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Abstract: Currently, covid-19 pandemic lock down surprised with the fresh air and water to part of the world, still some of
the river are found unchanged. Textile dyes are made from organic molecules and growing industrialization demands it in
foodstuff, paint, cosmetic, dying, paper, printing industries and various laboratories. These textile dyes are ultimately added
to the environment which pollutes air, water and soil. They are harmful to human as well as surrounding natural bodies due
to their toxic effects. Hence, the current review mainly focuses on the methods for the reduction of environmental waste. The
physico-chemical treatments have been exploited for the treatment of industrial textile wastewater. Currently, the textile dyes
remove by biological treatments from the industrial effluents offer potential advantages. This review provides a general idea
of microbial treatments as it is applied to remove the textile dye waste from the water for the betterment of the environment.
Nowadays, noteworthy attention is gained by microbial treatment because of nature-friendly and inexpensive usage.
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1. INTRODUCTION:

The major sources of toxic environmental pollutants are from the industries majorly textile dying industries
which adversely pollute the surrounding and in terms affect health of living being. The India shares majors of dyes
consume by textile dyes. Lavanya et al. (2014) acknowledged nearly 14% of the total industrial production of the country
contributed by textile industry of the India (1).The ever increasing demand for the dyes by these industries estimated to
loss approximately 10-15% in the waste water during the dyeing processes causes the high pollutant potential. Textile
dyes nearly about 280,000 tons are released in the surrounding per year in the world (2).

The removal of dyes from water is becoming a serious problem because of its complicated chemical structure
with various functional groups like azo, diazo, anthraquinone and metal complexes dyes. Moreover, the methods applied
for dyeing are dependent on each other makes it more complicated. Rajaguru et al. (2002) and de Aragao Umbuzeiro
et al. (2005) reported the azo colorants causing an increase in mutagenic activity of surface and ground water (3,4).
When textile wastewater enters surface water, it causes serious harm to the soil fertility, nature’s wealth and aquatic
inhabitants. It is negatively influencing the value of water by altering pH, increasing the BOD, COD and TOD as recent
attention specified by Ajaz et al. (2020) ultimately, it upsets authenticity of ecosystem (5).

Latest interpretations conducted by Lavanya et al. (2014) reported that the high concentration of dyes cause
ulcerations of skin and mucous membrane, dermatitis, perforation of nasal septum, severe irritation of respiratory tract
and on ingestion may cause vomiting, pain, hemorrhage and sharp diarrhea. This poses especially serious harm to human
health (1,6).

Different physical and chemical techniques such as adsorption, precipitation, oxidation, reduction etc. are used
for the elimination of these colored compounds from textile wastewater (7-11). Still; these treatments are unfeasible and
futile as these methodologies demanding outsized magnitude of energy and chemicals. According to Forgacs et al.
(2004); Zhang et al. (2004); Ajaz et al. (2020) physical and chemical treatments are incompetent of fully eradicate dyes
with their organic metabolites (5,12-13), undeviating to making of enormous amount of sludge based for the secondary
pollution problems during the disposal into environment (14).

These contexts allowing many studies on biological treatment have been fascinated. This methodology found
to be cheap, ecological harmless and pioneering advance that could clean the water system with a need to completely
eradicate dyes. The current review would converse about ecofriendly biological treatment with elevated abilities to treat
the textile dye wastewater.

2. GLOBAL SCENARIO OF TEXTILE DYES AND ITS IMPACT ON THE ENVIRONMENT:

The textile dye chemicals mostly pollute all the part of our environment. Almost, majorly all the countries are
using these textile chemicals as per year 2019 report of the world consumption of the textile chemicals (Figure 1) (15).
These dyes are mostly utilized in textile industries. The following pie-chart explains major textile chemicals are
consumed close to half of the world in the year 2018 by China compare to other countries. Currently, the China is the
largest consumer of textile chemicals and now the country is following strict environmental regulation that forces the
dye makers to shut their plants. This shut down of the industrial plants in the China has open more possibility for the
India to cross the threshold in the international market (15).
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Figure 1: World Consumption of textile chemicals (2018) from source: IHS MarKit.*
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India is the second largest exporter of textiles globally as per the current report by grand view research industrial
analysis (Figure 2) (16). The reports of year 2014-2025 include the Indian textile market demand is going to increase
from the year 2020 to 2025 (16).

Figure 2: Indian textile market demand by product (2014-2025) adapted from www.grandviewresearch.com
(16).
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There are up to 200,000 tons of these dyes lost to effluents. They are released into the environment
every year making the water as liquid effluent which becomes highly colored and toxic. In the textile industry due to
inadequacy of process like the dyeing and finishing operations toxic dyes vanished in the wastewater. Among all
industrial sectors the wastewater from textile industry measured as the most polluting one. Textile wastewaters generate
large volume with complex effluents composition with tremendous rise and fall in many parameters such as chemical
oxygen demand (COD), biochemical oxygen demand (BOD), pH, color and salinity.

Toxic dyes get away the conventional wastewater treatment and persist in the surroundings. Moreover, the
manufacturing units of textile industry uses large amount of water which is serious concern as it lead to scarcity of
water. Less than 1 mg/L some dyes is highly visible in the water which affects the visibility of surrounding water bodies.
The effluents release into the water streams, lakes or rivers adversely affect the aquatic inhabitant as it contaminate the
food sources of aquatic organisms and lowers the dissolved oxygen (17,18). Currently, environmental concerns linked
with textile chemicals have change the focus toward green (bio-based) eco-friendly treatments.
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3. TOXICITY OF TEXTILE DYES:

Many researchers have been examining dyestuff toxicity (genotoxicity, mutagenicity and carcinogenicity)
studies diverge from tests with aquatic organisms (fish, algae, bacteria, etc.) to tests with mammals (19). The presence
of many dyes in the discharges wastewater create visual problem as dyes are visible at very low concentrations.Dyes
are highly persistent in ecosystem as they are intended to be chemically and photolytically steady leads to ecotoxic
hazard when discharged into the surroundings. Mineralization of azo dyes directs to formation of an aromatic amine
name an arylamin that supposed to be a carcinogenic. Inhaling or consuming the dye particle causes allergic reactions
to skin, irritation to the eyes and pose serious risk of cancer as azo dyes are readily absorb via skin contact being water
soluble in the nature. For instance, para-phenylene diamine (PPD) containing azo dyes are toxic and cause skin irritation,
contact dermatitis, chemosis, lacrimation, exopthamlmose and permanent blindness.

Sudha et al. (2014) reported ingestion of PPD products leads to the rapid development of oedema on face, neck,
pharynx, tongue and larynx along with respiratory distress (21). Puvaneswari et al. (2006) mentioned that azo dyes are
linked to human cancer, splenic sarcomas, hepatocarcinomas, and nuclear anomalies in experimental animals and
chromosomal aberrations in mammalian cells. Haley et al. (1975) recognized benzidine (BZ)-based azo dyes as a human
urinary bladder carcinogen and tumorigenic in laboratory animals (23). Sudha et al. (2014) reported the effect of azo
dye refer in the Table 1 (21). The toxic compounds of dyes readily mix with water bodies and enter into aquatic
organisms (24,25) through food chain eventually reach humans. These cause physiological disorders such as
hypertension, sporadic fever, renal damage and cramps in the human. Some azo dyes are carcinogenic, mutagenic reduce
the efficiency of plant growth.

Table 1: Effect of dyes on the animal modified from Sudha et al. (2014) (21).

Effects on animal Dye Reference

Induce chromosomal aberration, lipid peroxidation, acetyl | Acid Violet 7 Ben Mansour et al.

cholinesterase in mice (2010) (26)

Inhibits function of human serum albumin Reactive Brilliant Red | Li et al. (2010) (27)

Mutagenic, cytotoxic, genotypic effects, formation of | Disperse Blue 291 Tsuboy et al. (2007) (28)

micronuclei, DNA fragmentation in human hepatoma cells

Carcinogenic Red 3 Kobylewski and
Jacobson (2012) (29)

Hypersensitivity reactions Blue 1, Red 40, Yellow | Kobylewski and

5, and Yellow 6 Jacobson (2012) (29)

Genotoxic Yellow 5 Kobylewski and

Jacobson (2012) (29)

4. METHODS FOR DYE REMOVAL :

Textile dyestuff containing wastewater is recalcitrant and removed by physicochemical methods in many
developed countries. Physical methods are mainly comprised of coagulation-flocculation, adsorption and filtration.
Chemical methods mainly comprise of advanced oxidation, fenton oxidation, electrochemical oxidation, sonochemical
oxidation and ozonation etc (30-32).

4.1 PHYSICO-CHEMICAL VERSES BIOLOGICAL METHOD

Physical methods had inadequacy of handling toxic dyes as dyes are absorbed in surfaces which direct to
environmental harms (33-36). The chemical methods have limitation of production of secondary sludge-pollution (37).
Moreover, the expenditure is high for the applying chemical methods. Currently, awareness on the use of harmful
chemicals in the textile dying industries has encouraged the research on nature friendly substitutes.

The biological methods comparing to the physicochemical method, generally regarded as environmental
friendly and cost effective. The biological methods enable complete degradation of textile dyes contrast to
physicochemical method (38,39). Jirasripongpun et al. (2007) and Ajaz et al. (2020) mentioned biological methods can
mineralize organic contaminants without producing secondary toxic sludge (5,40). Considering the cost effectiveness
and eco-friendly nature of biological methods are promising in terms of performance without secondary pollution. The
present review mainly concentrates on the alternative of sustainable environment friendly, economical feasible methods
for the most demanding catastrophe of reduction of textile waste containing dyes.

4.2BIOLOGICAL METHOD AND ITS SIGNIFICANCE COMPARE TO PHYSICO-CHEMICAL METHODS
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Environmental pollution caused by textile dyes is global concerns. Currently, over the last two decades works
on biological method has tremendously growing rapidly. This method applies inhabitant microorganism’s degradation
ability. As per the report shown in the Figure 2,(16) the second largest exporter of textiles dyes globally is the India
leading to textile dyes used in the industries. Textile dyes are xenobiotic in the nature. They are difficult to degrade in
the wastewater generated from the textile industries.

In biological treatment, the microbes are the front liner. Microorganisms are having promising importance for
treating toxic pollutants in an eco-efficient way. Recent works on isolation of promising microbes could be done by
adapting them to toxic wastes naturally with new resistant strains (48) or artificially adapted by budding new strains.
The efficiency of microbial remediation can be increased in the near future by isolation of new stain or adapting to
resident. These can removes the highly toxic wastes into harmless forms.

Saratale et al. (2009) reported one of the principles behind the remediation of textile dyes by microbes is the
biotransformation enzymes (41). The application of microbial or enzymatic treatment for the complete degradation of
textile dyes has significant advantages compare to physicochemical methods; environmental friendly (5), cost
competitive, less sludge production or without producing secondary toxic sludge (40), the end products with complete
mineralization or non toxic products and could help to reduce the enormous water consumption compared to
physicochemical methods (20,41).

4.3 MICROBES - APOTENTIAL DYES REMOVAL

Environmental concern leads to critical attention to effluent discharge. Dyes concentration as low as 1 mg/L is
visible creates aesthetic issues. Several research have been reported on microorganisms (Table 2) comprise of
fungi (42-45), bacteria (41, 46-48), yeasts (49), actinomycetes (46) and algae (50) are capable of decolorize and even
completely mineralize a wide range of dyes under certain environmental conditions.

Table 2: Potential microbes used for removal of textile industries dyes in biological treatment.

Strain Organisms Dye Reference
Fungi Phanaerochate chrysosporium | Orange Il Sharma et al. (2009) (43)
Aspergillus sp. Orange 3R Singh et al. (2012) (59)
Aspergillus ochraceus Reactive blue 25 Parshetti et al. (2007) (45)
Geotrichum sp. Reactive black 5, Reactive red | Khuad et al. (2004) (42)
158 and Reactive yellow 27
Bacteria Bacillus thuringensis Acid dye Dave and Dave (2009) (48)
Dave and Dave (2012) (60)
Enterococcus faecalis Reactive orange Il Saharabodhe and patthade
(2011) (51)
Enterococccus agglomerans Methyl red Keharia et al. (2003) (52)
Enterobacter sp. Reactive Red 195 Jirasripongpun et al. (2007)
(40)
Bacillus sp. Navy blue 2GL Dawkar et al. (2009) (53)
Aeromonas hydrophila Acid amaranth , Crystal Ren et al. (2006) (54)

violet, Basic fuchsine,
Brilliant green, Malachite
green, Great red GR, Reactive
red KE-3B, Reactive brilliant

blue K-GR
Aeromonas hydrophila Reactive red 198 Chen et al. (2003) (55)
Shewanella decolorationis Crystal violet Chen et al. (2008) (44)
Kocuria rosea Malachite green Parshetti et al. (2006) (46)
Algae Spirogyra rhizopus Acid red 247 Ozer et al. (2006) (56)
Cosmarium sp Triphenylmethane dye and | Daneshvar et al. (2007) (50)
Malachite green
Actinomycetes | Streptomyces ipomoea Ornage Il Molian- Guijarro et al. (2009)
(57)
Yeast Kluveromyces marxiamus Ramazol black B Meehan et al. (2000) (58)
Saccharomyces cerevisiae Methyl Red Jadhav et al. (2007) (49)
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5. CONCLUSION :

Despite of the covid-19 pandemic shut down freshen up the part of countries environment, still textile dyes
induced water pollution gains major attention. The textile dyes demand increasing in the majorities of the world. This
eventually added into the environment which creates harmful effects on the animals. Moreover, it poses survival risks
to the biota. The increasing loads of dyes with complex composition and release are dangerous to the biosphere. The
awareness towards green (safe) environment demands for the efficient and environmental friendly methods for the
remediation. This review present the importance of biological methods using microbes compares to extensively apply
physico-chemical methods. The author is involved in the bioremediation of textile dyes from actual industrial effluents;
suggest the promising and significant potential of microbes for the remediation actual textile dyes industrial wastewater.
This impact significantly plays critical part in our environment.
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