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ABSTRACT

Wastewater from different industries is one of th&or environmental concerns in the present scenarhe
textile industry uses many kinds of synthetic égeazo, anthraquinone, polycyclic compounds amghé&nylmethane and
among them azo dyes are most commonly preferabtedyes cause a serious environmental issue bethese dyes are
obstinate to biodegradation. Textile industriesctisrge large amounts of dyes about 10-200 mg/L1@ne€20% of the dye
along with organic and inorganic accessory chensda¢cause the uptake of these dyes by fabricsyigpoer. Industrial
effluents containing about 5-10% of dyestuffs, Whscusually discharged into water bodies. Thishhigcolored textile
wastewater severely affects photosynthesis in ldr&.dt also has an impact on aquatic life duddw light penetration
and oxygen consumption. So, this textile wastewatest be treated before their discharge. Physicalh@mical methods
are costly, energy consuming, low efficient to #mvironment and generate secondary sludge. Thukdiial
degradation most preferable for textile dyes degtamh will be eco-friendly, do not generate secaydsludge and cost-
effective method. Fungi especially white rot fufMyRF), produces Peroxidases (Lignin peroxidase, kil Manganese
peroxidase, MnP) and Phenol oxidase (Laccase) eansed for bioremediation of Azo dyes. In thischetidecolorization

and biodegradation of Azo dyes, abilities of WRE r@viewed.
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INTRODUCTION

Due to rapid industrialization and urbanizationeesle of industrial effluent into water bodies cagsmajor
environmental pollution. A large amount of wasteavaeleased from textile industries as effluenbng of the major
problems of water pollution (Kauet al, 2010). Textile industries release a huge amount of cdlogéfluent in a
surrounding water body without any proper treatntantsing major environmental pollutiof.dye is used to modifying
the color characteristics of the different substratich as fabrics, paper, and leather. Natural dyegenerally used in
before 14 century that is obtained from animals and vedesatiHowever natural dyes are replaced by the siotbye
at the beginning of the twentieth century (Figd)e Among all dyes used for colorization in texiifgustries, Azo
dyes are most demandable. Azo compounds are xdimbomntains aromatic compound and very recalaitrto
biodegradation (Vandevivere et al 1998) with of more than 900,000 metric tons of dg@s70% of total dyesSynthetic
azo dyes may be converted to toxic, recalcitradt @arcinogenic products under anaerobic conditipnthe presence of
—N=N- bond (Saratale et al 2011).
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Impact of Azo Dyes on the Environment

The global consumption of dyes and pigments apprates 7x105tons/year and only in the textile ingut
consumes about two-thirds of all the world produetilt has been estimated that in textile industebout 80% of azo
dyes are used dyeing process (Sudha et al 2014pfreke Azo dye app 10-15% do not take bindinghwiiber so
discharged into water bodies (Baban et al 2003hti&fic azo dyes that released as colored efflegentain toxic
substances and hazardous chemicals that causessesater pollution problems by increasing in chexhaxygen demand
(COD), biological oxygen demand (BOD) and altenatio pH of water. The colored waste of textile istties causes an
acute effect on aquatic ecosystem results lossneiranmental balance due to low penetration of tighd oxygen
consumption It also misbalances organic-inorganic chemicalteot of the environment and is affective for thetib
content present in water. When dye gets mixed widlter, light penetration efficiency decreased ieside water and
complete water ecosystem gets affected. Toxic camg® of azo dye mix with water bodies and enter fishes or other
aquatic animals which are further taken up by hucausing hypertension, sporadic disorder, crampswéth prolonged
effect. Due to easy inhalation or its ready solaation in water, azo dyes cause fast absorptiothéyskin leading to the

risk of an allergic reaction, cancer, eye irritatietc(Pandey et al 2007).

Natural Dves Synthetic Dves
I 1 + 4
From From Non-Azo Dyes l [ Azo Dyes
Plants Animals 1
d\. - A - * - - -
Madder (Madder Tyrian Purple | | Acidic |[ Basic ” Reactive | [ Disperse || suirar || vac |
& I
rool) (Sea snails) I 1
Based on Chemical Based on Dye
Constitution Application
* Chloro-triazine Dve + Cold Brand Dye
(MCT) (25-50°C)
* Vinyl-Sulpone Dye (VS) * Medium Brand Dye
* Mixed Dye (MCT-VS) (40-60 =C)
* Heterocyelic Halogen * High Brand Dye
Containing Dye (HHC) (60-90°C)

Figure 1: Dye Classification on the Basis of Dye @mical Constitution

Azo dyes are synthetic organic compounds charaegy the presence of one or more azo (-N=N-) $ond
association with one or more aromatic systems.dgiobl methods are getting more attention for daéxtions of these
dyes. Since it is effective, specific, less enedrggnsive, eco-friendly, cost-effective, environrnéenign and produces
less secondary sludge (Singh et al 2012). It resnlipartial or complete bioconversion of pollusait stable nontoxic
compounds. White rot fungi are efficient biodegradfor a recalcitrant compound such as dyestusokiotics, and
lignin due to the extracellular secretion of enzgrighlawat et al 2011). Three major classes of eregydesignated lignin
peroxidases (LIPs), manganese-dependent peroxidddd®s) and laccases play an important role in thegal

degradation of lignin. These extracellular enzyraes non-specific and degrade a wide range of comptematic
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dyestuffs (Boer et al 2004).
Chemical Properties of Azo Dyes

Dyes are soluble in agueous solution and produeedtor due to the presence of chromophore grocgsept in
its chemical structure. These colored dyes are ustktile, paper, leather or food industries. Ax@s are highly soluble

in water. It is characterized by the

presence of one or more azo groups (-N=N-), usiralijumber of one or four, linked to phenyl and htagl
radicals, which are usually replaced with some r@atins of functional groups including: amino (-Nitahlorine (-Ci), hydroxyl (-OH), methy
(-CHg), niro (-NG,), sulphonic acid and sodium salts (-381@) [18]. Monoazo dyes contain one nitrogen boiEN-);
likewise, diazo dyes contain two -N=N- bonds, toiayes contain three -N=N- bonds, and polyazo dgesain more than
three N=N bonds. The presence of the linkage Nshices thepossibility of unpaired electron pairsitogenatoms, are

readily reduced to hydrazines and primary aminggtibning as good oxidizing agents [USEPA. 2008.]
Types of Azo Dyes

In textile industries, synthetic dyes, basic dye dyes, sulphur dye, oxidation dye, anthraquirdy®s acridine
dye are used for colorants (Sarkar et al 2017).eDdp on characteristics of the processes in wihieh &re applied Azo
dyes can be acid dyes, direct dyes, reactive diisgerse dyes or others. Acid dyesconsists of anigroups; these are
water soluble, low molecular weight and having @uodfte groups. The main application of these dyes idyeing of
proteins, that is animal hair fibers (wool, silkjdasynthetic fiber (nylon). The term acid used hseathe dyeing process
takes place in weakly acidic solution (pH 2-6). Tdeionic groups in the fiber: animal protein fibead nylon fibers
responsible for attachment with anionic groupshimdyes. After dyeing a certain amount of dyestuféleased into water
bodies(Table 1).

Table 1 Types of Dye (Kik-Othmer 1979)

Dye Class Characteristics Fiber Pollutants
- Water soluble anionic | Wool, nylon, cotton | color: Organic acids, unfixed
Acidic
Compounds blends dyes
Water soluble, applied in Aglryggt’ecrgt'?]n:g'n
Basic weakly acidic dye baths, P II>II . g | Nil
very bright dyes cellulosic and protein
fibers
Water soluble, anionic Col_lur.sa!ts., unfixed dye,
: . Cotton, rayon cationic fixing agents,
Direct compounds, applied S
. cellulosic fibers surfactants, deformer,
without mordants :
retarding agents.
Polyester, acetate, Colour organic acids, carriers,
Dispersive| Insoluble in water m_oddacryhc, nylon, Ieve_Ilng agents, phosphates,
triacetate and olefin | lubricants, dispersants,
fibers diluents
. Water soluble, anionic | Cotton, cellulosic, Colours, salts, alkali, unfixed
Reactive X
compounds, largest classwood fibers dye, surfactants
Organic compounds Cotton, cellulosic Colours, alkal!, oxidizing
Sulphur . . agents, reducing agents,
containing Sulphur fibers v
infixed dye
Oldest dyes, chemically | Cotton, cellulosic, Colours, alkali, oxidizing
Vats . ; .
complex, water insolublg wood fibers agents, reducing agents
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Direct dyes are used to color cotton, paper, leatikk, and nylon.Direct dyes also consistsof audfte groups
responsible for solubility. The dyeing process asmally carried out in neutral or slightly alkalinlye bath. Washing is
easy and fast. Reactive dyes are so called bedhegeconsists of reactive groups that react with #OH groups of
cellulose or with -NHand —SH groups of protein fiber s by covalentdsoisperse dyes do not contain acidic or basic
groups for attachment so these are water insoldiley are finally ground mixed to a dispersed ag€he dyeing rate is

influenced by particle size and chosen dispersgena

Degradation and Decolourization of Azo dyes

-— mm
mo A EER

Figure 2: Different Possible Methods of Degradatiorand Decolorization of Azo Dyes (Sarkar Et Al. 201)7
Different Factors Affecting Mineralization of Azo Dyes

Oxygen availability plays a very vital role for cptate mineralization of Azo dyes. There are two pwn steps
to biodegrade Azo dyes: a first step which is amliercleavage diazo bonds in Azo dyes which rekkasematic amines,
the second step usually occurs aerobically in whiebradation of aromatic amines takes place. Titsé diep usually
occurs in anaerobic condition but it can be cardetby several aerobic bacteria by producing ahmtase which cleaves
azo groups in the presence of molecular oxygenetadrobic conditions, fungal degradation of Azesihas also been

described, chiefly by lignin-degrading fungi mainiite rot fungi (Stolz, 2001) (Figure 2,3).

The hydrophobicity and hydrophilicity are two mdactors that influence the bioavailability. Polaibstances
such as sulfonated azo dyes cannot pass througpldsena membrane. Indeed only the biological systemvhich
reductive enzyme (that cleave azo bonds) are elluder are most effective for mineralization of Azlyes. The
hydrophobic Azo dye can pass through the plasmabram and can be degraded in the cytoplasm. Buadative
microorganism shows high activity in an aqueoussphahere the availability of hydrophobic dyes iw.I&everal fungi
(i.e., Phanerochaete chrysosporium, Geotricum candidunamétes versicolor, Bjercandera adusta, Penicillism,
Pleurotus ostreatus, Pycnoporus cynnabarinus, Pyjaita oryzaé are able to degrade azo dyes by extracellulayreez
production: lignin-degrading fungi are able to decae several kinds of even complex molecules uifopated and
nonsulfonated azo dyes, mainly by synthesizing igpmes such as lignin peroxidases (LiP), mangapesexidases
(MnP) and laccases (Chen H, 2006, Stolz A, 2001 Rleurotus sajor-cajucultures grown over solid medium, it was

observed that soluble azo dyes were degraded, ieusrompletely, while insoluble azo dyes were deigraded during
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mycelial growth (Munari et al 2008).

Oxygen
availabilivy
NutFient
Availabilivy

Dye
concentration

Factors affecting
Mineralization Adsorption
of Azo dyes

Bioavallability

Figure 3: Different Factors Affecting the CompleteMineralization of Azo Dyes

Adsorption of dye is necessary during biologicaluetion by biomass. Dye adsorbed on biomass oamtikit
reaches its saturation; the amount of dye beingrlbsl is proportional to the amount of biomasgidhadsorption of the
dyes on fungal biomass followed by degradation e@served in cultures dfpex lacteus, Phanerochaete chrysosporium,
Trametes versicolgrandTrichophyton rubrun{Maximo et al 2004, Wang et al 1998 and Tatarkal 4098)

Azo dye and their degraded components are toxich® biological system. Thus to achieve complete

mineralization of azo dyes it ensures that the entration should be in optimum range before thegss started.
Azo Dyes Decolorization Capability of White Rot Fuigi

Usually, by limiting the carbon and nitrogen soutice expression of ligninolytic enzymes by whité ftmgi can
increase. These enzymes are extracellular and lusfeaim during secondary metabolism (Stolz, 200it)was also
observed that the rate of degradation changes different dyes changed. The ligninolytic enzymesducing Irpex
lacteusproduced an increased amount of Manganese Perexitag®) with the addition of addition high concetion of
manganese and dye but not the Azo dyes. At lowernation of manganese no increase in productioMm®. This

shows that the expression of ligninolytic enzynsemducible (Susla et al 2008).

To mineralize reactive dyes high pH tolerantlyrigpbrtant because decolorization of these dyes tplee® in
alkaline condition. Expression of lignin peroxidd&é) from ligninolytic fungi seems to be highatr optimum pH range
(4.5-5) (Stolz 2001). Before the application of duron site for decolorization of Azo dyes, the effeof pH and
temperature should be examined on the rate of pradation in vitro. For the microbial populationethrate of
decolorization generally related to optimum cetbwgth temperature and pH, with an increase of decation
proportional to the increase of temperature withim optimum temperature range (Wong et al 1996 e@wrdet al 2008,
Adedayo et al. 2004, Angelova et al 2008, Charad 2000 and Mali et al 2000).
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Wastewater released from dyestuff industries corsishigh salt concentration up to 15-20%. Mostté

microorganisms are not able to biodegrade Azo dyeshese conditions because they cannot toleragh Isialt

concentration. To achieve decolorization of Azodire high saline concentration, selection of hailgpbr halotolerant

microorganism is an option. These microorganisnescapable to degrade Azo dyes even in high sabmeentration

(Asad et al 2007).

Table 2: Selected White Rot Fungus and their Extragllular Enzymes Able to Decolorize Azo Dyes

Whit Rot Fungus

Enzyme

Dye

References

Phanerochaete
Chrysosporium

LiP

Diazo dyes

Paszczynski A et al. 1991

Direct Red 80
Mordant Blue 9

Singh et al. 2013

Direct Violet

Reactive Black 5
Ponceau Xylidin
Bismark BRrown

LiP

Reactive Brilliant Red

Adosinda et al. 2001

Orange 2

Amido Black

Senthikumar et al. 2014

LiP and
MnP

Amaranth, Orange G

Yu et al. 2006

LiP and
MnP

Congo Red

Reactive Red 2

Nilson | at al. 2006

Trametes versicolor

Laccase

Direct Black 38
Direct Blue 15
Direct Orange 26
Direct Green 6
Direct Yellow 12

Pazarlioglu et al. 2010

Remazol Black B

Aksu et al. 2007

Laccase

Orange 2 and Acid orange

6

Remazol brilliant Yellow 3-
GL (RBY3-GL)

Asgher et al. 2016

MnP

Reactive Green 19

Sari et al. 2012

F39

Cerrena sppWICC

Methylene Blue,
Reactive Black 5

Hanapi SZ et al. 2018

Cerrena unicolor
BBP6

MnP

Congo Red, Methyl Orange
Ramazol Brilliant Blue,
Bromophenol Blue, Crystal
Violet

Zhang et al. 2018

Cerrena unicolor

Laccase

Congo Red, Ramazol
Brilliant Blue R, Lanset
grey, Poly R-478

Moilanen et al. 2010

Trametes ljubarkyi

Laccase

Reactive violet 5 (RV 5)

Goh et al. 2017

WRF 3

Trametes gibbosa sp.

Coralene Golden yellow,
Coralene Navy Blue,
Coralene Dark Red

Kunjadia et al. 2016

Reactive Black 5

Adnan et al. 2014

Trametes trogii

Laccase

Reactive Black 5,
Reactive violet 5

Sayahi E et al. 2016

Laccase

Remazol Brilliant Blue R
Reactive Blue 4

Acid Blue 129

Acid Red 1

Reactive Black 5

Zhang et al. 2011
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Table 2: Contd.,

LiP Amaranth Revankar et al 2007
Genoderma s - Reactive Blue 19 Fazli et al. 2010
P- - Remazol Black 5 Sudiana et al. 2018
- Reactive Orange 16
MnP Congo Red Yehia RS 2014
Pleurotus sajar-caju | Laccase Amaranth, new coccine, and Chagas et al. 2001
Orange G
Laccase| Reactive Black 5 Murugesan et al. 2007
Genoderma lucidum Laccase| Congo Red
Laccase| Reactive Black 5 Forss et al. 2009
Phanerochaete - Reactive Black 5 Permpornsakul et al. 201{
Sordid MnP Reactive Red 120 Harazono et al. 2003
- Acid Red 27 Adnan et al. 2014
Armillaria sp.F022 Laccase Reactive Blaqk 5 Hadibarata et al. 2011
Remazol Brilliant Blue R
Ceriporia lacerata
New isolated WRE | - Congo Red Wang et al. 2017
Methyl Red and Congo Red
Reactive Orange 16, Congo
Red,
Irpex lacteus Reactive Black 5, Naphthol Novotony et al. 2001
Blue
Black, Chicago Sky Blue
Laccase| Drimarene Blue Erkurt et al. 2007
Acid Orange 7
- Acid Orange 8 Lu Y et al. 2008
Mordant Violet 5
LiP Disperse Orange 3 Zhao et al. 2006
Pleurotus ostreatus Methyl Red and Congo Red '
- Synazol Red HF6BN Ilyas et al. 2012
LiP D!sperse Orange 3 Zhao et al. 2007
Disperse Yellow 3
I,\_/Iancl:():ase Direct blue 14 Singh et al. 2010
Coriolus versicolor Laccase| Drimarene Blue Erkurt et al. 2007
- Orange 7 Hai et al. 2013
Ischnoderma Laccase| Orange G Eichlerova et al. 2005
Resinosum
Dichomitus squalens k/lanc;ase Orange G Eichlerova et al. 2005
Pleurotus eryngii LiP
F032 yng MnP Reactive Black 5 Hadibarata et al. 2013
Laccase
Pleurotus calyptratus| Laccase| Orange G Eichlerova et al. 2005
Datronia sp. Rezamol Brilliant Blue R .
KAPI0039 Laccase Reactive Black 5 Vaithanomsat et al. 2010
Lentinula edodes MnP Congo Red, Trypan Blue, Boer et al. 2004
Amido Black
Bjerkandera adusta an Amaranth Gomi et al. 2011
Dec 1 LiP
Funalia trogii Laccase| Astrazone Blue Yesiladalil et al. 2007
9 Laccase| Drimarene Blue Erkurt et al. 2007

Alternaria alternata
CEMRI F6

Congo Red

Chokraborty et al. 2013
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Textile dyes are recalcitrant and can persist éghvironment up to a long period of time becauskigh thermal and
photostability. The major environmental concerrnttidse dyes is their absorption and reflection alight entering the
water. Due to this reason the photosynthetic agtioi aquatic plant and algae lost which influentles food chain.
(Zaharia et al 2009).

Table 3: Example of Some Commonly used Azo Dyestine Textile Industry and their Hazardous Effects

Types of Azo Dye Hazardous Effect References
Reactive brilliant red| Inhibit function of human serum albumin, Li WY et al. 2010
Acid Violet 7 _Chro_mosomal aberraﬂ_on, acetylpho_llnesterase art VMansour HB et al. 201d
inhibition, membrane lipid peroxidation
Malachite Green Carcinogenesis, mutagenesis Sviv&set al. 2004
. Restrict nitrogen use efficiency of plant, decrethge | Dave et al. 2015, Topac|
Reactive Black 5 - . .
urease activity, chance mutagenecity, and et al. 2009, Gottlieb et
(sulfonated azo dye) ; A
carcinogenicity increase al. 2003

Mahmood et al 2016,
Chequer et al. 2015 and
Ferraz et al. 2011

Congo red Carcinogenic and mutagenic Effect Gohieaal. 2009

Disperse Red 1 and| Mutagenic to human, may affect the activity and
Disperse Red 13 composition of microbial communities

Many dyes and their break down products are cageinic, mutagenic and/or toxic to life. The preseoteery
small amounts of dyes in the water be highly vesilsleriously affects the quality and transpareriayater bodies such as
lakes, rivers, and others, leading to damage to apeatic environment. Azo dyes have toxic effe@specially
carcinogenic and mutagenic. They enter the bodintggstion and are metabolized by intestinal mioggaaisms causing
DNA damage.

CONCLUSIONS

Azo dye degradation depends on their differentitiglytic enzymes, primarily laccases in responsevihite rot
fungus.WRF degrade a wide variety of organic compisy including polymers such as lignin, chlorinafgtenols,
dioxins, chloroanilines and dyes that depends eir timspecific action and great oxidative abiliyhite rot fungi can
withstand toxic levels of most organic pollutantsigt et al 2004). Thus, their application in seVéiatechnology fields

and in the bioremediation of pollutants will undtedily be important in the future.
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