Available online at www.pelagiar esear chlibrary.com

4 4 2]
~ ' ;' Pelagia Research Library
\ ' — Advancesin Applied Science Research, 2012, 3 (1):303-311
Library Library

| SSN: 0976-8610
CODEN (USA): AASRFC

Bioremediation potential of individual and consortium Non-adapted
fungal strainson Azo dye containing textile effluent

V. Gopi*, Akhilesh Upgade and N. Soundararajan

Department of Microbiology, Centre for Research &epment, PRIST University, Thanjavur,
Tamilnadu, India

ABSTRACT

This study investigates the non-adapted individuad consortium fungal strains for the reductionazio dyes
containing textile effluent. About 4 predominanbfamlapted fungal strains such as Aspergillus spni€llium sp.,
Fusarium sp., Rhizopus sp., with potential dye déegtion ability were isolated from different nichewas used to
develop consortium for bioremediation efficiencylgsis on textile effluent. The Fusarium was nohpatible in

the consortium though it could give good individdgé reduction. On analyzing with the individuablazonsortium
non-adapted fungal strains of the treatment trizkg&e consortium fungal strains are found to be vkey effective
bioremediation ability. The consortium reduced ¢todor up to 74% and reduce other solids upto 50%is Btudy
reveals the standardization of pH, retention timeyanic load, incubation time and Inoculum concatitm for the
effective decolorization of the azo dye containtextile effluent. The GCMS analysis of the non-segungi
treated in pH-6, organic loading rate-100%, retemtitime- 5days, inoculum concentration-5% and iratign

temperature-27°c and the treated samples weremoid to have any toxic compounds. Hence, the ctiusoof

non-adapted fungal strains were found to have gl reduction ability than the individual non-adeg fungal
strains.

Keywords. non-adapted fungal strains, Azo dye degradatibipremediation, GC-MS, Physico-chemical
parameters, consortium.

INTRODUCTION

Textile industries play a vital role in the econoriticreases in India. Water is one of the majodpots of nature
used enormously by human beings and it is not umalathat any growing community generates enormeaste
water or sewage (Deviragt al.,2011).The textile industries dispose the wasteemdtiring the process of dyeing.
The textile waste water generates the effluenesygiariget al.,1996). dyes are organic colours having less water
solubility(Malik and Zadafiya, 2010). Azo dyes drequently used in the textile industries becanfstne cheapest
material and wide spectral color range in that (@hand Stevens, 1993). Azo dyes represent abdubttdle dyes
used in the textile industry and, as a consequemcelevant problem of pollution related to thesasle of these
products in the environment is taking place (Virglttivastava, 2011). Traditional methods for theaclg of azo
dyes in the textile waste water usually involve tbmoval of unwanted materials through sedimemaficiration,
and subsequent chemical treatments such as fldicoylaeutralization and electro-dialysis beforgpdisal. These
processes may not guarantee the treatment of dyeién the effluent. Moreover, considering the votuof wastes
released during the industrial production prochssé are often laborious and expensive. The pastiéeades have
seen a tremendous upsurge in the search for césttieé and environmentally sound alternatives he t
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conventional methods for dealing with dye wastesigfadaet al., 2000). Natural systems that have restored
environments to their original status following esdable perturbations, but yet no cost effectreatiments have
been reported in non biological systems. In faetdelf-restoring process in nature is what hasadigtgiven birth

to the concept that the self- cleansing abilityafure is infinite. Of all the technologies thavédeen investigated,
bioremediation has emerged as the most desiraljeoagh for cleaning up many environmental polluaint
effluents. Although a wide variety of microbes aepable to degrade the textile effluent, fungi@mesidered to be
the best than bacteria because of two reasondely dan able to produce heat-shock proteins 2)tgld produce
different kinds of enzymes like lacases, mangapesexidase, lignin peroxidase etc. Recently, mdugliss have
shown that fungi are able to degrade dyes by eslitdar, nonspecific and non-stereo selective eregystems
[Reddy, 1995]. Until recently various investigatiohave been focused on either the decolorizatiormnbus dyes
by a single fungal strain, or consortium fungabists (Aroraet al, 2002). Degradation of a dye involves aromatic
ring substituent with the presence of phenolictamélo, amino or other easily biodegradable fumaiayroups
resulting in a greater amount of degradation (Spaebal.,, 1992). Azo dyes are recalcitrant compounds aedet
dyes are discharged in the water systems. These atgemainly degraded by the fungal strains (Cqop@95).
Their number and species composition in the haliiff¢érs from place to place depending upon thespiaY,
chemical and biological factors of the particulabitat (Thennaraset al, 2011).

However, enzyme consortium based decolorizatioanisefficient approach and of current interest idustrial
effluent treatment. Among microorganisms, fungi aidely known for their superior capacities to puod a wide
variety of extracellular enzymes, organic acidsiowss metabolites, and for their capabilities to mdsevere
environmental constraints than other microorganigWiainwright, 1992). The fungal consortium couldye the
more effective dye reduction than individual fung#iins by producing wide spectrum of enzymes {fRsumn et
al., 2001).This study investigated the potential ofgitisolated from a environment (effluent non-addgdtengi).

In the present study fungal strains were isolatedhfnon-adapted sources. The efficiency of theviddal and
consortium non-adapted fungal strains were studige. efficient organisms were then optimized undiéerent
cultural conditions to study the optimal bioreméidi& capacity.

MATERIALS AND METHODS

2.1 Sample collection

Soil samples, water samples and fruiting bodieswetflected from the different natural locationke$e were used
to isolate the non-adapted fungal strains. The &snwere brought to the laboratory and stored &t 4 a
refrigerator.

2.2 I'solation of non- adapted fungal strains from different environmental samples
Fungi were isolated through spore suspension tgqaknienrichment and dilution plating techniquetfe fruiting
bodies and other environmental samples respectit#zlyley and Prescott, 1993).

2.3 Screening of isolated fungal strainsfor dye decolorization using synthetic textile dyes

2.3.1 Plate decolorization assay of non-adapted fungal strains

Primary screening it was done on potato dextrose aghended with a mixture of 0.01mg six differeges
(reactive red 120, amido black, anthraquinone ViBleindigo, indigo carmine, remazol brilliant véI5R). It was
inoculated through radial streaking with the isetaindividual cultures and incubated at 27°c forhd®irs. The
plates were checked for the zone of clearance iaftabation.

2.3.2 Broth decolorization assay of non-adapted fungal strains

Broth decolourization assay (secondary screenirap @one on potato dextrose broth amended with G0 Xix

different dyes individually. The colonies which shexl a zone of clearance around them in primaryesing were
selected and inoculated in individual tubes foraliegzation efficiency. The tubes were incubated®atc for 48
hours. The broth was checked for the color redndtidJV-Vis spectrophotometer after incubation (Kaoniet al.,

2006).
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Initial absorbance - final absorbance
Percentage of decolorization = aa
Initial absorbance

2.4 ldentification of screened non-adapted fungal strains

The selected efficient non-adapted fungal straiesewsubjected for microscopic identification. Thanfadapted
fungal strains were numbered from 1-4 respectivEhese fungal strains were identified by usingdaghenol
cotton blue staining technique (Cappuccino and8aer 1999).

2.5 Compatibility analysis of the screened adapted and non adapted fungal strains

Compatibility analysis was done for checking théagonistic effect of each organism on other furgjedins by
standard well-cut method. The culture is said tocbenpatible with each other if no zone of clearamas
observed.(Rajendraat al, 2011).

2.6 Treatment trials of textile effluents using Non-adapted fungal strains

The screened efficient Non-adapted fungal straissewiumbered from 1-4. About 5ml of the each furigath
culture was inoculated in 95ml of the azo dye coig textile effluent individually. One set of thedfluent was
inoculated with a combination of all the 4 Non-atdgpfungal strains (in equal concentration makinglame of 5
ml) in 95ml of textile effluent sample. The flaskere incubated at 27°c in a metabolic shaker atgiddor 7 days.
Samples were retrieved from the flasks at the eénd days of incubation and analyzed for the bioreiaiBon
efficiency of the fungal cultures involved.

2.7 Bioremediation assays

2.7.1 Physico- chemical parametersanalysisfor untreated textile effluent

The azo dye containing effluent was characterized hyoua parameters such as pH, color, turbidity, Goam
oxygen demand (COD),Biological oxygen demand (BOD}al solid (TS),Total dissolved solids (TDS),istisity,
Total suspended solids (TDS), alkalinity, electricanductivity, hardness. The color and turbiditgres measured

by using UV spectra at 435nm and 620 nm respegtivEhe remaining parameters were done by standard
procedures (APHA, 1992).

2.8 Optimization of cultural conditionsfor maximum bioremediation ability
The efficient adapted fungal consortium was optedizinder different cultural conditions such asnésae time,
initial pH, incubation temperature, initial inocatuconcentration and initial organic loading rate.

2.8.1 Effect of Retention time on bioremediation

Five percent of the fungal consortium was inoculate95ml of azo textile effluent. The sample wasubated in
room temperature in a metabolic shaker at 120rpnafperiod of 7 days. At the end of each day, seamplere
retrieved and the bioremediation ability of the sortium was studied by measuring the various plbysibemical
parameters. The retention time which shows the mamxi reduction was taken as one complete cycletfmtysgg
the optimization of other cultural characters.

2.8.2 Effect of initial pH on bioremediation

Five percent of the fungal consortium was inocuaate95ml of azo textile effluent at varying pH gas (5, 6, 7, 8,
and 9) and incubated in room temperature underistpadonditions (120rpm). At the end of the five dagf

incubation, sample was retrieved and the biorentiediability of the consortium was studied by meawy the

various physico- chemical parameters. The optimtifgr the consortium could be found out by measyitime

reduction in the parameters after five days of oation (Madhuri Sahasrabudhe and Girish Pathad#&)201

2.8.3 Effect of initial organicloading rate on bioremediation

Five percent of the fungal consortium was inocudte different initial organic loading rate (OLRJ azo textile
effluent (20%, 40%, 60%, 80%, and 100%) and incedbétt room temperature under shaking condition®rfira).

At the end of the five days of incubation, sampbswetrieved and the bioremediation ability of tbasortium was
studied by measuring the various physico- chenpgeaameters. The optimum initial substrate concéaotrdor the

consortium could be finding out by measuring thduition in the parameters after five days of intigma
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2.8.4 Effect of initial incubation temper atur e on bioremediation

Five percent of the fungal consortium was inocaldate95ml of azo textile effluent at varying tematre ranges
(7°c, 17°c, 27°c, 37°c, and 47°c) and incubatedthatend of the five days of incubation, sample vetiseved and
the bioremediation ability of the consortium wasdstd by measuring the various physico- chemicahmpeters.
The optimum incubation temperature for the consorticould be found out by measuring the reductiorthim
parameters after five days of incubation.

2.8.5 Effect of initial inoculum concentration on bioremediation

Different concentrations of the efficient fungahsortium (1%, 2%, 3%, 4%, and 5%) was inoculatedzio textile
effluent making a total volume of 100 ml and wastuipated at room temperature under shaking condition
(120rpm). At the end of the five days of incubatisample was retrieved and the bioremediation tahili the
consortium was studied by measuring the varioussipby chemical parameters. The optimum inoculum
concentrations for the consortium could be foundbgumeasuring the reduction in the parameters &fte days of
incubation.

2.9 Characterization of treated textile effluent under optimized cultural conditions

About 5% concentration of the adapted fungal cainsorwas inoculated in 95 ml of 100% textile effhiet pH 5.
The sample was incubated at 27°c for a period d&ys. The bioremediation of the selected combinatinder
optimized condition was calculated by analyzing t@uction in the values of all the 11 differentgraeters from
its initial values. The sample was also checkeditgtizely for the presence of toxic intermediatesing GC-MS
analysis.

3. GC-MSanalysis

GC-MS is particularly useful for identification gfroducts from disperse azo dyes, which are relgtisenall
molecules that lack sulfonic acid groups. GC-MS besn widely used to identify products of dyes ddgd with
fungi. The major limitation of this technique isaththe sample must be volatile and thermally statiléhe
temperature of analysis. Treated and untreatediesfft were centrifuged. Equal volumes of the sugiam
collected were mixed with diethyl ether separat@lyorder to retrieve the organic content of theatee and
untreated effluent samples in the ether layer.driganic layer was then collected separately froenatfpueous layer.
The organic layer was allowed to evaporate at remmperature on Petri dish which was cleaned witbroft acid.
The residue that remains in the Petri dish is gwspended in 5ml 100% methanol solution. The melrsoiution
is then used for GC-MS analysis for both the treé@ted untreated effluent samples.

GC-MS was performed using a THERMO GC - TRACE ULTRAR: 5.0, THERMO MS DSQ Il. Gas
chromatography was conducted in the temperaturgr@naming mode with a 100 - 250°c, RATE: 8/Min,
HOLDING TIME: 10 Min @250. The initial column tempure was held at 100 °C for 8 min, then increased
linearly to 250°C at 10 °C/min, and held for 4 nain270°C. The temperature of the injection port @&s °C and
the GC/MS interface was maintained at 300°C. Heliwas used as carrier gas with a flow rate of 1.0minl.
Injection was split less to increase sensitivitlentification of degradation products was made dypgarison of
retention time and fragmentation pattern with knomgference compounds as well as with mass spettthei
library search results stored in the computer safén(version 1.10 beta, Shimadzu) of the GC-MS @R and
Poole, 1992).

RESULTSAND DISCUSSION

4.1 | solation of non-adapted fungal Strainsfrom different environmental samples

From the dilution plates 10 non-adapted fungalirstravere selected. In that five strains were isaldtom water
sample two from soil sample and three isolates frioniting bodies which were different in their colp
morphology were chosen and used for further scngeritungal strains were isolated from the soil dampvere
characterized by standard microbiological methods.
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4.2 Screening of isolated fungal strainsfor dye decolorization using synthetic textile dyes.

4.2.1 Plate Decolorization Assay of Non-Adapted fungal strains

Among the 10 fungal isolates, 4 fungal isolatesenadsle to degrade the synthetic azo dye in theumedrhe fungi
which were capable of reducing the chromophore gldoavzone of clearance around their colonies amd @resen
for further screening.

4.2.2 Broth decolorization assay of non-adapted fungal strains

Among the 10 fungal isolates, 4 fungi isolates5(18, and 9) were able to reduce the chromophotkeo$ynthetic
textile dyes by more than 50% (Table 1). These rfdili isolates were identified and used for treatmgals.

Mostly the Non-adapted fungal isolates reducecthal synthetic dyes used in the study. The consortivere
degrade the azo dyes more than individual str&esighlinet al, 1997)

Table 1: Broth decolourization assay of the selected non-adapted fungal strains

Fungal Per centage of dye decolourization on different synthetic Textile dyes

Isolates | Anthraquinoneviolet R | Reactivered 120 | Indigo carmine | Indigo | Remazol brilliant violet 5SR | Amido black
1 59.25 49.31 50.98 57.2] 62.98 74.23
2 21.69 44.81 54.22 20.31 33.26 19.87
3 27.32 33.87 44.26 39.1] 25.59 33.20
4 40.32 22.0Z 31.2¢ 44.02 36.61 22.3¢
5 62.52 51.25 56.32 53.2 65.36 62.36
6 17.23 21.74 29.36 23.5] 33.44 25.76
7 22.39 54.01 41.38 36.51 45.23 33.69
8 61.54 59.37 65.23 54.53 53.69 66.32
9 50.48 52.31 65.63 58.25 68.85 56.37
10 27.3¢ 31.32 27.6¢ 40.81 34.11 37.9¢

4.3 | dentification of screened non adapted fungal isolates

The screened non-adapted fungal strains 1, 5,89amere found to bAspergillussp., Penicillium sp., Fusarium
sp., andRhizopussp., based on the Microscopic appearance of fumgiugh lactophenol cotton blue staining
(Opasols and Adewoye , 2010).

4.4 Compatibility analysis of the screened non adapted fungal strains

The 4 non-adapted fungal strains it was found 3hatere compatible with the other fungal strains @ fungus
was found to be incompatible with that of the ottieee fungi in the PDA medium. The zone for cleasmaround
the fungal colonyRusariumsp.,) indicated that biocidal products producedhsyfungi, that restricted the growth
of the other fungi. In building a consortium aletfungi used in the system should be compatiblé eé#ch other
and sincd~usariumsp., was found to be incompatible with the otlsetdtes. This species was not included in the
consortium using the non-adapted fungal strainéirgAst al., 2002).

4.5 Treatment trials using Non-Adapted fungal strains

The reduction in the physico-chemical parameterthefeffluent treated using the non-adapted fustrains were
observed (Aliet al, 2009) Since one of the fungi was found to beingatible with the rest of the screened non-
adapted fungus, a consortium was built using therBpatible fungi. The consortium of fungi consigtiof the three
compatible fungi was able to exert a significardution in the parameters observed (Table 2) thah af the
individual selected strains.

4.6 Optimization of cultural conditionsfor maximum bioremediation ability

4.6.1 Effect of retention time

A reduction was observed from the first day onwailtithe fifth day of incubation. Maximum reductie in all the
parameters were observed on the fifth day and ther® no significant reduction after 5 days of iretidn. It
should be noted that there was a steady increabe ireduction of parameters from the second dayaos which
was because of the long lag phase followed byrtiwidual fungal cultures. The maximum percentafyeeduction
after five days of incubation were found to be color7.1, turbitity-31.8, resistivity-375.4, COD31, TS-77.3,
TSS-61.6, TDS-59.8, hardness-56.9, Conductivityalglinity-7.31, pH- 6.02 (fig 1). Kiliet al, (2007) states that
the period of time in bioremediation was one ofitgor conditions which play a vital role.
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Table 2: Treatment of textile effluent by using Non-adapted fungi

Initial - Non- adapted fungal isolates - . Per centage of dye
Parameters Aspergillus Penicillium Fusarium Rhizopus | Consortium :
values reduction
sp., sp., sp., sp.,
Colour (435 nm) 0.8578 0.683 0.721 0.538 0.693 0.281 67.24%
Turbidity (620 nm) 0.5713 0.613 0.618 0.641 0.711 0.508 11.12%
TS(mg/L) 13600 12100 11030 9090 10081 8517 37.31%
TSS(mg/L) 3330 3183 2220 1073 1948 1497 55.04%
TDS(mg/L) 10270 8917 8810 8017 8133 7020 32%
COD(mg/L) 1120 843 927 857 915 830 26%
Conductivity(mS) 13.74 13.89 13.78 13.91 13.84 1221 11.13%
pH 6.9 5.62 5.34 5.21 5.34 511 23.62%
Alkalinity (ppt) 7.958 8.213 8.102 8.229 8.310 6.952 12.34%
Resistivity(Q) 33.9 34.17 34.03 36.24 33.95 33.13 2.65%
Hardness(mg/L) 260 223 241 219 234 189 27%
100 -+ TS

5 80 w=fe=TSS

% 60 - =>¢=Turbitity

9_1 40 - == Colour

o

S 20 —e—C0D

epe O H
O = T T T T 1
= Conductivity
1 2 3 4 5 6 7
TDS
Incubation Time

Figure 1: Effect of retention time by Non-adapted fungal consortium on bioremediation

4.6.2 Effect of initial pH

An efficient reduction in the physico-chemical paeters were observed at pH 6. At other pH there n@
significant reduction in the physico-chemical paedens. The maximum reduction percentage valuesdtour-
49.6, turbitity-22.9, resistivity-60.8, conductiyit60.50, TS-49.5, TSS-45.6, TDS-33.8, hardnes$;400D-40.3,
alkalinity-55, pH- 6.1(fig 2). Leviret al., 2004 states that pH might have an effect on thieites of the fungal
enzymes for different dyes and biomass production.

80 - - 70
- 60 —o—TS
60 - L
50 == Turbitity
- 40
S 40 - ¥ L 39 =>¢—Colour
§ 20 - 20 ——coD
I - 10
: ol &———o—e ® |, —®pH
o
X 5 6 7 8 9 Conductivity
Initial pH DS

Figure 2: Effect of initial pH by Non-adapted fungal consortium on bioremediation
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4.6.3 Effect of initial incubation temperature

The efficient reduction in the physico-chemical graeters were observed at 27°c. At other incubdgomperature
there was no significant reduction in the physiberoical parameters. The maximum reduction percentatues
for various incubation temperatures were found ¢ocblour- 65.4, turbitity-38.1, resistivity-73.2pmductivity-
75.30, TS-75.1, TSS-53.50, TDS-63.10, hardnesB5@DD-59.70, alkalinity-54.40, pH- 7.1( fig 3). Aptimal
temperature of 27°c was best for the maximum deizaion (Yesiladaet al.,1998).

80 1 o - 80
70 -+ - L 70 =TS
g 07 - 60 —m-TSS
8 i |
E " >0 == Turbitity
B 40 - - 40
S 30 - L 30 =#=COD
R
20 - - 20  —@—pH
10 A L 10
0 ¢ e e o 0 Conductivity
7 17 27 37 TDS
Incubation temperature Alkalinity

Figure 3: Effect of incubation temperature by Non-adapted fungal consortium on bioremediation

4.6.4 Effect of initial organic loading rate concentration

The efficient reduction in the physico-chemicalgraeters were observed at 100% organic loading(GitR). At
other OLR there was no significant reduction in thieysico-chemical parameters. The maximum reduction
percentage values for colour- 77.1, turbitity-31r&sistivity-375.4, COD- 73.1, TS-77.3, TSS-61.6)SF59.8,
hardness-56.9, Conductivity-79, alkalinity-7.31,-@402(fig 4). Cheret al., (2003) reported that increased amount
of organic matter in the azo textile effluent ireses the biomass content and hence the enzymaesn€reased the
reduction of the dye chromophore as well as thamiojload.

100% 1 @ @ 8 L o [ 100%

90% Resistivity
c  80% - - 80%
Q2  70% - Hardness
Lol
.§ gg;f | e | 60% Alkalinity
[J] N2
5 40(? | —x + 40% DS
°  30% -
X 0% - W - 20% Conductivity

10% - M___‘—.——*

0%

0% +COD

20 40 60 80 100 —>—Colour

Initial organic load concentration A—Turbitity

Figure 4: Effect of initial organic load concentration by Non-adapted fungal consortium on bioremediation

4.6.5 Effect of initial Inoculum concentration

The maximum reduction percentage values were fawentbe colour- 29.80, turbitity-60.10, resistivit$-80,
conductivity- 78.3, TS-59.8, TSS-63.2, TDS-53.08rdmess-45.7, COD-56.40, alkalinity-45.3, pH- 7.88very
high inoculum concentration leads to the develognémore biomass racing for the limited supplynotrients in
the form of organic load. Thus when a high initinbculum load was added to the system of effluenmt f
bioremediation there will be an immediate incremsthe biomass concentration and a complete utiiimeof the
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organic load in the effluent. As a result of th@lédon of the organic load the biomass develop#idhat be further
supported for the synthesis of enzymes for bioréatied (fig 5).

90 - - 70
80 - ¥ L g0 —WTSS
c 70 1 -,
L 60 - - 50  ==—Turbitity
k3]
3 50 - = - 40 —«Colour
© 40 - - i
- ad 30 —®—pH
o 301 - 20
= 20 - Conductivity
i - 10
18 ® r——o—9 0 DS
1 2 3 4 5 Alkalinity
Hardness

Initial inoculum concentration

Figure5: Effect of initial organicload concentration by Non- adapted fungal consortium on bioremediation
In optimized conditions the efficient bioremediatimccurs about 5% concentration of the adapted alung
consortium was inoculated in 95 ml of 100% texéftuent at pH 5. The sample was incubated at #%°a period
of 5 days (Luet al., 2009).

4.7 GC-M Sanalysis

Figure 6: GC-M S chromatogram of untreated azo effluent (A) and effluent sample treated by the Non-
adapted fungal consortium (B)

The untreated textile effluent showed a number efks in its chromatogram with a few peaks that were
predominant and which were not found to be a coimant of the column were studied. The compoundsyaed

for these peaks were found to be the toxic progtesent in the untreated raw effluent sample. Tésted effluent
showed a major reduction in all the organic corstemid the number of peaks that were observed vdased to
significant extent. The treated effluent were giredl and found to be not toxic.
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CONCLUSION

It could be ascertained from analyzing the chrogpam of the Non-adapted treated and untreatedeefflsample
that the toxicity and organic load was reducedhsydction of the Non-adapted fungal consortiumaaspared to
the individual fungi. This is mainly because of thiele spectral range and enzymes produced by tmeadapted
fungal consortium.
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