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ABSTRACT

Availability, pollution and treatment of water are of major concern of present time. Many
micro-organisms are capable for wastewater treatment. In the present study, feasibility of
decolorization of dye contaminated effluents collected from different textile industries
was examined using Aspergillus tamarii and Aspergillus flavus in batch and continuous
reactor. Aspergillus flavus was found to be more efficient than Aspergillus tamarii to

decolorize the effluents. Maximum decolorization of 85.3% was observed at optimized
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pH with 50% diluted effluent sample (ES1) using Aspergillus flavus (pH 4.5) as
compared to 82.2% obtained using Aspergillus tamarii (pH 5). Chemical oxygen demand
(COD) reduction has been observed to be 75% after decolorization of ES1 using
Aspergillus flavus. Scanning Electron Microscopy (SEM) and Gas chromatography—mass
spectrometry (GC-MS) analyses strongly supported biosorption as well as biodegradation
of dye during decolorization.

1.Introduction

The textile industry accounts for usage of major part of
the dyes manufactured and it has one of the largest water
footprints across the globe [1-2]. Different processes in textile
industry require varying amount of water and generate a
substantial quantity of effluent containing high concentration
of pollutants and inorganic salts. The toxic effluent is
characterized by high chemical oxygen demand (COD),
dissolved solids, soaps and detergents, finishing chemicals,
sodium sulphate, sodium chloride, sodium hydroxide, traces of
other salts and mixture of dyes. Discharge of untreated
effluents in environment results in nuisance due to color,
toxicity and carcinogenic or mutagenic forms of carcinogens
such as benzidine, naphthalene and other aromatic compounds
[3-5]. Quantity of effluent and concentration of pollutants
depend upon the scale of production, chemicals used and
technologies adopted. Textile wastewater is generally treated
with physico-chemical processes, including flocculation-
flotation, electro-flocculation, membrane filtration, ion-
exchange, precipitation, etc. [6-7]. However, these processes
are expensive, highly energy intensive, produce hazardous by-
products and less effective for wide range of dyes. For small
and medium scale industries these techniques become
commercially non-viable. Therefore, the focus has recently
been shifted towards bioremediation of dye contaminated
wastewaters using bacteria, algae and fungi which have been
reported to remove color and degrade dye in agqueous solution
[8-15]. Fungi have advantages in bioremediation over other
microbes due to their high tolerance level for contaminants
and higher yield of biomass [16-18]. Most of the studies
available on decolorization and degradation of dye by fungal
species have been reported using synthetic dye solutions
prepared in the laboratory in batch bioreactor [19-20]. The
potential of both actively growing organism and non-living
dead biomass for bioremediation has been explored by
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different researchers [21-23]. However, very little information
is available on bioremediation of actual textile industry
effluent.

In the present study, decolorization and degradation of
dye have been studied for actual effluents procured from
different textile industries using Aspergillus sp. in both batch
and continuous modes of operation. Aspergillus sp. (A. flavus
and A. tamarrii) isolated in the laboratory and used in the
present study, were reported earlier to remove color and
degrade various dyes in synthetic solutions prepared in the
laboratory [24-25].

2. Materials and Methods
2.1 Effluents

The actual effluent samples (ES1, ES2, ES3 and ES4)
were collected from four different textile industries located
near Delhi, India. The effluents were stored in high-density
polyethylene (HDPE) containers. The characterization of the
effluents (shown in Table 1) for total dissolved solids (TDS),
total solids (TS), total suspended solids (TSS), pH and
chemical oxygen demand (COD) was done using standards
methods of American Public Health Association (APHA
1989) [26].

Table 1. Summary of characteristic properties of ES1, ES2
and ES3 as-receiwed.

Effluent p TSS TS TDS COD
Sample H | (mg/lL | (mg/L) | (mg/L) (mg/L)
No. )

ES1 7.8 | 690 4540 3850 2000
ES2 7.6 | 610 3020 2410 1600
ES3 8.2 | 470 3760 3290 1200
Discharge | 5.5 | 100 - - 250
Standards | -

* 9.0

* For discharge in inland surface water.
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2.2 Micro-organisms and growth media

The micro-organisms used in decolorization experiments
were Aspergillustamarii and Aspergillusflavus, isolated in the
laboratory from sludge of textile industry and effluent of
electroplating industry, respectively[24-25]. The micro-
organisms were grown in 250 mL conical flasks with 100 mL
of growth media [24] [24]. The natural pH of the media was
found to be 6.2. The media was sterilized and was inoculated
with Aspergillus tamarii and Aspergillus flavus, separately.
The flasks were incubated in Orbitek shaker at 27° C and 110
RPM for 84 hours. These cultures were preserved for further
study. The pH was measured using Digital pH meter
Systronics.

The pH was adjusted by using 0.1(N)HCI and
0.1(N)NaOH as per the requirement of the experiments. The
effluent media was prepared by adding nutrients to the effluent
collected from textile industries [24].

2.3 Batch decolorization
2.3.1 Using growing cells

To examine maximum decolorization in the effluents the
experiments were carried out (i) using effluents as-received,
(i) by adjusting pH of the as-received effluents to the
optimum values for maximum growth of Aspergillus tamarii
(pH: 5) and Aspergillus flavus (pH:4.5) and (iii) by diluting
the as-received effluents to 50% and keeping the pH at
optimum. All the effluent-media were sterilized and were
inoculated with Aspergillus tamarii and Aspergillus flavus,
separately under above mentioned conditions (i, i and iii). The
flasks were incubated in Orbitek shaker at 27° C and 110 RPM
for 84 hours. The liquid samples were withdrawn, centrifuged
and analyzed for optical density to determine color intensity in
the liquids using UV-VIS spectrophotometer (Systronics 117
UV-VIS). The optical density of each sample of effluents (as-
received) was scanned for the visible spectrum in the range
300 nm to 900 nm. Peaks of absorbance were observed at
different wavelengths. Peak absorbances were used to
calculate percentage decolorization of the effluent using the
formula (1) given below:

% Decolorization = [(C,-C,)/C,] x 100 (@)

Where, C, = initial optical density of effluent and C, =
optical density of effluent after decolorization. The fungal
biomass was separated from the culture broth by filtration.
The collected biomass samples were dried overnight (12
hours) in an oven at 60°C. The biomass concentration was
determined gravimetrically. The decolorization study was
monitored with respect to time for 84 hours with ES1 at
optimized pH with 50% dilution.

2.3.2 Re-using desorbed biomass

The biomass of A.tamarii and A.flavus obtained from the
above decolorization experiments was subjected to desorption
using elutants. The benefits arising out of reuse of desorbed
biomass for decolourization include reduction in cost of
bioremediation process and more in-depth information of
decolorization mechanism. The biomass containing color
removed from the effluent was harvested from the culture
broth, washed twice with distilled water and dried. The eluting
reagents such as distilled water, (0.1-0.2N)H,SO, and (0.1-
0.2N)HCI were used in the present study to examine
extracellular biosorption of dye in the cells. The dried biomass
was taken in 250mL Erlenmeyer flasks containing 50mL of
different concentrations of each eluting reagent. The flasks
were agitated for 30minutes in shaker at 110 RPM. The liquid
samples were withdrawn, centrifuged and analyzed for optical
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density to determine color intensity in the liquids using UV-
VIS spectrophotometer. The desorbed biomass separated from
the liquid phase was also mechanically destructed, grinded and
washed with distilled water to remove the color from the cells.
The liquid after washing the destructed cells was analy zed for
optical density. This was done to examine intracellular bio-
accumulation in the biomass. Further experiments were
conducted using desorbed biomass (washed with distilled
water and dried) of A.flavus in decolorization of ES1, 100mL
of which was taken in 250 mL Erlenmeyer flask and agitated
at 110RPM for lhour.
2.3.3 Using non-living biomass

In order to explore whether decolorization process is
growth associated or not, the experiments were also conducted
using non-living Aspergillus tamarii and Aspergillus flavus as
adsorbents. Fungal biomass was grown in synthetic media and
separated from culture via filtration and dried. The dried
biomass was grinded, sieved to size fraction between 0.5 - 1.0
mm and stored in air-tight containers. A weighed amount of
dried biomass was added to 100 mL of effluent sample ES1
with 50% dilution for adsorption experiments and the mixture
was agitated at 110 RPM for 1 hour to the reach the
equilibrium.
2.4 Decolorization using growing cells in continuous mode

The continuous system can treat a larger volume of
effluent in a short duration of time as compared to the batch
system. Based on the decolorization data generated from the
batch reactors, further studies were conducted in continuous
mode using growing Aspergillus flavus and effluent sample
ES1 with 50% dilution at optimized pH of 4.5 under non-
sterile condition. The schematic diagram of the continuous
reactor assembly is shown in Figure 1. The 1L continuous
stirred tank reactor (CSTR) with 400 mL working volume was
operated at room temperature (27-30°C). Air was continuously
supplied through an aerator at the bottom of the reactor. The
media holding tank was connected to the reactor through a
peristaltic pump for continuous feeding. The overflow from
the reactor was collected in another flask. All the connections
were made using the silicon rubber tube. The flow rate of the
peristaltic pump was adjusted for 60 hours hydraulic retention
time (HRT) in order to have maximum removal of color. The
growth media components were added and inoculated with
growing Aspergillus flavus in continuous operation. Initially,
the reactor was operated in batch mode till steady state
condition was reached, after which continuous feeding of
effluent media was started. The process in continuous mode
was monitored for 8 days. The samples collected at the outlet
of the reactor at regular intervals were analyzed to determine

color removal.
Air Inlet

——

Peristaltic

m|
pump

. : Collecting Vessel
Media Holding Tank

Figure 1. Schematic diagram of Continuous Stirred Tanks
Reactor (CSTR).
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2.5 Chemical Oxygen Demand (COD)

Since maximum decolorization was observed in ES1
using A. flavus, cicaheml oxygen demand (COD) was
determined for ES1 after decolorization by open reflux
method according to standards methods of American Public
Health Association (APHA 1989)[26]. This COD value was
compared with that determined in the ES1 before
decolorization.

2.6 Scanning Electron Microscopy (SEM)

In the present study, scanning electron microscopy
(SEM) was carried out to examine the cell surface and
morphological changes of the Aspergillus flavus under
different conditions as described below for ES1 using ZEISS
EVO Series Scanning Electron Microscope EVO 50. The
samples were kept on a stainless steelstub for analysis and the
SEM pictures of Aspergillus flavus were taken at three
magnifications i.e. 1 KX, 5 KX and 10 KX [27].

a) Biomass grown in media without any effluent

b)Biomass after batch decolorization of ESlusing growing
cells

c¢) Biomass after batch decolorization of ES1 using dead cells
d)After desorption of color from biomass obtained in (b)

e) Biomass after batch decolorization of ES1 reusing desorbed
biomass

f) Biomass after decolorization of ES1 in CSTR using growing
cells

2.7 Gas Chromatography-Mass Spectrophotometry (GC-
MS)

The ES1 effluent sample used in the present study
contained numerous dyes, chemicals and salts with unknown
concentration. Therefore, to estimate the composition of ES1,
GC-MS analysis was carried out for ES1 (as-received) before
and after decolorization using Aspergillus flavus. The GC-MS
analysis was conducted using GCM S-QP2010Ultra.
3.Results and discussion
3.1 Characteristics of the effluents

Preliminary batch-decolorization experiments conducted
with four effluent samples ES1, ES2, ES3 and ES4 using
Aspergillus tamarii and Aspergillus flavus upto an extended
period of 84 hours to check the capability of micro-organisms
for decolorization of the samples. The experiments indicated
no growth of the micro-organisms in ES4 possibly due to
presence of toxic components. The characteristic properties
(such as pH, TSS, TS, TDS and COD) of ES1, ES2 and ES3
(as-received), therefore were determined and are shown in
Table 1. Initial pH value was found to be lower and the values
of TSS, TS, TDS and COD were found to be higher for ES1
than those observed with ES2 and ES3. The pH values of the
prepared effluents media were found to be 6.8, 6.6 and 6.93
for ES1, ES2 and ES3 respectively after adding the growth
nutrients. The peak absorbance (Amax) was observed from
scanning through UV-VIS spectrophotometer at 598 nm,
552.8 nm and 580.0 nm for ES1, ES2 and ES3, respectively.
3.2 Batch Decolorization
3.2.1 Using growing cells

In the growth media containing no dye, the maximum
biomass concentration of 5.2 g/L for Aspergillus tamarii and
6.3g/L for Aspergillus flavus has been reported earlier at pH
values 5 and 4.5 respectively [24, 25]. In the present study,
biomass concentration was found to be decreased in the actual
textile industry effluents (ES1, ES2 and ES3) due to the
presence of dye and other salts in the effluents, which
inhibited the growth of the fungus. Table 2 shows a
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comparison of percentage decolorization and biomass
concentration during growth of Aspergillus tamarii and
Aspergillus flavus in ES1, ES2 and ES3 (as-received), at
optimized pH and at optimized pH with 50% dilution. Higher
percentage decolorization and higher biomass concentration
were observed in case of Aspergillus flavus than those
observed with Aspergillus tamarii under all the conditions in
all the effluent samples. Also, the percent decolorization using
both the fungi increased with increased biomass concentration.
The increased decolorization of the effluents at optimized pH
as compared to that obtained in as-received conditions is due
to theincreased biomass concentration. Table 2 also represents
increased decolorization with dilution of effluents to 50% and
at optimized pH. Dilution with water reduces the
concentration of dyes and other salts present in the effluents.
This results in improved growth of the fungi, higher biomass
concentration and thus better decolorization of all the
effluents.

Table 2. Percentage decolorization of effluents and
biomass concentration using Aspergillus tamarii and
Aspergillus flavus at as-received conditions, at optimized
pH and at optimized pH with 50% dilution.

Effluent Aspergillus tamarii Aspergillus flawus

sample Decolori | Biomass Decolorizat | Biomass
zation concentrat | ion (%) concentrat
(%) ion (g/L) ion (g/L)

ES1 (as- 71.5 2.6 74.2 4.13
received)

ES2 (as- 454 2.17 72.1 3.86
received)

ES3 (as- 375 2.05 38.4 3.82
received)

ES1 at 76.6 3.68 79.8 4.72
optimized
pH

ES2 at 56.4 3.52 67.2 4.39
optimized
pH

ES3 at 52.7 3.50 67.0 4.38
optimized
pH

ES1 at 82.2 3.92 85.3 5.22
optimized
pH and
50%
dilution

ES2 at 58.4 3.73 73.8 4.69
optimized
pHand
50%
dilution

ES3 at 55.3 3.74 71.4 4.40
optimized
pHand
50%
dilution

The maximum decolorization was observed with ES1 at
optimum pH values with 50% dilution of ES1 using both the
organisms and hence further study was continued with this
combination. Figure 2 shows percent decolorization with time
using Aspergillus tamarii and Aspergillus flavus. The percent
decolorization increases with time and reaches maximum at
approximately 30 hours and then decreases for both
Aspergillus tamarii and Aspergillus flavus. The maximum
percent decolorization observed for Aspergillus tamarii was
82.2% as compared to 85.3% obtained with Aspergillus
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flavus. The total biomass concentration was 3.92 g/L for
Aspergillus tamarii and 5.22 g/L for Aspergillus flavus for
duration of 84 hours. The results of experiments conducted in
batch mode clearly indicate that both the fungi are capable of
decolorization of textile effluent during their growth phase.

90

30 E—
70
60

50
40

—— flavus

30 —&— tamarii

20

% Decolourization

10
(0]
0 10 20 30 40 50 60 70 80 S0

Time (hours)

Figure 2. Percent decolorization of textile effluent sample
in batch mode with time using Aspergillus tamarii and
Aspergillus flavus.

3.2.2 Re-using desorbed biomass

The extent of desorption of color from the cell mass
depends upon the hydration of metal ions, functional groups of
the cell wall and their respective binding strength. Desorption
experiments were conducted with both Aspergillus tamarii and
Aspergillus flavus by using maximum upto 0.2(N) HCI and
0.2(N) H2SO4 so as not to destruct biomass structure. A
marginal desorption (0.9%) of the sorbed colour was observed
with distilled water. Table 3 shows that maximum desorption
was 2.8 % for 30 minutes contact time using 0.2(N) HCI for
both Aspergillus tamarii and Aspergillus flavus. No significant
increase in desorption of color was observed with increased
contact time between the biosorbent and the eluting agent.
This indicates intracellular uptake of dye by the fungi.
Effective desorption of the color could only be possible after
complete destruction of the fungi cells. The percent color
desorbed due to mechanical grinding of the cells has been
estimated to be 4.3% of the sorbed color. These results suggest
that total 8% color could be desorbed. Lower percentage of the
color desorbed suggests biodegradation apart from extra and
intra-cellular uptake of dyes by the organisms. Less
biosorption and mainly bio-degradation of dye might have
taken place during the biotreatment with Aspergillus tamarii
and Aspergillus flavus. Also, the lower value can be due to
destruction of color during acid treatment.

Table 3. Percentage color desorbed with respect to

effluents as-received.

Eluting Agents % Desorption
Aspergillus Aspergillus
tamarii flavus
Distilled Water 0.9 0.9
Sulphuric Acid (H,SO,)
0.1N 0.3 0.3
02N 0.9 0.9
Hydrochloric acid
(HCI)
0.1N 0.4 0.4
02N 2.8 2.8

The desorbed biomass of Aspergillus flavus was reused as
adsorbent for decolorization of ES1 (as-received). The percent
decolorization observed with desorbed biomass using
Aspergillus flavus was 31% as compared to 74.2% under as-
received conditions using growing Aspergillus flavus.
Decolorization has been observed to be reduced as compared
to decolorization using living micro-organisms which involves
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extra-cellular biosorption, intra-cellular biosorption and
biodegradation processes. Decolorization due to dead biomass
suggests only adsorption on the surface of the dead biomass
due to lack of growth activity, whereas decolorization using
growing cells appears to be growth associated.

3.2.3 Using non-living biomass

The decolorization in the batch studies using non-living
Aspergillus flavus has been observed to be 39%. Lower
decolorization using dead biomass as compared to that
obtained using growing biomass indicates only biosorption on
the cell surface of the dead biomass. The decolorization has
been observed to be within very close range of 39% for non-
living and 31% for desorbed biomass using Aspergillus flavus.
Marginal increase in decolorization using non-living biomass
in comparison to the desorbed biomass may be due to the non-
availability of certain sites for biosorption in the former.

3.3 Decolorization using growing cells in continuous
mode Figure 3 shows the percent decolorization with time in
continuous mode of operation at Hydraulic Retention Time
(HRT) of 60 hours. During transient stage of operation of the
reactor the percent decolorization was observed to increase.
The decolorization increased till the reactor stabilized and
reached a steady state condition. The commencement of
steady state operation was suggested by the constant value of
decolorization. The maximum percent decolorization was
observed to be 63.9% initially in batch mode. Subsequent to
which the decolorization decreased to 50% due to onset of
continuous mode. As per the Table 3, the percent
decolorization during batch studies using Aspergillus flavus at
optimized pH and 50% dilution was observed to be 85.3%.
Lower percent decolorization has been obtained due to
operation in continuous mode in non-sterile conditions and
ambient temperature in comparison to batch studies conducted
in sterile and controlled conditions.

70.0
60.0
50.0
40.0
30.0

20.0

% Decolourization

10.0

0.0
0 50 100 150 200

Time (hours)

Figure 3. Percent decolorization with time for continuous
mode using Aspergillus flavus.
3.4 COD reduction

The COD was analyzed for ES1 before and after
decolorization. After decolorization of ES1 at optimized pH
and with 50 % dilution, the maximum percent decolorization
(85.3%) was observed using Aspergillus flavus. The COD
value of ES1 as-received was 2000 mg/L before
decolorization (Table 1). The reduction of COD in the treated
effluent was found to be approximately 75% at optimized pH
and 50% dilution for ES1.

3.5 Scanning Electron Microscopy (SEM)

Scanning electron micrographs of Aspergillus flavus with
ES1 is shown in Figures 4 (a-f) for magnification of 5 KX.
Figure 4 (a) shows micro-organism having smooth mycelia in
the absence of textile effluent i.e. before decolorization. Figure
4(b) shows biomass after batch decolorization of ESlusing
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growing cells. The mycelia appeared to be distorted in the
effluent. This is due to the fact that the components present in
the effluent inhibited the growth of the micro-organism.
Figure 4(c) shows biomass after batch decolorization of ES1
using dead cells. The surface of the micro-organisms appeared
to be smooth to have added components due to adsorption
phenomenon. Figure 4(d) shows biomass obtained in (b) after
desorption of color. The micro-organism surface appeared to
be fragmented due to mechanical grinding and strong eluting
reagents i.e. H,SO, and HCl used during desorption studies.
Further, Figure 4(e) shows biomass after batch decolorization
of ES1 reusing desorbed biomass. The surface of the micro-
organism appeared to be more distorted due to combined
action of mechanical grinding, eluting agents and adsorption
of the textile effluent. Figure 4(f) shows biomass after
decolorization of ES1 in CSTR using growing cells. The
surface of the micro-organism appeared to be distorted as
compared to micro-organism grown in absence of the effluent.

Figure 4. a) Biomass grown in media without any effluent,
b)Biomass after batch decolorization of ES1using growing
cells, ¢) Biomass after batch decolorization of ES1 using
dead cells, d) After desorption of color from biomass
obtained in (b), €) Biomass after batch decolorization of
ES1 reusing desorbed biomass, f)Biomass after
decolorization in CSTR of ES1 using growing cells
3.6 Gas Chromatography and Mass Spectrometery (GC-

MS)

Textile effluent contains numerous components due to
various processes involved in textile processing. Gas
Chromatographic analysis was done for ES1 to assess the
components present in the textile effluent samples collected
from the industries. Chromatograms generated through GC-
MS analysis has been shown in Figures 5 and 6. Reduction of
peaks or appearance of new peaks indicates generation of new
components [28-29].
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Figure 6: Chromatogram of ES1 after decolorization using
Aspergillus flavus

Different components with maximum retention time and
% area in chromatogram of ES1 before and after
decolorization with Aspergillus flavus have been presented in
Table 4. Retention time (RT) and percent area of the peaks
obtained in ES1(as-received) were observed to be different
from the peaks obtained in ES1 after decolorization using
Aspergillus flavus. It is observed that multiple small peaks are
obtained (as shown in the Figure 6) for effluent after
decolorization. This implies that during decolorization using
Aspergillus flavus the composition of effluent has been
changed through biodegradation.

Table 4. Different components, their retention time(RT)
and % areain chromatogram of ES1 as-received and after
decolorization.

Components ES1 as- ES1 after
received decolorization
RT % RT %

Area Area

Hexadecanoic Acid, Octadecy! | 33.39 5.75 33.772 | 3.67

Ester

Dodecanoic acid, ethenyl ester | 21.418 | 2.64 21.42 1.64

Heptadecafluorononanoic 23.787 | 4.89

acid, pentadecy| ester

Lauric acid, 2-(hexadecyloxy)- | 76.14 | 32.49 | 17.603 | 0.29

3-(octadecyloxy)propy | ester

4. Conclusions

The study was carried out to ascertain the potential of
Aspergillus tamarii and Aspergillus flavus in treating effluent
samples collected from different textile industries. Aspergillus
flavus was found to be more efficient than Aspergillus tamarii
for decolorization of the effluents with maximum
decolorization of 85.3 % and 82.2 % respectively for ES1. The
desorption studies indicated that decolorization of the effluents
was due to both biosorption (intra and extra-cellular) and
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biodegradation by the micro-organism. The maximum percent
color desorbed was found to be 2.8% using 0.2(N) HCI as
eluting reagent and the percent color desorbed after
mechanical grinding of the desorbed biomass was 4.3%. This
suggests bio-degradation of dye during the decolorization with
Aspergillus flavus. Also, the SEM analysis clearly shows the
changes in morphology of Aspergillus flavus after
decolorization of the effluent in different conditions. The
outcomes of GC-MS study supports that the biodegradation of
the dye has taken place during decolorization as the peaks
have been reduced and new peaks arrived in the
chromatogram after decolorization of effluent. In the
continuous mode the percent decolorization was observed to
be 50 %. The desorbed biomass resulted into decolorization of
31%, whereas non-living biomass resulted in decolorization of
39%. It indicates that the biosorbed biomass can be reused for
decolorization after desorption and Aspergillus flavus can treat
efficiently industrial effluent contaminated with dye.

5. References

[1] P.A. Desai, V.S. Kore, Performance Evaluation of Effluent
Treatment Plant for Textile Industry in Kolhapur of
Maharashtra, Universal Journal of Environmental Research
and Technol. 1 (2011) 560-565.

[2] A.M. Lotito, M.D. Sanctis, C.D. laconi, G. Bergna, Textile
wastewater treatment: Aerobic granular sludge vs. activated
sludge systems, Water Research 54 (2014) 337-346.

[3] Z. Aksu, Application of biosorption for the removal of
organic pollutants: a review, Process Biochem. 40 (2005)
997-1026.

[4] OJ. Hao, H. Kim, P.C. Chiang, Decolorization of
wastewater, Crit. Rev. Environ. Sci. Technol. 30 (2000) 449—
505.

[5] B.R. Babu, A.K. Parande, S. Raghu, T.P. Kumar, Textile
Technology-Cotton Textile Processing: Waste Generation and
Effluent Treatment, The Journal of Cotton Science 11(2007)
141-153.

[6] J. S. Chang, C. Chou, Y.C. Lin, P. J. Lin, J. Y. Ho, T. L.
Hu, Kinetic characteristics of bacterial azo-dye decolorization
by Pseudomonas luteola, Water Research 35(12) (2001) 2841-
2850.

[71 A. N. Kulkarni, A. A. Kadam, M. S. Kachole, S. P.
Govindwar, Lichen Permelia perlata: A novel system for
biodegradation and detoxification of disperse dye Solvent Red
24, Journal of hazardous materials, 276(2014) 461-468.

[8] W. Feng, P. Song, Y. Zhang, Z. Dong, Stenotrophomonas
maltophilia Having Decolorization Capability of Azo Dye
Isolated from Anaerobic Sludge, In Advances in Applied
Biotechnology, Springer Berlin Heidelberg(2015) 109-116.

[9] T. Robinson, G. McMullan, R. Marchant, P. Nigam,
Remediation of dyes in textile effluent: a critical review on
current treatment technologies with a proposed alternative,
Bioresource Technol. 77 (2001) 247-255.

[10] P. Kaushik, A. Malik, Mycoremediation of Synthetic
Dyes: An Insight into the Mechanism, Process Optimization
and Reactor Design, In Microbial Degradation of Synthetic
Dyes in Wastewaters, Springer International Publishing
(2015) 1-25.

[11] O. Anjaneya, M. Santoshkumar, S.N. Anand, T.B.
Karegoudar, Biosorption of acid violet dye from aqueous
solutions using native biomass of a new isolate of Penicillium
sp, Int. Biodeter. Biodegrad. 63 (2009) 782-787.

[12] R. Aravindhan, J.R. Rao, B.U. Nair, Removal of basic
yellow dye from aqueous solution by sorption on green alga
Caulerpa scalpelliformis, J. Hazard. Mater. 142 (2007) 68-76.

Deepika et al./ Elixir Pollution 95 (2016) 40679-40684

[13] T. Akar, A.S. Ozcan, S. Tunali, A. Ozcan, Biosorption of
a textile dye (Acid Blue 40) by cone biomass of Thuja
orientalis: estimation of equilibrium, thermodynamic and
kinetic parameters, Bioresour. Technol. 99 (2008) 3057—3065.
[14] F. Yuzhu, T. Viraraghavan, Fungal decolorization of dye
wastewater, Bioresource Technology, 79 (2001) 251-262

[15] P. Saranraj, V. Sumathi, D. Reetha, D. Stella, Fungal
decolourization of direct azo dyes and biodegradation of
textile dye effluent, Journal of Ecobiotechnol. 2(7) (2010) 12-
16.

[16] A. Ghosh, M. Ghosh Dastidar, T.R. Sreekrishnan, Recent
Advances in Bioremediation of Heavy Metals and Metal
Complex Dyes: Review, Journal of Environmental Engg.
(2015) C4015003.

[17] P. Kaushik, A. Malik, Fungal dye decolorization: Recent
advances and future potential, Environment International 35
(2009) 127-141.

[18] A. Anastasi, B. Parato, F. Spina, V. Tigini, V. Prigione,
G. C. Varese, Decolorisation and detoxification in the fungal
treatment of textile wastewaters from dyeing processes, New
Biotechnology 29 (2011) 38-45.

[19] M. Ramya, B. Anusha, S. Kalavathy, S. Devilaksmi,
Biodecolorization and biodegradation of Reactive Blue by
Aspergillus sp. African Journal of Biotechnology 6(12)
(2007).

[20] P. Sharma, L. Singh, N. Dilbaghi, Response surface
methodological approach for the decolorization of simulated
dye effluent using Aspergillus fumigatus Fresenius, Journal of
hazardous mater. 161(2) (2009) 1081-1086.

[21] S. Sumathi, B. S. Manju, Uptake of reactive textile dyes
by Aspergillus foetidus, Enzyme and Microbial Technology,
27(6) (2000) 347-355.

[22] M. B. Kurade, T. R. Waghmode, A. N. Kagalkar, S. P.
Govindwar, Decolorization of textile industry effluent
containing disperse dye Scarlet RR by a newly developed
bacterial-yeast consortium BL-GG, Chemical Engineering
Journal 184 (2012) 33-41.

[23] N. Daneshvar, M. Ayazloo, A. R. Khataece, M.
Pourhassan, Biological decolorization of dye solution
containing Malachite Green by microalgae Cosmarium sp.,
Bioresource technol. 98(6) (2007) 1176-1182.

[24] A. Ghosh, M. Ghosh Dastidar, T.R. Sreekrishnan,
Biosorption and biodegradation of chromium complex dye
using Aspergillus species, Journal of Hazardous, Toxic, and
Radioactive Waste 18(4) (2014) 1-9.

[25] V.P. Ranjusha, R. Pundir, K. Kumar, M.G. Dastidar,
T.R. Sreekrishnan, Biosorption of Remazol Black B dye (Azo
dye) by the growing Aspergillus flavus, Journal of
Environmental Science and Health, Part A: Toxic/Hazardous
Substances and Environmental Engg. 45(2010) 1256-1263
[26]American Public Health Association (APHA), Standard
methods for examination of water and wastewater, 17th Ed.
(1989) Washington, DC.

[27] A. Ghosh, P. Das, Optimization of copper adsorption by
soil of polluted wasteland using response surface
methodology, Indian Chemical Engineer 56(1) (2014) 29-42.
[28] D. Kalpanaa, J. Hong Shim, B.-T. Oh, K. Senthil, Y.S.
Lee, Bioremediation of the heavy metal complex dye Isolan
Dark Blue 2SGL-01 by white rot fungus Irpex lacteus, J.
Hazard. Mater. 198 (2011) 198-205.

[29] K. C. Chen, Y. W. Jane, D. J. Liou, S. C. J. Hwang,
Decolorization of the textile dyes by newly isolated bacterial
strains, J. Biotechnol. 101(1) (2003) 57-68.



