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Abstract: Textile industry plays key role in any country for its basic needs and urbanization. Due to high demand in textile area,
it generates massive amount of toxic wastewater. Generated wastewaters possess impurities and toxicity because of textile dyes
containing complex organic chromophore groups. Direct release of wastewater creates lots of environmental issues. Treatments
of textile effluent is not easily carried out by physical, chemical and biological methods without any affect. Nanoparticle
mediated degradation trending presently but it contains metallic harmful effect so, further study cannot be focused on
nanoparticles. However, biological methods are more reliable and environmental friendly for treatment. Various aerobic and
anaerobic techniques were developed for treatment of textile effluent. In pilot scale study, researchers had established different
types of bioreactors and tried to apply it on large scale in industries. Still, that methods are not that much efficient at large scale.
So, advancement of treatment must be carried out by investigator such as microbial fuel cell reactors and biological integration
with different physical and chemical processes.
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L. INTRODUCTION
After the Second World War, industrialization and globalization began worldwide. Due to the development of industries, many
synthetic compounds are generated as per the requirements of various products for humans. Many industries such as textile,
printing, chemical, and pharmaceutical industries had started the production of different chemicals and generated large amounts of
wastewater [1]. The effluent of the industry has major issues due to its composition. The wastewater of the textile industry is having
high color intensity, Total solids, Biological oxygen demand, chemical oxygen demand, metals, and salts [2]. Also, wastewater is
enriched with nutrients such as carbohydrates and proteins, discharge could create eutrophication in the aquatic ecosystem.
According to the world health organization, 30 % of human diseases and 40 % of illnesses arise due to the consumption of polluted
water [3]. So, treatment of wastewater and reuse of water is obligatory. Treatment of wastewater is difficult due to compounds
present in wastewater are complex in structure having recalcitrant property, it cannot degrade easily. Many conventional methods
are utilized but methods have their advantages and disadvantages. Most advantages method included different biological methods
for degradation, which is one of the environment friendly approach. Recently, major textile industries utilizing biological
approaches rather than chemical and physical methods. The reason is after the treatments biological methods can create negligible
end products.
1. TREATMENT STRATEGIES TO TREAT TEXTILE WASTEWATER

Textile industry plays important role to fulfil the need of basic requirement of humans. So, these days textile industry has their large
contribution in globalization. But the waste come from this industry having serious environmental issue. Treatment of this waste is a
one of the difficult tasks.

A. Physical Method

Adsorption is a one type of physical process on which molecule are adhere to surface of other molecule by the Van der waals
attraction force. The process may be physical, chemical and biological. In ancient time carbon was utilized as an adsorbent. This
process widely used in water purification. Now a days this process adapted by different industry to remove a toxic compound. [4]
was experimented adsorption of Erythrosine B by fungus biomass of Rhizopus arrhizus. In their study they tested various
parameters related to adsorption process. They had treated the waste with different treatment and maximum adsorption was found
355.9 mg/g and 363.6 mg/g in waste and acid treated waste biomass based on Langmuir adsorption isotherm.
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Coagulation and flocculation are physical treatment for removal of large molecular weight compound from wastewater. Many
metallic compounds are utilized for the treatment of textile wastewater. But the techniques are not beneficial for soluble compounds
and low molecular weight compounds. [5] was carried out treatment of wastewater with ferrous sulphate as coagulant. The results
showed that the technique was not much useful to remove dissolved organic compounds. [6] used aluminium sulphate and
polyacrylamide as coagulant and flocculant, respectively for the treatment of wastewater.

Membrane process are utilized for the removal of dyestuff from textile wastewater. In this technique, membrane pressure is helpful
to remove dyes from wastewater. Limitation of technique is cost, special equipment and fouling of membrane [7]. Polysulfon based
membrane were utilised for removal of reactive dyes and salts in textile wastewater experiment performed by [8].

B. Electrochemical Process

Electrochemical process for the removal of Rhodamine B dye. They had used different electrolytes for the process and optimised
process parameters.

The results were showed that complete degradation of Rhodamine obtained after 35 min, concentration of electrolyte 0.05 M, pH
7.0 and current density 10 mA/cm?. Characterization of sludge was carried out by FTIR spectra and morphology was found with
SEM analysis [9]. Similarly, studied electrochemical process for the removal of Disperse yellow 3 textile dye. They had used
different electro catalytic materials. The optimised result found in boron dropped diamond used as an anode, Na,SO,4 used as
electrolyte, 50 % of color of dye removed by this process [10].

C. Nanoparticles Mediated Degradation

In recent trends nanoparticles are used in wastewater treatment for the removal of hazardous dye. The size of nanoparticle can be
measured in nm so, high surface area is providing better chemical reaction. Four classes of functional nanoparticles were utilised for
wastewater treatment namely is dendrimers, metal contain nanoparticles, zeolites and carbonaceous nanomaterials. Different
combination of particles is synthesized by chemical method which have high efficiency for the removal of dyes [11].

D. Hybrid Techniques

Combination of two or more than two techniques are exploited for the treatment of textile wastewater. Combination of
electrocoagulation and Nano filtration and the results of combination of methods showed positive impact on treatment of wastewater
[12]. Combined methods were studied electrocoagulation followed by ozonation for removal of organic compound from textile
effluent [13].

E. Biological Mediated Degradation

In the recent era of the research biological method are used for the degradation of textile dye effluent. It is a very reliable and eco-
friendly approach for the treatment. The drawback of physicochemical treatment have high cost, high energy consumption, produce
toxic sludge and having low reliability and efficiency. Microorganisms have their high efficiency for the removal of dye from textile
effluent. Removal of dye by microorganisms having two different ways, one is adsorption on microbial biomass and second is
degradation with the help of enzymes [14].

The degradation strategy of dye by bacteria, fungi, yeast and plant are different based on their growth pattern. In textile industry,
Azo dye is one of the largest groups which have high impact in industry. For degradation of azo dye, reduction of chromophore (-
N=N) group happen in both aerobic and anaerobic condition. For the degradation of azo dye majorly two classes of enzymes were
reported, one is azo reductase and second is Laccases. Azo reductase is a reducing enzyme needs cofactor NADP, NADPH or both
as an electron donor. The location of azo reductase is either cytoplasmic or membrane bound. Low molecular weight cofactor
NADP or NADPH used as electron donor for redox reaction. Azo reductase can break bond (-N=N) and convert into amines which
are colorless, though after the degradation the colored compound become colorless [15]. In aerobic and anaerobic condition working
mechanism of azo reductase is different. Cytoplasmic and membrane bound azo reductase is exhibiting different mode of action.
Azo reductase is sensitive to oxygen, so it can show higher activity in anaerobic condition compare to aerobic one. In aerobic
condition, the oxygen is reduced redox mediator instead of azo dye. In anaerobic condition azo reductase can reduce azo dye easily.
Laccase is a large group of enzymes majorly found in fungal mediated degradation. Laccase is copper contain multimeric
glycoproteins. Laccase is used to oxidize aromatic compounds and generates free radicals which are useful in further degradation of
compound.
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1. LABORATORY SCALE RECTORS
In recent times biological reactors are widely used for the degradation of diverse textile dye effluent. To develop the reactor some
basic things are taken such as, growth pattern of organism, oxygen requirement, operation cost, pH and temperature control, scale
up and establishment cost. Various type of biological reactors were developed such as, aerobic, anaerobic, sequential, Hybrid, MFC
and semi-continuous for treatment of high strength wastewater.

A. Aerobic reactors

To treat the textile effluent [16] carried out membrane bioreactor in their study. Microbial community IHK22 was utilized to treat
the effluent in membrane bioreactor. Reactor performance was achieved 90 — 100 % degradation with dye concentration of 1.25 —
2.5mg. g muvss . d™ with 8 g muvss . d™ biomass. Similarly aerobic reactor performed by [17] aerobic granular reactor was fed
with reactive blue 59 with higher load upto 5 g/L. Effective removal of dye was obtained at 12 h.

B. Microaerophilic reactors

The reactive azo dye degradation under microaerophilic condition. They used down flow fixed film bioreactor for degradation of
textile wastewater. Reactor was started with 7200 mg/L of COD with dye concentration of 300 mg/L. Performance analysis of rector
found 97 % COD removal and 99 % color removal in 24 h of HRT with organic loading rate 7.2 kg COD m®/d. Degradation of dye
was confirmed with different analytical methods [18].

C. Anaerobic reactors

Laboratory scale anaerobic baffled reactor combined with down flow hanging sponge reactor with total volume 10 L and 4.14 L,
respectively. Synthetic wastewater was containing 300 mg/L of COD. In performance of reactor 90 % of COD and 58 %
decolorization was achieved [19]. Anaerobic dynamic membrane bioreactor. The performance of rector was good in terms of 98 %
COD removal and 97 % color removal [20]. Sequential anaerobic reactor for degradation of reactive red 2, potent dye removal
efficiency noted with methane gas production [21].

D. Sequential reactors

Performance of aerobic granular sludge batch reactors with aerobic and anaerobic treatment. Two reactors developed in batch, one
was supplemented with dye and another was selected as control. Aerobic granular sludge was settled in both the reactors. More than
90 % of stable dye removed with anaerobic- aerobic reactor with azo bond reduction. More than 70 % degradation was achieved in
anaerobic phase [22]. Similar study found in [23] performed sequential rector of anaerobic followed by microaerophilic condition.
Operation of reactor was started with 10000 mg/L of COD and 3330 mg/L of BOD. Results was obtained as anaerobic phase 60 %
of COD and BOD removed in minimum 2 days HRT and sequentially with Consortium BDN 97 % of COD was removed under
microaerophilic condition in 12 h HRT. All over 99 % of color removed in 60 h HRT in combined process.

V. ADVANCED TECHNOLOGY FOR TREATMENT OF TEXTILE WASTEWATER
Textile industry is a major source of environmental pollution the reason was producing large amount of wastewater per year. Due to
that crisis of water is a major issue and toxic compound present in waste creating environmental issue. Generation of large amount
of wastewater is a major concern for environmentalist. Modification in treatment is necessary to treat that huge amount of
wastewater.
Now a days many integrated approaches are used such as microbial fuel cell. Microbial fuel cell integrated with some other
physicochemical process which gives better results in terms of treatments.

A. Microbial Fuel Cell (MFC)

Microbial fuel cell is based on electrochemical systems which exploiting microorganisms to work as catalysts. Microbial fuel cell
having two compartments, one is anaerobic and another is aerobic. It comprises device with anaerobic system based on redox
reaction which generates electricity. In anaerobic condition the toxic compounds convert into aromatic amines which are reduced in
aerobic condition. With the degradation of compounds electrons are generated which are measured by electronic device. The detail
design of rector is given in Figure 1
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Figure 1 Design of Microbial Fuel Cell
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Constructed MFC in parallel arrangement, series and individual. The treatment and electricity generation were studied. Parallel
arrangement was shown maximum electricity generation as well as treatment. COD reduction was observed upto 82 % and removal
of dye was observed upto 74 % with power density 7 mW/m? [24]. Similarly performed two chamber MFC for simulated textile
wastewater embedded with Remazol Brilliant Blue R. The fungal strain Pleurotus ostreatus, Laccase producer showed higher
decolourization 86 % and 60 % of total organic matter was reduced after 20 days of operation [25].

Sulfate reducing mixed communities for degradation of textile dye in MFC. The results of anodic chamber were revealed 85 %
COD, dye and sulfate removal. Power density was shown 250 mW/m? with efficient treatment [26]. Similarly, study was carried
out two chamber MFC. Anodic chamber was having anaerobic community and cathodic chamber they inoculated laccase producing
Ganoderma lucidum fungus. Fungus used Acid orange 7 as carbon source and produced laccase and reached at maximum activity
20 U/L on 19" day with 77 % degradation [27].

Different simulated and real wastewater are treated with MFC technique by [28], utilised starchy substrate produced by food
processing industry. The substrate was having 22,000 mg/L COD, with this treatment 98 % COD reduction was achieved with
power density of 500 mW/m?. Textile dye effluent treated with MFC and the highest results were presented in 3 days HRT with 95
% COD removal and 1 mW/m? [29].

B. Photocatalytic Reactor

Novel rector incorporated with photocatalytic film. Photocatalytic film was synthesised by combination of graphite carbon nitride
with titanium oxide immabilised with polystyrene film. The reactor was tested for the synthetic wastewater embedded with Remazol
turquoise blue dye. The results were gained 92 % of total organic carbon reduction and 94 % decolourization within 140 min [30].
Constructed continuous flow photocatalytic packed bed reactor employed for two anionic textile dye one is eriochrome black T and
methyl orange. TiO, was used as packing material in reactor. Under the influence of UV light Eriochrome black T and methyl
orange were 99 % decolourised in contact time 6.6 min with flow of liquid were 0.5 mL/min [31]. Similarly, performed UV
photoreactor. The combination of ZnO and metals were utilised for photocatalytic degradation of two reactive dyes.
Physicochemical characterization was performed, results shown 90 % photocatalytic degradation of reactive dyes in contact time 6 h
[32]. Membrane photocatalytic reactor and checked the effect of ZnO nanoparticles in presence of polyethylene glycol. Results of
study was shown good efficiency of ZnO particles with ultrafiltration — polypipeazine amide (UF-PPA) membrane for degradation.
Maximum results were shown in terms of industrial waste water degradation was 99 %, turbidity removal 100 %, COD removal 97
% with electric conductivity removal 90 % [33].
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C. Integrated Technology
Integrated technology for the degradation of wastewater embedded with methyl orange. The two-chamber MFC was coupled with
three-dimensional electro Fenton technique. Cathodic chamber was showed high COD reduction up to 80 % in 72 h. The integrated
system was shown great efficiency of treatment [33]. Integrated approach for the removal of Remazol navy blue dye with 100 ppm
dye solution complete degradation of dye was found in anodic chamber. Degradation of dyes was followed first order Kinetics.
Intermediated of dye was produced in anaerobic chamber was further degraded with integrated aerobic system. Modified
constructed wetlands microbial fuel cell (CWMFC) for the treatment of textile wastewater. Two different CWMFC was constructed,
one with reactive oxygen loss dependent (CWMFC+ROL) and another with intermittent aeration (CWMFC+IA). The results were
gained as COD reduction 70 % in both the system. The maximum power density 30 and 19 mW/m? in CWMFC+IA and
CWMFC+ROL, respectively [34].

V. CONCLUSION
Textile industry is having average 50 % role in globalisation, due to increment in textile area it generates huge amount of toxic
wastewater. So, treatment of produced wastewater is a difficult task as the waste is contain several toxic dyes. Therefore, removal of
that compound is needed for all industrialist. To overcome this problem different technologies are available such as physical,
chemical and biological. Now a day’s researcher is preferring biological method rather than physical and chemical because of it is
less harmful to environment. Various research institutes are developing such technique which are efficient at larger scale. High
number of research projects are running by different researcher in this area.
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