' health to protection of the environment from pollution of all kinds, beginning 

with the protection of aquatic life by regulations issued by the Fish and Game 

Commission, another federal bureau. 

 

In 1974, articles began to appear in the various technical journals blaming all types of 

human cancer on pollution of the environment(Epstein 1974) Since then cancer 
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researchers have found these conclusions to be flawed because a simplistic causal 

relationship Was drawn between the development of tumors in rats and mice and the 

introduction of nearly lethal dosages of carcinogens (Ames, 1994) One group of scientists 

tried very hard to prove that Americans were facing several natural disasters due to 

pollution of the environment. This group, from Oak Ridge, Tennessee, was involved in a 

variety of projects relating to nuclear reactors, air and water pollution, and the possible 

environmental health effects of countless synthetic chemicals found in a variety of source 

water (Jolley, 1997). These scientists focused on the detrimental effects of disinfection of 

potable water and wastewater by the use of chlorine, in spite of the fact that chlorine is 

the planet's near-universal water disinfectant. They concentrated their efforts on the 

examination of chloro-organics that entered surface waters from industrial discharges, 

sewage treatment plant effluents, agricultural area runoffs, and urban area runoffs. 

 

In 1972, the EPA reported that 46 organic chemicals were present in trace amounts in 

both the raw and finished water supplies at three locations along the Lower Mississippi 

(Anon, 1972) and a 1974 EPA study identified 66 organic compounds in the New 

Orleans drinking water (Anon,1974) These were known as the Harris reports, and were 

most attractive to the EPA regulators, who focused on the dangers of the cancer causing 

carcinogens in the chlorinated Mississippi river water serving the people in New Orleans 

and the surrounding area. These cancer data were based upon a primitive method of 

dosing rats and mice with trihalomethanes (THMs) in concentrations a mere fraction less 

than lethal to the rats and mice.  
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Chapter 3 

METHODOLOGY 

 

3.1 Introduction  

Textile liquid waste consists of a wide variety of residual chemicals. These residual 

chemicals determine the characteristics of the wastewater. Determination of the 

characteristics of textile liquid waste is necessary for the assessment of the treatment 

requirement, treat ability and the mode of treatment. There are a number of different 

types of textile mills according to the type of fiber processed, types of techniques used 

etc. Again effluent characteristics of the same industry also vary with time because of the 

shade of dyeing, different stage of processing etc.  

 

This research work is aimed at achieving knowledge on various issues related to 

chlorination of textile liquid waste. The research was also carried out to evaluate the 

possible trihalomethane (THM) formation in the treated effluent as trihalomethanes 

(THMs) are the major category of disinfection by-products in chlorinated water suspected 

to cause cancer, liver and kidney damage, related fetus growth (WHO, 2005). The present 

study comprises of three experimental stages. First stage includes collection of samples 

(both treated and untreated) from chlorine based ETPs of textile waste water and detail 

analysis in the laboratory of those samples to investigate their treatment efficiency. 

Second stage includes chlorination of representative sample in laboratory using bleaching 

powder as the source of chlorine and assessing the treatment efficiency with the variation 

of chlorine dose, contact time and pH.  Finally stage three includes evaluating the 

trihalomethane (THM) in treated effluent and to assess the effect of dissolved organic 

carbon (DOC), pH, chlorine dose on the formation of THM .  

 

This chapter details the material and methods used during this thesis work. The chapter 

deals with sample collection, considered parameter, experimental methodology and 

treatment approaches adopted in this research. 
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3.2 Methodology of the work 

The present study comprises of three experimental stages: 

 

Stage-1: Observing the Performance of Chlorine based ETPs   

This stage comprises the following steps: 

 1. Collection of samples (both treated and untreated) from chlorine based ETPs of 

textile waste water.  

2. Detail analysis for BOD5, COD, TDS, TSS, color and residual chlorine 

has been done in the laboratory of these samples to investigate the treatment efficiency. 

The concentrations of BOD5, COD, TDS, TSS and color were analyzed in the 

environmental engineering laboratory of BUET according to the standard methods. 

 

Sample Collection 

Samples were collected from ten different chlorine based ETPs for textile waste water. 

The names of these textile industries are mentioned in appendix section. The samples 

were collected from the equa tank of the ETPs. All possible efforts were made to 

minimize the time lag between collection and analysis so that no significant change may 

occur in the quality of the samples. The collected samples were transported to the 

laboratory quickly and then samples were preserved in the refrigerator in accordance with 

the Standard Methods. 

 

Stage – 2: Study of chlorine oxidation using bleaching powder 

This stage comprises the following steps: 

1. Chlorine oxidation of representative sample of textile waste water by 

commercially available bleaching powder solution as the source of chlorine 

2. Assessing the treatment efficiency of textile liquid waste with Chlorine with the 

variation of chlorine dose, contact time. 

 

The commercial bleaching powder used in this treatment process contains 30% (w/w) 

Cl2. The strength of bleaching powder was estimated by titrating 1% bleaching powder 
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solution against standard (0.025N) sodium thiosulphate solution. Chlorine content in 

10ml, 15ml and 20ml was calculated.  

 

The dosage was varied from 100 mg/l to 200 mg/l. 2.5 gm of bleaching powder dissolved 

in the 250 ml distilled .The concentration of bleaching powder of this solution was 10000 

mg/l. The batch studies were done by jar test apparatus with 100 ml of waste water in the 

different beakers and then adding the stock solution (stock solution was prepared each 

time before use) of bleaching powder 10 ml, 15 ml, 20 ml to obtain the concentrations of 

bleaching powder which were 100 mg/l, 150 mg/l, and 200 mg/l respectively.  

 

In the study of oxidation to observe the effect of contact time six contact times of 10, 15, 

20,30,40,50 minutes were chosen. 

 

Stage-3: Evaluation of Trihalomethane in outlet stream 

1. This study is aimed to investigate the presence of THMs in chlorinated treated 

water. To determine the THM in the treated effluent Method 10132 was used with 

Hach DR/2010 Spectrophotometer. 

2. The effect of dissolved organic carbon (DOC), pH and chlorine on the 

concentration of THMs were    also assessed. The effects of dissolved organic 

carbon (DOC), pH and contact time on THMs formation were assessed using the 

correlation developed by Rodriguez (2000). MATLAB programming software 

was used for generating  THM curves. 

The model Rodriguez et al.(2000) is: 

TTHM = 0.044(DOC)1.030(t)0.262 pH1.149(D)0.277(T)0.968 

Parameters TTHM= Total Trihalomethane , DOC= dissolved organic carbon (mg/l), t= 

contact time ( min), D= Chlorine dose (mg/l), T= Water Temperature (oC). 
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3.3 Sample Collection, Preservation and Transportation 

Collection of samples is the first step of testing and must be performed in an appropriate 

way. Samples, which are improperly collected or preserved, may yield inaccurate and 

unreliable results, the sample have to be handled and stored with adequate caution. For 

proper sampling the sample must truly represent the existing condition.  

 

In a textile industry, in order to level out the variations in flow and characteristics of the 

effluent for the efficient and steady operation of the treatment plant, the effluent is 

collected in a tank with a hold up capacity of 24 hours or so. This collection of effluent in 

the tank resulting in a uniform quality effluent to be fed to the treatment plant is known 

as equalization. Some treatment plants may have more than one equalization tank or 

pond. In this thesis work textile liquid waste samples were collected from the 

equalization tank of effluent treatment plant. Laboratory grade plastic bottles were used 

for collecting the samples. The bottle cap was kept airtight. The sample bottle were 

totally filled so that no free air was available in the bottle, as the oxygen content of the 

free air may oxidize the organic and inorganic substances present in the sample, which 

could alter the value of BOD5 and COD. The plastic bottles were clean, dry and were 

rinsed thoroughly by the sample wastewater when the sample was collected.  

 

Preservation and transportation of samples is as important as their proper collection. The 

whole procedure of sample collection, transportation to the laboratory and testing takes a 

significant amount of time throughout which spontaneous chemical reactions and 

microbial activity are going on in the sample, which will affect the results. All possible 

efforts were made to minimize the time lag between collection and analysis so that no 

significant change may occur in the quality of the samples. The collected samples were 

transported to the laboratory quickly and then samples were preserved in the refrigerator 

in accordance with the standard Methods. Each of the sample bottle was labeled with 

necessary information. 
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As mentioned earlier the samples were collected from the textile industries those are 

currently using chlorination process to treat the effluent. The name of the industries from 

which the sample collected are given below: 

 

1) Apex holding limited (Plant A). 

2) South East Textile (Plant B). 

3) Ill Kwang Company Limited (Plant C). 

4) Hypo shine company (Plant D). 

5) Hossain dyeing (Plant E).  

The names of other five textile industries are used as plant F, plant G,plant H, plantI, 

plantJ. 

 

3. 4 Preparation of Bleaching Powder Solution 

Bleaching powder solution is prepared by weighing accurately 2.5 g of bleaching powder 

and then transferred to 250ml conical flask. Now about 100-150 ml of distilled water is 

added. The flask stopped and shaked vigorously. The suspension thus obtained is diluted 

with water (in a measuring flask) to make up the volume to 250ml. Now the solution is 

1% bleaching powder solution. The chlorine amount in the bleaching powder solution is 

determined by the treatment of this 1% solution with 10% potassium iodide solution, 

when equivalent amount of iodine is liberated. Now the liberated iodine is estimated by 

titration it against a standard sodium thiosulphate solution. 

 

3.5 Treatment of Textile Waste Water Treatment with Chlorine 

250 ml of textile liquid waste is taken in a 500ml volumetric flask. 15 ml of bleaching 

powder solution is added in it. Magnetic stirrer was used for proper mixing and the 

contact time given was 15 min. But the amount of bleaching powder solution was varied 

to test with varying chlorine dose (described in section 4.3). Contact time and 

temperature was also varied. (Described in section 4.4 and 4.5). 

 
The residual chlorine amount is determined by adding excess potassium iodide solution 

and then titrating it against standard sodium thiosulphate solution. From the readings of 
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two titration (first titration gives the amount of chlorine in bleaching powder, as 

described in section 3.4) amount of chlorine required to treat a specific volume of textile 

waste will be calculated. 

 
All the chemicals to be used in this research work are of reagent grade. 

  
3.6 Assessment of THM in the treated effluent 

THMs in the treated effluent will be assessed by THM Plus method (Method 10132) with 

Hach DR/2010 Spectrophotometer. The test procedure is described in Appendix B. The 

major points of the method that should be noted are: 

 

• The THM Plus method reacts with the trihalogenated disinfection by-products 

formed as the result of the disinfection of drinking water with chlorine in the 

presence of naturally occurring organic materials. These disinfection by-products 

(DBPs) may be produced in the treatment plant or the distribution system as long 

as the water is in contact with free chlorine residual. The formation of the DBPs is 

influenced by chlorine contact time, chlorine dose and residual, temperature, pH, 

precursor concentration, and bromide concentration.  

 

• The predominant DBPs formed by the chlorination of drinking water are the 

trihalomethanes or THMs. The four trihalogenated compounds that form are 

chloroform, bromoform, dichlorobromomethane, and dibromochloromethane. 

These four compounds comprise the Total trihalomethanes (TTHMs) group . 

 

• In the THM Plus method, THM compounds present in the sample react with N, 

N,-diethylnicotinamide under heated alkaline conditions to form a dialdehyde 

intermediate. The sample is then cooled and acidified to pH 2.5. The dialdehyde 

intermediate formed is then reacted with 7-amino-1,3 naphthalene disulfonic acid 

to form a colored Schiff base. The color formed is directly proportional to the 

total amount of THM compounds present in the sample. Test results are measured 

at 515 nm and reported as ppb chloroform. 
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Chapter 4 

RESULTS AND DISCUSSIONS 

4.1 Introduction 

This research work was aimed at achieving knowledge on various issues related to chlorination 

of textile liquid waste. The main objectives of textile wastewater treatment technologies are to 

remove color, reduction of BOD, reduction of TDS and TSS, maintaining pH of the treated 

effluent in the range 6.5 - 9.0. And the treated effluent shall meet the limits set in Schedule 12-B 

of ECR 1997 issued by DOE, Bangladesh. This chapter presents the results of experiments 

carried out in the laboratory to have knowledge on various issues related to textile waste 

chlorination. 

 

The research was also carried out to evaluate the possible THM formation in the treated effluent. 

The research began with a literature review which found no studies on THM formation in textile 

waste chlorinated water. This chapter explains the outcomes of the THM formation studies in 

treated effluent under both laboratory and field condition. 

 

4.2 Observing the Performance of Chlorine based ETPs   

Since November 2008, the textile wastewaters have been treated with chlorine gas in the existing 

ETPs at 30 textile composite industries around Dhaka. The ETPs have been slightly modified to 

introduce chlorinated water from the chlorine dispenser (Quader, 2010).  To see the performance 

of treatment plants using chlorine, sample of treated and untreated effluent from ten chlorine 

based ETPs were collected and detail analysis have been conducted in the laboratory. The 

performance data of these ETPs are presented in Table A1 to A10, and it is evident from these 

data that few ETPs using chlorination process are performing satisfactorily but some are not 

performing effectively. All the treated effluents from the ETPs do not meet the set standards of 

Schedule 12-B of ECR’97. 

 

4.2.1 Removal of BOD5 and COD 

The test results of BOD5 and COD of different samples are presented in Table A-1 to A-10. The 

concentration of BOD5 of untreated effluent was found to vary from 180 to 1140 mg/l and COD: 
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525-1960mg/l. The concentration of BOD5 of treated effluent was found to vary from 96 to 242 

mg/l and COD: 225-800 mg/l. The removal efficiency of BOD5 and COD by chlorination 

process is presented in the figure 4.2 and 4.4 The removal efficiency of BOD was found to vary 

from 23 – 88% and the removal efficiency of COD was found to vary from 25 – 86%.  

 

 

 

4.1: BOD reduction in chlorine based ETPs in Bangladesh 

 

Figure 4.2: % BOD removal in chlorine based ETPs in Bangladesh 
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Figure 4.3: COD reduction in chlorine based ETPs in Bangladesh 

 

Figure 4.4: % COD removal in chlorine based ETPs in Bangladesh 

 

The effluent discharge standard for BOD5 is 150mg/l indicates that these ETPs satisfy the 

standard. There is no COD standard for classified textile industries that have investment over 30 

million taka. But textile industries with investment less than 30 million taka have to comply with 

a COD standard 200 mg/l, 400mg/l and 400 mg/l to discharge the effluent into inland surface 

water, public sewer at secondary treatment plant and irrigated land respectively (Quader, 2010). 
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4.2.2 Removal of TDS and TSS 

The tests results of total dissolved solids (TDS) of the different sample are presented in Table A-l 

to A-10 in Appendix A. The concentrations of dissolved solids of untreated effluents were found 

1338 - 6800 mg/1 and the concentration of treated effluent were found 228-2024mg/l. 

Bangladesh industrial effluent standards (DOE, 1997) for dissolved solids is 2100 mg/1.  

 

Total suspended solids (TSS) are differentiated from total dissolved solids (TDS), in that the 

former cannot pass through a sieve of two micrometers and yet are indefinitely suspended in 

solution. The tests results of Total Suspended Solids of the different sampling points are 

presented in Table A-l to A-10 in Appendix A. Maximum concentrations of suspended solids in 

untreated effluent were varying from 46 -797 mg/L and in treated effluent the concentration of 

TSS were 15-140 mg/l. Bangladesh industrial effluent standards (DOE, 1997) for suspended 

solids is 150 mg/1 

 

 

 

Figure:4.5: TDS (mg/l) reduction in chlorine based ETPs in Bangladesh 
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Figure 4.6: % TDS removal in chlorine based ETPs 

 

Figure 4.7: TSS (mg/l) reduction in chlorine based ETPs in Bangladesh 

 

The removal efficiency of TDS and TSS by chlorination process is presented in the 

figures 4.7 and 4.8 The removal efficiency of TDS was found to vary from 20 – 71% and 

the removal efficiency of TSS was found to vary from 14 – 88%. The TSS removal 

efficiency of plant D is not shown in figure 4.8 as the outlet TSS concentration is 
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increased here. This may happen due to the fact that with increased amount of oxidizing 

agent the concentration of suspended solids may increases depending on the nature of 

oxidizing agent. 

 

Figure 4.8: % TSS removal in chlorine based ETPs on Bangladesh 

 

4.2.3 Removal of Color 

The measurement of color is a key test for aesthetic quality of water. The test results of colour of 

different sampling points are presented in Table A-l and A-10 in Appendix A. The colour of 

untreated effluent was found to vary from 670 to 2015 Pt-Co units and 382 to 736 for the treated 

effluent.  

 

Though there is no standard limit of color for discharging treated effluent into inland surface 

water body but US (EPA) allowable limit for that is 150 Pt-Co units. Color content should be 

removed from effluent sample for the aesthetic reason.  

 

The color removal efficiency by chlorination process is presented in the figures 4.10.The 

removal efficiency of color was found to vary from 39 – 73%. 
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Figure 4.9: Color (pt-co unit) reduction in chlorine based ETPs 

 

 

Figure 4.10: % Color removal in chlorine based ETPs 

4.2.4 Residual chlorine in the treated effluent 

The test result of residual chlorine are reported in units called mg/l. The test results are shown in 

table A-10. The value was found in the range of 0.7- 3 mg/l. The residual chlorine concentration 

is much higher than the standard value set for drinking water.  
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Figure 4.11 Residual chlorine content in the treated effluent 

 

4.3 Study of chlorine oxidation using bleaching powder 

Chlorine oxidation of textile waste water by commercially available bleaching powder resulted 

in a significant BOD5, COD, TDS, TSS and color removal with a bleaching powder dosage of 

100mg/l, 150mg/l and 200mg/l.  

 

The commercial bleaching powder used in this treatment process contains 30% (w/w) Cl2. The 

strength of bleaching powder was estimated by titrating 1% bleaching powder solution against 

standard (0.025N) sodium thiosulphate solution. Chlorine content in 10ml, 15ml and 20ml was 

calculated. In Table: 4.1 Chlorine content in different bleaching powder solutions are given. 

 

Table: 4.1 Chlorine content in bleaching powder solution 

1% Bleaching 

powder solution 

Liberated Chlorine 

(mg) 

Bleaching Powder solution 

strength(mg/l) 

20ml 60 200 

15ml 45 150 

10ml 30 100 
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The initial values of BOD5, COD, Color, pH, TDS, TSS of textile waste sample are given in 

table A-12. Percent removal efficiencies of various parameters are given in table A-13 with 

varying bleaching dose. 

 

4.3.1 Effect of Contact Time 

To observe the effect of contact time three contact times of 15, 20, 30, 40 minutes were chosen. 

Only two parameters COD and color were considered because these two can be measured 

immediately. The sample to be treated contained an initial COD concentration of 625 mg/l and 

color 303 pt-Co unit.  

 

The sample was treated with a bleaching solution of 150mg/l and the sample volume was taken 

250ml. The test results of COD and color removal for various contact time is given in Table 4.2. 

The best results were belong to the highest amounts COD and color removal for a given time 

contact. 54% removal in COD and 79% of color were achieved by 20 minutes contact. It is 

evident no significant change occurs after 20 min of contact time. 

 

Table 4.2: COD removal in various contact time 

 Initial COD Concentration =625 mg/l, Color =303 pt-Co unit 

Time interval Residual COD Residual 

Color 

% removal of 

COD 

% removal of 

Color 

10 304 68 51.36 77 

15 290 63 53.6 79.2 

20 288 62.2 53.92 79.5 

30 287 62.2 54.08 79.5 

40 286.1 62 54.22 79.5 

50 286 62 54.22 79.5 

 

The above test results are presented in the figures 4.12 to 4.15. According to these figures, it 

could be concluded that most of the considered reductions in COD and color are belong to 20 

minutes of contact time. 
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Figure 4.12: Removal of COD for various time intervals 

 

 

 

Figure 4.13: % Removal efficiency of COD for various time intervals 
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Figure 4.14 Residual color for various time intervals 

 

Figure 4.15: % Removal of color for various time intervals 

 

4.3.2 Effects of chlorine dose 

Chlorine oxidation of textile waste water by commercially available bleaching powder resulted 

in a significant BOD5, COD, TDS, TSS and color removal with a bleaching solution dosage of 

100mg/l, 150mg/l and 200mg/l. The commercial bleaching powder used in this treatment process 

contains 30% (w/w) Cl2. The contact time was kept 20 minutes for all the treatment with 

bleaching solution. 
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4.3.2.1 BOD5 and COD reduction 

Chlorine oxidation of the textile wastewater by commercially available bleaching powder 

resulted in a significant BOD5 and COD reduction. The test results are shown in table 4.3. 

Table 4.3: Values of different parameters after treating with bleaching solution of different 

concentrations. 

Parameters Textile wastewater treated with bleaching  solution 

100mg/l 150mg/l 200mg/l 
Cl2 Content (mg/l) (added) 30 45 60 

BOD5 

Initial BOD5 (mg/l) 192 192 192 
Final BOD5 (mg/l) 85 70 74 
BOD5 removed (mg/l) 107 118 122 
% BOD5 removed 56 61 64 
Residual Cl2 (mg/l) 8.41 8.4 9.2 
Amount of Cl2 used (mg) 21.50 36.6 50.8 

Calculated Cl2 used (kg) 

for removal  of 1kg BOD5 

1.1 kg  1 kg 1.2 kg 

Average Cl2 used (kg) 

for removal of 1kg BOD5 

1.1 kg 

               

COD 

Initial COD (mg/l) 645 645 645 
Final COD (mg/l) 324 304 288 
COD removed (mg/l) 321 341 357 
% COD removed 50 53 55 
Residual Cl2(mg/l) 8.41 8.4 9.2 
Amount of Cl2 used  21.50 36.6 50.8 

 

With a bleaching powder dosage of 100 mg/l, about 56% of initial BOD and 50% of initial COD 

were removed (Figure 4.13 and Figure 4.12). Further increase in bleaching powder dosage up to 

200mg/l caused comparatively low reduction in BOD5 and COD.  It was calculated from the 

above data that 1 to 1.5 kg chlorine is required for 1 kg BOD removal and  0.1  



76 

 

 

 

Figure 4.16: BOD5 (mg/l) removal with varying chlorine dose 

 

 

 

 

Figure 4.17:  % BOD5 removal efficiency with varying chlorine dose 

 

The experimentally obtained variation of COD is resented in Fig 4.18 indicates how does it vary with 

respect to the concentration of bleaching powder solution.  However, COD removal slowly increases 



77 

 

beyond a dosage 100mg/l.  Since, residual chlorine may be a serious concern for the discharge of 

chemically oxidized effluent therefore, the adjustment of pH of the final effluent is required to meet the 

discharge standard. From the BOD removal data and the amount of chlorine used it is calculated that 1 to 

1.5 kg chlorine is required to remove 1 kg BOD. 

 

 

Figure:4.18 COD (mg/l) removal with varying chlorine dose 

 

 

Figure:4.19 % COD removal efficiency with varying chlorine dose 
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4.3.2.2 Removal of TDS and TSS: 

Chlorine oxidation of the textile wastewater by commercially available bleaching powder resulted in a 

significant TDS and  TSS reduction. With a bleaching powder solution of 100mg/l, 150mg/l and 200mg/l 

removal efficiencies were found to vary  27%, 43% and 70% respectively for TDS and 42%, 53% and 

55%respectively for TSS. 

Table 4.4: Values of different parameters after treating with bleaching solution of different 

concentrations. 

Parameters Textile wastewater treated with bleaching  solution 

100mg/l 150mg/l 200mg/l 
Cl2 Content (mg/l) 30 45 60 

TDS 

Initial TDS (mg/l) 2072 2072 2072 
Final TDS (mg/l) 1501 1197 1501 
TDS removed (mg/l) 571 875 894 
TDS removed 27 42 70 
Residual Cl2 (mg/l) 8.41 8.4 9.2 
Amount of Cl2 used (mg) 21.50 36.6 50.8 

               

TSS 

Initial TSS (mg/l) 15 15 15 
Final TSS (mg/l) 8.73 8.51 11.50 
TSS  removed (mg/l) 6.27 6.41 3.5 
% TSS removed 55 53 42 
Residual Cl2(mg/l) 8.41 8.4 9.2 
Amount of Cl2 used  21.50 36.6 50.8 
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Figure:4.20  TDS(mg/l) removal with varying chlorine dose 

 

 

 

 

Figure:4.21  % TDS removal efficiency with varying chlorine dose 

 

The TSS concentration has slightly been increased for the added bleaching solution 150mg/l and more as 

shown in figure 4.22.This may happen due to the fact that with increased amount of oxidizing agent the 

concentration of suspended solids may increases depending on the nature of oxidizing agent (Babu et al, 
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2007). The commercial bleaching powder used in laboratory for treating textile waste contains 30% 

(w/w) Cl2 leads to increased concentration of TSS. 

  

 

Figure:4.22 TSS removal with varying chlorine dose 

 

 

4.3.2.3 Removal of Color: 

From the experimental results, it has been found that color removal efficiency of the textile wastewater by 

commercially available bleaching powder resulted in a significant color reduction.With a bleaching 

solution of 100mg/l, 150mg/l and 200mg/l color removal efficiencies were found to vary from 48%, 54% 

and 80%. 

Table 4.5: Values of different parameters after treating with bleaching solution of different 

concentrations. 

Parameters Textile wastewater treated with bleaching  solution 

100mg/l 150mg/l 200mg/l 
Cl2 Content (mg/l) (added) 30 45 60 

Color 

Initial Color (pt- Co unit) 303 303 303 
Final Color (pt-Co unit) 70 62 60 
Color removed (pt-Co unit) 233 241 243 
% Color removed 54 64 80 
Residual Cl2 (mg/l) 8.41 8.4 9.2 
Amount of Cl2 used (mg) 21.50 36.6 50.8 
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Figure:4.23 Color removal with varying chlorine dose 

 

 

 

Figure:4.24  Color removal efficiency with varying chlorine dose 

4.4 Evaluation of Trihalomethane (THMs) in outlet stream 

The presence of THMs in all treated samples was confirmed in this study. However, the 

concentration of THMs in treated samples was found below the WHO guide line (150ppb) 
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values. The model developed by Rodriguez et al. (2000) has been used to find out the 

concentration of THM in the outlet stream. The model is, 

TTHM = 0.044(DOC)1.030(t)0.262 pH1.149(D)0.277(T)0.968 

Parameters TTHM= Total Trihalomethane (ppb),  

DOC= dissolved organic carbon (mg/l),  

t= contact time (min), D= Chlorine dose (mg/l),  

T= outlet stream Temperature (oC). 

The values of different measured parameters of treated stream are shown in Table 4.6.  

Table 4.6: Values of different parameters of treated stream 

ETPs TTHM (ppb) pH Temp (oC) Cl2 dose(mg/l) DOC 

(calculated) (mg/l) 

Plant A 127 8.01 49.3 33 0.84 

Plant B 160 8.37 49.8 36 0.97 

Plant C 96 7.01 49 42 0.70 

Plant D 102 7.05 49 44 0.73 

Plant E 196 8.45 49.8 50 1.6 

Plant F 120 7.91 49.3 32 0.82 

Plant G 180 8.45 50 47 1.4 

Plant H 147 8.31 49.8 36 0.9 

Plant I 110 7.32 49.1 34 0.81 

Plant J 140 8.30 49.5 40 0.87 

 

Here all the parameters are measured values except DOC. The temperature and chlorine dosing 

data were collected from the chlorine based ETPs. The values of DOC have been calculated 

using Rodriguez equation. The 48 hour contact time has been taken as no significant increases in 
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THMs beyond 48 hours of chlorination (Kolla, 2004 and Chang et al., 2001). All the THM tests 

were done after 48 hours. 

4.4.1 Effect of dissolved organic carbon (DOC) 

Increase in DOC generally led to increase in THMs formation (Muller, 1998). Figure 4.25 

illustrates the correlation between DOC and THMs of different treated sample of different ETPs.  

Figure shows that strong correlation between DOC and THMs (r2 =0.86). It may be observed that 

textile liquid wastes contain a lower value of DOC ranged 0.6 to 2 mg/l approximately. 

 

 

Figure 4.25: Effect of DOC on THMs formation (parenthesis shows pH and cl2 dosing range) 

4.4.1 Effect of pH and chlorine dose 

The study identified pH, chlorine dose as significant for THMs formation. The effect of pH on 

THMs formation of treated water samples is presented in figure 4.26. The pH has been found to 

be correlated with THMs formation. 30% to 50% increase in THMs formation was noted when 

the pH was increased from 6 to 11(Chowdhury et al., 2007).  It is observed in figure 4.26 that 

trihalomethanes formation increase significantly with increasing pH which corresponds to results 

noted in previous studies. 
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Figure 4.26: Effect of pH on THMs formation 

The following curves (figure 4.27 to 4.28) have been generated using MATLAB software. Here 

two parameters contact time (t), and temperature (T) have been kept constant. Contact time was 

taken as 48 hour  as there is no formation of THMs beyond 48 hours of chlorination (Kolla, 2004 

and Chang et al., 2001)and temperature was fixed at 500 C as the average textile outlet stream 

temperature is 500C (Babu et al, 2007). The Matlab code is given below; 

%TTHM vs DOC 
t=48;  
pH=11;  
T=50;  
DOC=0.1:0.001:2;  
figure  
for D=30:5:60  
TTHM= 0.044*(DOC).^1.03 * t^0.262 * pH^1.149 * D.^0.277 * T^0.968;  
str = sprintf('D = %d', D);  
%disp(str);  
plot(DOC,TTHM,'DisplayName',str)  
title(['TTHM vs DOC for pH = ',num2str(pH)]);  
xlabel('DOC');  
ylabel('TTHM');  
legend('-DynamicLegend','Location','SouthEast');  
hold all  
end  
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Figure 4.27: Effect of DOC and Chlorine dose on THMs formation at pH=7 

 

Figure 4.28: Effect of DOC and Chlorine dose on THMs formation at pH=8 
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Figure 4.29: Effect of DOC and Chlorine dose on THMs formation at pH=9 

 

Figure 4.30: Effect of DOC and Chlorine dose on THMs formation at pH=10 
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The above figures can be used to find out the concentration of THM for different chlorine dose, 

pH and DOC values. For example the concentrations of THM of different ETPs can be found out 

using the above curves. The results are very close to the practical measured values. 

 

The effects of DOC on THMs formation is illustrated in the above figures (4.27 to 4.30) exposed 

to different pH and chlorine doses. Figures show that increase in DOC generally led to increase 

in THMs formation and considered to represent THMs precursors in water.  .  

  

Chlorine dose is affected by the amount and type of organic matter (Chang et al., 1996). Figure 

4.27 to 4.30 shows the effect of chlorine dose on THMs formation. For these figures, seven 

chlorine doses were administered and it can be seen that, at the lowest chlorine dosages, the 

THMs concentrations were less than those found at intermediate chlorine dosages. However, 

THMs formation was not found to increase significantly when the chlorine doses were increased 

further. This may be due to the fact that the chlorines beyond breakpoints had insignificant 

amount of organics to react. This leads partial support to the fact that excess chlorine beyond the 

breakpoint does not necessarily contribute to significant increases in THMs formation 

(Chowdhury et al.2007).  
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Chapter 5 

CONCLUSION AND RECOMMENDATION 
 

5.1 Conclusions 
 
From the experimental results obtained in this study, the following conclusions can be 
drawn: 

 
1. The performance of chlorine based treatment plants was assessed and it is evident 

from these data that all the ETPs using chlorination are not performing 

satisfactorily. 60% of the treated effluents (studied) from the ETPs meet the set 

standards Schedule 12-B of ECR’97 and rest of these are not maintaining the 

proper chlorine dosing. 

 

2. The concentration of THM was measured and the presence of THMs was 

confirmed in this study. However, the concentration of THMs in treated water 

sample was found below the WHO concentration where the effluents contain a 

lower value of DOC. 

 

3. The effect of pH and dissolved organic carbon (DOC) and chlorine dose on the 

concentration of THMs was assessed. It is observed that increase in DOC 

generally led to increase in THMs formation. It is assessed that trihalomethanes 

formation increase significantly with increasing pH but it is independent of THM 

when the concentration of THM is 150ppb and above. The pH value is 8.5 at 150 

ppb concentration of THM. 

 
4. The effect of chlorine dose was observed. It is found that 1 to 1.5 kg chlorine is 

required for 1 kg BOD removal. 

 

5. The effect of contact time was also assessed and it is evident that 20 min contact 

time is enough for chlorination process. 
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6. Finally curves have been generated using Matlab software to find out the 

concentration of THM for different chlorine dose, pH and DOC values. The 

concentrations of THM in the outlet stream of different ETPs can be found out 

using these curves. The results are very close to the practical measured values. 

 
 

 5.2 Recommendation for Future Studies  

 

 The following are made for future studies: 

 

1. In this study no attempt was made for dechlorination of the treated effluents. Free 

chlorine can be removed by using activated carbon bed, by reacting with Sodium 

Sulfite (Na2SO3), Sodium Bisuifite(NaHSO3), Sodium Metabisulfite(Na2S2O5), 

Sodium Thiosulfate (Na2S2O3), Sulfur Dioxide gas(SO2); by passing over a bed of 

gypsum, iron turnings or aeration. Experiment should be carried out to observe 

the performance of dechlorination with different dechlorinating compounds or 

materials. 

2. Formation potential studies should be carried out on the rate of THM formation at 

variable locations within the treatment stream. The formation of the DBPs is also 

influenced by chlorine contact time, chlorine dose and residual, temperature, pH, 

precursor concentration, and bromide concentration. With the variation of these 

parameter the formation potential of THM may be observed. 

      

3. Combination of chlorination and chemical coagulation is reported to meet the 

environmental requirements for textile waste water. Experiment should be carried out 

to observe the efficiency of the process. 
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Appendix A 

 

Table A-1: Measured influent and effluent values and removal efficiencies of Plant-

A (Apex Holding Limited) 

Parameters Before 

Treatment 

After 

Treattment 

% 

Removal 

efficiency 

Standard 

(ECR-97 

Schedule 12-B) 

PH 7.18 7.00  6.5-9 

TSS(mg/l) 130 15 88 100 

TDS(mg/l) 2072 749 63 2100 

COD,mg/l 640 480 25 …. 

BOD5,mg/l 192 150 23 150 

Color, Pt-Co unit 1402 382 73 …. 

 

 

 

Table A-2 Measured influent and effluent values and removal efficiencies of Plant-B 

(South East Textile) 

Parameters Before 

Treatment 

After 

Treattment 

% 

Removal 

efficiency 

Standard 

(ECR-97 

Schedule 12-B) 

PH 10.09 8.38  6.5-9 

TSS(mg/l) 224 110 51 100 

TDS(mg/l) 6648 1900 71 2100 

COD,mg/l 720 430 40 …. 

BOD5,mg/l 180 112 38 150 

Color, Pt-Co unit 1120 501 55 …. 
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Table A-3: Measured influent and effluent values and removal efficiencies of Plant-

C (Ill Kwang Co.Limited) 

 

Parameters Before 

Treatment 

After 

Treattment 

%  Removal 

efficiency 

Standard(ECR-

97 Schedule 12-

B) 

PH 8.47 7.34  6.5-9 

TSS(mg/l) 220 65 70 100 

TDS(mg/l) 1338 925 31 2100 

COD,mg/l 525 255 51 …. 

BOD5,mg/l 210 96 54 150 

Color, Pt-Co unit 670 408 39 …. 

 

 

Table A-4: Measured influent and effluent values and removal efficiencies of Plant-

D (Hyposine Company Plant D) 

 

Parameters Before 

Treatment 

After 

Treattment 

% Removal 

efficiency  

Standard(ECR-

97 Schedule 12-

B) 

PH 4.95 7.04  6.5-9 

TSS(mg/l) 56.2 69  100 

TDS(mg/l) 6800 2020 70 2100 

COD,mg/l 1441 410 71 …. 

BOD5,mg/l 320 120 62 150 

Color, Pt-Co unit 1031 403 61 …. 
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Table A-5: Measured influent and effluent values and removal efficiencies of Plant-

E (Hossain dyeing) 

Parameters Before 

Treatment 

After 

Treattment 

% 

removal 

efficiency 

Standard(ECR-

97 Schedule 12-

B) 

PH 11.63 7.50  6.5-9 

TSS(mg/l) 46 34 26 100 

TDS(mg/l) 1519 725 52 2100 

COD,mg/l 1156 410 61 …. 

BOD5,mg/l 370 135 63 150 

Color, Pt-Co unit 2015 736 63 …. 

 

 

Table A-6: Measured influent and effluent values and removal efficiencies of Plant-

F 

Parameters Before 

Treatment  

After Treattment % 

removal 

eficiency 

Standard(ECR-

97 Schedule 12-B) 

PH    6.5-9 

TSS(mg/l) 797 140 82 100 

TDS(mg/l) 2230 228 45 2100 

COD,mg/l 1960 877 55 … 

BOD5,mg/l 1140 181 84 150 

Color, Pt-Co unit 730 382 48 … 
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Table A-7 Measured influent and effluent values and removal efficiencies of Plant-G 

Parameters Before 

Treatment  

After 

Treattment 

% 

removal 

efficiency  

Standard(ECR-

97 Schedule 12-

B) 

PH 11.63 7.50  6.5-9 

TSS(mg/l) 370 170 54 100 

TDS(mg/l) 4390 2024 54 2100 

COD,mg/l 1030 599 42 …. 

BOD5,mg/l 520 162 69 150 

Color, Pt-Co unit 1201 403 66 …. 

 

Table A-8: Measured influent and effluent values and removal efficiencies of Plant-

H 

Parameters Before 

Treatment  

After 

Treattment 

% 

removal 

efficiency  

Standard(ECR-

97 Schedule 12-

B) 

PH 11.23 9.50  6.5-9 

TSS(mg/l) 46 34 82 100 

TDS(mg/l) 1519 725 54 2100 

COD,mg/l 1156 410 86 …. 

BOD5,mg/l 370 135 88 150 

Color, Pt-Co unit 2015 736 47 …. 
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Table A-9: Measured influent and effluent values and removal efficiencies of Plant-I 

Parameters Before 

Treatment  

After 

Treattment 

% 

removal 

efficiency 

Standard(ECR-

97 Schedule 12-

B) 

PH 11.63 7.50  6.5-9 

TSS(mg/l) 140 120 14 100 

TDS(mg/l) 2043 1600 22 2100 

COD,mg/l 1605 800 50 …. 

BOD5,mg/l 615 242 61 150 

Color, Pt-Co unit 981 382 61 …. 

 

Table A-10: : Measured influent and effluent values and removal efficiencies of 

Plant-J 

Parameters Before 

Treatment  

After 

Treattment 

%removal 

efficiency 

Standard(ECR-

97 Schedule 12-

B) 

PH 10.63 8.50  6.5-9 

TSS(mg/l) 71 46 35 100 

TDS(mg/l) 2100 1673 20 2100 

COD,mg/l 720 298 59 …. 

BOD5,mg/l 280 112 60 150 

Color, Pt-Co unit 1400 382 72 …. 
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Table A – 11: Residual Chlorine content in the treated effluents 

Residual 

Chlorine 

Plant 

A 

Plant 

B 

Plant 

C 

Plant 

D 

Plant 

E 

Plant  

F 

Plant 

G 

Plant 

H 

Plant 

I 

Plant 

J 

mg/l 2.9 3 0.52 3.5 0.7 2.3 2.7 3.2 1.5 2.1 

 

  
Table A-12:  Measured Values of different parameter of textile liquid waste after 
treating with varying amount of chlorine dose. 
 

Parameters Before 

Treatment 

After Treatment (with Bleaching powder 

solution) 

20ml 15 ml 10ml 

PH 7.18 11.05 10.51 10.03 

TSS(mg/l) 15 11.05 8051 8.73 

TDS(mg/l) 2072 607 11979 1501 

COD,mg/l 645 288 304 324 

BOD5,mg/l 192 70 74 85 

Color, Pt-Co unit 303 60 62 70 

Residual 

Chlorine(mg/l) 

…. 9.2 8.4 8.41 

Turbidity 332 1176 736 484 

 
 
Table A-13 Percent removal of different parameter of textile waste with chlorine 
dose  
 

Parameter Before 

Treatment 

% removal 

With 20ml With 15 ml With 10ml 

TDS(mg/l) 2072 70 42.23 27.50 

COD,mg/l 645 55.34 52.86 49.76 

BOD5,mg/l 192 63.5 61.4 55.72 

Color, Pt-Co unit 303 80.19 54.12 48.51 
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Table A-14: COD removal in various contact time 
 

Initial COD Concentration = 625 mg/l 
Time interval Residual COD % removal of COD 

10 304 51.36 
15 290 53.6 
20 288 53.92 
30 287 54.08 
40 286.1 54.22 
50 286 54.22 

 
 
Table A-15: Color removal in various contact time 

Initial Color = 303 pt – co unit 
Time interval Residual Color % removal of COD 

10 68 77 
15 63 79.2 
20 62.2 79.5 
30 62.2 79.5 
40 62 79.5 
50 62 79.5 
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Appendix B 

 

A-2. THM Plus Method (10132) 

THM Plus method (10132) has been used to estimate the trihalomethane (THM) in the 

chlorinated water sample. The method is described in this section. 

 
Before starting the test: 

• Analyze the samples immediately after collection or refrigerate the samples until 

the analysis is complete. 

• If the samples were refrigerated after collection, do not warm the samples to room 

temperature prior to analyzing. This will minimize volatilization of the 

disinfection by-products (DBPs). If refrigerated samples are analyzed, heat the 

samples for an additional two minutes (total of seven minutes) in step 12 of the 

procedure. 

• If analyzing more than four samples, use 450 mL of water in the water bath. THM 

Plus Reagent 2 must be at room temperature before use. 

• A Repipet Jr. may be used in place of the TenSette® Pipet. Trihalomethane 

compounds are extremely volatile. Immediately cap sample cells after filling with 

sample. 

• Reagent blank is stable for 1–2 hours and need not be prepared for each test. 

• Do not mark below the 10 mL fill line. 

 

Important Note: Perform steps 4–9 rapidly to avoid loss of THMs from the sample. 

When testing more than one sample, complete steps 4–9 for one sample before going on 

to another. If dispensing sample with a pipette, the pipette must dispense quickly without 

causing aeration or back pressure. 

 

1. Select the test. Insert an adapter if required (see the Instrument-specific information 

table). Refer to the user manual for orientation. 
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2. Prepare a hot water bath by adding 500 mL of water to an evaporating dish. Put the 

dish on a hot plate and turn the heater on high. 

 

3. Prepare a cooling bath by adding 500 mL of cold (18–25 °C) tap water to a second 

evaporating dish. Maintain the temperature in this range. 

 

4. Sample Preparation: Fill one round sample cell to the 10-mL mark with sample. Cap 

and label as “sample”. 

725HM s 

 
SS 

Step 1                Step 2                        Step 3        Step 4 
 
 
5. Blank Preparation: Fill the second sample cell with deionized water. Cap and label as 

“blank”. 

 

6. Add three drops of THM Plus Reagent 1 to each cell. 

 

7. Cap tightly and mix gently by swirling each cell three times. Vigorous shaking can 

cause loss of THMs into the sample cell headspace. 

 

8. Use a TenSette® Pipet to add 3 mL of THM Plus Reagent 2 to each cell. Avoid excess 

agitation of the sample when dispensing the reagent. The reagent is viscous and a small 

amount may remain on the tip after dispensing. This will not affect the results 
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SS 
Step 5   Step 6           Step 7      Step 8 

 

9. Cap tightly and mix by shaking. Thorough mixing makes sure that all of the THM goes 

into the liquid and does not accumulate in the air above the sample. 

10. Place the sample cells in the cell holder assembly. 

 

11. Place the assembly in the hot water bath when the water is boiling rapidly. Do not 

allow the water to rise above the white “diamond” near the top of the sample cells. 

 

12. Start the instrument timer. A five-minute reaction period will begin. Heat for 7 

minutes if refrigerated samples are being analyzed. 

 

 
Step 9   Step 10           Step11         Step 12 

 
 

13. When the timer expires, remove the assembly and sample cells from the hot water 

bath. Place in the cooling bath. Use ice to cool the tap water if necessary. 

 

14. Start the instrument timer. A three-minute cooling period will begin. When the timer 

expires, remove the cells from the cooling bath. Invert each cell a few times to make sure 

that a uniform temperature of the sample is maintained. 
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15. Use a TenSette Pipet to add 1 mL of THM Plus Reagent 3 to each cell. The sample 

and blank will become warm. 

 

16. Replace the cooling water with fresh, cold tap water. Place the assembly that contains 

the sample and blank cells into the cooling bath. Use ice to cool the tap water if 

necessary. 

 
Step 13   Step 14           Step 15       Step 16 

  
 

17. Start the instrumenttimer. A three-minute cooling period will begin. When the timer  

expires, remove the cells from the cooling bath. The temperature of the sample should be 

15–25 °C. 

 

18. Add the contents of one THM Plus Reagent 4 Powder Pillow to the sample cell and 

one to the blank. 

 

19. Cap each cell tightly and mix by shaking until all the powder dissolves. The powder 

dissolves slowly. Intermittent shaking during the first five minutes of the color 

development period will help dissolve the reagent powder. 

 

20. Start the instrument timer. A 15-minute development time will begin. The color is 

stable for at least 30 minutes after the 15-minute development time. 
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Step 17   Step 18           Step 19      Step 20 

 
21. After the timer expires, pour the prepared sample and prepared blank into two square 

sample cells (DR/2400 users should ignore this step and  proceed to step 22). Allow the 

solution to settle in the square cells for 3 seconds to enable any turbidity that may be 

present to settle. 

22. When the timer expires, wipe the blank and insert it into the cell holder. 

 

23. ZERO the instrument. The display will show: 0.00 ppb CHCl3 

 

24. Wipe the prepared sample and insert it into the cell holder. 

READ the results in ppb chloroform (CHCl3). 

 

 

 
Step 21   Step 22           Step 23      Step 24 

 
 

Summary of method 

The THM Plus method reacts with the trihalogenated disinfection by-products formed as 

the result of the disinfection of drinking water with chlorine in the presence of naturally 

occurring organic materials. These disinfection by-products (DBPs) may be produced in 

the treatment plant or the distribution system as long as the water is in contact with free 
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chlorine residual. The formation of the DBPs is influenced by chlorine contact time, 

chlorine dose and residual, temperature, pH, precursor concentration, and bromide 

concentration. The predominant DBPs formed by the chlorination of drinking water are 

the trihalomethanes or THMs. The four trihalogenated compounds that form are 

chloroform, bromoform, dichlorobromomethane, and dibromochloromethane. These four 

compounds comprise the Total trihalomethanes (TTHMs) group which is regulated under 

the Safe Drinking Water Act. The combined concentration of the TTHMs, is regulated in 

drinking water samples. Other DBPs that may be present and react under the conditions 

of the THM Plus method are listed in Interferences.  

 

 

In the THM Plus method, THM compounds present in the sample react with N, N,-

diethylnicotinamide under heated alkaline conditions to form a dialdehyde intermediate. 

The sample is then cooled and acidified to pH 2.5. The dialdehyde intermediate formed is 

then reacted with 7-amino-1,3 napthalene disulfonic acid to form a colored Schiff base. 

The color formed is directly proportional to the total amount of THM compounds present 

in the sample. Test results are measured at 515 nm and reported as ppb chloroform. 
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A-3.
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