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ABSTRACT

Environmental Pollution is becoming a major thrembund the world due to the release of toxic andandous
substances. Anthropogenic influence of water resois a global problem. The major pollutants sushdge stuffs
from the textile industries affect the aquatic sbem. Due its toxicity it increases the Biologi€aygen Demand
(BOD) and also depletes the oxygen in water. Theveational methods such as extraction, steam |distih,
absorption, filtration etc., will have drawbacksinEomplete removal of dye stuffs. This articlecdbgs the use of
enzymes as an alternative method for the treatmistich recalcitrant completely. It is the moseetize method
compared to conventional methods. Enzymes invatvids technique can be regenerated and is avéglédr next
catalytic cycle. This review concludes the curnesearch based on the removal of dyes from theewsisgtams by
enzymes such as lignin, peroxidise, manganeseiges@xand laccase. Enzymes reduces their adversacinon the
environment thereby making enzymatic wastewatatrtrent an ecologically sustainable technique.
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INTRODUCTION

The limited availability of fresh water is a glolaisis. The growing consumption of fresh wateramghropogenic
activities has taken its toll on available watesawdrces. Unfortunately, water bodies are still uasdsinks for
wastewater from domestic and industrial sourcee. fEktile industries plays a major role in discliagguntreated
effluents in the form of wastewater into public idethat eventually empty into riverShe dyes are released into
the environment, in the form of coloured wastewal#is can lead to acute effects on exposed ongenilie to the
toxicity of the dyes, phytoplankton form abnormalauration and reduction in photosynthesis becaafsthe
absorbance of light that enters the wdf@uran and Esposito 2000; Mester and Tien 2000hese recalcitrant
alters the pH, increases biological oxygen dem&wI}) and chemical oxygen demand (COD) and it deszreshe
water quality. The presence of colorants in wastemand eventually in receiving waters poses aathiee aquatic
life forms. More than 8000 chemical products aranfb associated with the dyeing process and overOQ00
commercially available dyes exist with over 7XIfietric tons of dyestuff produced annually fromustties as
untreated effluents which is released into wateiclhvitontaminates the available water source. limjgortant to
treat these effluents in water which are pathogémiliving sourcesThe possible long — term effects of few dyes
and dye degradation are becoming of increasing erancThe possible mutagenic, carcinogenic and/ergit
effects of dyes tested in ETAD survey had LD 50tiilaé Dose at 50% survival) values greater than dxikg.
The highest rates of toxicity were found amongsidand diazo dyes.
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Fig: 1 Flowchart for biodegradation of effluents

Several primary, secondary and tertiary treatmentgsses have been used to treat these effludmgseTincluded
flocculation, chemical coagulation , simple seditagion, aerated lagoons, aerobic activated sludlig&ling filters,
reverse osmosis and electrodialysis. However ethieatments are not found effective against theowal of all
dyes and chemicals used in the industry. Thesaesitt do not only contain high concentration ofsgymut also
contain the chemicals used in the various procgssiages. Some trace elements such as Cr, As, CZraare
present in these effluents and capable of causimeral health problems including haemorrhage, atazm of skin,
nausea, severe irritation of skin and dermat@isdly et al,2014,5:1).

Table1: Classification of dyesused in textiles

S.No. | Classfication Typesof Fibres Dyes Used

cotton. ravon. linen. ramie Reactive dyes (remazol, procion MX, cibacron Fedirdyes (congo red, direct
1 Cellulose fibres hem ’I 0)(/:eII, ' ’ yellow 50,direct brown 116) napthol dyes (fast @IGC, fast scarlet R, fast

Py blue B) indigo dyes (indigo white, tyrian purpleligo carmine)
_ wool, angora, mohair, Acid dyes (azo dyes, triaryimethane dyes, anthraané dyes) lanaset dyes (blye

2 Protein fibres .

cashmere, silk 5G, bordeaux B)

polyester, nylon, spandex, . . . . .
3 Synthetic fibres| acetate, acrylic, ingeo, Dlsper_sed dyes @sperse yellow 218 , disperse 88y pasic dyes(basic orangs

37,basic red 1) direct dyes
polypropylene

Bioremediation, either as a spontaneous or as aagedhnstrategy, is usually considered a softer dedner
methodology than the traditional techniques for ¢thean-up of polluted systems. The main agentslwebin
bioremediation processes are plants, microorganiemsymes and plant microorganisms associat{Busnpus,
1993; Dec and Bollag, 1994; Duran et al., 206&rvey et al., 2002; Hood, 2002; Karam and Nic&B97, Korda
et al., 1997; Liu andSulfita 1993)ynch, 2002; Nannipieri and Bolag, 1991; Nicell,04Q Pointing, 2001; Reddy,
1995; Roper et al., 1996; Siciliano and Germida989Smith and Mason, 1999; Sutherland et al., 2002jton et
al., 1994).All are effective agents in the transformationoofianic pollutants because their enzymatic comptsnen
are powerful catalysts, able to extensively modifsucture and toxicological properties of contamigaor to
completely mineralize the organic molecule intodanous inorganic end products.

PURPOSE OF DYE REMOVALSFROM RECALCITRANCE

The removal of colour from wastewaters is often enonportant than the removal of the soluble colsglorganic
substances, which usually contribute to the majaction of the biochemical oxygen demand (BORgthods for
the removal of BOD from most effluents are fairlelivestablished; dyes, however, are more diffi¢alttreat
because their synthetic origin are mainly compleasatic molecular structures, often synthesizetegist fading
on exposure to sweat, soap, water, light or oxidizagents. This renders them more stable and tessable to
biodegradation. Industries involved in dyeing oftile, paper, leather and plastics, release eftliémat are highly
colored. Azo dyes feature among the most widelyl ssathetic dyes in industry globally. The fixatiohazo dyes
(on textile) is quite low and often, up to 50% loé tapplied dye may be lost in the wash stream.r@imeval of dyes
from wastewater presents a formidable challengemast dyes are completely soluble in aqueous suwisiti
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Although dyes constitute only a small portion oé ttotal volume of waste discharge in textile preges The
chromophores of dyes strongly absorb sunlight. Wthereffluent reaches the receiving water bodydyes hinder
photosynthesis by the aquatic flo@everal dyes have been found to be potentiallyctokhus, the presence of
synthetic dyes is a serious environmental condevidently, it is necessary to remove colorants friwn effluent
before it is discharged into a water body.

REMOVAL OF COLORANTSBY ENZYME ACTION

The use of enzymatic proteins may represent a @ttedhative for overcoming most disadvantages edlab the
use of microorganism@annipieri and Bollag, 1991; Karam and Nicell, I@Nicell, 2001; Gianfreda and Bollag,
2002, Gianfreda and Rao, 2004nzymes have several beneficial characterisiibsy can selectively degrade a
target pollutant without affecting the other comeots in the effluent. Therefore, enzymatic treatnesuitable for
effluents that contain relatively large amountsha recalcitrant target pollutants in comparisomtteers.They are
the main effectors of all the transformations odogy in the biota. They are catalysts with eitharraw (chemo-,
region- and stereo-selectivity) or broad specifigind, therefore, they can be applied to a larggeaf different
compounds in mixture, as well.

As claimed byAlcade et al., (2006)biocatalysis by enzymes (very often known as whitgdechnology) fully
participates in the “green chemistry” concept idtroed in the 90s bgheldonand van Rantwijk, (2004and its
effect on sustainability is now established beyapuestion”. The most representative enzymatic classes in the
remediation of polluted environments are: hydradagkehalogenases, transferases and oxidoreducBesemntly,
very interesting examples of structures and mettiodgmmobilization of biomolecules, including enmgs, were
illustrated byRodriguez Couto and Toca Herrera (20Q@}h specific reference to laccase, an enzyme oéign
used in decontamination of pollutai@Gianfreda et al., 1999).

Table2: Enzyme mediated decolorization of some dyes

SUBSTRATE ENZYME REFERRENCE

z;(é dimethyl - amino-1 phenylazo) Benzene sulfofig, ... e fronTrametes villosa Zille et al., 2004
Acid Orange 6,Acid Orange 7,Methyl Orange andlixture of Bacterial Oxidoreductases from sludp&alyuzhnyi et al.,
Methyl Red. Methanogens. 2006
Direct Yellow Horseradish peroxidase froArmoracia rusticana g/loegi(sdhmm et al,
Acid Blue Laccase fronCladosporium cladosporioides. \Z/ggékumar et al,
Tartrazine and Ponceau Azoreductase from GreereAlga Omar, 2008
Reactive Yellow, Reactive Black, Reactive Red eng Franciscon et al,

) zoreductase frorStaphylococcus arlettae
Direct Blue 2009

Enzymesin dye decadence

Azo reductases and laccases seem to be the masisprg enzymes in the enzymatic remediation of dyesv
molecular weight compounds like 2, 2’-azino-bisetBylbenzothiazoline-6-sulfonic acid) (ABTS) maysa@lbe
necessary to mediate the actual electron trantdps ®f laccase@ongand Yu, 1999)Azo reductases catalyze the
reaction only in presence of reducing equivaleits FADH and NADH. Recently ,it was proved that aro-
reductases from a thermoalkalophiBacillus sp.was able to reduce a large structural varietyystesnatically
substituted azo dyg$S.Pricelius et al.2004}. seems that almost all azo compounds testedialegizally reduced
under anaerobic conditions. For example: breakéigeo dye using azo-reductases.
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Fig 2: Mechanism of reduction of azo dyes by azo reductase
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This shows a proposed mechanism for the redox-rnweiiependent reduction of azo dyes using whole€eiat
cells, under anaerobic conditions. Although thealfireduction of the azo dyes in the cell supernatas a
dominantly chemical redox reaction, the redox miedsadepend on cytoplasmic reducing enzymes to lgupp
electronqYoo et al., 2001).

Laccases have been extensively studied for thejradiation of azo dyg€hivukula et al.1995; Kirby et al., 2000;
Peralta et al., 2003Blanquez et al., 2004; Novotny et al., 2004ccase, a cuproprotein belongs to a small group
of enzymes denominated as ‘blue oxidases’. Thezgnegs are multicopper phenol oxidases that deca®azo
dyes through a highly nonspecific free radical nagibm forming phenolic compounds, thereby avoiding
formation of toxic aromatic aming€hivukula et al.,1995; Wong and Yu, 1999r example: breakage of azo dyes
using Laccase.
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Fig 3: Mechanism of reduction of azo dyes by laccase

The above fig. represents the suggested modehéoattivity of laccase on one of the azo dyes,H3{Boxy-1-
naphthylazo) benzenesulfonic acid.

Microbial degradation of dyes

Biodegradation is a promising approach for the diat®n of synthetic dyes wastewater because ofcatst
effectiveness, efficiency, and environment friendigture.The role of some bacterial and algal species fer th
decolourization and degradation of textile dyesdias been reportgdumarkar et al., 2006; Olukanni et al., 2006;
Pourbabaee et al., 2006; Togo et al., 2008; Chesaal., 2009).
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Table 3: Microbial method of dye degradation

Microbial type(s)

Degrading dye(s)

Reference(s)

(lBacteria
Citrobacter sp.CK3
Listeria sp

Bacillus subtilis
Klebsiella sp.

Reactive Red 180
Red B5 and Black
HFGR

Acid Bluel13
Orange 3R

Hui Wang et al., 2009
Kuberan et al., 2011

Gurulakshmi et al.,2008
Ponrajl et al., 2011

Salmonella sp.

Pseudomonas sp.

Enterococcus faecalis strain YZ66
(IDFungi

Penicillium chrysogenum, Aspergillus nigel
Cladosporium sp.
P.ostreatus (IE8)
P.ostreatus (IE8)

C.l. reactive yellow | Sahasrabudhe et al., 2011

145

=

Azo dye-Red 3BN | Kumar Praveen 2012

T.hispida (8260) Acid Black 194, Elizabeth Rodri® guez
Bjerkandera sp. Orisol Blue BH et al.,1999
BOS55 P.

Chrysosporium
P.ostreatus
T.hirsuta
T.versicolor

Amarnath, Remazo
Black B, Reactive
Blue 15

Remazol Orange,
Tropaeolin O

Swamy and
Ramsay 1999

Cultures of the bacterial straBtaphylococcus arlettagere shown to decolorize solutions of four azosd{@l
Reactive Yellow 107, Cl Reactive Red 198, Cl Rea&ctBlack 5 and CI Direct Blue 71) in a microaerdighi
/aerated sequential process. The average decdionzzbtained was 97¥Ambatkar Mugdha and Mukundan Usha
2011).Decolourisation of dyes may take place in two wayther adsorption on the microbial biomass (bipgon)

or biodegradation of the dyes by the cé@B&zunehAdinew, 2012).

The bacterial reduction of the dye is usually na&egfic and bacterial decolourisation is normallgtéa (McMullan

G et. al., 2001)A wide range of aerobic and anaerobic bacterid sasgiPseudomonas putida (Tripathi A. et. al.,
2011), Bacillussp. (Abraham C.I et. al.,2014Pseudomonous putida (Wei Wang et. al., 2@&gillussubtilis
(Milikli G et. al., 2012),Pseudomonasp.( Shah MP et. al., 2013Racillus subtilisSPR42 (Baljeet Singh Saharan
et. al., 2011), Tsukamurellasp. J8025(Wen-Tung Wu et. al., 2012geobacillus stearothermophiludCP 986
(Norma S. et. al., 2010p. fluorescensaandCorynebac (Saleh M Al- Garni et. al., 201@gorgenia spCC-NMPT-
T3 (MadhuriSahasrabudhe et. al., 2018acillus cereus (Vidhyakalarani R et. al., 2018ve been extensively
reported as degraders of dyes . In a revi@ngff and Kim (1989)described a host of bacterial cultures with
capabilities to carry out decolorization, includiagRhodococcusp., Bacillus cereusa Ple- siomonassp. and
Achromobactesp.

A variety of pollutants biodegraded by fungi in whithe lignin-degrading system (LDS) is present €fficiency
of pollutant biodegradation depended on both tpe yf pollutant and the fungus involved in the & Some of
the fungi enzymatic constituents played the printatg in the treatment of enzymes as summarizélenable 4.

White-rot fungi produces lignin peroxidase, mangangeroxidase and laccase that degrades many &omat
compounds due to their nonspecific enzyme syst@mols, Y C et. al.2013).Soft rot fungi include imperfect fungi
(Deuteromycetes) and molds of Ascomycetes whictkaosvn for degradation of ligni(Blanchette, 1995; Daniel
and Nilsson, 1998).Soft- rot fungi include species of Monodictys, &dtheria, Monodictys, Graphium,
Papulospora, Paecilomyces and Thielavia. Lignimxidase act a key role in the degradation of azsdysingP.
Chrysosporiun{Ollikka P et. al.,1993).

Algae have been found to be potential biosorbeataibse of their availability in both fresh and water (Wen-
Tung Wu et. al., 2012T.he biosorption capacity of algae is attributedhtir relatively high surface area and high
binding affinity. Several species of Chlorella aDdcillatoria were capable of degrading azo dyethédr aromatic
amines and to further metabolize the aromatic asnioesimpler organic compounds or £86unctional groups such
as hydroxyl, carboxylate, amino and phosphate faumd¢he algal cell surface are considered to bgoresble for
sequestration of contaminants from wastewgisha Srinivasan, 2010).
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Table 4: Biodegradation of colorants by fungi

POLLUTANT ENZYME SOURCE REFERENCE
Azo dyes Laccase Pycnoporus sanguineis Pointing and vrijmoed 2000
Bio polymers (Kraft,| Lip, Mnp White rot fungi. Cameron et al., 2000; Pointing, 2001; Reddly,
Lignin) 1995;
Bleach plant effluents Laccase P.sanguineis Archibald et al., 1990; Limura et al., 1996
CCLy, CHCLs Lip, Mnp, P.chrysosporium Cameron and Aust, 1999
PAHs LDSs and| P.chrysosporium, Trametes versicolor Bumpus, 1989; Bogan and Lamar, 1996
Laccase Coriolopsis polyzona,

Pleurotus ostreatus, T.versicolor Zeddel et al., 1993; Novotny et al., 1997
PCBs Lip, Mnp P.chrysosporium,  T.versicolor, Inonatys

dryophilus

Alleman et al., 1995; Lin et al., 1990

PCP LDSs White-rot fungi Cameron, 2000; Bumpus and tatarko, 1994
TNT, RDX Lip, Mnp

Table5: Biodegradation of dyesby algal enzymes

% of . - Time of
Algae Dye removal Experimental conditions contact Referrence
Cosmarium sp. Malachite Green 92.4% Temperatuoed5C 24 hours Daneshvar,2005
Monazo and diazg 68% Hanan Hafez Omar
Green Algae dyes Temperature & 2 days 2008
Lyngbya sp. BDU 9001 . o .
with coir pith Textile dye 73% pH 7 and the temperatur&®9 15 days Henciya, 2013
Algal biomass Malachite green 85% pH 4 to 6, terapee 50C 45 min g(\;\;azpnall M Gajare,
Indigo 89.3%
Direct Blue 79%
Green Algae Remazol brilliant 75.3% pH_ .8’ tempegature %6 and 5 days ElisanAngelA F
salinity at 15 gL
orange
Crystal violet 72.5%

Colour removal by algae was due to three intrinicdifferent mechanisms of assimilative utilizatioof
chromophores for production of algal biomass, CO2 1420 transformation of coloured molecules to woloured
molecules, and adsorption of chromophores on dligahass.

Only limited amount of studies about yeast decasation were reported. The ability Kfuyveromyces maraxianus
IMB3 to decolorize Remazol Black-B was investigated amakimum color removal, 98% was achieved at 37
degrees GMeehan et al., 2000Xissie et al (19973howed thaBacillus subtiliscould be used to break down azo
dye.

RECENT METHODS

Studies carried out at the authors' laboratories lmasulted in the isolation of various fungi anded bacterial
cultures of growth on several kinds of azo, diard eeactive dyes, both under aerobic and anaemaiditions.
Obtaining these cultures proved to be a time-coisgirand demanding taglNigam, Marchant,et al., 1995a; b;
1996a; b). Two mixed bacterial cultures namely, PDW and PD€ @apable of decolorizing textile dyes, were
isolated from enrichment cultures that were keptgng in minimal media containing dyes as sole oarbources
and anaerobic conditions for over a y@idigam et al., 1996a)An investigation into the efficiency of growth and
for these cultures, PDW and PDC concluded they viareltative, with an ability to grow under bothralic and
anaerobic conditions, but with highest growth ratd decolorization ability under anaerobic condgio

CONCLUSION

Economical removal of colour from effluents remains important problem although a number of succéssf
systems have evolved employing various physico-atednand biological processes. Coloured-dye-wadiewa
treatment and decolorization presents an arduaks tihese effluents mostly comprises of chemicadymthetic
compounds which can severely affect the bioticdif¢he environment and cause several health hazanmhankind
indirectly. Wide ranges of pH, salt concentratiamsl chemical structures often add to the compticatRecently,
we are undergoing a research on consortium cultibacteria, fungi and yeast for the complete deagian of the
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dye components since it has an enormous strengthddoreakage of dye components. This research [gocess
with the sample collected from the industry locateshr Chennai, Tamilnadu. Therefore characterisatiof

consortium culture with broad spectrum action diueht waste is need of the hour which promisesntagimum

detoriation of recalcitrant from the textile indiiss in future.
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