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Abstract: The textile industry in India plays a vital role
in the economic growth of the nation. The growth of the
textile industry not only impacts the economy of a coun-
try but also influences the global economy and mutual
exchange of technology between the countries. However,
the textile industry also generates an enormous quan-
tity of waste as waste sludge, fibers and chemically pol-
luted waters. The chemically polluted textile wastewater
degrades the quality of the soil and water when it mixes
with these natural resources and its dependent habitats
and environment. Owing to the existing problem of solid
and liquid waste, textile industries are facing major prob-
lems in environment pollution. Therefore, researchers
and the textile industries are focusing on the reduction
of textile wastewater and the formulation of alternative
efficient treatment techniques without hampering the
environment. Hence, the present literature survey mainly
concentrates on the various wastewater treatment tech-
niques and their advantages. Moreover, the focus of the
study was to describe the methods for the reduction of
environmental waste and effective utilization of recycled
water with zero wastewater management techniques.
The alternative methods for the reduction of textile waste
are also covered in this investigation. Finally, this paper
also suggests utilization of solid wastes after treatment of
wastewater in other sectors like construction for the prep-
aration of low-grade tiles and or bricks by replacing the
cement normally used in their manufacturing.

Keywords: cost-benefit analysis; locking tiles/bricks;
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Introduction

This review paper seeks to describe, clarify, evaluate and/
or integrate the content of primary and previous pub-
lished reports on various treatment techniques for the
recovery of wastewater as collected from textile indus-
tries. The study also describes the methods for effective
utilization of wastewater by low cost techniques using
various industrial wastes as an absorbent for effective
treatment of textile wastewater. An intensive research was
conducted to develop an understanding of low cost treat-
ment techniques for the successful use of various textile
wastes. Therefore, the present study reviews the following
issues and finally proposes the best alternative.

Study on the different purification
techniques for the treatment
of textile wastewater

The real problem behind industrial textile wastewater is
that it is extremely carcinogenic in nature, it causes aller-
gies and it produces toxic compounds in addition to other
environmental issues. Textile dyes have a high importance
due to being colourful, in addition different dyes have dif-
ferent significance in individual societies and their use is
a significant concern in the modern world. However, these
textile dyes, after cleaning or washing of textile fibers
after the color is added produce huge environmental pol-
lution. The wastewater contains not only the colored dye
but also other metallic particles, high fluctuating pH, sus-
pended solids with high chemical oxygen demand (COD),
etc. (1, 2). Therefore, today, the textile wastewater from
the textile and dyeing industries causes major concern
with regard to the treatment of textile wastewater. This is
reused for textile processing because of the high quantity
of biological oxygen demand (BOD), pH, color, COD and
the existence of solid metal particulates (3-7). However,
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other researchers have also reported on the toxicity of
wastewater effluents by way of biological systems and
attempted to reduce the toxic effect (8, 9).

Jeihanipour et al. (10) proposed an original process
for the production of biogas from cellulose in blended
waste textiles fibers and in the solvent, N-methyl mor-
pholine-N-oxide used for pretreatment of cellulose.
They reported that the cellulosic part of the waste sepa-
rated from the noncellulosic fibers using the proposed
N-methyl morpholine-N-oxide method. Foo and Hameed
(11) discussed new technologies in waste treatment along
with challenges facing the time of treatment of dyes and
pointed out its future consequence. They reported that
dye processing industries or sectors specifically involved
in textile generation might fail in the future if there is no
environmental pollution control. They also suggested that
adoption of titanium dioxide accommodation oxidation
was capable of being used as a fundamental approach for
wastewater treatment and detoxification of the processes
that recover the catalyst from the slurry stream (12, 13).

Barredo-Damas et al. (14) suggested an ultrafiltration
process that may be an alternative for the pre-treatment
of textile wastewater through membrane separation
processes such as nanofiltration and a reverse-osmosis
process, respectively, with 99% turbidity with 82-98%
of the color being removed along with COD also being
reduced between 62 and 79% successfully. However, in
a conventional process for wastewater treatment mainly
physicochemical and biological treatments by activated
sludge method were frequently used but after treatment
the same wastewater could not be reused in the textile
processing sectors (15-21) (Table 1).

Ashwin et al. (23) studied textile liquid wastewater
treatment using the sequential batch reactor (SBR) tech-
nique and performed the pre- as well as post-treatment
using a sonochemical reactor. They observed that in this
method the treatment process, the effluent was vigilantly
diluted to get the desired chemical oxygen demand con-
centration, but the cost can be successfully managed by
using the SRB technique with pre- as well as post-treat-
ments. Similarly, few researchers used the bioaugmented
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membrane bioreactor (MBR) (24), the anaerobic batch
reactor (25) and the bioreactor typology technique (26—
28). However, the acidogenic reactor, the methanogenic
reactor (29), the recycle reactor (30), the photoelectrocata-
lytic reactor (31), toxic reactive Blue Bezaktiv S-GLD 150
dye (32) and the fixed bed reactor (33) for the removal of
total organic carbon (C).

Khlifi et al. (34) reported that de-colorization and
de-toxification of textile waste water using laccase from
Trametes trogii and investigated in the absence of laccase
mediators. They observed that laccase was not able to
decolorize the effluent, where the enzyme concentra-
tion was slightly higher. Again, Khouni et al. (35) studied
three different processes to observe the decolorization
efficiency of textile effluent from laboratory prepared
waste water consisting of two different reactive dyes and
found that in the coagulation/flocculation method 93% of
color was removed whereas, commercial laccase catalysis
reduces the color by 99%, respectively.

Similarly, most of the researchers repeatedly cited
their research work in different platforms as regards the
dye removal process, such as the membrane separation
process, reverse osmosis, the coagulation technique,
chemical oxidation demand, the electrochemical process,
the aerobic and anaerobic microbial degradation process,
respectively, which were successfully implemented in the
textile industry. However, all the techniques were not cost-
effective, and these methods have a lot of restrictions for
successfully removing color from wastewater efficiently
(36, 37). For example, Merzouk et al. (38) investigated
both the mixed wastewater and textile wastewater on the
treatment of pure red dye solution using the electrocoagu-
lation technique (39) and observed that textile wastewa-
ter was not fully treated whereas, pure red dye solution
was suitable with the higher level of color and organic
pollution abatements. Finally, they proposed that a more
accurate evaluation technique was needed to improve the
treatment efficiency of the mixed wastewater. Similarly,
other industries like the food industry (40, 41), tanneries
(42, 43), heavy metals (44-47), mechanical workshops
(48, 49), polymerization manufacture and the textile

Table 1: Conventional techniques adopted to treat the wastewater (3-21).

SlL. No Types of techniques Treatment
1 Physical Sedimentation, screening, aeration, flotation and skimming, filtration, degasification and equalization
Chemical Chlorination, ozonation (22), neutralization, coagulation, adsorption and ion exchange
3 Biological
a. Aerobic Activated sludge treatment methods, trickling filtration, oxidation, ponds, lagoons, aerobic digestion
b. Anaerobic Anaerobic digestion, septic tanks, lagoons
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industries (50-53) followed the electrocoagulation treat-
ment technique specifically in highly polluted industrial
wastewater locations. Hence, based on the mentioned
techniques for the treatment of textile wastewater, very
few treatment techniques have been used efficiently in
the textile industry. Therefore, there has been develop-
ment in the demands for the making of textile dyes; an
inexpensive method is required with minimum chemical
and energy consumption. Nowadays, the electrocoagula-
tion technique is frequently used by the textile industry
(54). The electrocoagulation technique is a simple and
efficient method applied in most of the wastewater treat-
ment plants. The wastewater generally contains oil wastes
(48, 55), textile wastewater (56), dye (57-60), foodstuff
waste (61), heavy metals (62-65), fluoride and polyvinyl
alcohol (66), for the removal of Bomaplex Red CR-L (67)
by the electrocoagulation process. These authors success-
fully removed color by coagulation and flocculation tech-
nologies (68), respectively.

Similarly, biological treatment processes treat textile
effluent by reverse osmosis (RO) (69, 70) and nanofiltra-
tion membranes (71-75) for reuse of water and it was also
observed that reverse osmosis and nanofiltration mem-
branes could successfully remove COD, BOD and color
from the biologically treated effluents. Similarly, removal
of metal ion mixtures (i.e. textile dye and metal ion) and
dye decolorization is also possible using the electrochemi-
cal treatment process. It was also explained, by using this
technique rapid decolorization could also be achieved
by complete reduction of both acid dyes and the reactive
dyes (76). Lastly, it was proposed that the electrochemi-
cal treatment process was one of the efficient techniques
to remove binary mixtures and textile dye decolorization,
respectively. However, a limitation of this technique was
that it was unable to mineralize the organic pollutants
and other by-products completely (77).

Again, nowadays most researchers are mainly focused
on various microorganisms (78-80) which degrade azo
dyes (81-85) in two different conditions, anaerobic and
aerobic, respectively (86—91). Hence, based on the impact
of azo dye one of the efficient treatment processes spe-
cifically for textile wastewater treatment, Cui et al. (92)
reported that the azo dye decolorization rate was higher
with the use of consortia as compared with other indi-
vidual strains. Bacterial consortia can be decolorized
by methyl red under aerobic and anaerobic conditions,
respectively (93-96). Similarly, Eren (97) reviewed more
than 100 research papers on ultrasonic treatment process
with biochemical, electrochemical, photolysis and pho-
tocatalysis, respectively (98-100). Whereas, Fenton (101,
102), electro-Fenton (103) and azonation processes,
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respectively, used specifically for textile dyes and dye
baths due to the cavitation phenomenon occurs which
increases the efficiency of advanced oxidation processes
(AOPs) (104-108).

Wang and Peng (109) discussed the scientific utiliza-
tion of natural zeolites as adsorbents for the purification
of wastewater and water obtained from the textile dye
industry, municipality waste or treatment plants’ waste-
water, respectively. They also reported that the modified
zeolite shows better adsorption capacity specifically for
organic material and anions. Similarly, Hedstrom and
Amofah (110) studied natural zeolite such as clinoptilolite
which has a maximum adsorption capacity for ammo-
nium of about 20 mg/L with a maximum grain size of
4-8 mm. They also estimated that for smaller grain size
the adsorption capacity was more as compared with other
natural zeolites like natural Bulgarian zeolite treatment
(111-118), zeolite-clinoptilolite (119), bentonite (120, 121),
sepiolite (122), zeolite (123), used to remove color (124, 125)
from aqueous solutions.

Martellini et al. (126) collected wastewater from two
different plants, textile wastewater and municipal waste-
water, to obtain the concentrations, compositional pro-
files and contribution to ambient levels and observed
that polybrominated-diphenyl-ethers concentration was
higher in textile wastewater. They also proposed that the
plant’s distance from the source and the wind direction
also affect the environment. Loncar et al. (127) discussed
cheap enzyme sourced from potato polyphenol oxidase
for decolorization of seven different textile dyes and three
different dye effluents and reported that the optimized
conditions were achieved for removal of dyes of about
93-99.9%. Finally, potato polyphenol oxidase was recom-
mended as being capable of extracting reactive dyes and
effluents without any intermediate effects and that decol-
orization (128) was obtained via insoluble polymers using
filtration.

Derden and Huybrechts (129) determined a new
technique for the reduction of decabromodiphenyl ether
(Deca-BDE) emissions from the textile industry. Nowa-
days, BDE is increasingly used in the textile industry for
the production of cotton and synthetic fibers for clothing
and carpets. Brominated flame retardants have been used
to protect fibers from burning without depending on the
texture, color as well as the appearance of the prepared
fabrics (130). Hence, during the finishing process larger
amounts of Deca-BDE were being mixed with the textile
wastewater and was harmful to the environment as well as
the soil. Therefore, the additional technique was identified
as emission levels associated with the best available tech-
nique (BAT-AEL) as another parameter, which confirmed
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that the emission data with the determined BAT-AEL range
was less than 20 mg/L. Table 2 indicates a summary of
various textile industries treatment techniques and other
alternative techniques for textile wastewater.

Study on the effective utilization
of low-cost absorbent for the
treatment of textile industrial
effluents

Again Mahmoued (131) proposed another wastewater
treatment method for coal filter treatment of textile indus-
try effluents. In this techniques cement kiln dust (CKD) and
CKD/coal filters remove color, heavy metals, organic sub-
stances and turbidity from textile wastewater by hydraulic
loading of 1 m*/m? h. However, using the CKD/coal filters
method, the percentage of removal was more as compared
with the CKD filter technique. Saraya and Aboul-Fetouh
(132) investigated the process of elimination of acid dyes
as well as dye colored by using CKD from aqueous solu-
tion and then the dye concentration was measured using
ultraviolet-visible (UV-Vis) spectroscopy before and after
treatment. Whereas, the X-ray diffraction (XRD), infra-red
(IR) and differential scanning calorimeter (DSC) test were
also performed to measure the colored residue. Finally, it
was reported that CKD might be an efficient alternative
technique to remove the acid dyes from the textile waste-
water industries of Egypt. Mostafa et al. (133) proposed the
ability of cement by-pass dust (CBPD), a by-product of the
cement industry can decrease the COD, heavy metals and
total suspended solids (TSS) within the acceptable limit
from textile wastewater. They also demonstrated in differ-
ent dose percentages of CBPD and observed that ata 2 g/L
dose CBPD was able to remove 75% of primary true color,
33.2% of heavy metals, 92.1% of TSS and 91.3% of COD
from textile effluent. Mahmoued (131) studied the useful-
ness of both CKD and coal filter/CKD for the removal of
BOD, COD, heavy metals, color and turbidity from textile
wastewater specifically for the weaving and spinning
industries of Egypt. The addition of coal filter in CKD was
shown to have a better performance as far as the removal
of heavy metals, color, turbidity and it reduced BOD,
COD as compared with only passing through the CKD
technique for textile wastewater. However, Mackie et al.
(134) studied the physicochemical characterization of
six different samples of CKD collected from across North
American cement plants and produced calcium hydroxide
[Ca(OH)2] slurries for the treatment of textile wastewater
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applications and finally compared these characteristics
with commercially available quicklime products. They
reported that commercially available quicklime and the
slurry made from CKD samples preformed equally well,
but a large quantity of raw material CKD was required for
acid neutralization of the textile wastewater.

Saraya and Nassar (135) studied the adsorption of
Reactive Blue 7 (136) dye as generated from textile waste-
water using a low-cost adsorbent such as CKD by taking
into consideration the use of contact time, dye concen-
tration, and adsorbent dose, respectively. The maximum
adsorption capacity of CKD was 100 mg/g of CKD at
ambient temperature and they also reported that the
treatment of dye-loaded CKD with different solvents and
acids showed that a slight amount of dye was released in
water, along with methanol and ethanol due to the physi-
cal adhesion of the dye. Whereas in the case of acid dye,
the CKD was dissolved entirely, which may be the inter-
action of dye molecules with the CKD. Similarly, Shaheen
et al. (137) studied the sorption nature of the four divalent
metals, i.e. cadmium (Cd), copper (Cu), lead (Pb) and zinc
(Zn) in textile wastewater with three different sorbents
such as CKD, sawdust and activated C (36, 138, 139). Hence,
most of the researchers preferred good absorbency along
with being economically viable, such as agriculture waste
(140) which can be used as a suitable adsorbent (114, 141,
142), tyre char (143), agricultural wastes such as rice bran
(144), bone char (145) and fly ash (146, 147), respectively.

They observed that the average material removed
from the textile wastewater was 100% Cd which was
extracted by using activated C and CKD, but nearly 75%
of the Cd was eliminated using the sawdust medium.
However, the combination of activated C and sawdust
were not shown to have efficient sorption in nature for the
removal of divalent metals from textile wastewater. Again,
another group Refaey et al. (148, 149) studied CKD (a by-
product of cement) and activated C (obtained from the
agriculture waste) as an adsorbent for the removal of Cd
and Cu separately from aqueous solutions. The observed
results indicated that CKD might be used as a low cost
and efficient sorbent for removal of Cd and Cu from textile
wastewater as compared to activated C. However, Kumar
and Porkodi (150) used rubber wood sawdust instead of
CKD for the removal of Bismarck brown from an aqueous
solution by the adsorption process. Bismarck brown is
used for hair colorants as well as shoe polish, however,
when mixed with wastewater or with the environment
it may be harmful to human life due to its carcinogenic
nature. Hence, rubber wood sawdust can be successfully
used as an adsorbent for removal of Bismarck brown from
aqueous solutions.
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Again, Malik (151) studied the adsorption capacity of
activated C used for the removal of acidic dyes from aqueous
solutions, and the activated C was prepared from low cost
mahogany sawdust and rice husk, respectively. The author
also observed that the acidic dye not was only available in
textile wastewater but also from other waste waters such
as paper, soap, cosmetics, wax, and polishes, etc. Finally,
the author concluded that sawdust C had better adsorp-
tion capacity as compared with rice husk and mentioned
that the adsorption capacity was mainly dependent on
contact time, adsorbent dose and pH value of the wastewa-
ter, respectively (152). However, Chuah et al. (153) studied
only rice husk instead of using both sawdust and rice husk
for the preparation of activated C to remove the acidic dye.
They used rice husks for the removal of heavy metal as
well as dye removal as a low cost biosorbent and also pre-
dicted that the sorption capacities could be achieved only
in specific conditions, i.e. treatment processes, metal con-
centration, temperature, contact time as well as pH value.
Similarly, Wong et al. (154) considered modified rice husk
(agriculture wastes or by-products) by different carboxylic
acids to improve the binding capacity for removal of Cu and
Pb (hazardous materials) from aqueous solution.

Another group of researchers used fly ash, an indus-
trial waste, obtained from thermal power plants for the
adsorption of reactive dyes from aqueous solutions [Dizge
et al. (146)]. The fly ash has been used a potential adsor-
bent for removal of reactive commercial dyes, i.e. Remazol
Brillant Blue, Remazol Red 133 and Rifacion Yellow HED
from aqueous solutions. Similarly, Kara et al. (155) studied
both the adsorbent dosage and particle size of the three
reactive dyes, i.e. Remazol Brillant Blue, Remazol Red 133
and Rifacion Yellow HED from aqueous solutions using fly
ash as an adsorbent under equilibrium conditions. They
also recommended that with the increase in adsorbent
dose and decrease in particle size the adsorption capac-
ity of the reactive dyes also increased. Again, Sun et al.
(147) reported on both reactive dyes (i.e. Reactive Red 23
and Reactive Blue 171) and acidic dyes. Acid Black 1 (156)
and Acid Blue 193 from aqueous solutions using fly ash
as an adsorbent by taking into consideration the dye con-
centration, adsorption temperature, time and pH value of
the solution, respectively. They concluded that for reac-
tive dyes removal the pH value of the solution should be
7.5-8.5 and for acidic dyes removal, the pH should be 5-6,
respectively, with an optimal temperature of 293 K for
60 min reaction time.

In another study, Lin et al. (157) reported that removal
of basic dye from an aqueous solution using fly ash par-
ticulates as an adsorbent. In this research work, they
treated the industrial waste fly ash with sulfuric acid
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(as a low-cost adsorbent) for the removal of a primary
dye (methylene blue) from the aqueous solution. They
also studied the adsorption behavior by using a pseudo-
second-order model and critically examined the kinetic
study, where a positive value of the enthalpy indicates an
endothermic nature, and the low cost of activation energy
of adsorption (E) suggests the adsorption process might be
mainly physical. Ferrero (158) discussed hazelnut shells
and sawdust for removal of methylene blue, basic dye
and Acid Blue 25 from aqueous solutions and conducted
several sets of experiments about the adsorption capac-
ity of the shells and sawdust. Through the experimental
run, the author concluded that hazelnut shells were better
adsorbents as compared with the sawdust for removal of
methylene blue from the aqueous solution. Ong et al. (159)
conducted several sets of experiments for the removal
of either anionic or cationic dye because of most of the
wastewater consisted of a mixture of both basic and acidic
dyes. Hence, to remove both the types of dye, the authors
first chemically modified the rice hull and then used it as
an adsorbent for the removal of acidic dyes. The detailed
analysis of the above technique is summarized along with
crucial issues raised during the review of the published
research as mentioned in Table 3.

Study on the effective utilization

of textile sludge for the preparation
of a concrete structure in the
replacement of cement

The Indian textile industry is one of the oldest platforms
for the development of dyes on natural and synthetic
fabrics. There are huge quantities and varieties of dyes and
other chemicals coming out in the water and this creates a
significant problem for society as well as the environment.
This wastewater ultimately becomes mixed with river
water or mixed with soil water, which eventually causes
major problems in society both in liquid and chemically
reactions with the environment. Hence, nowadays the sig-
nificant challenges are the utilization of textile wastewa-
ter with either the wastewater being treated for reuse in
textile industry through different treatment techniques or
the huge cost involved in the treatment of the wastewater.
Hence, low cost natural treatments such as CKD, activated
C, coal, fly ash and sawdust, etc. may be used as absor-
bents. At the end of treatment, on the one hand, the waste
water is converted to ordinary water for reuse application
in the textile industry, simultaneously huge quantities of
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textile sludge is also produced as a byproduct of the textile
industry. In India, nearly 70 to 80 million tonnes of textile
sludge are produced as a byproduct every day. Therefore,
the disposal of sludge is also a challenging job nowadays
in the textile industry, because these waste sludges cause
pollution the control board also bans environmental pol-
lution as well as dumping of sludge. Therefore, most of the
researchers have developed an alternative use of textile
sludge in other sections like the replacement of certain
types of cement for construction of the concrete struc-
tures, bricks and retaining walls, etc.

Lekshmi and Sasidharan (160) prepared four different
concrete cubes with varying percentages of the weight of
textile sludge, water and cement ratio and determined the
strength, splitting strength and elasticity modulus of the
concrete mixed specimens. They observed that for 10%
of cement replacement of textile sludge at 0.4% water-
cement ratio the compressive strength was found to be
29.33 MPa, which satisfied the compressive strength of
the paver block as a standard. Therefore, ultimately the
cost of the concrete structure can be reduced through the
partial replacement of cement. Similarly, Kulkarni et al.
(161) studied the feasibility of textile mill sludge as a fine
aggregate in M:20 grade of concrete. They observed that in
a conventional concrete mix structure the density, work-
ability and reduction in compressive strength obtained
with the replacement of fine aggregate by textile mill
sludge is beyond 32%. Therefore, to enhance the compres-
sive strength of the concrete structure, industrial waste
such as fly ash was added in the replacement of cement
along with 32 wt.% of textile mills’ sludge. They noticed
that the compressive strength of the prepared concrete
structure was slightly decreased with the addition of fly
ash. Balasubramanian et al. (162) and Rahman et al. (163)
studied the possible use of textile sludge in structural
materials and to non-structural building materials due
the combination ratio of cement and textile sludge failed
to achieve the standard of the structural applications.
Therefore, they studied non-structural applications for
feasibility analysis as per ASTM standards for nonstruc-
tural materials. Similarly, another group of researchers
[Sudheesh et al. (164)] proposed the use of textile sludge
for the replacement of cement and fine aggregate to fabri-
cate paver blocks; for the addition of textile sludge for the
replacement of cement the compressive strength showed
inferior properties. Therefore, they modified the propor-
tion ratio by the addition of another waste, i.e. quarry dust
with textile sludge in place of the cement. The compres-
sive strength of the new combination of the composites
has shown improved properties by replacing a portion of
the cement along with quarry dust and textile dust.

DE GRUYTER

Raghunathan et al. (165) developed a new combina-
tion of composites by using existing non-degradable and
hazardous waste material mixed with Portland cement
replacing the sand and related aggregates, due to non-
availability of silica sand. The proposed composites have
a good quality of being reasonably low cost in making the
composite and could be used as an unconventional build-
ing material, i.e. synthetic sludge aggregate. Shivanath
et al. (166) studied the efficient utilization of textile efflu-
ent treatment plant (ETP) sludge for the replacement
of cement in concrete structures (M20 standard). The
sludge was collected from the lime treatment of automo-
bile, engineering and lead battery industries effluents.
They prepared the blocks of the mixture of cement and
three different weight percentages of sludges, i.e. 5 wt.%,
10 wt.% and 15 wt.%, respectively. The highest compres-
sive strength was obtained in 5 wt.% sludge mixed with
cement after 28 days curing. However, Weng et al. (167)
discussed only textile industry sludge for the manufac-
turing of low-grade bricks. They mainly concentrated
on the percentage of sludge and the firing temperature
to improve the quality of the bricks and studied differ-
ent weight percentages of the sludge. Finally, they fin-
ished with 20 wt.% sludge incorporated into the brick
manufacturing and tested the strength up to 860-960°C.
However, on further increase in the percentage of sludge
the strength, water absorption capacity and brick shrink-
age was reduced. Sayyad et al. (168) developed new mate-
rials by combining two different wastes collected from two
various sectors such as textile waste (sludge) and plaster
of Paris waste, respectively, to improve the sustainability
of the material. Again, another group of authors studied
the use of textile sludge for the replacement of cement for
the manufacturing of M30 grade rubber mold paver blocks
(RMTBs), where the sludge weight percentage varied from
0 wt.% to 40 wt.% at an interval of 5 wt.%, respectively.
The effective weight percentage of manufacturing the
paver block was 20 wt.% sludge beyond which the proper-
ties were slowly decreased [Patel et al. (169)]. Again, Patel
and Pandey (170) collected sludge from cotton dyeing and
printing operations’ hazardous wastes after treatment
for reuse in construction materials. The chemical sludge
was used along with cement by varying the percentage
of sludge from 30 wt.% to 70 wt.%, respectively (171). The
prepared brick was satisfied the BIS standards for the
classes of C to K up to the strength of 25 N/mm?,

Sahu et al. (172) studied sewage sludge pellets for
the replacement of sand mixed with cement in the man-
ufacturing of pavements. In this study, the authors took
all the three sludges such as dried sludge, sludge pellets
and sludge ash, respectively, for preparation of building
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materials. They also concluded that with 20 wt.%, sewage
sludge may be used for the manufacturing of soft mud
bricks, 30 wt.% sludge may be replaced with mortar from
water and sewage treatment plant for the preparation of
bricks. Jodo Marciano (173) reported on waste textile trim-
ming fibers mixed with resin/sand aggregate for the devel-
opment of polymer concrete. They successfully studied the
flexural as well as the compressive strength of the polymer
concrete at room temperature. However, the strength per-
formance was not effective against the function of textile
trimmed fibers. Kaur et al. (174) discussed the efficient
utilization of textile mill sludge obtained from ETPs and
observed that the increased textile sludge causes a reduc-
tion in strength of the concrete. After continuous analysis
of the study the authors introduced a certain quantity of
plasticizer along with textile mill sludge in concrete and
reported that the compressive strength of the concrete was
23.55 N/mm? for M20 grade concrete.

Study on the direct reusing
of textile wastewater without
further secondary treatment

In India a large number of textile industries where dyeing
and finishing processes are the principal activity they
require a significant quantity of pure and excellent quality
of water. As water is also one significant constituent now-
adays in the textile industry, simultaneously, the waste-
water also creates a significant problem for society as
well as the environment. The waste may be liquid wastes,
solid waste or contaminants, which directly affect the
river water and soil water also. Therefore, to reduce these
textile wastes, there is currently a lot of research in this
area. The conventional method is processing the waste-
water using different treatment methods and reusing it
in the textile industry, where costs, as well as time, are
the significant parameters. Shaid et al. (175) proposed a
cost-effective technique for the reuse of textile wastewa-
ter without treatment, which reduces the consumption
rate of the fresh water as well as the treatment time. They
studied nearly six different types of rinsing wastewater
and used the rinsing wastewater to scour bleach knitted
cotton fabric. Finally, they concluded that the weight loss
of the scoured bleached sample was nearly 6.53% in a
fresh water medium and 6.65% in a wastewater medium
after dyeing the bleached samples. The reflectance of
whiteness was found to be 76.68% and 77.92%, respec-
tively, for bleached wastewater and fresh water samples.
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Again, Erdumlu et al. (176) proposed an efficient tech-
nique for the reuse of textile wastewater after primary
treatment instead of going through all of the three to four
treatment processes, the basic treatments being filtering,
ion exchange, airing and pH regulating, respectively. In
their research they defined that the effluent water being
passed through microfilters, which is a cost-effective and
straightforward methodology. The reuse of the water
obtained through microfilters is a type of membrane
separation technique, which removes suspended solids,
COD and color, respectively. Whereas, the hardness and
conductivity of the effluent can be changed by the use of
natural minerals like zeolite instead of using an advanced
membrane separation technique. However, Roohi et al.
(177) proposed an alternative method for the use of textile
wastewater for irrigation purposes instead of direct use in
the textile processing industry and reported the nature/
strength of soil properties by the use of untreated waste
water. The reuse of wastewater was applied to different
soils for irrigation purposes but repeated use of wastewa-
ter may affect the soil properties.

Study on the cost-benefit analysis
of textile wastewater used in the
textile industry

Dogan et al. (178) studied a denim textile mill’s wastewater
as per the European Union’s integrated pollution preven-
tion and control directive for processing and implemented
different wastewater treatment (end-of pipe and several
other water recovery techniques) techniques to observed
the best available techniques (BATs) from the above
alternatives. Therefore, on the basis of economic viability of
the availability techniques most of the textile mills are ready
to invest at a high cost initially because for the long run the
efficiency of water recovery may be increased. Chougule
and Sonaje (179) primarily proposed the cost-benefit analy-
sis of the wastewater recycling only in wet processing and
also suggested that almost all the industries must follow
the water management techniques for alternative sources
of pure water starting from wet processing to finishing
product analysis. In the end, as reported using ISO-105 and
AATCC methods the washing and rubbing fatness of the
fabric was more satisfactory. Teal (180) conducted sensitiv-
ity analysis for all the treatment processes available to-date
and developed a cost-effective technique based on the
present lists of treatment processes by avoiding pretreat-
ment processes of each in every case. The author mainly
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focused on the decreased use of dye and fabric as far as
benefits were considered and also suggested a significant
justification for the reduction of chemicals during process-
ing, labor, variable overheads as well as fixed overheads.
El-Dein et al. (181) discussed the cost analysis of the textile
dyes processing and combined H,0,/UV, and the hiological
treatment process (9) at higher concentration of reactive
textile dye uses. They suggested that H,0, has no absorption
capacity but with improved UV technology it may improve
the efficiency and also the biological treatment stage can
reduce energy cost to get a higher degree of mineralization
(182). Again, Libra and Sosath (183) suggested the overall
cost-effectiveness must be a combination of the capital as
well as the operating cost. They reported that for ozone
treatment the investment cost was much higher whereas,
by combining the ozone and biological treatment process
it was less expensive due to a one-stage ozone process
instead of two different treatment processes. Similarly,
Tsai (184) studied the energy utilization from the biologi-
cal treatment process as a preliminary analysis in Taiwan.
Their main finding was combustible waste produced from
agriculture and industry sectors and further reused as an
auxiliary fuel. Parveen and Rafique (185) developed an
optimal technique without the use of additional chemicals
at the time of pre- and post-treatment, and also studied the
cost-benefit analysis of the proposed efficient method. They
showed that the cost analysis of the aluminum salt and foil
separately and reported that as the aluminum foil was a
waste material it can be recycled and reused with a low
operational cost.

The state of Rajasthan consumes 17 L of water per meter
of fabric production, and in Bhilwara town, the fabric prep-
aration capacity is one million meters per days, which con-
sumes 17 million liters per day water. Similarly, other parts
of the state such as Jodhpur, Pali, Barmer (Balotra), and
Jaipur (Sanganer) also consume equal quantities of water
for the preparation of fabrics (186). However, in India, the
textile industries alone have a water consumption capacity
of 200250 m?/tonne cotton cloth, and for the production
of man-made fabric, it is 20 m*/tonne of nylon and polyes-
ter produced, whereas it is 150 m?/tonne for viscose rayon
fiber which only produced in Rajasthan state.

In Europe the textile industries’ annual fresh water
consumption is nearly 600 million-m> and 90% of the
water is used for textile finishing operations, out of which
108 million tons of wastewater is produced every year but
only 36 million tons of chemicals and other auxiliaries are
removed from the textile wastewater. However, they have
successfully developed an alternative technique for the
reuse of textile wastewater mixed with membrane concen-
trates followed by treatment within the existing biological
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treatment plant, which can treat nearly 500 m’/day waste-
water and which recovers 374 m?/day of water (187). The
summary of various textile industries which use other
alternative techniques for textile wastewater treatments is
shown in Table 4.

Future scope of research

Insufficient research work has been carried out to-date on
the direct use of textile wastewater without any further
treatment processes and the use of waste sludge for
making of building materials such as locking tile and low-
grade bricks by replacing cement. CKD is also one of the
industrial wastes obtained from cement industries after
cement preparation, and a few researchers have already
used this cement kiln waste for the treatment of textile
wastewater without any further increase in cost. Similarly,
fly ash, quarry dust, plaster of Paris waste, coal, sawdust
and activated C, etc. can also be used as low cost natural
treatments when used as an absorbent to improve the sus-
tainability of construction material for the preparation
of flooring tiles, solid, bricks and pavement blocks, etc.
Therefore, more research is required for the detailed anal-
ysis of the treatment process without going through any
artificial chemical treatment process to obtain a clean and
pure environment (Figure 1). Hence, based on the men-
tioned literature review a number of awareness programs
are also needed for the proper utilization of the textile
wastes, because textile waste not only contains wastes
and chemicals but it also consists of significant amounts
of valuable resources that can be used as a raw material for
other industrial applications. However, to-date very few
textile manufacturing industries have reused wastewater
efficiently in the textile industry as well as in agriculture
sectors. Therefore, appropriate technology may be devel-
oped to improve the wastewater quality or else an alterna-
tive arrangement is required to reuse the wastewater and
the sludge. Hence, there is huge opportunity for research,
in the manufacturing industry, and for society to develop
knowledge-based networks to create new guidelines for
the production of new products from the resulting waste
sludge and wastewater. It also recommends that substan-
tial waste industries such as the textile waste industries
should concentrate more on the quality of chemicals used
in wet processes as the strength of the chemicals may also
affect the reuse quality of wastewater in the industry. In
the end, cost-benefit analysis of the all the treatments and
the non-treatment procedure is required for the implemen-
tation of the optimal methodology in the textile industry
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Textile wastewater
Method-1a Method-1b
L
Step-1 Step-1 l Step-1
Primary treatment Mixing of textile Collection of cement Primary treatment
(Removal of suspended solids, sludge + cement kiln dust and coal (Removal of suspended solids,
oil, grit etc.) oil, grit etc.)
Step-2
l Step-2 l l P lFinal step
Preparation of concrete Filter the textile . . .
) Secom%ary treatment ) specimen for wastewater though Direct reusing ?f textile )
(Use of microorganisms in either a}emblc or replacement of cement CKD+ Coal wastewater in scouring- bleaching
anaerobic condition for the reduction of the of cotton goods
BOD, removal of color, oil and phenol) l .
Final step
Step-3 Treated water Y
l Cost-benefit
Tertiary treatment analysis

(Use of electro dialysis, ion exchange and
reverse osmosis for the final removal and
purification of the wastewater)

l Final step
Treated water Collection of
textile sludge

Cost-benefit

Cost-benefit
analysis

Finally suggestion of cost effective

analysis

Figure 1: Selection effective treatment technique for textile wastewater

to reduce waste collection and landfill costs, simultane-
ously these wastes will give direct benefits to consumers
and participating enterprises.

Conclusions

The textile making industry is one of the major industries
in India for the growth of the economy as well as employ-
ing the unskilled to skilled workers. The textile industry
produces a massive quantity of textile wastes in term of
chemicals, solid wastes and environment wastes after suc-
cessful treatment of textile fibers, rinsing of final products,
as well as from dyes. The treatment techniques followed in
the textile industry are not cost-effective, and therefore,
an alternative treatment technique was discussed from the
cost-effective point of view. Textile wastewater can cause
hemorrhages, ulceration of the skin, sickness, stress and

thodology for textile industries

A 4

sunlight and increase the BOD thereby inhibiting photo-
synthesis and reoxygenation.
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