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Abstract

Textile industry is one of the major industries in the world that provide employment with no required special
skills and play a major role in the economy of many countries. There are three different types of fibres used in the
manufacture of various textile products: cellulose fibres, protein fibres and synthetic fibres. Each type of fibre is
dyed with different types of dyes. Cellulose fibres are dyed using reactive dyes, direct dyes, napthol dyes and indigo
dyes. Protein fibres are dyed using acid dyes and lanaset dyes. Synthetic fibres are dyed using disperse dyes,
basic dyes and direct dyes. The textile industry utilizes various chemicals and large amount of water during the
production process. About 200 L of water are used to produce 1 kg of textile. The water is mainly used for application
of chemicals onto the fibres and rinsing of the final products. The waste water produced during this process contains
large amount of dyes and chemicals containing trace metals such as Cr, As, Cu and Zn which are capable of harming
the environment and human health. The textile waste water can cause haemorrhage, ulceration of skin, nausea, skin
irritation and dermatitis. The chemicals present in the water block the sunlight and increase the biological oxygen
demand thereby inhibiting photosynthesis and reoxygenation process. The effluent water discharged from the textile
industries undergoes various physio-chemical processes such as flocculation, coagulation and ozonation followed
by biological treatments for the removal of nitrogen, organics, phosphorous and metal. The whole treatment process
involves three steps: primary treatment, secondary treatment and tertiary treatment. The primary treatment involves
removal of suspended solids, most of the oil and grease and gritty materials. The secondary treatment is carried
out using microorganisms under aerobic or anaerobic conditions and involves the reduction of BOD, phenol and
remaining oil in the water and control of color. The tertiary treatment involves the use of electrodialysis, reverse
osmosis and ion exchange to remove the final contaminants in the wastewater. The major disadvantages of using the
biological process are that the presence of toxic metals in the effluent prevents efficient growth of microorganisms and
the process requires a long retention time. The advanced oxidation processes is gaining attention in the recent days
due to the ability to treat almost all the solid components in the textile effluents. The photo oxidation of the effluents
is carried out using H,0,, combination of H,0, and UV and Combination of TiO, and UV. Advanced oxidation process
generates low waste and uses hydroxyl radicals (OH*) as their main oxidative power. The hydroxyl radicals (OH®)
are produced by chemical, electrical, mechanical or radiation energy and therefore advanced oxidation processes
are classified under chemical, photochemical, catalytic, photocatalytic, mechanical and electrical processes. The
effluents treated with advanced oxidation process were found to reduce 70-80% of COD when compared to 30-45%

reduction by biological treatment.

Keywords: Textiles; Dyes; Textile Wastewaters; Primary Treatment;
Secondary Treatment; Tertiary Treatment; Advanced Oxidation; UV;
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Introduction

Textile and Clothing (T&C) is one of the largest and oldest
industries present globally [1]. The T&C industry provides jobs with
no required special skills, which in turn plays a major role in providing
employment in poor countries like Bangladesh, Vietnam, Sri Lanka
and Mauritius. Therefore, it plays a vital role in the increase of Gross
Domestic Product (GDP) value of these countries [2].

The textile industry is classified into three main categories:
cellulose fibres (cotton, rayon, linen, ramie, hemp and lyocell), protein
fibres (wool, angora, mohair, cashmere and silk) and synthetic fibres
(polyester, nylon, spandex, acetate, acrylic, ingeo and polypropylene).
The type of dyes and chemicals used in the textile industry are found to
differ depending on the fabrics manufactured. Reactive dyes (remazol,
procion MX and cibacron F), direct dyes (congo red, direct yellow
50 and direct brown 116), naphthol dyes (fast yellow GC, fast scarlet
R and fast blue B) and indigo dyes (indigo white, tyrian purple and
indigo carmine) are some of the dyes used to dye cellulose fibres [3-5].
Protein fibres are dyed using acid dyes (azo dyes, triarylmethane dyes
and anthraquinone dyes) and lanaset dyes (Blue 5G and Bordeaux B)
[5-7]. Other dyes, like dispersed dyes (Disperse yellow 218 and disperse

navy 35), basic dyes (basic orange 37 and basic red 1) and direct dyes,
are used to dye synthetic fibres [8,4].

Reactive dyes are the most commonly used cellulose fibre dye.
Cotton, one of the most widely used fibres is dyed mainly using reactive
dyes. The world use of reactive dyes increased from 60,000 tonnes in
1988 to 178,000 tonnes in 2004 [9]. Cotton could also be dyed using
direct dyes, indigo dyes and napthol dyes. The export and import world
market for direct dyes and their preparations increased from 53,848
tonnes in 1992 to 181,998 tonnes in 2011 [10]. The annual world
production of indigo dye is 80,000 tonnes [11], while the global import
and export market for naphthol dye was about 112, 000 tonnes per year
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[10]. Rayon, linen, ramie, hemp and lyocell could be dyed using both
reactive dyes and direct dyes [4].

High pH is found to denature proteins; hence acid dyes are the
most commonly used protein fibres. The chemical reactions between
the acid dye and the fibres are found to form an insoluble dye molecule
on the fibre [12]. Acid dyes are found to contain azo groups (-N=N-) in
the center. It is estimated that the global import and export market for
acid dye was 680,000 tonnes in 2011 [10]. Lanaset dyes are one popular
group of dyes which are classified under both reactive and acid dyes
that are used to dye protein fibres. Reactive dyes are commonly used
to dye protein fibres. Wool, angora, mohair, cashmere and silk could
be dyed using acid dyes or reactive dyes. Silk could also be dyed using
naphthol dyes [13,14].

Dispersed dyes are the most commonly used synthetic fabrics dye
used to dye polyester, nylon or acetates. The global import and export
market for dispersed dyes and their preparations was increased from
150,000 tonnes in 1998 to 570 000 metric tonnes in 2011 [10]. Nylon
fibres are found to be effective when dyed with direct dyes [4]. Basic
dyes are found to be a powerful colouring agent when used on acrylic
fibres [15].

Textile industries produce large amounts of liquid wastes that
contain organic and inorganic compounds [16]. During the dyeing
processes, not all dyes that are applied to the fabrics are fixed on them
and there is always a portion of these dyes that remains unfixed to the
fabrics and gets washed out. These unfixed dyes are found to be in high
concentrations in textile effluents [17]. The amount of water consumed
and released also varies depending on the type of fabrics produced.
About 0.08-0.15 m* of water is used to produce 1 kg of fabrics [18].
Pagga and Brown [19] and Kdasi et al. [20] estimated that about 1,000-
3,000 m’ of water is let out after processing about 12-20 tonnes of
textiles per day. These effluents are rich in dyes and chemicals, some of
which are non-biodegradable and carcinogenic and pose a major threat
to health and the environment if not properly treated.

Several primary, secondary and tertiary treatment processes have
been used to treat these effluents. These included flocculation, chemical
coagulation, simple sedimentation, aerated lagoons, aerobic activated
sludge, trickling filters, reverse osmosis and electrodialysis. However,
these treatments are not found effective against the removal of all dyes
and chemicals used in the industry [20,21]. These effluents do not only
contain high concentration of dyes, but also contain the chemicals used
in the various processing stages. Some trace metals such as Cr, As, Cu
and Zn are present in these effluent and are capable of causing several

Country V:flll_le Share
($Billion) (%)
China 94.4 321
EU27 76.6 26.1
India 15.0 5.1
United States of America 13.8 4.7
Korea Republic 12.4 4.2
Turkey 10.8 3.7
Pakistan 9.1 3.1
Indonesia 4.8 1.6
Vietnam 3.8 1.3
Bangladesh 1.6 0.5
Rest of the World 51.7 17.5
Total 294 99.9

*EU = European Union
Table 1: Major exporters of textiles [29]

health problems including haemorrhage, ulceration of skin, nausea,
severe irritation of skin and dermatitis [22]. Textile effluents are also
found to contain other organic and microbial impurities [23].

Advanced oxidation processes (AOPs) were developed to generate
hydroxyl free radicals using different oxidants under different
combinations. These radicals were found to destroy components that
are not destroyed under conventional oxidation processes [24,20]. AOP
using ozone, ultra violet, TiO,, fenton, photo-phenton and hydrogen
peroxide can be used to treat textile dyes. The main advantage of AOPs
over the other treatment processes is its pronounced destructive nature
and mineralization of organic contaminants present in wastewater [20].
AOPs are considered as a low or non-waste generation technologies
that destroy complex structures using short lived chemical species
with a high oxidation power. The hydroxyl radical (OH®) is the main
oxidative power of AOPs [24,25]. The OH* radicals can be generated by
chemical, electrical, mechanical or radiation energy. Therefore, AOPs
are classified under chemical, photochemical, catalytic, photocatalytic,
mechanical and electrical processes.

Types of Textiles and Textile Industries

The word textile means to weave which was adopted from the
Latin word ‘texere’. Textiles can be woven by both hand and machines.
The raw materials for textiles are natural and synthetic fibers [16].
The sources of natural fibers are minerals, animals and plants. With
the advancement of technology, fibers can now be extracted from
chemicals. However, plant sources yield a large amount of fibers than
those obtained from animal and mineral sources. Most of the textiles
produced are as a result of spinning of fibers from the yarns [26,27].

The textile industries are classified on the basis of the types of textile
fiber they use. These are cellulose fibers, protein fibers and synthetic
fibers. Cellulose fibers are obtained from plant sources such as cotton,
rayon, linen, ramie, hemp and lyocell [28]. Protein fibers are obtained
from animals and include wool, angora, mohair, cashmere and silk.
Artificially synthesized fibres include polyester, nylon, spandex, acetate,
acrylic, ingeo and polypropylene. However, the majority of textiles are
produced from cotton liners, petrochemicals and wood pulp. China
is the biggest exporter of almost all the textiles followed by European
Union, India, USA and Korea as shown in Table 1 [29]. The world
production of different textiles during the past century (1900-2011) is
shown in Figure 1 [30]. The quality of a textile depends on the type of
raw material used and characteristics of the yarn spun.

Various manufacturing processes are carried out for different types
of textiles. The major exporters of clothing are shown in Table 2 [29].
The production process of textiles can be broadly divided into two
categories: the spinning process (the dry process) and the wet process
(involves the usage of dyes). Production of cotton textiles involves the
separation of cotton fibres from the cotton seeds which are then spun
into cotton yarns [31]. These yarns are weaved successfully into cloths.
The cloths then undergo various wet processes including singeing
and scouring. This process uses a large amount of water. Dyeing is
one of the most important steps in the wet process which involves
changing the colour of the textile spun using dyes. Finishing is the
final step in manufacturing and uses chemicals like HS-ULTRAPHIL,
ECODESIZE-PS-10 and Amino silicone fluid to treat the cloths for
obtaining a better quality [32]. An overall textile processing is shown in
Figure 2. The major producers of cotton, wool, cocoons, jute and nylon
are shown in Tables 3-7.

The first step in the production of leather products involves the

J Chem Eng Process Technol
ISSN: 2157-7048 JCEPT, an open access journal

Volume 5 « Issue 1+ 1000182



Citation: Ghaly AE, Ananthashankar R, Alhattab M, Ramakrishnan VV (2014) Production, Characterization and Treatment of Textile Effluents:
A Critical Review. J Chem Eng Process Technol 5: 182. doi: 10.4172/2157-7048.1000182

Page 3 of 18

30000

25000

20000

10000

5000

60000

50000

40000

30000

20000

Quantity (1000 tonnes)

10000

2001 |—
2002 |——
=< 2003 |——

5
g

Quantity (1000 Tonnes)
g

o 8
1940  |me—
1980 |me—
1990 |—
2004 | ——
2005 | ————
2006 |
2007 |e——
2008 |e——
2009 |e——
2010 |e—
2011 | ——

2000 |—

1900  |mm

(a) Cotton Fibres

2500

(c) Synthetic Fibres

5000

2000

000 tonnes)

1500

1000

Quantity (

4500
7 4000
£ 3500
£ 3000
. 2500
£ 2000

1000
500
o
o9 9g o anNTnNYs g Qo
S238ss838388s88=32
s s3s388s383s383s 3
SAZTIRIRRIIRKIK]/RKER
Y

the dying process which gives the silks a different shade. After the
dyeing process, the threads undergo the finishing process [34].

Dyes Used In the Textile Manufacturing Process

Different types of textiles are dyed using different types of dyes.
The distribution of world consumption of dyes is shown in Figure 3.
Dyes can be classified into different types depending on their chemical
compositions and properties. Therefore, the usage of dyes varies from
industry to industry depending on the fabrics they manufacture.

Dyes for cellulose fibres

Cellulose is made up of repeating glucose units. The most commonly
used dye for cellulose textiles is reactive dyes. The other types of dyes

HHHHHIIII
500 (Millions bales)
o = China 34.0
EEEZEEEEREEEEEEE 2 India 28.0
vear United States 135
(b) Protein Fibres (d) Cellulose Fibres Pakistan 95
Figure 1: World Production of textiles from 1900 to 2011 (CIRFS, 2013) [30]. Brazil 7.0
Australia 4.5
Country V?ll'le Share Uz:el:stan ::
($Billion) (%) urkey -
China 153.8 35.6 Turkmenistan 1.5
EU27 116.4 27.1 Burkina 1.1
Bangladesh 19.9 46 Other Countries 121
India 14.4 3.3 Total 118.0
Turkey 13.9 3.2 Table 3: Top ten cotton producing countriesin 2013 [120,10].
Vietnam 13.2 3.1
Indonesia 8.0 1.8 Country Wool Produced
United States of America 5.2 1.2 (Tonnes)
Pakistan 46 14 China 393,072
Korea Republic 1.8 0.4 Australia 368,330
Rest of the World 79.8 185 New Zealand 165,800
Total 431 99.9 United Kingdom 67,000
) Iran 60,000
*EU = European Union Morocco 55,300
Table 2: Major exporters of clothing [29] Sudan 55,000
Argentina 54,000
Textile P Russian Federation 52,575
Dry Processing Wet Processing India 43,000
Yarn and IZZ)E‘: Nonwove | Carpet :al;‘r\:lnd Rest of the world 682,315
it | e | e R | Ee | i nd — Total world annual production 2:438,061
. . . . ;\;\{svcn Finishin prinn Lamine Table 4: Top ten wool producing countries in 2011[121].
and
Poducion
Figure 2: Overall basic textile processing (EPA, 1998). China 370,002
India 151,000
removal of hair, inter-fibrillary protein and epidermis using physical Uzbekistan 25,500
and mechanical methods. The leather is first treated with digestive Thailand 4,600
enzymes to remove the non-fibrous proteins and then soaked in Iran 3,300
sulphuric acid to lower the pH. Then, it undergoes tanning using Brazil 3,219
various types of tanning process: mineral/chrome tanning, vegetable Vietnam 2,500
tanning and oil tanning. Finally, the leather undergoes dyeing and Korea Republic 900
finishing processes [33]. Romania 790
Afghanistan 690
The production of silks involves the extraction of silk threads from Other countries 1,008
the cocoons. The threads have a glutinous substance which is removed Total world annual production 563,509

by washing and bleaching. The threads are then weaved and undergo

Table 5: Top ten cocoons producing countriesin 2011 [121].
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Countries Production

(Tonnes)

India 1,960,380

Bangladesh 1,523,315
China 43,500
Uzbekistan 18,930
Nepal 14,418
Vietnam 8,304
Sudan 3,200
Myanmar 2,508
Zimbabwe 2,298
Thailand 2,184
Rest of the World 4198

Total 3,583,235

Table 6: Top ten jute producing countriesin 2011[121].

. Share
Countries (%)
Asia 43
North America 30
Western Europe 13
Middle East 3
Rest of the world 1
Total 100
Table 7: World production of nylon fiber [122].
Middle East
Central America Canada
. Rest of the
Mexico - World
Europe
Japan
Western Europe 3
— China

South AMerica mm———|

Rest of Asia

India

Figure 3: World consumption of dyes in 2007 (Sri, 2008).

used are direct dyes, vat dyes, sulphur dyes, indigo dyes and napthol
dyes. The structures of these dyes are presented in Table 8.

Reactive dyes: The reactive dyes are sometimes called as fibre
reactive dyes. They are most important dyeing class for cellulosic fibres
and are also used to dye protein fibres such as wool and silk. Reactive
dyes are capable of forming covalent bonds with the fibre molecule
and are considered to be the most effective and permanent dyes used.
They are found to work well on any cellulose fibre under different
temperatures [3, 35].

Reactive dyes are of two types: homobifunctional and
heterobifunctional. The homobifunctional reactive dyes contain two
monochlorotriazine groups and the heterobifunctional reactive dyes
contain one monochlorotriazine and one vinyl sulphone group. Under
alkaline conditions around 50-70% of the dye is fixed onto the fibre
using the dyes containing one reactive group and around 80-95% of
the dye is fixed onto the fibre using the dyes containing two reactive
groups. The important reactive dye systems are shown in Table 9 [36].

United Nations Statistics Division [10] reported that the total world
import and export market for reactive dyes and preparations based
thereon, increased from 125,000 tonnes in 1988 to 350,000 tonnes in
2011 (~3 fold increase in 23 years). The individual production statistics
for the reactive dyes were not found in the literature.

Procion MX: Procion MX is a cold water reactive dye that could be
used at normal room temperature. These fibre reactive dyes are found
to produce colour inside the fibre rather than on its surface, hence have
light fastness and wash fastness. They are found to be excellent for
direct applications, printing, spatter-painting and immersions dyeing
methods. However, they are most commonly used in tie dyeing [37].
Procion dyes are found to be inactive when not exposed to alkaline
conditions. The mixed procion dye solution after losing its alkaline
condition is found to be inactive on fabrics. Apart from cellulose

Dyes Structure
Qﬂa H o
0:5:0 Ny
Procion MX 03 :;N NN
HN._..NH, CI
- 4 )
NaQ 0 d ONa g

e

Cibacron F

4]
sab . u-o-o-u-n Me
abracron
NeO,5 ""<“
sNa SO;Na
,.'
<’ ﬁr{
N Ly
Drimarene K (7]

o
N-o;socn;tﬂ:-é@- N=N_  SO:Na
6

oH
Remazol H:N
°
N-o,socmca:-(s_)@ N=N"  “sosNa
SOy .\'—O—SO:
#
Direct Dyes 2 \_Q_h
(Direct red 81) @C\ N
NH—
OH
Indigo D g il
ndigo Dyes o=
(Dark blue) g \Cj@

Napthol Dyes
(Napthol AS)

Table 8: Structures of reactive dyes [4].
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System
Monofunctional

Typical Brand Name

Dicholorotriazine Procion MX (BASF)
Procion H (BASF)
Cibacron F (Ciba)

Drimarene X (Clariant)

Aminochlorotriazine

Aminofluorotriazine

Trichloropyrimidine
Chlorodifluoropyrimidine Drimarene K (Clariant)

Dichloroquinoxaline Levafix E (DyStar)

Sulphatoethylsulphone Remazol (Dystar)
Sulphatoethylsulphonamide Remazol D (Dystar)
Bifunctional

Bis(aminochlorotriazine)
Bis(aminonicotinotriazine)

Procion H-E (BASF)
Kayacelon React (Nippon Kayaku)
Aminochlorotriazine-sulphatoethylsulphone Sumifix Supra (Sumitomo)

Aminofluorotriazine-sulphatoehylsulfone Cibacron C (Ciba)

Table 9: Important reactive dye systems [36]

fibres, they are also known to dye wood paper, wool, silk and basketry
materials [13,38].

Cibcron F: Cibcron F is another commonly used reactive dyes.
Unlike procion MX dyes, these dyes could only work in a slightly
warmer temperature (40-48°C), remain active and could be stored
and used later. Cibcron F dyes are also known to provide an easy wash
fastness. One of the drawbacks of the cibcron F dyes, over procion MX
dyes, is that they do not have a wide colour range. These dyes are found
to be effective on cellulose fibres, wool and silk [14].

Sabracron F: Sabracron F dyes are found to work completely
similar to Procion MX dyes but could only be used in a slightly warmer
temperature of (40-48 °C). Sabracron F dyes are found to be a little less
reactive than Procion MX but they provide an excellent wash fastness
property. The colour ranges from delicate pastels to vibrant. These dyes
are also found to dye cellulose fibres, wool and silk [39].

Drimarene K: Drimarene K dyes are fibre reactive dyes that are
stable in both liquid and powder form. They could be used under a
wide range of temperature (30-50°C), both cold and warm temperature
dyeing [40]. They are suitable for printing and dye bath. Drimarene K
dyes are suitable for dyeing all cellulose fibres and silk but were found
to be not suitable for synthetic fabrics. Their advantage over procion
MX dyes is that excess drimarene K dyes could be easily washed away.
These dyes do not get inactive after a few hours and can be stored and
used later [4].

Remazol: Remazol dyes are fibre reactive dyes that are used most
commonly in painting silk. They can also be used to dye cellulose fibres
and wool. Remazol dyes are a group of dyes that are found to be less
reactable compared to the other reactive dyes such as procion MX,
which makes them more stable in water than procion MX. Remazol
dyes are found to have a masking group which prevents them from
reacting with water thereby making it more lasting in water. This
condition could be removed by increasing the pH or by heating the
dye solution [4].

Direct Dyes: Direct dyes are applied under an aqueous bath
containing electrolytes and ionic salts. These dyes do not form strong
bonds and are loosely associated with the fibre molecules. Thus, they
lack the property of drying up quickly after they are applied on fabrics.
These dyes are applied under temperatures of 79.4 - 93.3 °C [3,4].
Textiles dyed with direct dyes should only be cold washed along with
similar colours since they lack the fixative property. Direct dyes are
used for dyeing rayon, linen and cellulosic fibres, they could also be

used to dye wool and silk by using chemical fixative agents. One of the
advantages of these dyes is that they are the cheapest among all other
dyes. Phillips [9] reported that the usage of direct dyes increased from
53,848 tonnes in 1992 to 181,998 tonnes in 2011 (237.98%) [10].

Indigo: Indigo is a dark blue crystalline powder that is insoluble
in water. Reducing agents like sodium hydrosulfite make it soluble in
water. Normally, indigo dyes do not have an affinity towards cotton,
but in a reduced state they tend to enter the space in the cotton fibres.
The dye molecules inside the fibre are then exposed to air, which makes
it insoluble again and easily trapped inside the fibre [41,4]. These
dyes are the primary colour of blue jeans. The dye comes under the
classification of vat dyes [5]. Around 80,000 tonnes of indigo dyes were
produced in the year 2010 [11].

Naphtol: Naphthol dyes are made with a combination of two
different chemicals: the diazo salts and the naphthol. This combination
determines the colour of the dye. This dye is treated as a cold water
dye. The temperature of cold water used with other groups of dyes may
range from 35 to 41°C but this type of dye can be used even with ice
water [4]. Rayon, cotton or other cellulosic fibres as well as silk could
be dyed using naphthol dyes. A major disadvantage of this group of
dyes is that they are found to contain more hazardous chemicals than
other reactive dyes, which makes them less appropriate for home use
[42]. The global import and export market for naphthol and their salts
is about 112, 000 tonnes per year [10].

Dyes for protein fibres

All fibres obtained from animals (such as wool and silk) are
considered as protein fibres. Proteins are made up of twenty essential
amino acids. They are more complex than cellulose which is made of
repeated sugar units. High pH denatures proteins and acid dyes are,
therefore, used to dye wool, angora, cashmere and silk. These dyes are
applied to the fabrics along with acid solutions. The chemical reaction
between the dye and the fibre results in the formation of an insoluble
dye molecule on the fibre [12]. The three most important acid dyes are
azo dyes, triarylmethane dyes and anthraquinone (Table 10).

Azo dyes: Azo dyes account for 60-70% of all the dye groups and
are found to give out bright and high intensity colours compared to the
other classes of dyes [43]. The colour of a dye is due to the electronic
transition between various molecular orbital, the probability of which
determines the intensity of the colour of the dye. These dyes are found
to contain two groups: the chromophore (N=N, C=C, C=0) and the
auxochrome (-OH, -NH,, -NR ) [44]. Cotton in general, is not found
to bind well with picric acid or other anionic or cationic dyes due to the
presence of hydroxylic groups in its structure. Hence, simple azo dyes
are found to be not that effective in dyeing cotton [45].

Azo dyes in general can be defined as ones which have: (a)
a chromophoric azo group (-N=N-) attached to an aromatic or
heterocyclic nucleus at one end and (b) an unsaturated molecule
of carbocyclic, heterocyclic or aliphatic type at the other end. These
dyes are found to be the largest classification of dyes with the Colour
Index (CI) of more than 10,000 [46]. CI is the systematic arrangement
of colours based on their hue, brightness and saturation. Azo dyes are
classified into groups (mono, di, tri, tetra etc.)

Based on the number of azo groups attached to its center. A mono
azo dye has one N=N bond while di and tri azo groups have two and
three N=N bonds, respectively. To avoid confusions, the dyes with
three or more azo groups are often considered as poly azo dyes [5]. The
various classifications of azo dyes are listed in Table 11. The azo groups
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Dye Structure
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Triarylmethane
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OH
Anthraquinone
Dyes
Alizanin

Table 10: Structures of acid dyes.

are generally connected to benzene and naphthalene rings, but can also
be attached to aromatic heterocycles or enolizable aliphatic groups. The
side groups attached imparts the colour to the dye. The colour index of
a dye is found to vary depending on the number of azo groups attached
as shown in Table 12 [47]. The chromogen: chromophore structure is
responsible for solubility and adherence of the dye to the fibre. The
bonding affinity groups are amines, hydroxyl, carboxyl and sulfonic
radicals or their derivatives. The aromatic ring structure of the dye
coupled with a side chain is usually required for resonance and in turn
imparts colour by causing displacement or appearance of absorption
bands in the visible spectrum [48,20].

Triarylmethane dyes: Triarylmethane dyes are derivatives of the
hydrocarbon triarylmethane a hydrocarbon. Acidic triarylmethane
dyes containing atleast two SO,H group are used to dye wool and silk
fibres. Dyes containing only one SO,H group are used as indicators
(e.g. phenolphthalein). Basic triarylmethane dyes are used extensively
in the manufacture of stamping inks, writing and printing [49].

Anthraquinone dyes: Anthraquinone dyes have a sulfonic acid
group which make them soluble in water. They are used to dye wool and
silk due to their affinity towards auxiliary binding agents. A subclass of
acid dye called food colouring dyes are used to dye protein fibres and
some nylon fibres under high temperature [5,6].

Another subclass of the anthraquinone dyes is called the fibre
reactive dye which is used to dye protein fibres. The most important and
distinguishing characteristics of these dyes are the property of forming
covalent bonds during the application process with the substrates that
is to be coloured [50]. Unlike other dye groups, these dyes consist of a
known chromophore system which contains various reactive groups.
Based on these reactive groups, they are classified into (a) mono anchor
dyes, (b) double anchor dyes and (c) multiple anchor dyes [51].

Dyes for synthetic fibres

The commonly used dyes for synthetic fibres are dispersed dyes.
These dyes are mainly used in the Printing of polyesters, nylon and
acetates. Some dispersed dyes are also used as printing ink in industries.
Dispersed dyes are categorised into three types based on their energy.
The E type is low energy and is used in thermosol dyeing. The S type
is high energy and is used in High temperature/high pressure dyeing.
The other SE type is suitable for all dyeing methods [52]. These dyes

Classifications Structure

Mono azo
’u—O—m; Ne®
Diazo :
‘I
%" “‘
JoHy
I
% e
Triazo
N
) Na”
"N omy
‘e
Tetrakis HyC—|

Table 11: Classifications of azo dyes

Chemical Class Colour Index

Monoazo 11,000-19,999
Disazo 20,000-29,999
Trisazo 30,000-34,999
Polyazo 35,000-36,999

Table 12: Azo dyes [47].
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Process Emission Wastewater Solid Wastes
Fibre preparation Little or none Little or none Fibre waste and packaging waste
Yarn spinning Little or none Little or none Packaging wastes, sized yarn, fibre waste, cleaning
and processing waste
Slashing/sizing VOCs BOD, COD, metals, cleaning waste, size Fibre lint, yarn waste, packag.lng waste, unused
starch-based sizes
Weaving Little or none Little or none Packaging waste yam and fabrlp scraps, off - spec
fabric, used oil
Knitting Little or none Little or none Packaging waste, yarn, fabric scraps.
Tufting Little or none Little or none Packaging waste, yarn, fabric scraps, off-spec fabric
Desizing VOCs from glycol esters BOD from sizes lubricants, biocides, anti-static Packaging waste, lflbre lint, yarn w_aste, cleaning
compounds and maintenance materials
VOCs from glvcol ester and scourin Disinfectants, insecticide recisues,
Scouring aly 9 NaOH,detergents oils, knitting lubricants, spin Little or none
solvents o
finishes,spent solvents
Bleaching Little or none H,O,, stabilizers, high pH Little or none
L Small amount of exhaust gases from the . .
Singeing : Little or none Little or none
burners exhausted with components
Mercerising Little or none High pH, NaOH Little or none
Heat setting Volatilisation gf spin finish agents-synthetic Little or none Little or none
fibre manufacture
Metals, salt, surfactants, organic
. processing .
Dyeing VOCs assistants, cationic materials, colour, BOD, Little or none
COD, sulphide, acidity/alkalinity, spent solvents
. Solvents, acetic acid- drying and curing oven ' Suspended solids, urea, solvents, colour, metals, .
Printing L ; Little or none
emission combustion gases heat, BOD, foam
VOCs, contaminants in purchased . . .
Finishing chemicals, formaldehyde vapours, COD, suspended solids, toxic materials, spent Fabric scraps and trimmings, packaging waste

’ solvents
combustion gases

Table 13: Types of textile wastes produced [18].

. Water Consumption (m? ton fibre material)
Processing Subcategory

Minimum Median Maximum
Wool 111 285 659
Woven 5 114 508
Knit 2 84 377
Carpet 8.3 47 163
Stock/yarn 3.3 100 558
Nonwoven 2.5 40 83
Felted fabric finishing 33 213 933

Table 14: Average water consumption for various fabrics [18].

are present in a colloidal state with a low water solubility property and
are applied under a dye bath condition under the required temperature
which depends on the thickness of the fibre to be dyed [8].

Direct dyes which are used extensively to dye protein fibres can
also be used to dye synthetic fibres like nylon and rayon. These dyes
are applied under an aqueous bath containing electrolytes and ionic
salts. Direct dyes lack the property of getting dried-up fast after they
are applied on fabrics [4].

Basic dyes are also considered as cationic dyes. They form a
coloured cationic salt when dissolved in water. These cationic salts are
found to react with the anionic surface of the substrate. These dyes are
found to be powerful colouring agents for acrylic fibres [53].

Water Use and Textile Wastes Produced

The textile industry is considered to be one of the biggest threats
to the environment. The various processes carried out in the textile
industries produce large amounts of gas, liquid and solid wastes. Some
of the most commonly generated wastes are listed in Table 13.

The textile industry uses a variety of chemicals and a large amount

of water for all of its manufacturing steps. About 200 L of water are
used to produce 1 kg of textile. Water is mainly used for: (a) the
application of chemical onto textiles and (b) rinsing the manufactured
textiles [54]. The amount of water consumed by various types of fabrics
is listed in Table 14. However, the exact quantity of water required
varies from industry to industry depending on the dyeing process and
the type of fabrics produced. The percentages of water used during the
wet processes are shown in Table 15. Wet processes usually use a lot of
chemicals and water. About 80-150 m® of water are used to produce 1
kg of fabrics. It is estimated that about 1,000-3,000 m*® of waste water
is reproduced after processing about 12-20 tonnes of textiles per day
[55]. The amount of water consumed by cotton and synthetic textile
producing industries are shown in Tables 16 and 17.

The water let out after the production of textiles contains a
large amount of dyes and other chemicals which are harmful to the
environment? The amounts of chemicals used in wet processes are
shown in the Tables 18 and 19. The level of toxicity or harmfulness of
the textile effluents varies among industries [56]. In the textile dyeing
process, there is always a portion of unfixed dye which gets washed
away along with water. The textile wastewater is found to be high in the
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Process

Bleaching
Dyeing
Printing

Boiler
Other uses

Water Consumed
(%)
38
16
8
14
24

Table 15: Total water consumed during wet process [54].

Water Consumption

Process (L/1000 kg of products)
Sizing 500-8200
Desizing 2500-21000
Scouring 20000-45000
Bleaching 2500-25000
Mercerizing 17000-32000
Dyeing 10000-300000
Printing 8000-16000

Table 16: Water required by cotton textile industry for the wet process [54]

Water Requirements

(L/1000 kg of products)
Process Acrylic/
Rayon Acetate Nylon Modacrylic Polyester

Scouring | 17000-34000 | 25000-84000 = 50000-67000 = 50000-67000 | 25000-42000
Salt bath | 4000-12000 - - - -
33000-50000 - - -
17000-34000 | 17000-34000 | 17000-34000

Bleaching -
Dyeing | 17000-34000 | 34000-50000
fi‘l’:;f; 4000-12000 | 2400040000 32000-48000 = 40000-56000 | 8000-12000

Table 17: Water required by synthetic textile industry for its wet process [54].

Chemical Utilization
(kg/100kg of cloth)
Soft Flow Machine Winch
Wetting agent 0.5 0.5
Caustic soda 25 4.0
Peroxide 3.0 4.0
Lubricants 0.2 0.3
Stabilizers 0.2 0.3
Peroxide killer (oxidizing agent) 1.0 1.0
Acetic acid 2.0 2.0

Table 18: Chemicals used in bleaching [21].

concentration of these unfixed dyes are as shown in Table 20. Most of
the solid wastes originate from the dry process while the wet process
yields only a small amount of solid wastes. The majority of solid wastes
are made of pieces of fabrics and packaging materials. The dried up
sludge from the textile production is also a major source of solid waste.
Solid wastes are not found to be hazardous in general. However, the
emptied chemical containers may contain traces of harmful substances
[57,58]. Sources and types of solid wastes produced in mechanical
operations and dyeing and finishing operations are listed below in
Table 21.

The majority of the processes being carried out in textile industries
produce gaseous emissions. Boilers, ovens and storage tanks are the
three most important sources of air pollution in the textile industry.
The boilers generate sulphur oxides and nitrogen. The high temperature
textile drying process emits hydrocarbons. Pollutants are also emitted
from residues of fibre preparation during the heat settling process.
Gases can also be emitted from chemicals during the dyeing process
[58]. Some of the major gaseous pollutants are listed in Table 22.

Environmental Impacts of Textile Effluent

The characteristics of textile effluents vary and depend on the type
of textile manufactured and the chemicals used. The textile wastewater
effluent contains high amounts of agents causing damage to the
environment and human health including suspended and dissolved
solids, biological oxygen demand (BOD), chemical oxygen demand
(COD), chemicals, odour and colour. Most of the BOD/COD ratios are
found to be around 1:4, indicating the presence of non-biodegradable
substances [45]. Typical characteristics of textile effluent are shown in
Table 23. The possible pollutant and the nature of effluents released
from each step of the wet process are listed in Table 24.

The textile effluents contain trace metals like Cr, As, Cu and Zn,
which are capable of harming the environment [21]. Dyes in water give
out a bad colour and can cause diseases like haemorrhage, ulceration
of skin, nausea, severe irritation of skin and dermatitis [22]. They
can block the penetration of sunlight from water surface preventing
photosynthesis [23]. Dyes also increase the biochemical oxygen
demand of the receiving water and in turn reduce the reoxygenation
process and hence hamper the growth of photoautotrophic organisms
[22]. The suspended solid concentrations in the effluents play an
important role in affecting the environment as they combine with oily
scum and interfere with oxygen transfer mechanism in the air-water
interface [23].

Chemicals Utilization
(kg/100 kg of cloth)
Soft Flow Winch
Lubricants (kg) 0.3 0.4
Sequestering agent (kg) 0.6 1.0
Dye stuff (kg)
Light Shade 0.150 0.150
Medium Shade 1.5 1.5
Dark Shade 10.0 10.0
Soda ash (g/L)
Light Shade 6.0 6.0
Medium Shade 11.0 11.0
Dark Shade 20.0 20.0
Sodium chloride (g/L)
Light Shade 15.0 15.0
Medium Shade 45.0 45.0
Dark Shade 90.0 90.0
Acetic acid (kg) 25 3.0
Soap (kg) 1.0 1.0
Fixing (kg) 1.0 1.0
Softener (kg) 2.0 2.0
Table 19: Chemicals used in dyeing [21].
Fibre Dye Type Unf')((;,(; Dye
Acid dyes/ reactive dyes for wool 7-20
Wool and nylon -
Pre-metallised dyes 2-7
Azoic dyes 5-10
Reactive dyes 20-50
i Direct dyes 5-20
Cotton and viscose -
Pigment 1
Vatdyes 5-20
Sulphur dyes 30-40
Polyester Disperse 8-20
Acrylic Modified basic 2-3

Table 20: Unfixed dyes [17]
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Source

Type of Solid Waste

Mechanical operations of cotton and synthetics

Yarn preparation
Knitting

Weaving

Dyeing and finishing of woven fabrics

Sizing, desizing, mercerizing, beaching, washing and

chemical finishing

Mechanical finishing
Dyeing/printing
Dyeing/printing (applied finish)

Dyeing and finishing of knitted fabrics

Dyeing and finishing of carpets
Tufting

Selvage trim

Fluff and shear

Dyeing, printing and finishing

Fibres and yarns
Fibres and yarns

Fibres, yarns and cloth
scraps

Cloth scraps

Flock
Dye containers
Chemical containers

Cloth scraps, dye and
chemical containers

Yarns and sweepings
Selvage
Flock

Dye and chemical
containers

Table 21: Types and sources of solid wastes in textile manufacturing [18]

Process Source

Energy production Emission from boiler

Coating, drying and
curing

Emission from high
temperature ovens
Emission from

Cotton handling preparation, carding,

activities combing and fabrics
manufacturing
Emission from using
Sizing sizing compound
(gums, PVA)
Bleaching Em|s§|on from using
chlorine compound
Disperse dyeing using
Dyeing carriers sulphur dyeing
Aniline dyeing
Printing Emission
Resin finishing heat
Finishing setting of synthetic

fabrics

Emission from storage
tanks for commodity
and chemicals

Chemical storage

Emission from
treatment tanks and
vessels

Waste water treatment

Pollutants

Particulates, nitrous
oxides(Nox), sulphur dioxide
(S0,

Volatile organic components
(VOCs)

Particulates

Nitrogen oxides, sulphur oxide,
carbon monoxide

Chlorine, chlorine dioxide

Carriers
H,S
Aniline vapours
Hydrocarbons, ammonia

Formaldehydes

Carriers — low molecular weight

Polymers- lubricating oils

Volatile organic components
(VOCs)

Volatile organic components,
toxic emissions

Table 22: Types and sources of gaseous emissions in textile manufacturing [18]

Inorganic substances in the textile effluents make the water
unsuitable for use due to the presence of excess concentration of soluble
salts. These substances even in a lower quantity are found to be toxic

to aquatic life [59]. Some of the inorganic chemicals like hydrochloric
acid, sodium hypochlorite, sodium hydroxide, sodium sulphide
and reactive dyes are poisonous to marine life [59,60]. The organic
components are found to undergo chemical and biological changes
that result in the removal of oxygen from water [59]. The seriousness of
water pollution depends on the quantity of water and chemicals used
in the wet process [23]. The dye concentration in a dye house range
from 0.01g/L to 0.25 g/L depending on the type of the dye and the
process carried out [61-63]. Vat dyes are used at a concentration in
the range of 0.05-0.1 g/L [61,63,64], while indigo dyes are used at a

concentration of 0.02 g/L [63]. Textile dyestuffs are found to contain a
large amount of organic substances which are difficult to degrade and
are resistant to aerobic degradation. They are also found to be reduced
into carcinogenic agents under anaerobic conditions [65]. Some of the
carcinogenic compounds produced due to the degradation of azo dyes
are as shown in Table 25. Table 26 shows the pollution loads from wet

Parameter Range
pH 6-10
Temperature (°C) 35-45
Total dissolved solids (mg/L) 8,000-12,000
BOD (mg/L) 80-6,000
COD (mg/L) 150-12,000
Total suspended solids (mg/L) 15-8,000
Total Dissolved Solids (mg/L) 2,900-3,100
Chlorine (mg/L) 1,000-6,000

Free chlorine (mg/L) <10

Sodium (mg/L) 70%
Trace elements (mg/L)

Fe <10

Zn <10

Cu <10

As <10

Ni <10

B <10

F <10

Mn <10

Vv <10

Hg <10

PO, <10

Cn <10

Oil & grease (mg/L) 10-30

TNK (mg/L) 10-30

NO,-N (mg/L) <5

Free ammonia (mg/L) <10
SO, (mg/L) 600-1000

Silica (mg/L) <15

Total Kjeldahl Nitrogen (mg/L) 70-80
Color (Pt-Co) 50-2,500

Table 23: Characteristics of typical untreated textile wastewater [21]

Process Possible Pollutants Nature of Effluent
Starch, glucose, PVA, resins, fats .
. ’ ’ ! ! Very small volume, high BOD
Desizing and waxes do not exert a high (30-50% of total), PVA.
BOD.
Caustic soda, waxes, soda ash, Very small, strongly alkaline,
Kiering sodium silicate and fragments of = dark colour, high BOD values
cloth. (30% of total)
Bleachin Hypochlorite, chlorine, caustic | Small volume, strongly alkaline,
9 soda, hydrogen peroxide, acids. low BOD (5% of total)
Small volume, strongly alkaline,
Mercerizing Caustic soda low BOD (Less than 1% of
total)
Dye stuff, mordant and reducing Large volume, strongly
Dyeing | agents like sulphides, acetic acids = coloured, fairly high BOD (6%
and soap of total)
Printin Dye, starch, gum oil, china clay, Very small volume, oily
9 mordants, acids and metallic salts | appearances, fairly high BOD.
T Traces of starch, tallow, salts, Very small volume, less
Finishing

special finishes, etc. alkaline, low BOD.

PVA — Poly Vinyl Alcohol
BOD - Biological Oxygen Demand
COD - Chemical Oxygen Demand

Table 24: Sources of water Pollution at various stages of processing [23]
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Aromatic Amine Group Human Carcinogenic Evidences

1-Napthylamine Slight/Mixed
2-Napthylamine Good
2,5-Diaminotoluene Slight
3,3’-Dichlorobenzidine Slight/Mixed
3,3’-Dimethoxybenzidine Slight/Mixed
3,3’-Dimethylbenzidine Slight

4-Biphenylamine Good

4-Nitrobiphenyl Slight/Mixed
4,4’ -Methylenebis (2-chloroaniline) Slight
Auramine Slight
Benzidine Good
Magenta Slight
N-Phenyl-2-napthylamine Slight
N,N-Bis(2-chloroethyl)-napthylamine Good

Table 25: Toxic aromatic amines derivatives from azo dyes [65]

Source of effluent generation |Parameters
CcoD BOD

pH (mglL) (mglL)
Process Effluent
Desizing 5.83-6.50 10000-15000 1700-5200
Scouring 10-13 1200-3300 260-400
Bleaching 8.5-9.6 150-500 50-100
Mercerizing 8-10 100-200 20-50
Dyeing 7-10 1000-3000 400-1200
Wash Effluent
After beaching 8-9 50-100 10-20
After acid rinsing 6.5-7.6 120-250 25-50
After dyeing (hot wash) 7.5-8.5 300-500 100-200
After dyeing (acid & soap wash) 7.5-8.64 50-100 25-50
After dyeing (final wash) 7-7.8 25-50
Printing washing 8-9 250-450 115-150
Blanket washing of rotary printer 7-8 100-150 25-50

Table 26: Characteristics of the effluent from various wet textile processing
operations [123]

processing plants. The pollution loads after processing various textiles
are as shown in Tables 27-30.

Human exposure to textile dyes have resulted in lung and skin
irritations, headaches, congenital malformations and nausea [66].
Lima et al. [67] detected benzidine, a known carcinogen in a textile
effluent which contained disperse orange 37, disperse blue 373 and
disperse violet 93 dyes. Mathur et al. [68], tested a total of seven dyes
(cremazoles blue S1, cremazoles brown GR, cremazoles orange 3R,
direct bordeaux, direct royal blue, direct congo red and direct violet)
using AMES tests and witnessed the presence of mutagenic agents. It
was noted that direct violet was the only dye with a mutagenicity ratio
less than 2:0. They observed that the cremazoles dyes were so toxic to
microorganisms. Morikawa et al. [68], reported evidence of kidney,
liver and urinary bladder cancers on workers after prolonged exposure
to textile dyes. It was found that dermatitis, asthma, nasal problems
and rhinitis were acquired by workers after prolonged exposure to
reactive dyes [69].

Textile Wastewater Disposal Standards

Several environment protection agencies worldwide have imposed
rules entrusted with the protection of human health and guarding
the environment from pollution caused by the textile industry. These
agencies imposed certain limits on the disposal of effluents into the

environment. Some of the regulations imposed by several countries
are presented in Table 31. The disposal limits are found to differ from
country to country. However, a constant check is to be kept on these
discharge limits every now and then to maintain a safe and a healthy
environment [70].

Conventional Treatments of Textile Effluents

Effluents discharged from the textile industries undergo various
physico-chemical treatments such as flocculation, coagulation and
ozonation and biological treatment for the removal of nitrogen,
organics, phosphorus and metal removal [71]. The disadvantages of
the physico-chemical treatment process are: (a) the formation and
disposal of sludge and (b) the required space [72]. The disadvantage
of biological treatment processes are: (a) the presence of toxic heavy
metals in the effluent which affects the growth of microorganism (b)
most of the dyes used are a non-biodegradable in nature and (c) the
long time required for treating the effluent [21]. Treatment of textile
effluents involves three treatment processes: primary, secondary and
tertiary treatments.

Primary treatment

The first step in textile wastewater treatment is the removal of
suspended solids, excessive quantities of oil and grease and gritty
materials [21]. The effluent is first screened for coarse suspended
materials such as yarns, lint, pieces of fabrics, fibres and rags using bar
and fine screens [72]. The screened effluent then undergoes settling
for the removal of the suspended particles. The floating particles are

Process pH (ISIIE;,) BOD COD TSS TDS Oil&Gas| pH
kg per 1000 kg of product
Desizing
Enzyme starch = 6-8 259 455 91 89 5 5 6-8
Acid starch 6-8 455 | 91 895 | 7.5 5 6-8
Polyvinyl alcohol . y
(PVA) 6-8 2.5 5 5 48 25 6-8
Carboxymethyl
cellulose (CMC) 6-8 4 8 5 45 9.5 6-8
Scouring
Unmercerised | 155 | 5543 215 645 5 50 40 125
greige fabric
Mercerised 45 g 165 495 5 |50 30 | 125
greige fabric
Mercerising
Greige fabric 12 1231-306, 13 39 5 148 10 12
Scoured fabric 12 4 12 5 148 - 12
Bleached fabric 12 2 6 5 148 - 12
Bleaching
Hydrogen g 15 55124 05 2 4 | 22 - 9-12
peroxide
Sodium 9-12 1 4 4 | 5 - 9-12
hypochlorite
Dyeing
Fibre reactive
HE dyes 12 6 24 - 180 12
(woven)
Basic 6-7.5 149-300 6-7.5
Direct 6.5-7.6 14-53 6.5-7.6
Vats 5-10 | 8.3-166 5-10
Sulphur 8-10 | 24-212 8-10

SEV - Specific Effluent Volume
Table 27: Typical pollution loads from the processing of 100% cotton [124]
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Effluent

Source (I/kg) pH COD BOD TS | SS  TDS
kg per 1000 kg of product
Desizing
Starch 12.5 6-8 385 97 77 20
PVA 12.5 6-8 25 554 5 50.4
CMC 125 6-8 393 595 5 54.5
Mixture 4.2 74 78
Scouring
Unmercerised 25 12 10.8  14.8 5 9.8
Mercerised 25 12 8.34 147 5 9.7
Bleaching
Peroxide 16.7 1.3 24 4 20
Oxidative-desize-bleach 5.1 23 184
Mercerising
Poly/cotton 16.7 3.2 82 5 77
Dyeing
Disperse-vat 42 12 68 228 122 122
Vat 100 150
Disperse 80 20
Direct-disperse 6-8 32 10.7 114
Sulphur-disperse 1" 68 22.8 69.7
Reactive-disperse 12 41 13.8 192
Printing
Pigment (woven) 6-8 5 1.26 013 25
Pigment (knit) 6-8 5 1.26 013 | 25
Vat (woven) 10 86 | 215 25 34
Vat (knit) 10 86 | 215 25 35
Machine wash 100
Screen wash 7
Hose vessels 30
Pigment wash 12.5 1 3 0 3
Finishing
Resin finishing 6-8 22
Resin finishing flat curling 6-8 25 6.32 17.3

Table 28: Pollution load from the processing of 50/50 cotton-polyester blend [124]

Process pH BOD TS
Scouring 9-10.4 30,000-40,000 1,129-64,448
Dyeing 4.8-8 380-3,000 2,000-10,000
Washing 7.3-10.3 4,000-11,455 4,830-19,267
Neutralising 1.9-9 28 1,241-4,830

Bleaching 6 390 908

Table 29: Pollution load from the processing of wool [124]

Fabric BOD CcOoD SS TDS
Kg per 1000 kg product

Rayon 30 52 55 100

Acetate 45 78 40 100

Nylon 45 78 30 100

Acrylic 125 216 87 100

Polyester 185 320 95 150

Table 30: Pollution load from the processing of synthetic fibres [124]

removed by mechanical scraping systems. Neutralization is done to
reduce the acidic contents of the effluents. Sulphuric acid and boiler
flue gas are the most commonly used chemicals to alter the pH. A
pH value of 5-9 is considered ideal for the treatment process [74,21].
Figure 4 shows the components of a primary treatment process. The
reductions in pollution parameter of the primary treatment process are
shown in Table 32.

The first step of screening (coarse screening), the effluent is carried
out to prevent damages from plastics, metals paper and rags. Coarse
screens have an opening of 6 mm or larger. Coarse screening is followed
by fine screening (1.5-6 mm opening) and very fine screening (0.2-
1.5mm opening). Fine screening helps in the reduction of suspended
solids in the effluent [75]. Screening is followed by sedimentation
which makes use of gravity to settle the suspended particles such as
clay or silts present in the effluent. According to Das [73], simple
sedimentation was not found to be effective because it does not remove
colloidal particles in the effluents. Another disadvantage of the process
is the large space it occupies. Therefore, settling could be carried out by
coagulation. Colloidal particles in the effluent carry charges on their
surfaces and addition of chemicals to the effluent changes the surface
property of the colloids hence causing them to clump together and
settle. Ferrous sulphate, lime, alum, ferric sulphate and ferric chloride
are some of the most commonly used chemicals in the coagulation step
[76]. The settled particles are collected as sludge. Disposal of sludge is
one of the biggest challenges of treatment plants.

Mechanical flocculation is a physical process which involves slow
mixing of the effluent with paddles bringing the small particles together
to form heavier particles that can be settled and removed as sludge
[77,78]. Some of the disadvantages with flocculation system are: (a)
they are in a risk of getting short-circuited and (b) the floc formation in
the system is difficult to control. Care should be taken that the sludge
disposed from the bottom of the system would not suspend the solids
into the system again [79].

Secondary treatment

The Secondary treatment process (Figure 5) is mainly carried
out to reduce the BOD, phenol and oil contents in the wastewater
and to control its colour. This can be biologically done with the help
of microorganisms under aerobic or anaerobic conditions. Aerobic
Bacteria use organic matter as a source of energy and nutrients.
They oxidize dissolved organic matter to CO, and water and degrade
nitrogenous organic matter into ammonia. Aerated lagoons, trickling
filter and activated sludge systems are among the aerobic system used
in the secondary treatment. Anaerobic treatment is mainly used to
stabilize the generated sludge [73].

Aerated lagoons are one of the commonly used biological treatment
processes. This consists of a large holding tank lined with rubber or
polythene and the effluent from the primary treatment is aerated for
about 2-6 days and the formed sludge is removed. The BOD removal
efficiency is up to 99% and the phosphorous removal is 15-25% [73].
The nitrification of ammonia is also found to occur in aerated lagoons.
Additional TSS removal can be achieved by the presence of algae in
the lagoon [80]. The major disadvantage of this technique is the large
amount of space it occupies and the risk of bacterial contamination in
the lagoons [73,81].

Trickling filters are another common method of secondary
treatment that mostly operates under aerobic conditions. The effluent
for the primary treatment is trickled or sprayed over the filter. The
filter usually consists of a rectangular or circular bed of coal, gravel,
Poly Vinyl Chloride (PVC), broken stones or synthetic resins [82]. A
gelatinous film, made up of microorganisms, is formed on the surface
of the filter medium. These organisms help in the oxidation of organic
matter in the effluent to carbon dioxide and water [83]. Trickling
filters do not require a huge space, hence making them advantageous
compared to aerated lagoons. However, their disadvantage is the high
capital cost and odour emission [82].
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Parameter CCME China BIS Hong Kong FEPA Mexico Thailand Philippines |Indonesia Bangladesh SL
pH 6.5-8.5 6-9 5.5-9 6-10 6-9 6-8.5 5-9 6-9 6-9 6.5-9 6-8.5
Temperature (°C) 30 - 50 43 40 - - 40 - 40-45 40
Colour (Pt-Co) 100 80 None |1(Lovibond)  7(Lovibond) - - 100-200 - - 30
TDS mg/L 2000 - 2100 - 2000 - |2000-5000 1200 - 2100 2100
TSS mg/L 40 150 100 800 30 - 30-150 90 60 100 500
Sulphide pg/L 200 1000 2000 1000 200 - - - - 1000 2000
Free Chlorine pg/L 1000 - 1000 - 1000 - - 1000 - - -
COD mg/L 80 200 250 2000 80 <125 120-400 200-300 | 250 200 600
BOD, mg/L 50 60 30 800 50 <30 20-60 30-200 85 150 200
Oil & Grease mg/L - - 10 20 10 - 300 5-15 5 10 30
Dissolved Oxygen pg/L 6000 - - |>4000 - - - 1000-2000 - 4500-8000 -
Nitrate pg/L 13000 - 10000 - 20000 10000 - - - 10000 45000
Ammonia pg/L 0.1 - - 500 0.2 - - - - 5000 60
Phosphate pg/L <4000 1000 5000 5000 5000 - - - 12000 - 2000
Calcium ug/L - - - - 200000 - - 200000 - - 240000
Magnesium pg/L 200000 - - - 200000 - - - - - 150000
Chromium pg/L 1 - 100 100 <100 50 500 50-500 500 2000 50
Aluminium pg/L 5 - - - <1000 5000 - - - - -
Copper pg/L <1000 1000 3000 1000 <1000 1000 1000 1000 |2000 500 3000
Manganese pg/L 5 2000 2000 500 5.0 200 5000 1000-5000 - 5000 500
Iron pg/L 300 - 3000 1500 20000 1000 - 1000-20000 |5000 2000 1000
Zinc pg/L 30 5000 5000 600 <10000 10000 - 5000-10000 5000 5000 10000
Mercury pg/L 0.026 - 0.01 1 0.05 - 5 5 - 10 1
CCME - Canadian Council of Ministers of the Environment
BIS - Bureau of Indian Standards
FEPA - Federal Environmental Protection Agency (United States)
SL - Sri Lanka

Table 31: Discharge limits of various countries [70, 123-133]

Mechanical Floooulation

Sedimentation Tanl

Y

Grit Disposal

Figure 4: Primary Treatment Processes.

Aerobic activated sludge processes are commonly used. It involves
a regular aeration of the effluent inside a tank allowing the aerobic
bacteria to metabolize the soluble and suspended organic matters.
A part of the organic matter is oxidized into CO, and the rest are
synthesized into new microbial cells [84]. The effluent and the sludge
generated from this process are separated using sedimentation; some
of the sludge is returned to the tank as a source of microbes. A BOD
removal efficiency of 90-95% can be achieved from this process, but is
time consuming [85].

Sludge’s formed as a result of primary and secondary treatment
processes pose a major disposal problem. They cause environmental
problems when released untreated as they consist of microbes and
organic substances [86]. Treatment of sludge is carried out both,
aerobically and anaerobically by bacteria. Aerobic treatment involves
the presence of air and aerobic bacteria which convert the sludge into
carbon dioxide biomass and water. Anaerobic treatment involves the
absence of air and the presence of anaerobic bacteria, which degrade
the sludge into biomass, methane and carbon dioxide [87].

J Chem Eng Process Technol
ISSN: 2157-7048 JCEPT, an open access journal

Volume 5 « Issue 1+ 1000182




Citation: Ghaly AE, Ananthashankar R, Alhattab M, Ramakrishnan VV (2014) Production, Characterization and Treatment of Textile Effluents:
A Critical Review. J Chem Eng Process Technol 5: 182. doi: 10.4172/2157-7048.1000182

Page 13 of 18

Properties (%) Percentage of Reduction
Total suspended solids 80-90
BOD 40-70
COD 30-60
Bacteria 80-90
Total suspended matter 50-70
Organic matter 30-40

Table 32: Reduction in pollution parameters after primary treatment processes
[73].

(a) Aerated Lagoon

Lo

Treated Water

(b) Trickling Filter

Effluent Inlet Clarifier Treated Effluent

Aeration Tank

Return of Activated Sludge l

Sludge Disposal

(c) Activated Sluge System

Figure 5: Secondary Treatment Processes.

Tertiary treatment

There are several technologies used in tertiary treatments including
electrodialysis, reverse osmosis and ion exchange as shown in Figure
6. Electrolytic precipitation of textile effluents is the process of passing
electric current through the textile effluent using electrodes. As a result
of electro chemical reactions, the dissolved metal ions combine with
finely dispersed particles in the solution, forming heavier metal ions
that precipitate and can be removed later [88]. One of the disadvantages
is that a high contact time is required between the cathode and the
effluent [73].

Reverse osmosis is a well-known technique which makes use
of membranes that have the ability to remove total dissolved solid
contents along with ions and larger species from the effluents. A high
efficiency of >90% has been reported [74]. Cotton dyeing processes
use electrolytes such as NaCl in high concentrations. These high
concentrations of salts can be treated using reverse osmosis membrane
[89].

Electrodialysis is another process which uses membranes, that
has the ability to separate dissolved salts. The electricity used in
electrodialysis influences the ions to get transported through a semi
permeable membrane by passing an electrical potential across water

[90]. The membranes used are charge specific and anion-selective which
allows negatively charged particles to pass through and traps positively
charged particles and vice versa. Placing numerous membranes
throughout the system hinders the flow of effluent and the effluent
would reach a point at which the ions are trapped or settled down and
the remaining ions are neutral in charge [91]. Membrane fouling (the
process where solutes or other particles get attached to the membrane
or into the membrane pore) has to be prevented by removing suspended
solids, colloids and turbidity prior to electrodialysis [92].

Ion exchange method is a commonly used tertiary method which
involves the passage of effluents through the beds of ion exchange
resins. These ion exchange resins are either cationic or anionic charged.
Effluent passing thorough a cationic resin would have its cations
removed by the resin and replaced with hydrogen ions making it acidic.
When the acid solution is passed through anion resin, the anions would
be substituted with hydroxyl ions [93,94].

Photocatalytic degradation is another method by which a wide
range of dyes can be decolourized depending on their molecular
structures [95]. Adsorption is also found to be effective in the removal
of colours. Thermal evaporation using sodium persulfate is also found
to have a good oxidizing potential. This process is found to be eco-
friendly because they do not have the property to form sludge and also
do not emit toxic chlorine fumes during evaporation [73].

Advanced Oxidation Processes

Mechanism of photo oxidation

Advanced oxidation processes have gained attention due to their

(a) Electro Dialysis

(b) Reverse Osmosis

Effluent

CO: Stripping Ani e
Aninon Resin

Treated Effluent

Figure 6: Tertiary Treatment Processes.

Cation Resin
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Oxidation Species Oxidation Power

Hydroxyl radical 2.05
Atomic oxygen 1.78
Ozone 1.52
Hydrogen peroxide 1.31
Permanganate 1.24
Chlorine 1.00

Table 33: Relative oxidizing power of some oxidizing species (Voglpohl and Kim,
2003) [134].

Group Compounds
Acids Formic, gluconic, lactic, malic, propionic, tartaric
Benzyl, tert-butyl, ethanol, ethylene glycol, glycerol,isopropanol,
Alcohols .
methanol, propenediol
Aldehydes Acetaldehyde, benzaldehyde, formaldehyde, glyoxal,

isobutryaldehyde, trichloroacetaldehyde

Benzene, chlorobenzene, chlorophenol, creosote, dichlorophenol,
Aromatics | hydroquinone, p-nitrophenol, phenol, toluene, trichlorophenol,
xylene, trinitrotoluene

Aniline, cyclic amines, diethylamine, dimethylformamide, EDTA,

Amines L )
propanediamine, n-propylamine

Esters Tetrahydrofuran

Ketones  Dihydroxyacetone, methyl ethyl ketone

Table 34: Oxidizable compounds by hydroxyl radicals (Momani, 2003) [102].

| | |

10.000 mg.L™" 10000-50000 mg.L™! 500.000 mg.L"!

Supercritical
Incineration
Water Oxidation

Advanced Oxidation
Process

Wet (air) Oxidation
Process

Figure 7: Suitability of water treatment technologies according To COD
contents (Momani, 2003).

efficiency and ability to treat almost all solid components in textile
effluents. The effluents treated with advanced oxidation processes were
found to obtain 79% COD removal while, effluents treated biologically
with Fusarium oxysporum, Pleurotus ostreatus and Trichiderma viridae
were found to obtain 42%, 39% and 33% COD removal, respectively
[96,97].

Photo-oxidation can take place at any temperature and pressure
and does not produce any secondary components [21]. The basic
mechanism of advanced oxidation processes is the production of OH’
radicals which are capable of destroying components that are hard
to be oxidised [20,98,99]. Generation of OH’ radicals are generally
accelerated by the combinations of H,0,, UV, O,, TiO,, Fe**, electron
beam irradiation and ultra sound [20]. The oxidizing potential of
commonly used oxidants is presented in Table 33. The components
that can be oxidized by hydroxyl groups are shown in Table 34.

OH' radicals are considered as reactive electrophiles due to
their preference to electrons and hence they react rapidly towards
electron rich organic compounds [100]. The radicals are found to
have an oxidation potential of 2.33 V and are hence found to oxidize
substances more quickly than conventional oxidants [100,101]. The
organic substances are first attacked by the generated hydroxyl radicals,
followed by hydrogen abstraction and then the electron transfer as
follows [100].

R+HO'> ROH (1)
RH+HO" > R'+H,0 2

R+ HO'> R™+OH * 3)
Where: R Reacting organic compound

The oxidation rate depends on three main factors: (a) the
concentration of the target pollutant, (b) the concentration of the
radical and (c) the concentration of oxygen present in the surrounding.
The maintenance of sufficient radical concentration depends on
the temperature, pH, presence of ions in the solution, presence and
concentration of radical scavengers and type of pollutant targeted [101].
The oxidizing reaction is a first order kinetics and has a rate constant of
108-10'° M's* with a hydroxyl concentration of 10'%-10"* M [102]. The
type of treatment process that is suitable is found to differ according
to the amount of COD present in the effluent as shown in Figure 7.
The combination of oxidant which gives the maximum amount of
OH radicals must be chosen. Some of the different combinations of
oxidants and their uses are as listed in Table 35.

Photooxidation treatments

Treatment with H,0,: H,O, is one of the most powerful oxidant
known and is completely harmless because H,O, is found to be
amongst the natural metabolites of many organisms which have the
ability to convert H,O, into oxygen and water. Hydrogen peroxide as a
single compound does not have the ability to split itself into hydroxyl
radicals and hence is usually used in combination with ferrous salts.
The reaction with ferrous salts results in the production of OH° which
helps in the propagation of the reaction [103].

Fe’* + H,0, » Fe** +H* + HO,° (4)
HO° +RH » H,0 + R° (5)
Re+H,0, > ROH + HO® (6)
HO° + HO® > H,0, (7)
HO° + HO, > H,0 + 0O, (8)
HO,»+HO,’»> H,0,+0, 9)
HO° + H,0,>H,0 + HO,° (10)
Re+RO,°> ROOR (11)
RO,°+RO,*> ROOR + O, (12)

Where: RH Organics

Equation (4) shows the initiation processes, which involves the
reaction between the ferrous ions and hydrogen peroxide and the
formation of HO,°. Equations (5) and (6) show the chain propagation
reactions with the organics present in the effluents. Equation (7) shows
that OHe radicals are also capable of decomposing H,0°, resulting
in the production of HO, radicals. Equations (8), (9) and (10) show
that the chain propagation can be terminated by the reaction of OH
radical with the intermediates produced R and hence resulting in the
formation of H,0, ° and O,°, thus terminating the reaction. Equations
(11) and (12) show that the chain termination can also take place by the
reactions taking place between the radicals R° and RO, [103].

Goi [104], stated that hydrogen peroxide when used individually
is not found to be so effective as compared to it being used under a
combination of different oxidants. Alaton et al. [105], recorded that
when H,O, was used with UV-C, it completely decolourized the
effluent containing a mixture of procion blue HERD, procion crimson
HEXL, procion yellow HE4R, procion navy HEXL and procion yellow
HEXL in just 10 minutes and was found to be better than O, when

J Chem Eng Process Technol
ISSN: 2157-7048 JCEPT, an open access journal

Volume 5 « Issue 1+ 1000182



Citation: Ghaly AE, Ananthashankar R, Alhattab M, Ramakrishnan VV (2014) Production, Characterization and Treatment of Textile Effluents:
A Critical Review. J Chem Eng Process Technol 5: 182. doi: 10.4172/2157-7048.1000182

Page 15 of 18

Oxidants * Use
H,0,/ Fe? Fenton
H,0,/ UV/ Fe* Photo assisted Fenton
Oy UV Also applicable in gas phase
0O,/ H,0, Advance Oxidation
O/UV/H,0, Advance Oxidation
O/ TiO/ Electron beam irradiation Advance Oxidation
0,/Ti0/H,0, Advance Oxidation
O, + Electron beam irradiation Advance Oxidation
O/ Ultrasonic Advance Oxidation
H,0/UV Advance Oxidation

Table 35: Advanced oxidation processes (Kdasi, et al., 2004) [20].

used alone. A 99% decolourization in 30 min for reactive yellow 15 dye
was noted when H,O, was used alongside fenton’s reagent, the dye’s
initial absorbance value being 2430 at 415nm [106]. Arslan et al. [107]
stated that UV catalyzed by H,0, is more efficient than ozone when
used alone, while H,0,/O, was found to be the quickest in removing
colour from a dye bath which includes a mixture of seven dyes and has
an absorbance of 0.47 in 40 folds at 600 nm.

Treatment with H,O,and UV: Oxidation of textile effluent using
H,O, alone as known was not found to be effective on both acids and
alkalis, but the combination of H,0,/UV was found to be very effective in
the degradation of organic compounds [20]. Wang et al. [32], recorded
that H,O,/UV treatment is capable of destroying the chromophore
structure of azo dyes and that UV irradiation in the presence of H,O,
resulted in the complete decolourization of sulphonated azo and
anthraquinone dyes. The production of OH° radicals in the H,0O,/UV
processes is as follows [108].

hv(UV )

H,0, — 5 50He (13)
H,0, + O —2 5 H 0 + HO, (14)
H,0, + HO,—%) 5 oHe+ HO + O, (15)
OHe + OHe — 25 14 o, (16)
o +H —2 5 4 o (17)
HO, + HO,, —) 5 10 +0, (18)

Equation (13) shows the chain initiation processes as the hydrogen
peroxide present in the effluent is split into two OH?° radicals. Equations
(14) and (15) show the reaction between the OH° radicals formed and
the hydrogen peroxide present in the system which results in chain
propagation. Equations (16), (17) and (18) show the chain termination
mechanism [108].

The decolourization efficiencies of the H,O,/UV combination were
found to increase as the concentration of H,O, was increased in the
effluent [109]. Kdasi et al. [20] found that 99.9% decolourization of
remazol brilliant blue dye was obtained when a H,O, concentration
of 12.5 mL L' was used and temperature did not play any significant
role in the removal of colour. Mahmoud et al. [98] stated that excess
concentration of H O, added to the effluent was not found to cause
problems due to their property to react with the OH° radicals resulting
in the formation of H,Oand O,.

Some of the advantages of UV/H,0O, combination are: (a) it lacks
the property of developing any chemical sludge, (b) it is effective in the
removal of phenolic compounds [100], chlorinated compounds and
chlorophenols [110], from effluents, (c) UV acts as a disinfectant and
(d) it is effective in removal of TOC, 80-82% removal efficiency after

1-2 hours of exposure [20,105,109].

Treatment with TiO, and UV: First step of Photocatalytic
degradation of the aromatic compounds results in the formation of
hydroxyl derivatives, which in turn modifies the product distribution
in the solution. Photocatalytic degradation is carried out by two types
of oxidizing species: the hydroxyl radicals and the positive holes [111].

Ti0, —2() TiO, (-, h") (19
Tio, (h* ) + H,O — 5 Ti0_+H* + OH (20)
TiO, (h*,,) + HO- —2)_5 Ti0_+ OH 1)
0,+Ti0, (e ) —~) 3 Ti0, +0, - (22)
OH + dye M} End product (23)
TiO, (h*,) + dye — )y End product (24)
Where:
TiO, (h*VB) - Valence-band holes

TiO, Eep” Conduction-band Electrons

Upon irradiation by UV, the electrons on the surface of the
semiconductor gets excited to the conduction band forming positive
holes in the valance band (Equation 19). The valance band holes thus
formed are good oxidizers; they have the potential to oxidise water
or OH ions into OH radicals as shown in Equations 20 and 21. The
conduction band electrons on the other hand act as reducers (Equation
22). Chain termination would occur as shown in Equations 23and 24.

Oxidation of TiO,/UV is suggested to have a larger advantage over
H,0,/UV, this is because titanium dioxide is found to absorb light up
to 385 nm which is greater than that absorbed by H,0, [112].

Halmann et al. [111], reported that the dye Acid Orange 5 which is
normally found in effluents in concentrations of 10* to 10 M can be
completely degraded using black-light mercury lamp as a UV radiation
source. Koprivanac et al. [113] reported a 71% reduction in colour
when the effluent was treated at a pH of 3 under UV/TiO,. Liu et al.
[114], stated that a highest of 70.6% reduction and a lowest of 44.3%
reduction of acid yellow 17 was achieved when the effluent was treated
under UV/TiO,.

Toxicity Measurement Parameters: The by-product produced
may be more harmful than the original organic compound [115].
Hydroxyl functional groups and aldehydes are found to be the usual by-
product after destruction of azo dyes [116]. Therefore, it is important to
analyse the intermediates produced before letting the effluent into the
environment [117]. By-products of dyes with simple structure could
be identified by simple procedures. For dyes with extremely complex
structures, identification can be carried out using chromatographic
technologies, HPLC, GC techniques [115]. Further tests due to
degradation such as Chemical Oxygen Demand (COD) analysis could
be done on the treated effluents to note down the amount of chemicals
present in the effluent.

Lidia et al. [118], reported a COD removal of 10% when dispersed
dyes were treated with 0.5g dm™ of ozone ata pH 8. AO,/UV treatment
of textile effluents was found to be far more effective than O, treatment.
A COD reduction of 50 mg/L from 400 mg/L was achieved in 30
minutes [119]. Arslan and Balcioglu [25], noted down 67.58% COD
reduction in Turquoise Blue G133 and 80.36% reduction in Remazol
Black B dye when treated with UV/TiO,.
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Summary and Conclusion

Textile industry is one of the major industries in the world that
provide employment with no required special skills and play a major
role in the economy of many countries. There are three different types
of fibers used in the manufacture of various textile products: cellulose
fibers, protein fibers and synthetic fibers. Each type of fiber is dyed with
different types of dyes. Cellulose fibers are dyed using reactive dyes,
direct dyes, napthol dyes and indigo dyes. Protein fibers are dyed using
acid dyes and lanaset dyes. Synthetic fibers are dyed using disperse
dyes, basic dyes and direct dyes.

The textile industry utilizes various chemicals and large amount of
water during the production process. About 200 L of water are used
to produce 1 kg of textile. The water is mainly used for application of
chemicals onto the fibers and rinsing of the final products. The waste
water produced during this process contains large amount of dyes and
chemicals containing trace metals such as Cr, As, Cu and Zn which
are capable of harming the environment and human health. The textile
waste water can cause hemorrhage, ulceration of skin, nausea, skin
irritation and dermatitis. The chemicals present in the water block the
sunlight and increase the biological oxygen demand thereby inhibiting
photosynthesis and reoxygenation process.

The effluent water discharged from the textile industries undergoes
various physio-chemical processes such as flocculation, coagulation
and ozonation followed by biological treatments for the removal of
nitrogen, organics, phosphorous and metal. The whole treatment
process involves three steps: primary treatment, secondary treatment
and tertiary treatment. The primary treatment involves removal
of suspended solids, most of the oil and grease and gritty materials.
The secondary treatment is carried out using microorganisms under
aerobic or anaerobic conditions and involves the reduction of BOD,
phenol and remaining oil in the water and control of color. The
tertiary treatment involves the use of electrodialysis, reverse osmosis
and ion exchange to remove the final contaminants in the wastewater.
The major disadvantages of using the biological process are that the
presence of toxic metals in the effluent prevents efficient growth of
microorganisms and the process requires a long retention time.

The advanced oxidation processes is gaining attention in the recent
days due to the ability to treat almost all the solid components in the
textile effluents. The photo-oxidation of the effluents is carried out using
H,0,, combination of H,0, and UV and Combination of TiO, and UV.
Advanced oxidation process generates low waste and uses hydroxyl
radicals (OH®) as their main oxidative power. The hydroxyl radicals
(OH®) are produced by chemical, electrical, mechanical or radiation
energy and therefore advanced oxidation processes are classified under
chemical, photochemical, catalytic, photocatalytic, mechanical and
electrical processes. The effluents treated with advanced oxidation
process were found to reduce 70-80% COD when compared to 30-45%
reduction in biological treatment.

Acknowledgement

The research was supported by the Natural Sciences and Engineering
Research Council (NSERC) of Canada.

References

1. Gereffi G (2002) Outsourcing and Changing Patterns of International
Competition in the Apparel Commodity Chain.

2. Keane J, Velde D (2008) The Role of Textile and Clothing Industries in Growth
and Development Strategies. Investment and Growth Programme. Overseas
Development Institute.

3. Lorimer J, Mason TJ, Plattes M, Phull SS, Walton DJ (2001) Degradation of

10.

13.
14.
15.

17.
18.

20.

2

=

22.

23.

24

2

(9]

26.
2

<

28.

2

o

30.

3

=

Dye Effluent. Pure Appl Chem 73: 1957-1968.
Burch P (2013) Dyeing.

Robert L, Joseph F, Alexander A (2008) Fisher’s Contact Dermatitis in: Textiles
and Shoes. BC Decker Inc, Ontario 339-401.

Moody V, Needles H (2004) Tufted Carpet: Textile Fibres, Dyes, Finishes, and
Processes. William Andrew Publishing.

Schmidt A, Bach E, Schollmeyer E (2002) The dyeing of natural fibres with
reactive disperse dyes in supercritical carbon dioxide. Dyes and Pigments 56:
27-35.

Burkinshaw S (1995) Chemical Principles of Synthetic Fibre Dyeing. Blackie
Academic & Professional.

Phillips D (1996) Environmentally Friendly, Productive and Reliable: Priorities
for Cotton Dyes and Dyeing Processes. Journal of Society of Dyers and
Colourists 112: 183-186.

UNSD (2013) United Nations Statistics Division.

. Franssen MCR, Kircher M, Wohlgemuth R (2010) Industrial Biotechnology in

the chemical and Pharmaceutical Industries. In: Soetaert W and Vandamme
EJ, Industrial Biotechnology Sustainable Growth and Economic Success.
Wiley-VCH Verlag GmbH & Co.

. Valko E (1957) The Theory of Dyeing Cellulosic Fibres. Onyx Oil and Chemical

Company, Jersey City, NJ.
Earth Guild (2012) Dyes: Procion Reactive.
PCD (Pro Chemical & Dye) (2012) PRO Sabracron/Cibracron F Reactive Dyes.

Kiron M (2012) Basic Dye/Cationic Dyes/Properties of Basic Dyes/ Dyeing of
Acrylic with Basci Dyes.

. Elliott A, Hanby W, Malcolm B (1954) The Near Infra-Red Absorption Spectra

of Natural and Synthetic Fibres. Br J Appl Phys.
Dyes and Pigments (2010) Textile Dyes. Kolorjet Chemicals Pvt Itd.

Moustafa S (2008) Process Analysis & Environmental Impacts of Textile
Manufacturing. Dyes and Chemicals.

. Pagga U, Brown D (1986) The Degradability of Dyestuffs: Part Il Behaviour of

Dyestuffs in Aerobic Biodegradation Tests. Chemosphere 15: 479-491.

Al-Kdasi A, Idris A, Saed K, Guan C (2004) Treatment of Textile Wastewater by
Advanced Oxidation Processes-A Review. Global Nest IntJ 6: 222-230.

. Eswaramoorthi S, Dhanapal K, Chauhan D (2008) Advanced in Textile Waste

Water Treatment: The Case for UV-Ozonation and Membrane Bioreactor for
Common Effluent Treatment Plants in Tirupur, Tamil Nadu, India. Environment
with People’s Involvement & Co-ordination in India. Coimbatore, India.

Nese T, Sivri N, Toroz | (2007) Pollutants of Textile Industry Wastewater and
Assessment of its Discharge Limits by Water Quality Standards. Turkish J
Fisheries Aquatic Sciences 7: 97-103.

Laxman M (2009) Pollution and its Control in Textile Industry. Dyes and
Chemicals.

. Kestioglu K, Yonar T, Azbar N (2005) Feasibility of Physico-Chemical Treatment

and Advanced Oxidation Processes (AOPs) as a Means of Pretreatment of
Olive Mill Effluent (OME). Process Biochemistry 40: 2409-2416.

. Arslan |, Balcioglu A, Tuhkanen T (1999) Advanced Oxidation of Synthetic Dye

house Effluent by O3, H202/03 and H202/UV Processes. Enviro Tech 20:
921-931.

Kuusisto TK (2010) Textile in Architecture. Tampere University.

.Yi Ling (2009) Types of Textiles. Think Quest.

Bledzki A, Gassan J (1999) Composite Reinforces With Cellulose Based
Fibres. Progress in polymer science 24: 221-274.

.WTO (2012) World trade report 2012: Trade and public policies. World Trade

Organization, Geneva, Switzerland.

CIRFS (2013) World man-made fibers production. Comité International de la
Rayonne et des Fibres Synthétiques, Auderghem, Belgium.

. Sette S, Boullart L, Langenhove LV (1996) Optimising A Production by A neural

network/genetic Algorithm Approach. Engng Applic Artif Intell 9: 681-689.

J Chem Eng Process Technol
ISSN: 2157-7048 JCEPT, an open access journal

Volume 5 « Issue 1+ 1000182


http://www.colorado.edu/ibs/pec/gadconf/papers/gereffi.pdf
http://www.colorado.edu/ibs/pec/gadconf/papers/gereffi.pdf
http://www.odi.org.uk/sites/odi.org.uk/files/odi-assets/publications-opinion-files/3361.pdf
http://www.odi.org.uk/sites/odi.org.uk/files/odi-assets/publications-opinion-files/3361.pdf
http://www.odi.org.uk/sites/odi.org.uk/files/odi-assets/publications-opinion-files/3361.pdf
http://www.iupac.org/publications/pac/73/12/1957/
http://www.iupac.org/publications/pac/73/12/1957/
http://www.pburch.net/dyeing/aboutdyes.shtml
http://www.tex.tuiasi.ro/biblioteca/carti/CARTI/Textile/Tufted Carpet - Textile Fibers, Dyes, Finishes, and Processes/01.pdf
http://www.tex.tuiasi.ro/biblioteca/carti/CARTI/Textile/Tufted Carpet - Textile Fibers, Dyes, Finishes, and Processes/01.pdf
http://www.sciencedirect.com/science/article/pii/S0143720802001080
http://www.sciencedirect.com/science/article/pii/S0143720802001080
http://www.sciencedirect.com/science/article/pii/S0143720802001080
http://books.google.co.in/books?hl=en&lr=&id=lkTI2fci4ZoC&oi=fnd&pg=PA1&dq=Chemical+Principles+of+Synthetic+Fibre+Dyeing.+&ots=HP-py-Sj_Q&sig=0pgTt_pFGP519c7nnaQoetggcD4#v=onepage&q=Chemical Principles of Synthetic Fibre Dyeing.&f=false
http://books.google.co.in/books?hl=en&lr=&id=lkTI2fci4ZoC&oi=fnd&pg=PA1&dq=Chemical+Principles+of+Synthetic+Fibre+Dyeing.+&ots=HP-py-Sj_Q&sig=0pgTt_pFGP519c7nnaQoetggcD4#v=onepage&q=Chemical Principles of Synthetic Fibre Dyeing.&f=false
http://onlinelibrary.wiley.com/doi/10.1111/j.1478-4408.1996.tb01814.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1478-4408.1996.tb01814.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1478-4408.1996.tb01814.x/abstract
http://unstats.un.org/unsd/databases.htm
http://books.google.co.in/books?hl=en&lr=&id=9qDe3GZG96cC&oi=fnd&pg=PA323&dq=Industrial+Biotechnology+in+the+chemical+and+Pharmaceutical+Industries.&ots=K1RbdoTC77&sig=gxHhfpjhL_jjF4zSPQNvcz1w-EY#v=onepage&q=Industrial Biotechnology in the chemical
http://books.google.co.in/books?hl=en&lr=&id=9qDe3GZG96cC&oi=fnd&pg=PA323&dq=Industrial+Biotechnology+in+the+chemical+and+Pharmaceutical+Industries.&ots=K1RbdoTC77&sig=gxHhfpjhL_jjF4zSPQNvcz1w-EY#v=onepage&q=Industrial Biotechnology in the chemical
http://books.google.co.in/books?hl=en&lr=&id=9qDe3GZG96cC&oi=fnd&pg=PA323&dq=Industrial+Biotechnology+in+the+chemical+and+Pharmaceutical+Industries.&ots=K1RbdoTC77&sig=gxHhfpjhL_jjF4zSPQNvcz1w-EY#v=onepage&q=Industrial Biotechnology in the chemical
http://books.google.co.in/books?hl=en&lr=&id=9qDe3GZG96cC&oi=fnd&pg=PA323&dq=Industrial+Biotechnology+in+the+chemical+and+Pharmaceutical+Industries.&ots=K1RbdoTC77&sig=gxHhfpjhL_jjF4zSPQNvcz1w-EY#v=onepage&q=Industrial Biotechnology in the chemical
http://trj.sagepub.com/content/27/11/883.short
http://trj.sagepub.com/content/27/11/883.short
http://www.earthguild.com/products/dyes/procol/prociond.htm
https://www.prochemicalanddye.com/home.php?cat=390
http://textilelearner.blogspot.ca/2011/03/defination-properties-working-procedure_7918.html
http://textilelearner.blogspot.ca/2011/03/defination-properties-working-procedure_7918.html
http://arch.neicon.ru/xmlui/handle/123456789/1788711
http://arch.neicon.ru/xmlui/handle/123456789/1788711
http://www.dyes-pigments.com/textile-dyes.html
http://www.fibre2fashion.com/industry-article/16/1523/process-analysis-environmental-impacts-of-textile-manufacturing1.asp
http://www.fibre2fashion.com/industry-article/16/1523/process-analysis-environmental-impacts-of-textile-manufacturing1.asp
http://www.sciencedirect.com/science/article/pii/0045653586905424
http://www.sciencedirect.com/science/article/pii/0045653586905424
http://journal.gnest.org/sites/default/files/Journal Papers/Al-kdasi-222-230.pdf
http://journal.gnest.org/sites/default/files/Journal Papers/Al-kdasi-222-230.pdf
http://www.trjfas.org/pdf/issue_7_2/97_103.pdf
http://www.trjfas.org/pdf/issue_7_2/97_103.pdf
http://www.trjfas.org/pdf/issue_7_2/97_103.pdf
http://www.fibre2fashion.com/industry-article/22/2195/pollution-and-its-control-in-textile-industry1.asp
http://www.fibre2fashion.com/industry-article/22/2195/pollution-and-its-control-in-textile-industry1.asp
http://www.sciencedirect.com/science/article/pii/S0032959204004066
http://www.sciencedirect.com/science/article/pii/S0032959204004066
http://www.sciencedirect.com/science/article/pii/S0032959204004066
http://www.tandfonline.com/doi/abs/10.1080/09593332008616887#.Us0h6m0jbDc
http://www.tandfonline.com/doi/abs/10.1080/09593332008616887#.Us0h6m0jbDc
http://www.tandfonline.com/doi/abs/10.1080/09593332008616887#.Us0h6m0jbDc
http://dspace.cc.tut.fi/dpub/bitstream/handle/123456789/6619/kuusisto.pdf?sequence=3
http://www.sciencedirect.com/science/article/pii/S0079670098000185
http://www.sciencedirect.com/science/article/pii/S0079670098000185
http://www.wto.org/english/res_e/publications_e/wtr12_e.htm
http://www.wto.org/english/res_e/publications_e/wtr12_e.htm
http://www.cirfs.org/KeyStatistics/WorldManMadeFibresProduction.aspx
http://www.cirfs.org/KeyStatistics/WorldManMadeFibresProduction.aspx
http://www.sciencedirect.com/science/article/pii/S0952197696000620
http://www.sciencedirect.com/science/article/pii/S0952197696000620

Citation: Ghaly AE, Ananthashankar R, Alhattab M, Ramakrishnan VV (2014) Production, Characterization and Treatment of Textile Effluents:
A Critical Review. J Chem Eng Process Technol 5: 182. doi: 10.4172/2157-7048.1000182

Page 17 of 18

32.

3

w

34.

35

36.

3
3

o

4

o

4

iy

42.

4

w

44,

45.

46.

4

h)

48

4

©

50.

5

uy

52.

5

w

54.

5

(3

56

5

i

5

oo

5

o

6

o

Wang C, Yediler A, Lienert D, Wang Z, Kettrup A (2002) Toxicity evaluation of
reactive dyestuffs, auxiliaries and selected effluents in textile finishing industry
to luminescent bacteria Vibrio fischeri. Chemosphere 46: 339-344.

. Dooley W (2008) Textiles. Revised edition. Biblio Bazaar.Chapter VI, weaving

59-67.

Fisher BL, Robertson HG (1998) Silk Production by Adult Workers of the Ant
Melissotarsus emeryi (Hymenoptera, Formicidae) in South Africa Fynbos.
Insectes Soc 46: 78-83.

. Valh JV, Le Marechal AM (2009) Decoloration of textile wastewaters. In: Lang

AR, Dyes and pigments: New research, Nova Science Publishers, Inc., New
York.

Holme | (2000) Coloration of technical textiles, In: Horrocks AR and Anand SC,
Handbook of Technical Textiles. The textile Institute, Woodhead Publishing
Limited, CRC Press, New York.

. Jacquard (2012) Procion MX.
. Dixon W (1986) ‘MX’ Dyes.
39.

PF (Paradise Fibres) (2012) Sabracron F Dye Sampler.

. Batikoetero (2012) Drimarene K.
. Prideaux P (2003) A Handbook of Indigo Dyeing. Weelwood, Tunbridge Wells,

Kent.
Hanu (2010) Napthols and Bases.

. University of Bristol (2012) Azo Dyes.

Manu B (2003) Decolourization of indigo and azo dye in semicontinous reactors
with long hydraulic retention time. PhD thesies submitted to IIT Bombay, India.

Arya D, Kohli P (2009) Environmental Impact of Textile Wet Processing, India.
Dyes and Chemicals.

Davis S, Schlag S, Funada C (2008) CHE Product Review Abstract. Chemical
Industries.

. Kirk-Othmer (2007) Encyclopedia of Chemical Technology. 3, 4th edn, John

Wiley and Sons, Inc.

. Neill C, Hawke F, Hawkes D, Lourenco N, Pinheiro H, Delee W (1999) Colour in

Textile Effluents-Sources, Measurement, Discharge Consents and Simulation:
A Review. J Chem Technol Biotechnol 74: 1009-1018.

. Farlex (2012) Triarylmethane dye.

Zhang F, Yediler A, Liang X, Kettrup A (2003) Effects of Dye Additives on the
Oxonation Process and Oxidation By-Products: A Comparative Study using
Hydrolyzed C.I. Reactive Red 120. Dyes and Pigments 60: 1-7.

. Hunger K (2003) Industrial Dyes Chemistry, Properties, Applications. Wiley-

Vch.

Sunny H (2003) Manufacturer and Exporter of Acid Dye, Solvent Dye, Vat
Dye, Direct Dye, Polymer Additive, UV Absorber, Light Stabilizer, Antioxidant,
Optical Brightener Agent, Pigments and Fine Chemicals Disperse Dye.

.Kiron M (2012) Introduction to Mordant Dye/ Properties of Mordant Dyes/

Mechanism of Mordant Dyeing/ Application of Mordant Dyes.

Ntuli F, Omoregbe I, Kuipa P, Muzenda E, Belaid M (2009) Characterization of
Effluent From Textile Wet Finishing Operations. WCECS 1.

. Atif S (2002) Impact of Environmental Regulations on the Textile Sector of

Pakistan, Geneva.

. Kiriakidou F, Kondarides D, Verykios X (1999) The Effect of Operational

Parameters and TiO2 — Doping on the Photocatalytic Degradation of Azo-Dyes.
Catalysis Today 54: 119-130.

. Fletcher K (2008) Sustainable Fashion and Textiles: Design Journeys.

Earthscan publishing 98-114.

. Georgiou D, Aivazidis A, Hatiras J, Gimouhopoulos K (2003) Treatment of

cotton textile wastewater using lime and ferrous sulfate. Water Res 37: 2248-
2250.

. Tholoana M (2007) Water Management at a Textile Industry: A Case Study in

Lesotho. University of Pretoria.

.Blomqvist A (1996) Food and Fashion-Water Management and Collective

6

=

62.

63.

64.

65.

66.

67.

68.

6!

©

70.

71.

72.

7

w

74.

75.

76.

7

~

78.

79.

80.

8

=

82.

83.

84.

85.

Action among Irrigation Farmers and Textile Industrialists in South India.
Linkoping University. Studies in Art and Science 0282-9800: 148.

. Reife A, Freeman H (1996) Environmental Chemistry of Dyes and Pigments.

John Wiley & Sons, Inc, NY 295-301.

Helena G, Karlson L, Lindquist S, Hagfeldt A (2000) Environmental Aspect
of Electricity Generation From A Nanocrystalline Dye Sensitized Solar Cell
System. Elsevier Science 23: 27-39.

Wamburguh D, Chianelli R (2008) Indigo Dye Waste Recovery from Blue Denim
Textile Effluent: A By Product Synergy approach. New J Chem 32: 2189-2194.

Ren X (2000) Development of Environmental Performance Indicators For
Textile Process and Product. Elsevier Science 8: 473-481.

Jain R, Bhargava M, Sharma N (2003) Electrochemical Studies on a
Pharmaceutical Azo Dye: Tartrazine. Ind Eng Chem Res 42: 243-247.

Mathur N, Bhatnagar P, Bakre P (2005) Assessing Mutagenicity of Textile
Dyes from Pali (Rajasthan) using AMES Bioassay. Envi Toxicology Unit, Dept
of Zoology, Univ of Rajasthan, Jaipur, India.

Lima ROA, Bazo A, Salvadori DMF, Rech CM, Oliveira DP, et al. (2007)
Mutagenic and Carcinogenic Potential of a Textile Azo Dye Processing Plant
Effluent that Impacts a Drinking Water Source. Mutation Research/Genetic
Toxicology and Envi Mutagenesis 626: 53-60.

Morikawa Y, Shiomi K, Ishihara Y, Matsuura N (1997) Triple primary cancers
involving kidney, urinary bladder, and liver in a dye worker. Am J Ind Med 31:
44-49.

. Nilsson R, Nordlinder R, Wass U, Meding B, Belin L (1993) Asthma, rhinitis,

and dermatitis in workers exposed to reactive dyes. Br J Ind Med 50: 65-70.

Yusuf R, Sonibare J (2004) Characterization of Textile Industries ‘Effluents in
Kaduna, Nigeria and Pollution Implications. Global nest Int J 6: 212-221.

Adin A, Asano T (1998) The Role of Physical-Chemical Treatment in
Wastewater Reclamation and Reuse. Wat Sci Tech 37: 79-90.

Chipasa K (2001) Limits of Physicochemical Treatment of Wastewater in the
Vegetable Oil Refinig Industry. Polish Journal of Enviro Studies 10: 141-147.

.Das S (2000) Textile effluent treatment -A Solution to the Environmental

Pollution.

Babu RB, Parande AK, Raghu S, Kumar PT (2007) Textile Technology-Cotton
Textile Processing: Waste Generation and Effluent Treatment. The Journal of
Cotton Science 11: 141-153.

EPA (Environmental Protection Agency) (2003) Wastewater Technology Fact
Sheet: Screening and Grit removal.

Chen X, Shen Z, Zhu X, Fan Y, Wang W (1996) Advanced Treatment of
Textile Wastewater for Reuse Using Electrochemical Oxidation and Membrane
Filtration. Chinese Academy of Science.

. Tripathy T, De BR (2006) Flocculation: A New Way to Treat the Waste Water.

Journal of Physical Science 10: 93-127.

Heukelekian H (1941) Plant Operation: Mechanical Flocculation and
Bioflocculation of Sewage. Sewage Works Journal 13: 506-522.

AWWARF (American Water Works Association Research Foundation). 1998.
Treatment Process Selection for Particle Removal, Cooperative Research
Report. American Water Works Association, 6666, West Quincy Ave. Denver.

EPA (2002) Wastewater Technology Fact Sheet: Aerated, Partial Mix Lagoons.
United States Environmental Protection Agency. EPA 832-F-02-008.

. Lafond R (2008) A Compact and efficient Technology for Upgrade of Canadian

Municipal Aerated Lagoons. VP Business Development and Marketing.

Etter B, Tilley E, Khadka R, Udert KM (2011) Low-cost struvite production using
source-separated urine in Nepal. Water Res 45: 852-862.

NODPR (National Onsite Demonstration Project
BIOFILTER (1995) Trickling Filters - General.

Results)-WATERLOO

NESC (National Environment Services Center) (2003) Home aerobic
wastewater treatment: An alternative to septic systems. Pipeline.

Yasui H, Nakamura K, Sakuma S, Iwasaki M, Sakai Y (1996) A Full-Scale
Operation of a Novel Activated Sludge Process without Excess Sludge
Production. Water Science and Technology 34: 395-404.

J Chem Eng Process Technol
ISSN: 2157-7048 JCEPT, an open access journal

Volume 5 « Issue 1+ 1000182


http://www.ncbi.nlm.nih.gov/pubmed/11827294
http://www.ncbi.nlm.nih.gov/pubmed/11827294
http://www.ncbi.nlm.nih.gov/pubmed/11827294
http://link.springer.com/article/10.1007/s000400050116
http://link.springer.com/article/10.1007/s000400050116
http://link.springer.com/article/10.1007/s000400050116
http://books.google.co.in/books?hl=en&lr=&id=DBm5pS37GXsC&oi=fnd&pg=PA187&dq=Coloration+of+technical+textiles&ots=hMy6ieQ_rb&sig=9aFOaZ2I8_0i9xwYeptd5BYk9kY#v=onepage&q=Coloration of technical textiles&f=false
http://books.google.co.in/books?hl=en&lr=&id=DBm5pS37GXsC&oi=fnd&pg=PA187&dq=Coloration+of+technical+textiles&ots=hMy6ieQ_rb&sig=9aFOaZ2I8_0i9xwYeptd5BYk9kY#v=onepage&q=Coloration of technical textiles&f=false
http://books.google.co.in/books?hl=en&lr=&id=DBm5pS37GXsC&oi=fnd&pg=PA187&dq=Coloration+of+technical+textiles&ots=hMy6ieQ_rb&sig=9aFOaZ2I8_0i9xwYeptd5BYk9kY#v=onepage&q=Coloration of technical textiles&f=false
http://www.jacquardproducts.com/procion-mx.html
http://www.gsdye.com/Canada/ProcionMX.html
http://www.paradisefibers.com/sabracron-f-dye-sampler.html
http://www.dyeman.com/products/dyes/drimarene-k
http://dyeingworld1.blogspot.ca/2010/01/naphthols-and-bases.html
http://www.chm.bris.ac.uk/webprojects2002/price/azo.htm
http://www.fibre2fashion.com/industry-article/21/2047/environmental-impact-of-textile1.asp
http://www.fibre2fashion.com/industry-article/21/2047/environmental-impact-of-textile1.asp
http://chemical.ihs.com/nl/Public/2008Mar.pdf
http://chemical.ihs.com/nl/Public/2008Mar.pdf
http://www.lavoisier.fr/livre/notice.asp?ouvrage=1370052
http://www.lavoisier.fr/livre/notice.asp?ouvrage=1370052
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-4660%28199911%2974:11%3C1009::AID-JCTB153%3E3.0.CO;2-N/abstract
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-4660%28199911%2974:11%3C1009::AID-JCTB153%3E3.0.CO;2-N/abstract
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-4660%28199911%2974:11%3C1009::AID-JCTB153%3E3.0.CO;2-N/abstract
http://encyclopedia2.thefreedictionary.com/Triarylmethane+Dye
http://www.deepdyve.com/lp/elsevier/effects-of-dye-additives-on-the-ozonation-process-and-oxidation-by-ZBn9Nnn5kj
http://www.deepdyve.com/lp/elsevier/effects-of-dye-additives-on-the-ozonation-process-and-oxidation-by-ZBn9Nnn5kj
http://www.deepdyve.com/lp/elsevier/effects-of-dye-additives-on-the-ozonation-process-and-oxidation-by-ZBn9Nnn5kj
http://books.google.co.in/books?hl=en&lr=&id=uAzS4Hk2TgwC&oi=fnd&pg=PR5&dq=Industrial+Dyes+Chemistry,+Properties,+Applications.+&ots=e3CwANQ9FV&sig=USD2Q1ULMFs-fUE-66HObCgdsTs#v=onepage&q=Industrial Dyes Chemistry%2C Properties%2C Applications.&f=f
http://books.google.co.in/books?hl=en&lr=&id=uAzS4Hk2TgwC&oi=fnd&pg=PR5&dq=Industrial+Dyes+Chemistry,+Properties,+Applications.+&ots=e3CwANQ9FV&sig=USD2Q1ULMFs-fUE-66HObCgdsTs#v=onepage&q=Industrial Dyes Chemistry%2C Properties%2C Applications.&f=f
http://www.sunnychemical.com/Disperse dye.htm
http://www.sunnychemical.com/Disperse dye.htm
http://www.sunnychemical.com/Disperse dye.htm
http://textilelearner.blogspot.ca/2011/03/defination-properties-working-procedure_4365.html
http://textilelearner.blogspot.ca/2011/03/defination-properties-working-procedure_4365.html
http://www.iaeng.org/publication/WCECS2009/WCECS2009_pp69-74.pdf
http://www.iaeng.org/publication/WCECS2009/WCECS2009_pp69-74.pdf
http://www.sciencedirect.com/science/article/pii/S0920586199001741
http://www.sciencedirect.com/science/article/pii/S0920586199001741
http://www.sciencedirect.com/science/article/pii/S0920586199001741
http://books.google.co.in/books?hl=en&lr=&id=WYnrTaL_ICgC&oi=fnd&pg=PR5&dq=Sustainable+Fashion+and+Textiles:+Design+Journeys.&ots=oeji_aSP-r&sig=XaIgHrOlb68pYaexkNfFfgenXsU#v=onepage&q=Sustainable Fashion and Textiles%3A Design Journeys.&f=false
http://books.google.co.in/books?hl=en&lr=&id=WYnrTaL_ICgC&oi=fnd&pg=PR5&dq=Sustainable+Fashion+and+Textiles:+Design+Journeys.&ots=oeji_aSP-r&sig=XaIgHrOlb68pYaexkNfFfgenXsU#v=onepage&q=Sustainable Fashion and Textiles%3A Design Journeys.&f=false
http://www.ncbi.nlm.nih.gov/pubmed/12691912
http://www.ncbi.nlm.nih.gov/pubmed/12691912
http://www.ncbi.nlm.nih.gov/pubmed/12691912
http://upetd.up.ac.za/thesis/available/etd-04222008-093048/unrestricted/dissertation.pdf
http://upetd.up.ac.za/thesis/available/etd-04222008-093048/unrestricted/dissertation.pdf
http://swepub.kb.se/bib/swepub:oai:DiVA.org:liu-54550?tab2=abs&language=en
http://swepub.kb.se/bib/swepub:oai:DiVA.org:liu-54550?tab2=abs&language=en
http://swepub.kb.se/bib/swepub:oai:DiVA.org:liu-54550?tab2=abs&language=en
http://www.sciencedirect.com/science/article/pii/S0960148100001117
http://www.sciencedirect.com/science/article/pii/S0960148100001117
http://www.sciencedirect.com/science/article/pii/S0960148100001117
http://pubs.rsc.org/en/content/articlelanding/2008/nj/b806213g#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2008/nj/b806213g#!divAbstract
http://www.sciencedirect.com/science/article/pii/S0959652600000172
http://www.sciencedirect.com/science/article/pii/S0959652600000172
http://pubs.acs.org/doi/abs/10.1021/ie020228q
http://pubs.acs.org/doi/abs/10.1021/ie020228q
http://www.environmentportal.in/files/ASSESSING MUTAGENICITY OF TEXTILE DYES.pdf
http://www.environmentportal.in/files/ASSESSING MUTAGENICITY OF TEXTILE DYES.pdf
http://www.environmentportal.in/files/ASSESSING MUTAGENICITY OF TEXTILE DYES.pdf
http://www.sciencedirect.com/science/article/pii/S1383571806002531
http://www.sciencedirect.com/science/article/pii/S1383571806002531
http://www.sciencedirect.com/science/article/pii/S1383571806002531
http://www.sciencedirect.com/science/article/pii/S1383571806002531
http://www.ncbi.nlm.nih.gov/pubmed/8986253
http://www.ncbi.nlm.nih.gov/pubmed/8986253
http://www.ncbi.nlm.nih.gov/pubmed/8986253
http://www.ncbi.nlm.nih.gov/pubmed/8431393
http://www.ncbi.nlm.nih.gov/pubmed/8431393
http://www.sciencedirect.com/science/article/pii/S0273122398003060?np=y
http://www.sciencedirect.com/science/article/pii/S0273122398003060?np=y
http://6csnfn.pjoes.com/pdf/10.3/141-147.pdf
http://6csnfn.pjoes.com/pdf/10.3/141-147.pdf
http://www.fibre2fashion.com/industry-article/pdffiles/textile-effluent-treatment.pdf?PDFPTOKEN=dc5d07c91bddc38784097183e711ea76cd84486e|1274726316#PDFP
http://www.fibre2fashion.com/industry-article/pdffiles/textile-effluent-treatment.pdf?PDFPTOKEN=dc5d07c91bddc38784097183e711ea76cd84486e|1274726316#PDFP
http://www.cotton.org/journal/2007-11/3/upload/jcs11-141.pdf
http://www.cotton.org/journal/2007-11/3/upload/jcs11-141.pdf
http://www.cotton.org/journal/2007-11/3/upload/jcs11-141.pdf
http://water.epa.gov/aboutow/owm/upload/2004_07_07_septics_final_sgrit_removal.pdf
http://water.epa.gov/aboutow/owm/upload/2004_07_07_septics_final_sgrit_removal.pdf
http://www.bvsde.paho.org/bvsacd/cd16/advanced.pdf
http://www.bvsde.paho.org/bvsacd/cd16/advanced.pdf
http://www.bvsde.paho.org/bvsacd/cd16/advanced.pdf
http://www.jstor.org/discover/10.2307/25029194?uid=3737496&uid=2&uid=4&sid=21103226391237
http://www.jstor.org/discover/10.2307/25029194?uid=3737496&uid=2&uid=4&sid=21103226391237
http://books.google.co.in/books/about/Treatment_Process_Selection_for_Particle.html?id=dtx2WnoOS-0C&redir_esc=y
http://books.google.co.in/books/about/Treatment_Process_Selection_for_Particle.html?id=dtx2WnoOS-0C&redir_esc=y
http://books.google.co.in/books/about/Treatment_Process_Selection_for_Particle.html?id=dtx2WnoOS-0C&redir_esc=y
http://yosemite.epa.gov/water/owrccatalog.nsf/e673c95b11602f2385256ae1007279fe/8fa15c6db7b2087e85256ede0056206a!OpenDocument
http://yosemite.epa.gov/water/owrccatalog.nsf/e673c95b11602f2385256ae1007279fe/8fa15c6db7b2087e85256ede0056206a!OpenDocument
http://www.johnmeunier.com/johnmeunier/ressources/documents/2/19698,_0623134445_001.pdf
http://www.johnmeunier.com/johnmeunier/ressources/documents/2/19698,_0623134445_001.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20980038
http://www.ncbi.nlm.nih.gov/pubmed/20980038
http://infohouse.p2ric.org/ref/21/20870.pdf
http://infohouse.p2ric.org/ref/21/20870.pdf
http://www.nesc.wvu.edu/pdf/WW/publications/pipline/PL_WI96.pdf
http://www.nesc.wvu.edu/pdf/WW/publications/pipline/PL_WI96.pdf
http://scholar.google.co.in/scholar?q=A+Full-Scale+Operation+of+a+Novel+Activated+Sludge+Process+without+Excess+Sludge+Production.+&btnG=&hl=en&as_sdt=0%2C5
http://scholar.google.co.in/scholar?q=A+Full-Scale+Operation+of+a+Novel+Activated+Sludge+Process+without+Excess+Sludge+Production.+&btnG=&hl=en&as_sdt=0%2C5
http://scholar.google.co.in/scholar?q=A+Full-Scale+Operation+of+a+Novel+Activated+Sludge+Process+without+Excess+Sludge+Production.+&btnG=&hl=en&as_sdt=0%2C5

Citation: Ghaly AE, Ananthashankar R, Alhattab M, Ramakrishnan VV (2014) Production, Characterization and Treatment of Textile Effluents:
A Critical Review. J Chem Eng Process Technol 5: 182. doi: 10.4172/2157-7048.1000182

Page 18 of 18

86.

8
8

o N

89.

90.

9

=

92

93.

94

9

(&2}

96.

9

J

98.

99.

Wright (2013) Anaerobic Sludge Digestion, Part II.

. Mittal A (2011) Biological Wastewater Treatment.

. Karos A (2013) Process Water Treatment by Electrolytic Processes. Fraunhofer

Institute for Interfacial Engineering and Biotechnology.

Kannan M, Gobalakrishnan M, Kumaravel S, Nithyanadan R, Rajashankar K,
et al. (2006) Influence of Cationization of Cotton on Reactive Dyeing. Dept of
Textile Tech, PSG college of Tech, Coiambatore, Tamilnadu, India.

WTS (Water Treatment Solutions) (2012) Electrodialysis.

. Jurenka B (2010) Electrodialysis (ED) and Electrodialysis Reversal (EDR). U.D.

Department of the Interior Bureau of Reclamation.

. Marcucci M, Ciardelli G, Matteucci A, Ranieri L, Russo M (2002) Experimental

Campaigns on Textile Wastewater For Reuse by Means of Different Membrane
Processes. Elsevier Science 149: 137-143.

WWS (Waste Water System) (2013) lon Exchange Application in Wastewater
Treatment.

.Neumann S, Fatula P (2009) Principles of lon Exchange in Water Treatment.

Techno Focus.

. Vautier M, Guillard C, Herrmann J (2001) Photocatalytic Degradation of Dyes in

Water: Case Study of Indigo and of Indigo Carmine. J Cat 201: 46-59.

Rodriguez M (2003) Fenton and UV-vis Based Advanced Oxidation Processes
in Wastewater Treatment: Degradation, Mineralization and Biodegradability
Enhancement. University of Barcelona.

.Montano J (2007) Combination of Advanced Oxidation Processes and

Biological Treatment For Commercial Reactive Azo Dyes Removal. University
of Barcelona.

Mahmoud A, Brooks MS, Ghaly AE (2007) Decolourization of Remazol Brilliant
Blue Dye Effluent by Advanced Photo Oxidation Process (H202/UV System).
American Journal of Applied Sciences 4: 1054-1062.

Alfons V, Soo-Myung K (2003) Advanced Oxidation Processes (AOPs) in
Wastewater Treatment. Ind Eng Chem 10: 33-40.

100. Stasinakis A (2008) Use if Selected Advances Oxidation Processes (Aops)

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

for Wastewater Treatment-A Mini Review. Global NEST 10: 376-385.

Gogate P, Pandit A (2003) A Review of Imperative Technologies For
Wastewater Treatment | : Oxidation Technologies At Ambient Conditions.
Adv Environ 8: 501-551.

Al-Momani F (2003) Combination of Photo-Oxidation Processes with
Biological Treatment. University of Barcelona.

Perkowski J, Kos L (2002) Treatment of Textile Dyeing Wastewater by
Hydrogen Peroxide and Ferrous lons.

Goi A (2005) Advanced Oxidation Processes for Water Purification and Soil
Remediation. Chemical and Materials Tech. Tallinn University of Technology.

Alaton IA, Balcioglu IA, Bahnemann DW (2002) Advanced oxidation of a
reactive dyebath effluent: comparison of O3, H202/UV-C and TiO2/UV-A
processes. Water Res 36: 1143-1154.

Kurbus T, Marechal A, Voncina D (2003) Comparison of H202/UV, H202/03
and H202/Fe2+ Processes for the Decolorisation of Vinylsulphone Reactive
Dyes. Dyes and Pigments 58: 245-252.

Arslan |, Balcioglu A, Tuhkanen T (1999) Oxidative Treatment of Simulated
Dyehouse Effluent by UV and near-UV Light Assisted Fenton's Reagent.
Chemosphere 39: 2767-2783.

Masupha TM (2007) Water Management at a Textile Industry: A Case Study
in Lesotho.

Amin H, Amer A, Fecky A, Ibrahim | (2008) Treatment of Textile Waste Water
using H202/UV System. Physicochem Problem of Mineral Processing 42:
17-28.

Munter R (2001) Advanced Oxidation Processes- Current Status and
Prospects. Proc Estonian Acad Sci Chem 50: 59-80.

Halmann M, Hunt A, Spath D (1992) Photodegradation of Dichloromethane,
Tertrachloroethylene and 1,2-Dibromo-3-Chloropropane in Aqueous
Suspensions of TiO2 with Natural, Concentrated and Simulated Sunlight.
Solar Energy Materials and Solar Cells 26: 1-16.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.
133.

134.

Al-Sayyed G, D’Oliveria J, Pichat P (2001) Semiconductor-Sensitized
Photodegradation of 4-Chlorophenol in Water. Journal of Photochemistry
and Photobiology A: Chemistry 58: 99-114.

Peternel IT, Koprivanac N, BoziAt AM, KusiAt HM (2007) Comparative
study of UV/TiO2, UV/ZnO and photo-Fenton processes for the organic
reactive dye degradation in aqueous solution. J Hazard Mater 148: 477-484.

Liu CC, Hsieh YH, Lai PF, Li CH, Kao CL (2006) Photodegradation Treatment
of Azo Dye Wastewater by UV/TiO2 Process. Dyes and Pigments 68: 191-
195.

Zhang F, Yediler A, Liang X (2007) Decomposition pathways and reaction
intermediate formation of the purified, hydrolyzed azo reactive dye C.I.
Reactive Red 120 during ozonation. Chemosphere 67: 712-717.

Lopez A, Ricco G, Mascolo G, Tiravanti G, Di Pinto AC, et al. (1998)
Biodegradability Enhancement of Refractory Pollutants by Ozonation: A
Laboratory Investigation on an Azo-Dyes Intermediate. Water Sci Tech 38:
239-245.

de O Martins A, Canalli VM, Azevedo CMN, Pires M (2006) Degradation of
Pararosaniline (C.l. Basic Red 9 Monohydrochloride) Dye by Ozonation and
Sonolysis. Dyes and Pigments 68: 227-234.

Szpyrkowicz L, Juzzolino C, Kaul SN (2001) A comparative study on
oxidation of disperse dyes by electrochemical process, ozone, hypochlorite
and Fenton reagent. Water Res 35: 2129-2136.

Bes-Pia A, Roca M, Alcover L, Clar A, Clar M, et al. (2002) Comparison
Between Nanofilteration and Ozonation of Biologically treated Textile
Wastewater for its Reuse in the Industry. Desalination 157: 81-86.

Cotton Inc (2013) Monthly Economic Letter. Cotton Market Fundamentals &
Price Outlook.

FAO (2013) Food and Agriculture Organization of the United Nations
FAOSTAT.

ATA (2007) Decline Trend in Global Nylon Production. Journal for Asia on
Textile & Apparel.

DOE (Department of Environment) (2008) Guide for Assessment of Effluent
Treatment Plants EMP/EIA Reports for Textile Industries. Ministry of
Environment and Forest, Bangladesh.

Barclay S, Buckley C (2000) Waste Minimisation Guide for the Textile
Industry: A Step Towards Cleaner Production. The Pollution Research
Group, Univ of Natal, Durban, South Africa.

CPPC (Code of Practice on Pollution Control) (2000) Allowable Limits for
Trade Effluent Discharged into A Public Sewer/Watercourse/Controlled
Watercourse.

RIS (Relevant Indian Standards) (2003) General Standards for Discharge
of Effluents.

CWR (China Water Risk) (2012) Maximum Allowable Discharge
Concentrations for Other Pollutants in China.

WPCO (Water Pollution Control Ordinance) (1990) Technical Memorandum
Standards for Effluents Discharged into Drainage and Sewerage Systems,
Inland and Costal Waters.

EPWQVR (Environmental Protection Water Quality Voluntary Remediation)
(2012) Standards for Ground Water of 10,000 mg/L TDS Concentration or
Less.

UTS (University of Technology) (1999) Energy and Environmental Indicators
in the Thai Textile Industry.

BVSDE (2010) Section 5: Design of Common Effluent Treatment Plants for
Nonhazardous Industrial Wastewater.

BOI (Board of Investment of Sri Lanka) (2011) Environmental Norms.

Wang Z, Xue M, Huang K, Liu Z (2011) Textile Dyeing Wastewater Treatment.
Huazhong Univ of Sci and Tech, China.

Vogelpohl A, Kim SM (2004) Advanced Oxidation Processes (AOPSs) in
Wastewater Treatment. Journal of Industrial Engineering and Chemistry 10:
33-40.

J Chem Eng Process Technol
ISSN: 2157-7048 JCEPT, an open access journal

Volume 5 « Issue 1+ 1000182


http://www.wrights-trainingsite.com/anaerslud2onb.html
http://www.watertoday.org/Article Archieve/Aquatech 12.pdf
http://www.igb.fraunhofer.de/en/competences/physical-process-technology/process-and-wastewater-purification/electrolytic-water-treatment.html
http://www.igb.fraunhofer.de/en/competences/physical-process-technology/process-and-wastewater-purification/electrolytic-water-treatment.html
http://www.lenntech.com/electrodialysis.htm
http://www.usbr.gov/pmts/water/publications/reportpdfs/Primer Files/07 - Electrodialysis.pdf
http://www.usbr.gov/pmts/water/publications/reportpdfs/Primer Files/07 - Electrodialysis.pdf
http://www.sciencedirect.com/science/article/pii/S0011916402007452
http://www.sciencedirect.com/science/article/pii/S0011916402007452
http://www.sciencedirect.com/science/article/pii/S0011916402007452
http://www.wastewatersystem.net/2011/08/ion-exchange-application-in-wastewater.html
http://www.wastewatersystem.net/2011/08/ion-exchange-application-in-wastewater.html
http://www.ionexchange.com/imperia/md/content/ion/presseschau/090316_asian_water_principles_of_ion_exchange_neumann_03_09_.pdf
http://www.ionexchange.com/imperia/md/content/ion/presseschau/090316_asian_water_principles_of_ion_exchange_neumann_03_09_.pdf
http://www.sciencedirect.com/science/article/pii/S0021951701932324
http://www.sciencedirect.com/science/article/pii/S0021951701932324
http://thescipub.com/abstract/10.3844/ajassp.2007.1054.1062
http://thescipub.com/abstract/10.3844/ajassp.2007.1054.1062
http://thescipub.com/abstract/10.3844/ajassp.2007.1054.1062
http://infosys.korea.ac.kr/PDF/JIEC/IE10/IE10-1-0033.pdf
http://infosys.korea.ac.kr/PDF/JIEC/IE10/IE10-1-0033.pdf
https://www.ath.aegean.gr/gnest/Journal/Vol10_No3/376-385_598_Stasinakis_10-3.pdf
https://www.ath.aegean.gr/gnest/Journal/Vol10_No3/376-385_598_Stasinakis_10-3.pdf
http://www.sciencedirect.com/science/article/pii/S1093019103000327
http://www.sciencedirect.com/science/article/pii/S1093019103000327
http://www.sciencedirect.com/science/article/pii/S1093019103000327
http://diposit.ub.edu/dspace/handle/2445/35397
http://diposit.ub.edu/dspace/handle/2445/35397
http://fibtex.lodz.pl/38_20_78.pdf
http://fibtex.lodz.pl/38_20_78.pdf
http://digi.lib.ttu.ee/archives/2005/2005-10/1130345994.PDF
http://digi.lib.ttu.ee/archives/2005/2005-10/1130345994.PDF
http://www.ncbi.nlm.nih.gov/pubmed/11902771
http://www.ncbi.nlm.nih.gov/pubmed/11902771
http://www.ncbi.nlm.nih.gov/pubmed/11902771
http://cat.inist.fr/?aModele=afficheN&cpsidt=14928520
http://cat.inist.fr/?aModele=afficheN&cpsidt=14928520
http://cat.inist.fr/?aModele=afficheN&cpsidt=14928520
http://www.sciencedirect.com/science/article/pii/S0045653599002118
http://www.sciencedirect.com/science/article/pii/S0045653599002118
http://www.sciencedirect.com/science/article/pii/S0045653599002118
http://books.google.co.in/books?hl=en&lr=&id=wNIuC-eBhAIC&oi=fnd&pg=PA59&dq=Advanced+Oxidation+Processes-+Current+Status+and+Prospects.+&ots=c61rsa7cfm&sig=WuwTv7WOWSbiFNz5iOO-7_i3_D0#v=onepage&q=Advanced Oxidation Processes- Current Status and%2
http://books.google.co.in/books?hl=en&lr=&id=wNIuC-eBhAIC&oi=fnd&pg=PA59&dq=Advanced+Oxidation+Processes-+Current+Status+and+Prospects.+&ots=c61rsa7cfm&sig=WuwTv7WOWSbiFNz5iOO-7_i3_D0#v=onepage&q=Advanced Oxidation Processes- Current Status and%2
http://www.sciencedirect.com/science/article/pii/0927024892901215
http://www.sciencedirect.com/science/article/pii/0927024892901215
http://www.sciencedirect.com/science/article/pii/0927024892901215
http://www.sciencedirect.com/science/article/pii/0927024892901215
http://www.sciencedirect.com/science/article/pii/101060309187101Z
http://www.sciencedirect.com/science/article/pii/101060309187101Z
http://www.sciencedirect.com/science/article/pii/101060309187101Z
http://www.ncbi.nlm.nih.gov/pubmed/17400374
http://www.ncbi.nlm.nih.gov/pubmed/17400374
http://www.ncbi.nlm.nih.gov/pubmed/17400374
http://www.sciencedirect.com/science/article/pii/S014372080500029X
http://www.sciencedirect.com/science/article/pii/S014372080500029X
http://www.sciencedirect.com/science/article/pii/S014372080500029X
http://www.ncbi.nlm.nih.gov/pubmed/17188325
http://www.ncbi.nlm.nih.gov/pubmed/17188325
http://www.ncbi.nlm.nih.gov/pubmed/17188325
http://www.sciencedirect.com/science/article/pii/S0273122398005368
http://www.sciencedirect.com/science/article/pii/S0273122398005368
http://www.sciencedirect.com/science/article/pii/S0273122398005368
http://www.sciencedirect.com/science/article/pii/S0273122398005368
http://www.sciencedirect.com/science/article/pii/S0143720805000884
http://www.sciencedirect.com/science/article/pii/S0143720805000884
http://www.sciencedirect.com/science/article/pii/S0143720805000884
http://www.ncbi.nlm.nih.gov/pubmed/11358291
http://www.ncbi.nlm.nih.gov/pubmed/11358291
http://www.ncbi.nlm.nih.gov/pubmed/11358291
http://www.sciencedirect.com/science/article/pii/S0011916403003862
http://www.sciencedirect.com/science/article/pii/S0011916403003862
http://www.sciencedirect.com/science/article/pii/S0011916403003862
http://www.agricorner.com/u-s-cotton-market-monthly-economic-letter-september-13-2011/
http://www.agricorner.com/u-s-cotton-market-monthly-economic-letter-september-13-2011/
http://faostat.fao.org/
http://faostat.fao.org/
http://www.adsaleata.com/Publicity/ePub/lang-eng/article-1458/asid-75/EbookArticle.aspx
http://www.adsaleata.com/Publicity/ePub/lang-eng/article-1458/asid-75/EbookArticle.aspx
http://www.doe-bd.org/ETP_Assessment_Guide.pdf
http://www.doe-bd.org/ETP_Assessment_Guide.pdf
http://www.doe-bd.org/ETP_Assessment_Guide.pdf
http://www.researchgate.net/publication/228824471_Waste_minimisation_guide_for_the_textile_industry/file/9fcfd5130235e3480e.pdf
http://www.researchgate.net/publication/228824471_Waste_minimisation_guide_for_the_textile_industry/file/9fcfd5130235e3480e.pdf
http://www.researchgate.net/publication/228824471_Waste_minimisation_guide_for_the_textile_industry/file/9fcfd5130235e3480e.pdf
http://www.water-treatment.com.cn/resources/discharge-standards/singapore-coppc_2002.pdf
http://www.water-treatment.com.cn/resources/discharge-standards/singapore-coppc_2002.pdf
http://www.water-treatment.com.cn/resources/discharge-standards/singapore-coppc_2002.pdf
http://www.pcbassam.org/EIAREPORT/OIL/APPENDICES.pdf
http://www.pcbassam.org/EIAREPORT/OIL/APPENDICES.pdf
http://chinawaterrisk.org/wp-content/uploads/2011/05/Maximum-Allowable-Discharge-Concentrations-For-Other-Pollutants-in-China.pdf
http://chinawaterrisk.org/wp-content/uploads/2011/05/Maximum-Allowable-Discharge-Concentrations-For-Other-Pollutants-in-China.pdf
http://www.legislation.gov.hk/blis_pdf.nsf/4f0db701c6c25d4a4825755c00352e35/569E03D57CCBAE69482575EE006FF774/$FILE/CAP_358AK_e_b5.pdf
http://www.legislation.gov.hk/blis_pdf.nsf/4f0db701c6c25d4a4825755c00352e35/569E03D57CCBAE69482575EE006FF774/$FILE/CAP_358AK_e_b5.pdf
http://www.legislation.gov.hk/blis_pdf.nsf/4f0db701c6c25d4a4825755c00352e35/569E03D57CCBAE69482575EE006FF774/$FILE/CAP_358AK_e_b5.pdf
http://www.nmcpr.state.nm.us/nmac/parts/title20/20.006.0002.pdf
http://www.nmcpr.state.nm.us/nmac/parts/title20/20.006.0002.pdf
http://www.nmcpr.state.nm.us/nmac/parts/title20/20.006.0002.pdf
http://www.faculty.ait.ac.th/visu/Data/Publications/Chapters & books/Energy & Environmental Indicators.pdf
http://www.faculty.ait.ac.th/visu/Data/Publications/Chapters & books/Energy & Environmental Indicators.pdf
http://www.bvsde.paho.org/enwww/fulltext/resipeli/preven/web/filespdf/vol1/sec5.pdf
http://www.bvsde.paho.org/enwww/fulltext/resipeli/preven/web/filespdf/vol1/sec5.pdf
http://www.investsrilanka.com/pdf/environmental_norms.pdf
http://cdn.intechweb.org/pdfs/22395.pdf
http://cdn.intechweb.org/pdfs/22395.pdf
http://infosys.korea.ac.kr/PDF/JIEC/IE10/IE10-1-0033.pdf
http://infosys.korea.ac.kr/PDF/JIEC/IE10/IE10-1-0033.pdf
http://infosys.korea.ac.kr/PDF/JIEC/IE10/IE10-1-0033.pdf

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Types of Textiles and Textile Industries 
	Dyes Used In the Textile Manufacturing Process 
	Dyes for cellulose fibres 
	Dyes for protein fibres 
	Dyes for synthetic fibres 

	Water Use and Textile Wastes Produced 
	Environmental Impacts of Textile Effluent 
	Textile Wastewater Disposal Standards 
	Conventional Treatments of Textile Effluents 
	Primary treatment 
	Secondary treatment 
	Tertiary treatment 

	Advanced Oxidation Processes 
	Mechanism of photo oxidation 
	Photooxidation treatments 

	Summary and Conclusion 
	Acknowledgement
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 9
	Table 10
	Table 11
	Table 12
	Table 13
	Table 14
	Table 15
	Table 16
	Table 17
	Table 18
	Table 19
	Table 20
	Table 21
	Table 22
	Table 23
	Table 24
	Table 25
	Table 26
	Table 27
	Table 28
	Table 29
	Table 30
	Table 31
	Table 32
	Table 33
	Table 34
	Table 35
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	References

