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ABSTRACT

The presence of textile dyes in wastewater of textile factories represent a major environment
problem threatening the aquatic life. The decolorization of such harmful products is the major field
of interest in research. In this study, Aspergillus niger, a brown rot fungi, isolated from the soil
samples around the textile distillery industries of Al-Mahala Al-kobra, Egypt was evaluated for its
efficiency in decolorization of different textile dyes; reactive red 198 (RR 198), reactive orange
122 (RO 122), reactive yellow 160 (RY 160), reactive blue 21 (RB 21) and reactive blue 19 (RB 19).
Aspergillus niger showed a strong ability to decolorize various reactive dyes (azo, phthalocyanine
and anthraquinone dyes) after 4 days. The decolorization was effective in an acidic environment
(pH 4). Aspergillus niger grew well in a high concentration of dyes (500 mg L), resulting
approximately in 100% decolorization extent in 5 days with RB 21, RB 19, RR 198 and RO 122 and
could tolerate up to 1000 mg L~* of dyes. The decolorization was more effective in the presence of
sucrose. The Reactive Yellow 160, a diazo dye, was more resistant to decolorization by Aspergillus
niger than the other dyes. High decolorization extent and facile conditions showed the potential for
the Aspergillus niger to be used in biological treatment of textile dyes.
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INTRODUCTION

Synthetic dyes, which are extensively used in the textile industry, represent a major
environmental problem. Due to inefficiency of the industrial dyeing process, 10-15% of the dyes are
lost in the effluents of textile units, rendering them highly colored (Vaidya and Date, 1982;
Boer et al., 2004). It is estimated that 280,000 t of textile dyes are discharged in such industrial
effluents every year worldwide (Maas and Chaudhari, 2005).

Direct discharge of these effluents causes formation of toxic aromatic amines under anaerobic
conditions in receiving media. In addition to their visual effect and their adverse impact in terms
of Chemical Oxygen Demand (COD), many synthetic dyes are toxic, mutagenic and carcinogenic
(Chung and Stevens, 1993). The efficient removal of dyes from textile industry effluents is still a
major environmental challenge (Baldrian and Gabriel, 2003).

The commonly used dyes by the textile industry are azo dyes (reactive red 198, reactive yellow
160 and reactive orange 12), anthroquinone (reactive blue 19) and copper phthalocyanine (reactive
blue 21). Degradation of these dyes, especially azo dyes, which comprise about 70% of all dyes used,
is difficult due to their complex structure and synthetic nature (Swamy and Ramsay, 1999;
Maas and Chaudhari, 2005). Also, the possible contamination of drinking water supplies is of
concern because azo dyes are known to be enzymatically degraded in the human digestive system
producing carcinogenic substances (Sheth and Dave, 2009).
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Currently, various chemical, physical and biological treatment methods are used to remove
color (Pala and Toket, 2002; Zhang et al., 2003). Because of the high cost and disposal problems,
most of the chemical and physical methods for treating dye wastewater were not widely applied in
the textile industries (Robinson et al., 2001; Mazmanci and Unyayar, 2005). Because synthetic
dyestuffs are resistant to biological degradation, color removal by bioprocesses is also difficult
(Shaul et al., 1991; Willmott et al., 1998). Decolorization generally occurs by the adsorption of
dyestuffs on bacteria, rather than oxidation in aerobic systems. Some bacteria can biodegrade
dyestuffs by azo reductase activity. However, the effluent at the end of biotransformation of
dyestuffs could be toxic (Chung and Stevens, 1993). These problems limit large-scale application
of bacterial decolorization.

Several fungi are capable of mineralizing pollutant compounds through their highly oxidative
and non-specific ligninolytic enzymes, which are also responsible for the decolorization and
degradation of many different dyes (Dos Santos et al., 2004). The white rod fungi, members of the
Basidiomycetes, offer significant advantages over bacteria as Phanerochaete chrysosporium
(Arora and Chander, 2004; Martins et al., 2002) and Trametes versicolor (Ramsay and Nguyen,
2002) are extremely efficient for textile dye degradation. Their extracellular enzymes which
are non-specific can attack a wide variety of complex aromatic dyestuffs (Boer et al., 2004;
Kamitsuji et al., 2005). Recently, there is a growing interest in studying the brown rot fungi;
Aspergillus niger, for the decolorization and degradation of many different dyes because their
biomass can be used as an adsorbent and serve as a part of a technical solution in water pollution
control (Fu and Viraraghavan, 2000; Srividhya et al., 2012).

The present study aimed at using a newly screened, Aspergillus niger, a brown rot fungi,
isolated from soil polluted with textile industry for decolorization of five reactive dyes. Various
conditions required for decolorized have been optimized.

MATERIALS AND METHODS
Isolation and selection of decolorizing fungi: The soil samples were collected near the places
where the effluents are discharged from textile factories in El-Mahalah El-kubra, Egypt.

Soil samples were subjected to serial dilutions and inoculaed onto the sterile dishes which
consist of sterile Czapex-Dox agar medium and then we followed the spread plate method and kept
the plates for incubation at 30°C for 4 days. Fungal colonies were identified by Department of Plant
Diseases, Faculty of Agriculture Mansoura, Egypt.

Chemicals: The dyes used in the investigation were; three azo dyes (reactive red 198, reactive
yellow 160 and reactive orange 122), one phthalocyanine dye (reactive blue 21) and one
anthraouinone dye (reactive blue 19). The dyes were chosen according to their wide use in the
textile industry in Al-Mahla Al-kubra, Egypt. Solutions of these dyes were prepared by dissolving
the dyes in distilled water.

Culture conditions: Fifty milliliters of Czapex-Dox medium amended with 200 mg L)
concentration of each of the tested textile dyes were transferred to 250 mL Erlenmeyer flasks. The
flasks were inoculated with 2% (v/v) fungal spore suspension containing 3.2x10° CFU mL~". The
flasks were incubated at shaking conditions 150 rpm at 30°C for 5 days. Control experiments were
performed under the same conditions described above but without fungi.
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Effects of different parameters, including pH (3-8), dye concentrations (100, 200, 300, 400, 500
and 1000 mg L), sucrose concentrations (0, 5, 10, 15, 20, 25 and 30 g L"), on dye decolorization
were investigated. Each experiment was carried out in triplicate.

Decolorization: Samples were centrifuged at 10000x g for 10 min. The decolorization was
determined by measuring the absorbance of the culture supernatant. For RB 21 the absorbance was
observed at 664 nm, for RB 4 it was at 592 nm, for RR 198 it was at 550 nm, for RY 160 it was at
413 nm and for RO 122 it was at 493 nm. The color removal was calculated using the following
equation:

A, -A

b

Decolorization (%) = 2 %100

where, A, is the initial absorbance and A, is the observed absorbance of cultivation.

RESULTS AND DISCUSSION

Isolation and selection of decolorizing fungus: The soil samples collected from several textile
industries of Al-Mahla Al-kubra, were screened for fungi. About ten deferent morphologically
distinct fungi were isolated from the soil. Among them two fungal isolates showed higher
decolorization and they were identified as Aspergillus niger and Aspergillus oryzae. Aspergillus
species are well adapted to textile wastewater and are frequently isolated from effluents and dye
contaminated soils. Namdhari et al. (2012) and Gnanadoss and Jebapriya (2013), showed that
fungal biomass (A. niger and A. nidulans) could effectively be used as an alternative to the
conventional physic-chemical methods.

Effect of time course on decolorization: Time dependent decolorization for five dyes (200 g L")
was studied (Fig. 1), the five dyes were decolorized after 4 days incubation. The dyes were
absorbed by the biomass and the visual observation of decolorization of the dyes was from the
3rd-6th day of incubation Fig. 2. The color of the biomass of fungus changed to the color of the
tested dye. The color on the biomass was reduced gradually from the 6th until 10th day of
incubation. Bergsten-Torralba et al. (2009) and Yu and Wen (2005) reported that the
decolorization of dyes by yeast and fungi can be due to adsorption of the dye to microbial cells or
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Fig. 1: Decolorization of reactive dyes by Aspergillus niger after 0, 2, 4, 6, 8 and 10 days of
incubation
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Fig. 2(a-g): Visual observation of decolorization of the dyes (a) RY 160, (b) RO 122, (c) RB 21 and
(d) RR 198 by Aspergillus niger after 4 days (200 mg L") dye, (e and f) Decolorized
culture supernatant after 4 days and (g) Biomass visually had adsorbed most of the
dyes

to biodegradation. The present experiments demonstrated the efficiency of A. niger to decolorize
different kinds of dyes, monoazo dyes (reactive red 198 and reactive orange 122), a diazo dye
(reactive yellow 160), a phthalocyanine dye (reactive blue 21) and an anthroquinone dye (reactive
blue 19) with differences in the decolorization ability. The mechanism of decolorization may be due
to biosorbtion, which is dependent on functional groups in the dye molecule and in fungal biomass,
which may also play role in the biosorption of dye (Raju et al., 2007; Fu and Viraraghavan, 2002).
The fourth dye RY 160 (diazo dye) was more resistant to decolorization by A. niger than the other
four tested dyes (Fig. 1), possibly due to its more complex molecular structure.
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Fig. 3(a-b): Effect of initial pH on decolorization of (a) Reactive blue 21 and (b) Reactive yellow 160
by A. niger

Effect of initial pH on decolorization: The effect of initial pH on the decolorization of dyes by
A. nigeris shown in Fig. 3a and b. The results reveal that the organism was capable of decolorizing
dyes over pH range of 3.0-8.0. The best decolorization was achieved at pH 3 and 4 in 4 days. This
could be due to the fact that the optimum pH for the growth of A. niger was acidic. Similar
decolorization extent was observed at pH 5 and 6 after 5 days. Whereas the rate of color removal
was much lower at strongly alkaline condition (pH 8) and the decolorization process started after
2 days. The optimal decolorization of five dyes was achieved at pH 4 with (93.5, 97.0, 98.5, 83.0 and
96.7%) decolorization, for (RB 21, RO 122, RR 198, RY 160 and RB 19), respectively. The
decolorization (%) of RY 160 was slightly lower than the other dyes (Fig. 3a). Most previous
reports indicated pH optima in the range 3.0-5.0 in the case of T. vercicolor, Trichoderma sp.,
P. chrysosporium and Aspergillus fumigates (Mehna and Bajpai, 1995; Ramya et al., 2007,
Akar et al., 2009).

These results showed that A. niger could decolorize reactive dyes in relatively wide range of pH,
this makes the fungus suitable for practical treatment of dyes.

Effect of initial dye concentration on decolorization: With the increase of the initial dye
concentration, the decolorization extent over the same time interval decreased. When the effect of
different initial dye concentrations on decolorization was observed using 100, 200, 300, 400, 500 and
1000 mg L%, the decolorization rate was increased by the increasing of dye concentration from
100-500 mg L ! and the required time to reach a maximum decolorization extent was increased
(Fig. 2a). The maximum decolorization was about 100% for (RB 21, RO 122, RR 198, RB 19) at
500 mg L' dye after 5 days.

However, at 1000 mg L, dye decolorization decreased sharply (47.5, 34.6, 46.3 and 45.8%) for
RB 21, RO 122, RR 198, RB 19, respectively. These results were observed with all tested dyes
except (RY 160), A. niger could decolorize RY 160 well at concentration 100 mg L—!, decolorization
reaching 87%. However, above this concentration, dye decolorization decreased sharply, at
1000 mg L~ only about 11.5% decolonization was achieved by A. niger (Fig. 2b). In addition the
growth of fungi was inhibited at dye concentration 1000 mg L' (data not shown). Ramya et al.
(2007) and Namdhari et al. (2012), showed that the higher concentration dye may be toxic to
metabolite activity. This suggested that for A. niger the maximal dye easily treated concentration
was 500 mg L~ for four tested textile dyes and 100 mg L' for reactive yellow 160 (RY 160)
(Fig. 4).
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Fig. 4(a-b): Effect of initial dye concentration on decolorization of (a) Reactive blue 21 and (b)
Reactive Yellow 160 by Aspergillus niger
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Fig. 5(a-b): Effect of initial sucrose concentration on decolorization of (a) Reactive blue 21 and (b)
Reactive yellow 160 by Aspergillus niger

Effect of initial sucrose concentration on decolorization: The effect of initial sucrose
concentration on decolorization by A. niger is shown in Fig. 3a and b. Addition of sucrose enhanced
the decolorization of five dyes by A. niger. However lack of sucrose inhibited the decolorization
activity of A. niger since only (35.7, 37.2, 42.4, 20.2 and 40.3%) decolorization was observed after
5 days for RB 21, RO 122, RR 198, RY 160, RB 19, respectively. In experiments with sucrose
supplementation, A. niger exhibited strong decolorizing activity about 100% decolorization for four
dyes and 88% for RY 160 extent in 4 days, except that when the sucrose concentration was 5 g L'
the decolorization efficiency (18.5% in 5 days) was much lower (Fig. 5). The reason why low
decolorization extent appeared when the sucrose concentration was 5 g L™' may be that low sucrose
concentration could not meet the growth requirements of the fungus. When the sucrose
concentration was higher than 30 g L™, the decolorization efficiency was much lower that may be
due to that high sucrose concentration can inhibited the decolorizing activity (Chen et al., 2003;
Aliet al., 2008). Present results showed that a certain concentration of carbon source (sucrose) was
necessary for the A. niger decolorizing process.
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CONCLUSION

In this study, Aspergillus niger was isolated from the soil samples around the textile distillery
industries of Al-Mahala Al-kobra, Egypt showed high decolorizing activity against various reactive
dyes (including azo, anthraquinone and phthalocyanine dyes) commonly used in the textile
industries. Aspergillus niger could tolerate high concentrations of dyes (up to 1000 mg L), it
proposed that A. niger has a practical application potential in the treatment of various dye
effluents.
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