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ABSTRACT

The strain Aspergillus sulphureus was evaluatedt$oability to decolorize a textile dye, Reactlack HFGR. The
effect of physiochemical parameters (shaking vicstaH, dye concentration and different carbon ey on the
degradation of textile dye was studied in C-limitedapek Dox broth. It was found that shaking fadoto dye
decolorization efficiency of fungal strain showetyhest decolorization (93.04+1.86%). Effect of it
concentration of Reactive Black HFGR dyes rangigif50 to 300 mg/L had a significant effect on deization
(69.94+1.09 - 93.04+1.86%) their maximal limits 200 mg/L and increase in concentration of dye shbwae
negative effect on the decolorization percentagtheftested fungal strain. There was significartalierization by
the fungal strain with different pH ranging fromt@! 8. However, optimum pH was found to be pH 5r8feas an
influence of carbon source on decolorization asftivegus showed considerable variation in decoldrraactivity
in the carbon supplemented medium. The fungal retshiowed maximum activity with sucrose (93.04+1.86%
followed by glucose (85.31+0.59%) and fructose 1181.44%). Therefore, Aspergillus sulphureus isedficient
strain for the decolorization of reactive textilgas, and it might be a practical alternative in theeing wastewater
treatment.

Keywords: Aspergillus sulphureyslecolorization, physiochemical, Reactive BlackGHE textile dye.

INTRODUCTION

Synthetic dyes are manufactured and consumed dprnndhrge quantities in textile, food processipgper and
pulp, cosmetics and pharmaceutical industries. fExéle industries account for two-third of thedbdye stuff
market. Dyes have been used increasingly in texite dyeing industries because of their ease amsti co
effectiveness in synthesis, firmness and varietyollor compared to that of natural dyes. The mostroonly used
dye in the textile industry is Reactive Black HFGR.

Approximately, 100,000 commercial dyes are manufact [1] and about 10,000 dyes with an annual prtoio of
over 7x18 metric tonsare commercially available [2]. About 10-15% of dyesed in textile industries remain
unutilized [3, 4]. Dyes are designed in such a Wt they are resistant to light, water and oxitizagents and,
therefore, cannot be treated by conventional treatrprocesses such as an activated sludge [5].cDlggs are
visible in water concentration as low as 1 mg/levdas textile processing wastewater, normally ¢ostaore than
10-200 mg/l of dye concentration [6] resulting iesthetic problem, affecting photosynthesis in aquaants [7]
and have toxic and carcinogenic effect in mamngjls [

A major environmental problem facing the textileethg and finishing industry is that the industrpguces large
volumes of high strength aqueous waste continuotdig discharge of wastewaters was containing cicabt
residues into rivers and lakes lead to higher okl oxygen demand (BOD) causing a serious thieatative
aquatic life [7]. The problem of environmentabllption is increasing day by day due toe tielease of
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xenobiotic sbstances into water, soil and air. These substaimzgde organic compounds (pesticides, d
polymers etc.) antdeavy metal ions. The damage caused by these grauto plants, animals and humans ca
be neglected and hence strategies must beoped to solve the problem of environmental poliutiy the priority
basis. Removal of dyes from the effluents or tileigradation before discharge is a great environshehillenge
for the industries [9]Various physial, chemical and biological processes are usually eyepldo remove thes
dyes before discharge into the environméPhysical and chemical methodsclude adsorption, sedimentatic
flocculation, flotation coagulation, osmosis, neutralization, reductioridation, electrolysis and i-exchange.
However,these methods have some limitations like high eost disposal othe large amount of sludge some
toxic byproduct produced during these proce [10].

Microbial communities are of primary importance degradationof dye contaminated soils and water
microorganisms alter todye chemistry and mobility through reduction, acalation, mobilization an
immobilization. Among microorganisms, bacteria, di and algaeare most commonly used for varic
bioremediation processeBioremediatiol is a cost effective and environment friendly prdngsalternative t
replace or supplement present treatment proceA white rot fungusPhanerochaete chrysospori has been used
extensively for decolorizatiomf dyes in wastewaters arcorrelates to the abilitjor the synthesis « lignin
degrading exoenzymesich as lignin and manganeperoxidases (MnP) [1Xdr Laccase [12]. The use of species
of the generaPleurotus Bjerkaner: TremetesPoyporus Phelinus,lprex LacteusFungalic trogii, Ganoderma
sp., andThelephorasp., havéeen als investigated [3, 4, 13, 14].

The aim 6 the present study is to imtigate the potential of an indigenous ascomyc&spergillus sulphureufor
the removal of a dyedReactive Black HFGHrom aqueous solution/arious conditions required fdecolorization
have been optimized and dye#ecolorizatio/degradation has been analyzed and confirmed by-VIS-
spectrophotometer.

MATERIALSAND METHODS

Sampling:

Soil samples used for the isolation of fungi werdemied from theagricultural soilsites near the effluent dischat
site of the industries located Panipat, in sterile Polyethylene Zipper bags. Thmpes were brought to tl
laboratory and stored at 4°C before proces

Dye and Chemicals:

All media components and chemicals used in theeptestudy were of analytical grade and purchaseoh firli-
Media Laboratories (Mumbai, India). The textile s, Reactive Black HFGR used fdecolorizatiol in the present
investigation was a gift from M/s Mayur Paliwal Tias, Panipat (HaryanaThe property wise data of the dare
as follows:

CAS No. 1709%24-8
Chemical Name: Reactive Black
Synonyms: Dimira Black B; Diamira Black B; Sumifix Black B; &mazol Black I; Cavalite Black

B; Remazol Blak GF; Adizol Black B;Remazol Black B; Primazin Black BN; Bega:Black B; Reactive Black
HFGR

Molecular formula: GeH21NsNayO416Ss
Formula weight: 991.82

Melting point: >300°C (lit.)
Product categories: Organic:

Hazard codes: Xn

Amax 594nm

Structural formula for Reactive Black HFGR is shawifigure 1.
Na+

N
OH jo
B Rtk o
o S, H
O [} ;P
2o
[a)

Figure 1: Chemical structure of textile dye, Reactive Black HFGR
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Isolation and characterization of fungi:

Serial dilution agar plating method was employedthe isolation of soil microbes; the suspensi@s diluted up
to 10°. The aliquots were cultured for fungus on Czapek Agar (NaNQ 2.0 g, KCI 0.5 g, K HPO, 1.0 g,
MgSQ, .7H, O 0.5 g, FeS®. 7H, O 0.01 g,); and Potato Dextrose Agar (Peeled p2@t.0 g, Dextrose 20.0q)
media. For primary isolation Rose Bengal (30mg/Bsvalso added to the medium . Three plates weobated for
24-96 hrs at 25+2°C, and morphologically uniquegfusiwas sub-cultured and purified using standanahtgues.
The fungus was identified and characterize basetheir morphological characters and microscopialyasis by

[ 15, 16, 17, 18] using taxonomic guides and stechgmocedures . The following morphological chagastics
were evaluated: colony growth (length and widthgsence or absence of aerial mycelium, colony cqli@sence
of wrinkles and furrows, pigment production etc.

Growth and decolorization medium:

The Czapek Dox Agar (CDA) medium was used as a tjramedium. The following composition of medium was
used [KHPO,, 1.0 g L'; NaNQ, 3.0 g L'; KCL, 0.5 g L':; MgSQ,.7H,0, 0.5 g [, FeSQ.7H,0, 0.01 g [; Yeast
extract, 5.0 g I; Sucrose 30.0 gt Rose Bengal, 0.03 g Agar, 15.0 g [}] for growing the fungus. The
decolorization medium is slightly modified C-limiteCzapek Dox Broth (5 g/L) amended with 200 mg/acteve
black dyes.

Decolorization study on agar plates:

Decolorization of dye was studied in petri dishegtaining C—limited CDA medium with dye 200 mg/Lll Ahe
plates were inoculated at the center with fungat dB mm in diameter) cut from the periphery of tuively
growing 5 days old culture grown on plates. Thegdavere incubated at 25+2°C in BOD incubator. Pplaes
were monitored over a period of 5 days. Abiotictoolnwas also maintained. The radial growth of falngycelia,
the zone of color change and zone of decolorizaiiothe agar plates were measured after 24 h.

Decolorization assay:
The ability of A. sulphureugo decolorize Reactive Black HFGR was carried inuE-limited Czapek Dox broth.
Textile dye Reactive Black HFGR{ax 594nm) was used at 200 mg/L concentration. Agitatgdtures of fungal
species were grown for 10 days in an incubatoreshak25+2°C and 120 rpm. Samples were withdrawptaslly
on alternate days, centrifuged at 5000 rpm for 10 amd the supernatant was scanned in a spectapbttr at
Amax Of the dye. Control flask without fungus was afsaintained. Percent decolorization was calculasdguthe
formula:
Ao - A
Decolorization (%) = ——  x 100
Ao
Where, Ay is the initial absorbance of sample afdis the absorbance at different time intervals [1&hove
mentioned protocol was followed during the studyhef effect of physiochemical parameters on detzaton.

Effect of physico-chemical parameterson decolorization:

Physiochemical parameters such as carbon sourdesof®, Fructose, Sucrose), static vs shaking tiondj pH
(4.0-8.0) and dye concentration (50, 100, 150, 2280 mg/L) in the aqueous medium was studied. The
Decolorization ability ofAspergillus sulphureuat various pH studied and pH 5 was found to beofftamal pH for

the decolorization activity. Based on that acidit p was selected to study the effects of variougsigle-chemical
factors in a decolorization process. The abilitytta$ isolated fungus to decolorize Reactive Bldgk (200 mg/l)
based on changes in their optical density.

Statistical analysis:
All analysis was conducted in duplicate and respiiessented here are the mean of duplicate + stdrd#arations
(SD).

RESULTSAND DISCUSSION

Isolation and characterization of fungi:

The fungal isolate was obtained in pure culturaubiyng standard techniques. The photomicrographefungus
was taken helps in identification of the fungalase. The isolate from agricultural soil was id&atl asAspergillus
sulphureusfilamentous fungus belonging to the phyla Ascootgic The characteristics of the fungus were: ce®ni
on CYA media powdery, sulphur-yellow in color, rese brown. Conidiophores arise from aerial hypheeads
loose columns of conidial chains, rarely radiatenidia globose and thick walled. The cultural apdrslating
structure of the isolates was shown in Figure 2.
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Figure 2: Morphology and sporulating structure of theisolated fungus

Screening of fungusfor decolorization on solid and liquid medium:

Aspergillus sulphureussed in this study was isolated from the dye digpsite and identified using microscopic
analysis and cultural characteristics. Since thenchs of getting microbes having the ability toadedze the dye
effluent is very high. The textile and dyeing inttysare one of the industries, which contributéhte soil and water
pollution. In the current research work the potnf ascomycetédspergillus sulphureutor the removal of a dye,
Reactive Black HFGR was studied. Fungal strain iméglly screened for their growth and decoloripat with
Reactive Black HFGR dyes (200 mg/L) on Czapek Dgeranedia (CDA). Fungus applied (8mm disc) at thater

of the plates and were incubated at 25+2°C forysdd he apparent dye decolorization efficiencyafive fungal
strain was critically visualized and measured aftérh based on the zone of decolorization aroumdftimgal
biomass excluding the size of the inoculum confitm dye decolorizing activity (Figure- 3). The riésuare
inconsistent with an earlier report of the scregnaf fungi and bacteria on solid media showing grownd
decolorization on solid culture [20]. Furthékspergillus sulphureusvere screened for their ability to decolorize
reactive black was carried out in liquid media.

20 ~
18 -
16 -
14 -
12 -
10 -

Zone of decolorization (mm)

oON B~ O
1

Days

Figure 3: Solid plate decolorization of Reactive Black HFGR

(5days, 2542°C, pH 5.0, Dye 200 mg/L, Sucrose 5@flor bars represents the standard deviationrt®an of duplicate analysis).

Effect of physiochemical parameterson dye degradation:

Fungal treatment of textile dyes and effluents hHasen found to be influenced by temperature, plis,dahibitory

molecules (sulfur compounds, surfactants, heavaisi@ind bleaching chemicals), carbon and nitrogences and
other nutrients [21, 22]. The effects of variouggmaeters such as pH, carbon source, dye concemtratid
agitation were tested in this study.

Effect of static/shaking on decolorization:

The Decolorization process was carried out usirakisig (120 rpm) and static culture inoculating witimgal disc
(8 mm) from fungal colony growing on a CDA plateEnenmeyer flasks (250 ml) containing sterilizeguid dye
(100 ml) containing medium and incubated in an loatar at 25+2°C for ten days. It was found that filmegus
efficient in decolorization in shaking condition3(94+1.86%) than static (77.33+0.76%). Figure 4udieindicating
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that the shaking condition had a significant impattdecolorization. The extent of per cent decaldion may be
increased by treatment under shaking conditionalmx shaking facilitates the transfer and distioubf nutrients
and oxygen between the medium and the microbitd.cel

100 + —A—Static —%—Shaking
90 -
80 -
70 -
60 -
50 A
40
30 A
20 A
10 A

0

Decolorization (%)

0 2 4 6 8 10
Days

Figure 4: Effect of shaking/static condition on decolorization of Reactive Black HFGR
(10 days, 25+2°C, pH 5.0, Dye 200 mg/L, Sucrosé 5ayror bars represents the standard deviatiohr(tean of duplicate analysis).

Effect of pH on decolorization:

Effect of pH (4.0-8.0) was investigated, keepingeotparameters constant (temp. 25+2°C, rpm 120dgadconc.
200 mg/L). Figure- 5 showed that the highestorc removal was determined at acidic pH 5 (931086%)
when compared to neutral and basic pH 8. Themypti pH was found 5.0 for maximum removal of dyee i
has a major effect on the efficiency of diecolorization, and the optimal pH for color remiageoften between 4.5
to 11.5 for most of the dyes and reported sharmgds in decolorization towards both ends of thénmaph pH
values [20, 23]. The pH significantly influencecttlye biosorption properties of fungi [24, 25, 28igher uptake
obtains at lower pH value may be due to the elstitir attraction between negatively charged dyiersnand

positively charged cell surface. These results igdewan information that acidic pH is required faowth and
decolorization.

100 -
90 -
80 -
70 A
60 -
50 -
40 -
30 -
20 -
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0 - . . . .

Decolorization (%)

pH

Figure- 5: Effect of pH on decolorization of Reactive Black HFGR

(10 days, 25+2°C, 120 rpm, error bars representsdtandard deviation (¥) mean of duplicate analysis

Effect of dye concentration on decolorization:

Generally, the concentration of color compoundsébin the effluent or rivers ranged as low as 12&ang/L. In

the present study effect of different concentratdérdye (50-300 mg/L) on decolorization was invgated. The
Decolorization efficiency of the fungus was foura lie highest (93.04+1.86%) with 200 mg/L under ghgk
condition (Figure- 6). In addition, the growth afrigi was strongly inhibited at dye concentratione200 mg/L
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as a higher concentration of dye may be toxic téabwic activities. Similar finding has been obszhthat an
elevated concentration of dyes is found to be dnolihiting [27]. Besides, decolorization of dyes kgher
concentration may create an acidic situation, wificther facilitate their better removal (enzymaticby cell wall
adsorption) by the fungi [28, 29, 30]. The desamtdf the dyes from the fungal cells especiallyh@ther dye

concentrations may be due to higher molecular nsasgtural complexity and the presence of inhiyitgroups,
SO;Na in the dyes [31].

100 -

80

60

Decolorization (%)

20 -

0 T T T T T 1
0 50 100 150 200 250 300

Dye concentration

Figure 6: Effect of dye concentration on decolorization of Reactive Black HFGR

(10 days, 2542°C, pH 5.0, 120 rpm, Sucrose 5 gftgrdars represents the standard deviation () med duplicate analysis).

Effect of carbon source on decolorization:

Three carbon sources such as glucose, fructosesacibse were used at 5 g/L. The range of activity o
decolorization of Reactive Black HFGR with sucroses the highest (93.04+1.86%) followed by glucose
(85.31+0.59%) and fructose (78.71+1.44%) after daxys of incubation in shaking condition (Figure: The
primary mechanism of decolorization may be duey aldsorption/degradation by mycelium of fungi &l as the
reduction of dye intensity in solution because barmges caused by them [32, 33]. Growth media emhéme
adsorption/degradation capacities of fungi andhenaddition of carbon and other nutrient increasscblorization
reached up to 92.9% in a short time [34]. Decoldron of dye involved adsorption of the dye compbat the
initial stage followed by the decolorization thréugnicrobial metabolism [13]. Microorganisms are dider
decolorization of dyes and effluents and the furi@amass proved to be more efficient [28]. Rapidvgh of the
fungus in C-limited medium with dye indicated thhe fungus utilized the dye as the sole sourceadban and
produced enzymes to degrade the dyes. No dye d&ation was observed in the control flask withimgculum.

—~—Glucose —8—Fructose —A—Sucrose —<—Control
100 -

90 - é
80 é
70

A

50
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30 -
20 -
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Decolorization (%)

Days

Figure 7: Effect of carbon source on decolorization of Reactive Black HFGR

(10 days, 25#2°C, pH 5.0, 120 rpm, Dye 200 mg/torebars represents the standard deviation () me&duplicate analysis).
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CONCLUSION

Although decolorization is a challenging processhbtth the textile industry and the wastewater inest, the

results of this finding suggest a great ptdérfor fungi to be used to remove cofbom dye wastewaters.
The textile dye (Reactive Black HFGR) is degradaliéer aerobic conditions with a concerted efférfumgus

isolated from an effluent disposal site. Physiocitemparameters (pH, carbon source, dye conceotraind

agitation) had a significant effect on dye decdation. Further, it can be suggested that the fiatesf the fungus

need to be demonstrated in its application forttneat of dye bearing waste water using appropuetetice,

through biotechnological approaches to color rerhova
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