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ABSTRACT

Today aqua pollution is one of the major global threats. Untreated industrial effluent discharged into ecosystems
pose a serious problem to the aqua living organism, plants and human beings. Among pollution causing industries,
textile industry accomplish a major attention by environmentalists due to consumption of large volume of water,
dyes and chemicals for various processing of textiles. Textile effluents contain carcinogenic aromatic amines, dyes,
organic and inorganic materials. Removal of colored compounds from textile industry effluents by physico-chemical
and biological methods is currently available. Biological decolorization of dye effluent is receiving much
consideration due to cost effective and less regeneration by microorganisms such as bacteria, fungi, actinobacteria,
yeadt, algae, and plants. Recent promising research on biological decolorization of textile effluent has showed that
variety of microorganisms and plants capable of decolorizing wide range of anionic and cationic dyes. This review
article deals with the most deliberate part on the effects of various parameters like pH, temperature and dye
concentrations and the dye removing efficiency of fungi and bacteria through biodegradation and biosorption
mechanism performance. Current status and achievements of biological decolorization and remediation of textile
dye effluents, in last few decades is briefly discussed in this article.
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INTRODUCTION

Environmental pollution was caused by release dbua chemicals as a consequence of industrialrpssgwhich
has now become a persistent environmental contarniBae to rapid industrialization and urbanizatienlot of
chemicals including dyes, pigments and aromaticemdar structural compounds were extensively useddveral
industrial applications such as textiles, printimdnarmaceuticals, food, toys, paper, plastic ansingdics are
manufactured and used in deoyday life [1].

Textile dyes were classified as azo, diazo, catidmasic, anthraquione and metal complex basedndipg on the
nature of their chemical structure [2]. There amrerthan 100,000 commercially available dyes witaro7 x 16
tons of dyestuff produced annually [3,4]. Aroundd8Cchemical products associated with the dyeinggs® are
listed in the Colour Index (Society of Dyers anddZwists 1976). Chemical structure of the dyes wesstant to
fading on exposure to light, water and many chelwil&g.

Discharge of colored effluents from dye manufactyrunits and textile processing industries was pred by
various textile industry process. The productiomigh amount of effluents mixes into water leadiagpollution of
aquatic systems and represent major environmentalgms [7]. Color was one of the most obvious ¢attrs of
water pollution and discharge of highly colored thytic dye effluents can damage the receiving wadelies [8].
Colored wastewaters associated with the reactivedyz constitute approximately 30% of the total dyarket.
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Amount of dyes in water (less than 1ppm for somesjiyvas highly visible and affects the aesthetidtmef water
transparency and gas solubility in lakes, riverd ather water bodies. The strong color of textfiguent even at
below 1 ppm creates a huge impact on the aquaticoement due to its turbidity, high pollution stgth and dye
concentrations ranging from 200mg/l. About 1€20% of the dye present in effluent along with oigaand
inorganic accessory chemicals involved in the dygirocess [2, 9] .

Dyeing industry effluent alters the color and qiyatif the water bodies has been proved to be hamartb aquatic
ecosystem and it reduces the sunlight penetratloohws essential for photosynthesis, it leadoxicity of fish and
mammals. They also inhibit the activity and growfhmicroorganisms [9,10, 2]. Dyes having higheb#ty under
sunlight and resistance to microbial attack andpenature were identified [11]. The presence of dgedheir
degraded products in water will also cause humattthelisorders such as nausea, hemorrhage, utneratiskin

and mucous membranes. The presence of such toripamds also resulted into severe damage to kidney,
reproductive system, liver, brain and central nasv@ystem. The environmental and health concerthede
potentially carcinogenic pollutants present initexvaste waters has drawn the notice of many wsrke

Many dyes were known as carcinogens, such as beazahd other aromatic components all of which migh

reformed as a result of microbial metabolism. I$ lh@en already well documented that azo and-odrpounds
were reduced in the sediment and intestinal enmgnt, resulting in the regeneration of the parexictamines this
compound was not readily removed by typical micabliased waste treatment processes. The highest ot
toxicity were observed for basic, diazo and didhats [12]. Some algae and higher plants exposeffltent rich in

disperse dyes at higher concentration have a tegderbioaccumulate the heavy metal ions from texffluents.

They contaminate not only the environment but &laosform the toxicity through the entire food chdeading to
biomagnification. Dye waste water discharged freemtite and dye stuff industries containing wide ganof

chemicals are listed (Table 1). Government ledmtatvas becoming more stringent in most developmthtries

regarding the removal of dyes from industrial effits, which in turn is becoming an increasing pobffor the
textile industries. Most textile industries werevel®ping onsite or implant facilities to treat thewn effluent
before discharge was fast forthcoming reality [A&rious techniques have been employed for théntrerst of dye
metal bearing industrial effluents, which usuallyre under two broad divisions: abiotic and biotietinods.

Table1: Variousorganic and inorganic pollutants and itsrangein the textileindustry raw effluent

S.No  Parameter Raw effluent
1 Chemical oxygen demand (mg /I) 1,512
2 Biochemical oxygen demand (mg/l) 90.64
3 Surfactants (mg/l) 1.1
4 Color (A559) 1.202
5 pH 10.5
6 Conductivity (mV) 109
7 Hardness (mg/l as CaGO 86.5
8 Cyanide (mg/l) 0.2
9 Sodium 70%
10 Phenolyc compounds (mg/l) 0.077
11 Total iron (mg/l) 0.77
12 N-nitrate (mg/l) 2.0
13 Sulfate (mg/l) 345.3
14 Phosphate (mg/l) 12
15 Fluoride (mg/l) 0.64
16 Aluminum (mg/l) <0.01
17 Arsenic (mg/l) <0.2
18 Barium (mg/l) <0.01
19 Boron (mg/l) <2.0
20 Cadmium (mg/l) <0.0006
21 Chromium (mg/l) <0.005
22 Cobalt (mg/l) <0.007
23 Copper (mg/l) 0.2
24 Lead (mg/l) <0.02

Conventional Methods

Physical and Chemical methods encompass of flotonlaelectrochemistry, ozonation, bleaching, meambr
filtration, irradiation and adsorption of activatearbon are commonly used for the treatment ofstréal effluents.
Classification of physical and chemical treatmengtinds were highly specific and uneconomical buty ve
effectual. Various types of physical and chemicathmods are used in industries.

Different and complicated molecular structures gésl makes effluent difficult to be treated by carti@nal
physical and chemical process such as coagulgti@tjpitation, adsorption by activated charcoalidation by
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zone, advanced oxidation process, ionizing radiatidtra filtration and heterologous photocatlyttieatment. These
methods are expensive, less efficient and limitpdlieation generating wastes which are difficult dizpose.
Typical techniques include the classical methodshsas adsorption, coagulation, filtration and sefitation.
Although all these techniques were very versatilé aseful, they all end up in producing a secondagte product
which needs to be tackled further [13, 147, 148].

Traditional physical and chemical treatments appfr the purification of dyeing wastewater incluadsorption
with inorganic (mainly, activated carbon materiads)d organic supports, coagulation by lime, alumminor iron
salts, filtration and ion exchange. Table 2 depilcesmerits and demerits of various physical arehtgbal methods
involved in dye decolourization of industrial e#lots. These procedures direct effective decoldo&but their
application was restricted due to formation of glidr by the need to regularly regenerate the hdabmaterials.
Use of these methods was not completely acceptguleaent because they are quite expensive and rhang
operational problems [11]. The main drawback inithplementation of aforementioned techniques wasosrible
due to high cost, low efficiency and inapplicalyilitb a wide variety of dyes. Other techniques ireothemical
oxidation using sodium hypochlorite to remove thdoc However, releasing a lot of aromatic amines i
carcinogenic otherwise these toxic compounds sulesgly aggravate the problem.

Table 2 Various physical chemical treatment methods of textile industry effluent and their meritsand demerits

Physical and chemical

treatment methods Merits Demerits

High amount sludge production, handling amount disgosal
problems, high amount chemicals required for Pkistdjent.
High pressure, expensive, sludge generation indapablarge

1. Coagulant/ Flocculants Simple, economically feasibl

2. Membrane separation All chemical class dye typesldezed
scale treatment.

3. lon exchange Effective with no loss of regeneration Reggneratlon is possible economic constraints, effettive
for dispense dye.

4. Oxidation Rapid and efficient process High energstcchemical required, by products production.

5.Advanced Oxidation No s[udge pr'opluctlon, little consumption OfEconomicaIIy unfeasible.

process chemicals, efficiency for recalcitrant dyes.

6. Adsorption on activated Ineffective against disperse and vat dye, regeioerats

carbon Effective one, high capacity.

expensive loss of absorbent.
Efficient decolourization for both soluble and
insoluble dyes.

No toxic metabolites complete COD, colourShort half life, stability affected by ancillary emicals

7. Fenton’s reagent Solid waste production, expensive one.

8. Ozonation o .
removal, applied in gaseous state. expensive.
. No sludge production, foul odours are no

9. Photo chemical produced gecondary pollutants.
10. Electrochemical No consumption of chemicals and no sludgﬁ. - .

. : igh amount of electricity required.
destruction production no secondary pollutants.
11. Irradiation E:I';'em in laboratory level and low VOIumesSufficient quantities of DO required
igé qul at:ilgmo Kinetic Excellent removal of direct dyes, economic Sludeeegation, poor result with acid dyes.

Source: Robinson et al. (2001)

Physical and chemical methods of dye removal gextiéfe only if the effluent volume was small, thiability and

xenobiotic nature of reactive azo dyes are nollyotiegraded by conventional wastewater treatmentgsses that
involve light, chemicals or activated sludge. Tliere innovative treatment technologies need tonbestigated for
textile effluent treatment. On this basis biologicamediation of untreated textile effluent is amezging

technology and studied elaborately by environmésigal Biological treatment of textile effluents mhg either
aerobic, anaerobic or a combination of both dependin the type of microbe being employed [7]. Miked

decolorization and degradation was an ecofriendig aost competitive alternative methodology to cicain
decomposition processes. Many microorganisms belgntp different taxonomic groups of bacteria, fumsad

actinomycetes and algal have been reported fardbéity to decolorize the dyes [15].

Bioremediation of Textile Effluent through Biodegradation

Biological treatment methods using bacterial anth&l decolorization, adsorption by bacterial antgl biomass
are represented in Table 3. Bioremediation systeas commonly applied in the treatment of industeiflluents
using many microorganisms such as bacteria, yeglgee and fungi that have capability to accumudate degrade
different pollutants. The accumulation of chemicatal dyes by microbial mass has been termed bitisiofp4].
[15] found that dye biosorption or biodegradationp mmicroorganism was judged by the color of cell mat
Phytoremediation was the use of green plants toxdgtor render harmless environmental pollutahis treatment
of textile waste water was sustainable for longntegasy to operate and maintain [16]. There weneetprinciple
advantages of biological technologies for the reah@f pollutants; first biological processes cancheried out in
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situ at the contaminated site; second bioprocesdsnt#ogies are usually environmentally benign (ecosidary
pollution) and third ex situ method are cost effext

Recent fundamental work has revealed the existehegide variety of microorganisms capable of dedalag

wide range of dyes. The use of microorganisms Herremoval of synthetic dyes from industrial effitseoffers
considerable advantages this process was relaiivekpensive, running costs were low and the eondymsts were
completely mineralized with no toxicity. Degradatiby mixed culture enhances the process sinceithdil/strains
attack the dye molecule at different positions @ynuse decomposed products produced by one stillilev
further decomposed by another strain [1,12]. Howeitevas stressed that the composition of mixeluces may
change during the decomposition process, whichfares with the control of technologies using mixadtures.
Moreover, the efficacy of decomposition consideyat#pends on the chemical character of the syctidg® and
biodegradation capacity of the microorganism coinsor[11].

Decolorization of dyes with pure culture was impicad, as the isolated culture would be dye speafid their
application in large scale wastewater treatmenttplavith a variety of contaminant dyes was not iftdag9,54].

Efficient biodegradation of dyes can be accomplistvben catabolic activity of individual strain wasmplement
with each other in a mixed culture community. Tltieeo biological treatment method includes bioacdatan was
defined as the accumulation of pollutants by atfigeowing cells by metabolism and temperature pedalent and
metabolism dependent mechanism steps [3-9].

Textile effluent treatment and decolorization havany difficulties to achieve complete pollutant dtation and
dye removal due to wide ranges of pH, salt conagiotr, temperature, chemical structure and conagoftr. Based

on above mentioned constraints this article revidvesbiological remediation of textile effluentssearch in last
few decades reports on progress and highlightsctimstraints to be research. Biodegradation is #diically
mediated breakdown of chemical compounds when Qgradation was complete the process were called
mineralization i.e. the total breakdown of orgamiolecules into water, carbon dioxide and/or anyepihorganic
end products[17]. These processes have potentrairteralize dyes to harmless inorganic compourdsdarbon-
di-oxide, water and the formation of a lesser gitxaof relatively insignificant amount of sludge.

Decolorization and degradation of dyes by mixedvalf as pure cultures of bacteria and fungi havenbgtudied
under aerobic and anaerobic conditions. In moslies$, the microbial consortia have been used amadféhat more
effective than pure cultures. In addition to cheahitreatment for textile wastes, several envirorntaleand
nutritional factors such as pH, temperature, amofiaixygen, and co metabolic carbon sources wéhaeimced by
aerobic biodegradation processes [18].

Table 3 Various biological method of textileindustry effluent and their merits and demerits

Biological Method Merits Demerits

Economical one, biogas production undeMixed culture consortium with combined anaerobid aerobic
1. Biodegradation anaerobic treatment, metabolic depende rteatmen't _system only effectively decolorized. Inhmhmeq cells
only only efficient 'than free cells, 'slow process, eoninental
’ parameters, maintenance and continuous nutritiqmin@ments.
N_Ietabohsm [ndependent, ||_ve and dgaq_arge scale treatment still not explored, disppsablem of the dye
biomass applicable, economically attractive h . ; o
. " ; . “absorbed biomass, required chemical modificationthe dye
high selectivity, low operating cost, no toxic ;
- . absorbed biomass.
effect on micro organisms.
Effective  for  selective = compounds,Scale up studies and reaction by products anahesisled, cost of
immobilized enzymes effective one. enzymes, stability and enzyme inhibition.
Dyes with metal removal, plant and
indigenous micro flora interaction, soil Secondary pollution need to study, difficult mamaget during
fertility, plant growth promotion, eco monsoon.
friendly, applicable for large volumes.

2. Biosorption

3. Enzymatic

4. Phytoremediation

5.‘ ) ConvenUonaI Efficient in BOD, COD, and TSS reductionLow amount of TDS content and toxic heavy metaluctidn. In
biological treatment with . . - .
aeration with colour removal. effective for non biodegradable dye stuffs reductio

Source: Robinson et al. (2001)

Dye Degradation by Bacteria

Bacterial biodegradation of textile dyes is anaative and inexpensive method. Isolation of nevaiss or
adaptation of existing strain for decompositiondgés will increase the efficiency of bioremediatidtechanism
involved in color removal by bacteria was absompta adsorption. Effectiveness of biological treafinsystem
was greatly influenced by the operational paramsesach as pH, temperature, dye concentration ammis. The
influence of each parameter on the color removatgss must be optimized to increase dye reduction.
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Citrobacter sp. decolorizes several recalcitrant triphenylmethand azo dyes by adsorption mechanism [19].
Reactive orange 16 was effectively degraded Hnterococcus faecalis YZ 66 was evaluated by [145].
Biodegradation of acid orange 7 are facilitatedtly presence of organism in the surfaces that bemgenient
pores to permit microbial growth [20]. The majonigsearch focused on studying the biodegradationldezation
potential of bacteria. An effluent adapted bactariwas found to be more capable in decolorizing dffeient
containing reactive black B dye than the effluen mdapted bacteria [21].

Two bacterial strainBacillus cereus (KEB-7) andBacillus pumilus (KEB-10) decolorize indigo dye were reported
by [22]. Decolorization and degradation of oranigeointaining textile effluent with biodigester siyelfrom a local
municipality waste treatment plant using sulphaéelucing bacteria was a cheaper alternative way. [23]
Decolourization of textile azo dyes Baphylococcus arlettae strain VN-11 by sequential microaerophilic / aerobic
process was shown to be very effective in azo eéygeldurization .[24].

Effect of pH

The pH plays a major upshot on the efficiency of dgcolorization, and the optimal pH for color resamlowvas 6
10. Adaptation of microorganisms to varying pH emtes the process of effluent treatment. The optimttrfor
color removal was neutral to slightly alkaline atié color removal was decreased rapidly at stromagid or
alkaline pH values. Altering the pH within a rarafer-9.5 have a very little effect on dye reduction gsxc[24].

Enterbacter agglomerans decolorizes 90% of methyl red at pH75under variable period of incubation, whereas
maximum decolourization was attained at pH 7 and Bis result implies methyl red was easily reduiredcid pH
only [25]. Degradation of Cl reactive red 195 Byterobacter sp. was good at pH 7, however culture at pH 10
resulted in slight and significantly higher decalaation [26]. Bacillus subtilis generally exhibited maximum
decolorization of acid blue 113 at pH values neai7-8 [27]. The effect of pH omBrevibacillus laterosporus
MTCC2298 for decolorization of navy blue 3G afGt broad range of pH{1) was studied by [28]. The effect
of pH on removal of remazol black B dye decoloiizatmaximum (96%) was found at pH 7 and 8 afteh80rs of
incubation period [29].

Effect of Temperature

The rate of color removal increases with increasmital temperature. The ambient temperature filoicremoval
was 3545°C. The optimal temperature enhances the producticenzymes in bacteria for decolorization. Color
removal was decreased at higher temperatures doses®f cell viability or denaturation of the enags present in
the cell. The effect of temperature-20°C on anthraquinone decolorization by salt toletzadteria was increased
with increase in temperature and the final coneershaintained above 95% [30]. The decolorizationyds acid
orange 10 and disperse blue 798ayillus fusiformis kmk 5 was optimum at 3€ [31].

Complete degradation of congo redBacillus sp. ACT 1 andBacillus sp. ACT 2 was found in the temperature 30
45°C. Controversly if the temperature less thafiC3and greater than 45 growth was insignificant was stated by
[32]. Bacillus laterosporus decolorize navy blue 3G at 15 and®@Sespectively [28]. However, it has been shown
that whole bacterial cell preparation with azo idee enzyme was relatively thermo stable and reveaitive at
temperatures 6C for short periods of time.

Effect of Dye Concentration

The effect of dye concentration strongly influentles rate of dye removal and also impacts the ityxaf dye
molecule. Percentage of dye removal increased imithease in time irrespective of initial dye contration.
Decline in the decolorization rate due to toxiaifythe dye to bacteria it mainly inhibit the methbactivities or
inadequate biomass concentration for the uptakeégbfer concentration of dy®ecolorization activity oBacillus
subtilis was studied for acid blue 113 at different dye caotrations varying from 5800 mg/l. The rate of
decolorization increased with increase in dye cotre¢ion up to 200mg/l [27]. Azo dye navy blue 3G
decolorization byBrevibacillus laterosporus MTCC2298 showed 80% dye removal within 48 hour amnskatic
condition at the dye concentration of 50mg/l [28].

Bacterial consortium obtained from tanning andikextaste water was reported to bioaccumulate 80%axtive
black B dye with concentration 59.3mg/l in preseat€r (VI) in 7 days [33].

Effects of Nutrients

Nutrients plays an important role in dye decoldita process, higher amount of nutrients signifigamfluences
the growth of micro organism and enhance the dedied of dyes in aqueous solutidPseudomonas sp. BSP4
isolated from azo dye contaminated soil capabbetmlorize azo dye black E by utilizing it as nifem source up to
300 ppm in 36 hours [34Enterobacter agglomerans decolorize methyl red in the presence of 1, 2 4% of
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glucose where as in absence of glucose the raleamflourization of methyl red nterobacter agglomerans was
less only [35]. SimilarlyPseudomonas aeruginosa and Brevibacillus choshinensis isolated from effluent decolorize
textile effluent in the presence of 10% glucosey\edfectively within 7 days was reported by [149].

Sodium nitrate present in the media act as nitragence and enhance the decolourization of makagjnéen and
methyl orange was observed by [36]jtrobacter sp. strain KCTC 18061 showed 70% decolorizatiorieatile

effluent within 5 days along with 1% glucose. Oe tither hand there is no significant effect on codamoval of
dye effluent in the presence of 1% nitrogen soyeast extract, tryptone and peptone [37].

Dye Degradation by Fungus

Fungus was capable for oxidizing different chemgmhpounds and degrading several dyes, includiogiges and
mineralizing persistent aromatic pollutants. Thditgbof fungus to degrade diverse group of compaaidepends
upon the nonspecific ligninolytic enzymatic systemntaining lignin peroxidase, manganese peroxidase
laccase. The degradation and mineralization of dyeshite rot fungi was widely studied. The fundbeotrichum
sp. CCMI 1019 has ability to decolorize large anmtewt dyes like reactive black 5, reactive red 258 reactive
yellow 27 [18, 38, 39].

In the case oPhanaerochaete chrysoporium a ligninolytic fungus preadapted to the medium dedrade the azo
benzene constitute of azo dye for aromatic ring\@dge [40]. Textile industry waste water has besgolbrized by
production of manganese dependent peroxidase (MigRin peroxidase (Lip) and laccase which are eheymes
of white rot fungugdrpex lacteus in stationary cultures without adding any chensd4l].

Effect of pH

pH of dye affects the growth of fungus and dye ttm@ation process. Majority of the fungi grow orityacidic pH.
Almost all fungal dye decolorization studies showkdt higher dye removal rate take place in acphicrange.
Acidic pH range has considered as optimum pH fogél dye decolorization process.

The decolorization of textile dye Bspergillus fumigatus XC6 and it shows decolorization over a pH rang8-8f
using dyes as sole carbon and nitrogen source wasieed by [42]. Remazol brilliant blue R (RBBR)edy
decolorization was maximum in pH 7, above whic$lightly decreased was reported by [43]. The concEfungal
growth and dye decolorization usually occurs at [uwvalues, and it was clearly supportedAspergillus niger
and Pencillium sp. decolorization of both reactive and direct dgtution, at pH 4.5 and 4 [44]. The pH increased
from high acidic conditions pH 3 to pH 4 decolotiaa of orange Il dye increased and maximum remavalolor
(86-34%) was observed at pH 5 was stated by [45].

Effect of Temperature

Temperature mainly influences the fungal dye deagfiad system and fungal growth pattern. Based ergtiowth
temperature, higher dye degradation rate present @3-40C latter dye decolorization process decreased aue t
decline phase of fungal growth occiéspergillus niger dye decolorization studies showed reduction oéadidye
both at 28C and 35C respectively, also witRenicillium sp. the maximum color removal at temperatur?C3a4].
The effect of temperature on growth by incubating ¢ultures at various temperatures (28230for crystal violet
and malachite green attained maximum decolouriaata30C [47]. The results in this report agree with [#8jo
showed the optimum temperature for decolorizatibaorgstal violet byshewanella sp. NTOVI at 30-48C. Similar
results were obtained by [49] reported thaf@8vas the optimum temperature for RBBR decolorimatby
nonlignolytic fungus Myrothecium sp. IMER1. Orange |l dye decolorization activity éfhanaerochaete
chrysosporium was found to increase with increase in incubatéonperature from 24-3G [45].

Effect of Dye Concentration

Growth of fungi was affected by the presence ohhigncentration of dye. [50] reported the maximuye dtuff
(turquoise blue G, phthalocyanin dye) concentratiolerated byC.versicolor was 1200mg/l. Decolorization
efficiency was high if dyestuff concentrations wé@0-250mg/l (in 3-5 days) and nearly 700-1200r(@#lays). It
indicates decolorization of dye decreases witheiasing dye concentration. [51] observed decoloaraif reactive
blue 25 byAspergillus ochraceus NCIM-1146 take more time to decolourize at incezhglye concentration. The
effect of dye concentration on decolorization ofirage 1l by Phanerochaete chrysosporium, keeping other
operational parameters constant (temfC3a8nd pH5), for 50 and 100mg/l concentration of thmoval was almost
same but as concentration increased, removal o$tdyted to decrease [45].

Effect of Nutrients
Nutrient constituent in the medium have marked a¢ffen color removal along with natural supplememsl a
positive impact on dye decolorizaitoAspergillus fumigatus XC6 supplemented with the various carbon and
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nitrogen sources particularly ammonium sulphate digdificant effect on effluent color reduction [4Zhe effect

of carbon and nitrogen sources in amaranth dyeldezation, byGanoderma sp. WR-1 was studied. Starch and
yeast extract was the best nutrients for amarngtddcolorization in 8 hour [46]. Similarly [47]®ed starch was
the best carbon source for crystal violet deco#diin byFusarium solani. In case of malachite green, glucose and
sodium nitrite favored the dye decolorization. Tdecolorization of vat dyes boriolus versicolor maximum
decolorization of cibacron blue only by starch.aldition they proved that all the nitrogen sounsese found to
inhibit the laccase activity and dye decolorizatjb)].

[53] found that urea as nitrogen source resultedeicolorization of textile dye b&spergillus niger. Congo red dye
decolorization studies showed that glucose andistarovided the highest decolorized zones in diamdh
nitrogen sources urea and yeast extract showee@thdgtolorization activity [22].

Bioremediation of Textile Effluent thr ough Biosor ption

The uptake or accumulation of chemicals by microbiass has been termed as biosorption. It was yntaRing

place in the cell wall, where as the mechanismuihes adsorption and absorption will differ accogdin the

biomass type [53, 55]. Both bacterial and fungdlscerere reported for their capability for partiat complete
removal of dyes by using adsorption. Not all dydsasb to a particular type of biomass. Eventhowsgime fungi

decolourize dye by but in white-rot fungi both aggmn and degradation can occur simultaneouslseguentially
[50]. Biosorption was not a practical approach tfeating industrial effluents because of the protdeassociated
with disposal of the large volumes of biomass dftesorption [18].

Bacterial Biosorption

Since the bacteria were widely used in differemtdf@nd pharmaceutical industries they were gersgtiadevaste,
which can be attained free or at low cost from ¢hieslustries. Due to the cell wall constituentdatteria such as
peptidoglycan and the role of functional groupshsas carboxyl, amine and phosphonate, many badtavie been
found to bind with variety of dye classes. The Iigdnechanisms as well as the parameters influgrtbia passive
uptake of dyes from textile effluents were pH, temgture and dye concentrations [53].

Effect of pH

pH of dye solution plays a major role in biosorptind affects the interaction of dyes with biom&sfferent dye
classes require different pH ranges, basic dyesinegonditions, where as reactive dyes demancdgtazidic
conditions for their optimum biosorption. [57]. lménce of pH on the biosorption of the reactive dging the
simulated remazol effluent at pH 5 was identifigd[58]. Corneybacterium glutamicum was a potent biosorbent
and extremely dependent on the pH of the dye swiuttffective pH for biosorption of reactive recadpH 1. The
decarboxylatedC.glutamicum performed well in the decolorization of the efiwevithin the pH range of 2-5 with
maximum decolorization was observed in pH less @, 57]. Reactive dye adsorption decreases iwidteases
in the pH above 5 require pretreatment of raw bisita make effective biosorption [60-62]. The pHsviaund to
affect the biosorption capacity and it shows acadindition exhibit higher dye uptake rate [63].

The waste biomass @f.glutamicum evaluated as a potential biosorbent for the treatrof reactive orange 16 was
extremely dependent on the pH variation [64].

Effect of Temperature

Temperature was found to affect biosorption onlyatdesser extent within the range of 20@3965]. Higher

temperature usually enhances sorption due to ttreased surface activity and kinetic energy of sbkute [66].

However the exothermic nature of some adsorptioegsses, increase in temperature has been fourduoe the
biosorption capacity of the biomass [67]. Tempamituas well known to play an important role in batake of

metal ions and dye ions by microorganisms. Effécemperature on the adsorption of dye has beatiestiover a

range of 25-4% by thermophilic CyanobacterRhormidium sp. and decline in sorption capacity with increimse
temperature above 4G [68].

Effect of Dye Concentration

The initial dye concentration seems to have impacbiosorption if increased concentration resuitdigh solute
uptake. However at higher concentration the siteslable for sorption become fewer compared torttwes of
solute present, hence the removal of solute wasgly dependent upon the initial solute concerdraf66].

Acid anthraquinone TB4R dye decolorized by thremiss of bacteria such aBacillus gordonale, Bacillus
benzeovorans and Pseudomonas putida biosorbe the dye up to 200-1000mg/l. The totabcakmoved during
calculation of the initial reaction rate than recdhted for michaelis-menten kinetics indicates tha enzyme does
not bind to the substrate firmly and reaction sgigrependent on the dye concentration within esystbem [69].
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Fungal Biosorption

Fungal biosorption was identified by binding ofgel to the biomass by processes which do not ievoietabolic
energy or transport, although such processes may simultaneously where live biomasses were uBeerefore,
it can occur in either living or dead biomass [7fgad cells remove dyes through the mechanismasfoption
which involve physico-chemical interactions suchadsorption, deposition and ion exchange. In cageqergillus
niger different functional groups in the fungal biomasay different roles in biosorption of different ey [71].
Consortium containingAspergillus flavus, Aspergillus wentti, Basidiomycetes and Acremonium kiliense act as
biosorbent and effectively decolorize wide rangelypés was reported by [146]. Use of certain low ealsorbents
for dye removal has been extensively reviewed [V2dste fungal biomass which was a byproduct of stiikl
fermentation can be used as a cheap source ofrbaygd73]. Amino, carboxyl, thiol and phosphatewgrs present
in the fungal cell wall were responsible for bingliof dye molecules [74]. Dye molecule biosorptiamtcocell
surface appears to be a quick process and oftepleten in a matter of hours [75].

Effect of pH

The pH of the effluent influences the chemistrygé molecule and fungal biomass. Biosorption capadifungal
biomass for acidic dye increases with decreasgairand for basic dyes increases with increase if4@fl The
fungal cell wall was composed of polysaccharidestgins, lipids, melanin along with several funotb groups
capable of binding to dye molecules [76,77]. It veapected that amino groups of the fungal cell walhpounds
will also be protonated at acidic pH values. Higdge uptake obtained at lower pH values may be tduthe
electrostatic attraction between negatively charggel anions and positively charged cell surfacedq@B It was
supported by [71] that biosorption of basic blueaéid blue 29, congo red and disperse red Adpgrgillus niger

biomass could decreased at final pH 6.

Biosorption of methyl violet, basic fuchsin andithmixture using dead fungal biomassAspergillus niger, while
maximum sorption for basic fuchsin was seen at @t for dye mixture, maximum sorption was segoHab and

it confirmed sorption was independent of pH [8l]eaRtive blue 4 dyes were maximum biosorped by
Phanerocheate chrysoporium was observed at pH 3 [73]. The optimum pH for #y@sorption by loofa sponge
immobilized fungal biomass (LSIFB) and free funppgdmass (FFB) on the removal of remazol brilliahiebR
(RBBR) dye. The maximum uptake of RBBR was founght2 for FFB and LSIFB respectively and then desdi
sharply with further increase in pH [82-84]. Highmosorption of acid violet dye at pH 5.7 usingivatbiomass of
Penicillium sp was showed by [85]. Driedeurospora crassa showed higher biosorption capacity on burazol blue
ED dye, the optimum pH was determined as 1 [86is Tdésult was coordinated by [87].

Effect of Temperature

Versatile textile dye effluent was produced attreddy high temperature therefore temperature wasngportant
factor for the real application of the fungal big#tton. Fungal biomass has capable of removing atybigher
temperature due to increased surface activity site$ increased kinetic energy of dye moleculisizopus
nigricans exhibited very high adsorption of selected dy&&n{g/l) concentration at 20 and it shows increasing
the temperature from 30 to 4D have different effectswas reported by [88]. Terapge significantly affected rate
of dye adsorption based on the different dyes pitdeedye solutionAspergillus foetidus biomass was very efficient
in decolorizing solution containing RB5 dye or nuiseé of dyes, composite and industrial effluent. Boeption
capacity was strongly dependent on the temperanuéncrease significantly with increase in tempaeafrom 30-
50°C [89]. Biosorption capacity of acid violet dye Pgnicillium sp. at temperature was85were examined by
[85]. Biosorption capacity oRAspergillus bisporus increased from 31.31 to 33.07 g/l of acid red $é d@hen the
temperature was increased from 26@(@90]. Majority of these reports indicate that swgption capacity of the
fungal biomass increases with increase in tempexatu

Effect of Dye Concentration

Dye concentration of dye solution also influendes temoval of dye from aqueous solution by fungahtass.
Sorption capacity increased in higher initial dgmeentration and provides an important driving éot@ overcome
all mass transfer resistance of the dye betweeratfueous and solid phases; thus increase the upfaige.
Depending on the chemistry of the different dyed #e binding capacity of the biomass, the adsongtiercentage
varied for fungal biosorption. This might be duethe saturation of the available binding sites lo& biosorbent
[87]. Adsorption of dyes to the mycelium did nontidbute to microbial decolorization since a maximof 1.5%
of indigoid, azo and anthraquinonic dyes added beasd to the mycelium except for basic red 9, faiol 7% of
the dye had bound to the mycelium after incubatibé days [91]. Adsorption of remazol blue, remaa@nge and
cibacron red usingrhizopus arrhizus biomass and increase the uptake capacity of tleeobial biomass was 190
and 150 mg/g of dye biomass was investigated bl [79
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It should be noted that molecular weight of dye ewales has an important influence on the removilieficy and
biosorption capacity of the biomass [47]. Dye rgalovere diminished with increasing dye concentratiiue to
nearly complete converge of the binding sites obsnts at high dye concentration [83]. These resaré contrast
with [92] that studied the decolorization of dyestewater through fungi by biosorption and bioacclation
discussed the effect of various dye concentratiothe dye removing efficiency of different fungih& increase in
dye concentration increases the rate of decoldvizatf dye waste waters. [87] reported that theogotion capacity
of non viableA.niger was significantly affected by higher dye concetidres of ClI direct blue 199, adsorption
capacity increased linearly with increasing initlge concentration from 200 to 400mg/I.

Other Microbial Cultures

The effectiveness of dye decolorization dependtheradaptability and activity of particular micrganisms. Last
few decades many microorganisms have been fourlgetcapable of degrading dyes, these include bagcteri
filamentous fungi, Yeast, algae, and actinomycates have advantages to treat textile waste watethe present,
the use of yeast, actinomycetes and algae inrige#ixtile waste water has been very limited. Thetyonly grow
rapidly similar to bacteria, but comparable to rfientous fungi they also have the ability to resistavorable
environments. Only a few reports on the degradaifdextile waste water by these organisms haveagu.

Algae

Several species @hlorella andOscillatoria were capable of degrading azo dyes to their aicnaatines and to
further metabolize the aromatic amines to simphkgianic compounds. Some were even capable of atjlizazo
dyes as their sole carbon and nitrogen source [BB¢ biodegradation of azo dyes by the alg@bldrella
pyrenoidosa, C.vulgaris andOscillatoria tenuis) has also been assessed. According to the datazthreductase of
the algae was responsible for [94]. In additior, élgae can play a direct role in degradation ofdyes.Chlorella
vulgaris have biosorption capacity for several reactivesdyere reported by [95]. Driegpirogyra rhizopus have
ability to decolorize acid red 274 dye by both bigion and biocoagulation process and the remawabunts
decreased while the removed concentration of AR®#&lincreased with increasiisyhizopus concentration [77].
The potential ofCosmarium sp. belonging to green algae was investigated watde biomaterial for biological
treatment of triphenylmethane dye and malachiteergr96]. Immobilized thermophilic cyanobacterialast
Phormidium sp. has good decolorization activity under therhilogp condition [97]. Agitated batch sorption
performed on algagpirogyra 102 revealed the ability of test biosorbent to seenazo dye from the aqueous phase
at acidic pH 2 at optimized temperaturé@@nd dye concentration 5mg/l [98].

Actinomycetes

Actinomycete strains have been reported to deadaactive dyes, including anthraquinone, phthabime and
azo through adsorption of dyes to the cellular Esshwithout any degradation. Other Cu based azs, dyeh as
formazan-copper complex dyes, were completely aeizgld through degradation by the same actinomystesins
[99]. Streptomyces ipomoea decolorized azo dyes orange |l by production tifresistant laccase under versatile pH
[100].

Y easts

Yeasts, such aklyveronyces marxianus have capacity to decolorize dyes [101]. Activelpwing Kluyveromyces
marxianus IMB3 yeast cells under aerobic conditions almashpletely decolorize remazol black B within 24 heur
at various acidic pH values. Maximum colour remowals achieved [102]. [103] Ttwo novel dye decdiowg
yeast strains olPseudozyma rugulosa Y-48 andCandida krusei G-1, exhibited excellent color removal of reactive
azo dye Saccharomyces cerevisiae MTCC463 effectively decolorize methyl red due todegradation and it shows
different rate of metabolism at different pH withvolvement of azo reductase [104]. Biosorption cétpaof
reactive orange 16 on the dead cells of brewergtygiamass increased with decreasing initial pH tendgperature
and pH was found by [105].

Phytoremediation of Textile Effluent

Phytoremediation was the use of vegetation fotunseatment of contaminated soil, sediments anttrw#®lants
have ability to withstand higher concentration ofanic chemicals without toxic effects, and they edsorb and
convert chemicals to less toxic metabolites byasiley root exudates, enzymes. The use of engineastd
accumulating plants for environmental cleanup wasraerging biotechnology [2]. The expression oflases from
higher plants augmented the catabolic potentiahiocfobes [106]. In turn microbial genes straightktiee tolerance
of higher plant to poly R-487 [107]. Polymeric dyderant plants may be useful in phytoremediatienduse they
could provide a rhizosphere suitable for colonzatbf microbes with efficient degrading potentighe plant
derived compounds can induce production of fungdbr enzymes [108]. Initial screening Mfpulegium clonal
lines MPH-4 indicated that this plant species wasi@ntial candidate for phytoremediation due $chigh level of
phenolics and its ability to sequester the aronatitutant, anthraquinone polymeric dye R-478 [106]

139
Pelagia Research Library



Palanivelan Ramachandran et al Adv. Appl. Sci. Res., 2013, 4(1):131-145

Ten aquatic macrophytes, were screened for toleriowards textile dye waste waters to raise coaigtduwetlands
for their phytoremediation. Among the 10 speciesmafcrophytes, onlyhragmites had broad capacity for pH
tolerance, growing well in the alkaline, neutratlatidic waster with multiplying rapidly in dye waswvater both in
the lab as well as field studies [109]. Treatmehsynthetic reactive dye waste water by narrow deleattails
Typha angustifolia linn and the maximum color removal at day 14 undemptieondition decreased from 9-8 with
various concentration of dye [110P.australis effectively uses the ascorbate glutathione pathdiay the
detoxification of AO7 was examined by [111]. Suppémntary aeration in up flow constructed wetlandciaa
facilitate the decolorization, degradation and mafization of aromatic amines from the reductioraab dye acid
orange 7 (AQ7) containing waste water [112]. Wildrps ofB.malcolmii could decolorize the malachite green, red
HE4B, methyl orange and reactive red 5B within éhdays. Decolorization of direct red B induced Igninh
peroxidase, azo reductase and riboflavin redudtasiee roots and to produce secondary metabolitety® after
phytotransformation [113].

Bioremediation of Textile Effluent using Enzymes

A large number of enzymes from different plants amidroorganisms have been reported to play an itapbrole

in array of waste treatment applications. The eratigrdecolorization of industrial dyes was a bigltgnge due to
large diversity of chemical structures [114, 1Ex)zymes can act on specific recalcitrant pollutémt&€move them
by precipitation or transformation to other produ§t16]. Enzymes offered several advantages suofjrester
specificity, better standardization, easy handké store and no dependence on bacterial growth fh1&€§. White-

rot fungi were able to degrade dyes using ligninopielase (LiP) and manganese dependent peroxiddse)(
[124]. Other enzymes used for this purpose incldg®, producing enzymes, such as glucose-2-oxidase alithg
laccase and phenoloxidase enzyme [118].

Laccase (benzendiol: oxygen oxido reductases Ecl.N®3.2) was an enzyme that oxidizes a largeetyaiof
organic substrates and this enzyme contains mpftieo phenolic compounds thereby avoiding the foionabf
toxic aromatic amines [119]. It was secreted byagmumber of white rot fungi, such dsametes versicolor,
Phlebia radiata, polyporus pinisitus and Penicillium chrysogenum over 60 fungal strains from various classes [17].
Various textile dyes have been decolorizedlametes hirsuta laccase to an extent of 80% and showed no general
rule in detoxification tendencies [91]. Purifiecttase fronPycnoporus cinnabarinus has been previously used for
the degradation of diazo dye Chicago sky blue [1Z®f enzyme was widely distributed in fungi; hoeeits
biological function were still not totally clarifie[121].

[122] suggested that higher laccase degradatienc@trelates with the accessibility of the amineugs, reactive
black 5 was hardly decolorized. The marine derimgiture NIOCC # 2a with laccase proved to be mdiieient in
the decolorization of textile effluents and synibelyes brilliant green and congo red than theucalNIOCC # 312
having MnP and lip activity. Whereas remazol haitli blue R and poly R-478 were better decolorizeilDCC #
312 than NIOCC # 2a [123]. Decolorization of azeslypy using purified laccase enzyme frénametes trogii
exhibit good result was reported by [125]. Regagdiacterial laccase little information was avaiabbncerning
their substrate specificities towards dye decoltiin. Laccase has been reported as an inducilzigmenduring
degradation of azo dyes by various bacteria [1R&kearches on the function of purified laccase Wwesgfficient
and its role in decolorization remains poorly urstieod.

Peroxidase (E.C.1.11.1.Was heme-containing enzymes that were widely isteid in plants, microorganisms and
animals [127]. [128] stated that decolorizatiordgé by manganese peroxidase. (Ec.11.1.13) from fafirdjfferent
species namelfpebaryomyces polymorphus, Candida tropicalis and Umbelopsis isabellin were tested against the
degradation of reactive blue 5 dye it showed effeatiecolorization. The significance of the manganperoxidase
was proved byLentinula edodes showing decreased activity in the absence of nmaxg ions and hydrogen
peroxide The decreased invitro activity of the digeolorization confirm the necessity of manganes®xydase
[129]. The manganese peroxidase produce&Hanerochaete sordida showed higher range of 90% decolorization
of azo and anthraquinone dye [130]. [131] compdhedfungal isolates and enzymatic treatment indigradation
of reactive blue 5 dyes. The degrading capacitjhefenzyme manganese peroxidase was 1.5 timegigtiean the
fungal isolates.

LiP (Ec.1.11.1.14) also known as ligninase or dimgpane oxygenase and this enzyme were firstrtegpén 1983.
Lignin peroxidase obtained frofPhanerochaete chrysosporium was effective against methylene blue and azure B
dyes [132]. [133] reported the degradation of xgeleyanol, fuchsine and rhodamine B dye by usiggiri
peroxidase obtained frompseudomonas desmolyticum NC1M2112 coupled with glucose oxidase. The cougplin
action was effective in the presence of hydrogewypdeand also improved the efficacy of degradation aleith
lignin peroxidase. [134] showed that lignin perasd obtained fromcinetobacter calcoaceticus NCIM 2890 was
treated against reactive brilliant red K-2BP showg&do effective and the dye concentration was abBouing/I.
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[135] obtained lignin peroxidase fromcinetobacter calcoecitus NCIM 2890 and its showed a maximum of
decolorizing activity against astrazon red FBL,ngavith 0.05 % (w/v) of tween 80 was added to tFfeuent
showed 42% removal of COD and 87% of decolorizictiydy.

Several microorganisms produce soluble cytosolaym®s with low substrate specificity which reduetivcleaves
the azo bond at the expense of a reducing ageitatly NAD(P)H, serving as electron donors foratian. The
occurrences of these enzymes are called as azotasds. Under anaerobic conditions, such as amsexitnents
many bacteria gratuitously reduce azo dyes by wifipesoluble, cytoplasmic reductases known asrazaictases.
These enzymes were reported to result in the ptmuof colorless aromatic amines which may be dpxi
mutagenic and possibly carcinogenic to animals.

Anaerobic degradation of textile dyes yields or#g aeduction and mineralization does not occurtiammore, azo
reductases have been shown to be very specifiarengyus cleaving only azo bonds of selected dy86][1137]
confirmed the decolorization of azo dyes with azductases can be enhanced by electron withdrawingg at the
aromatic ring, especially ortho substitutions shgwsd effect. Azo reductase from thermoalkalophécillus sp.
were able to reduce a large structural varietyystesmatically substituted azo dyes was confirmedl38]. New
DyP (dye decolorizing peroxidase) fromrametes cucumeris Dec 1, which decolorized more than 30 types of
synthetic dyes. DyP was a main enzyme that degragesnd anthraquinone dyes [139, 140]. Further by
Trametes cucumeris Dec 1 was able to decolorize anthraquinone dyetikeablue 5 to light red-brown compounds
[137].

VP (Versatile peroxidase) (Ec.1.11.1.16) has besently described as new family of ligninolyticrgpedases,
together with lignin peroxidase and manganese peaer obtained frorRhanerochaete chrysosporium [40]. These
enzymes exhibited both lignolytic peroxidase andchgamese peroxidase activity and therefore thesgreaw were
called as hybrid manganese peroxidase-lignin pdese or versatile peroxidase. Versatile peroxifiase various
sourcesPleurotus pulmonarius was previously reported [141]. A new versatile gxétase was identified and
purified from an extracellular fluid of novel stnaBjerkandera sp. and this enzyme catalyzes the decolorization o
RBBR [142]. Recalcitrant dyes could be successfdégolorized by peroxidases in the presence of santable
redox mediators. Treatment of recalcitrant polltgany using enzyme-redox mediator system will lgmisicantly
useful procedure for targeting number of dyes witlersified structures.

Bioremediation of Textile Effluent using Bioreactor

Bioreactors were the only exsitu bioremediationcpss, numerous different reactor configurationsl usetextile
wastes treatment. It was classified into aerobit @maerobic reactor. They are widely used for detzdtion and
degradation of textile effluent by using biologicaburces. Several research papers have been mablish
combined, sequential or integradated anaerobichaelmoreactor treatment of azo dye containing washter
[143]. Various reactor systems used for productiblignin peroxidase or manganese peroxidase byewbt fungi
and biological dye decolorization process have lreported. These reactor systems include stirreki teactors,
packed bed bioreactor, airlift reactors or bubldiimns, rotating disk reactor, silicone membrarsetar, fixed film
reactors, rotating biological contactors, immersaod tray reactor.

Three different reactor configurations (Continudecked bed bioreactor, fed batch fluidized-beddzioror and
continuous fluidized-bed bioreactor) were desigard tested for decolorization of azo dye orangeylivhite rot
fungus. All the bioreactors showed high stable tetation activity in long-term operation [49]. Asrobic
decolorization of azo dye acid orange 7 (AO7) waslisd in continuous up flow stirred packed-bedctea
(USPBR) filled with biological activated carbon (BA[144]. The majority of the reactors were des@jie retain
high biomass in the reactor.

CONCLUSION

The above mentioned methods contain both merits demderits and the dye degradation depends on the dy
character, pH and other ancillary additives. Ragyd decolorizing microbes need to be isolate (wétll colour
removal) usage of single cultures in the large es@gdplication and their inability to degrade alffelient dyes
present in the actual effluent was the drawbackgheir commercial application. Therefore the ubmixed culture
seems to have more potential for large scale atjit at field level. The main area to concentreés not only for
color removal instead of that complete degradasiod conversion of textile effluent into completetyneralized
waste to use as a biofertilizer for the growth loé trops. It is essential to estimate the toxiwitth respect to
decolorization, because decolorized materials ramarn toxic unless the product retains in the cefifficient post
treatment method such as aerobic treatment metiftetsdecolorization is essential to degrade tloenatic amines
which are formed in the anaerobic step/ microadlicpbondition/ anoxic condition. The main goal &zhieve
complete mineralization of dyes depends upon miaint the process in which initial decolorizaticakés place
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under microaerophilic/ anaerobic conditions follawey oxidation of the aromatic amines/ secondarjutamts

using an aeration step. Anaerobic/ microaeropBystems could reduce the color intensity more featisry than
the aerobic processes, however the intermediatiupte are carcinogenic aromatic amines which nede tfurther
decomposed by an aerobic treatment. The sequentiegésses of aerobic treatment followed by anaertobatment
are potential, effective and not have been stutliiedow. It is very necessary to find out the edasite enzymatic
system responsible for the complete decolorizagioth degradation of dyes is in urge. Genetic engimgenay be
useful in bioremediation, genetic engineering oficachemical degrading micro organisms is to depéisuper

bug” capable of detoxifying or degrading a largember of pollutants they are designing of potemithway for
degradation, development of enzyme system, maripolaof the genes for degradation and putting them
microorganism make them very powerful with bioaugtagon technology. Liquid state fermentation isapable
to remove dyes so in future research mainly comatrg only on adsorption techniques by means od sthte

fermentation.Research on degradation of dye bygusiacterial biosorption need to be concentrateutaré.

Degradation of dye is a complex process works toxify, decolorize, and degrade the dyes are dorlal scale
only. Hence the need of effective complete conwersif textile effluent into useful liquid waste hging microbes
is required.
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