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1. INTRODUCTION
Colour is an important aspect of human world. We like to wear clothes of all kinds of colours and hues, eat food decorated with colours, even our medicines are colourful. No wonder then, that a lot of research has gone into the production of color (Zolinger, 1987).

Almost all the colours that you see today are synthetic dyes. Synthetic dyes are used everywhere in everything from clothes to paper, from food to wood. Synthetic dyes today has evolved into a multibillion dollar industry. They are widely used for dyeing and printing in a broad range of industries. There are over 10,000 dyes, and the annual production globally, exceeds over 7 × 105 metric tons (Mahmoud, 2014).

The first human-made (synthetic) organic dye, mauveine, was discovered serendipitously by William Henry Perkin in 1856. Many thousands of synthetic dyes have since been prepared and synthetic dyes quickly replaced the traditional natural dyes. They cost less, they offered a vast range of new colours, and they imparted better properties to the dyed materials.

India's dye industry produces every type of dyes and pigments. Production of dye stuff and pigments in India is close to 80,000 tones. India is the second largest exporter of dye stuffs and intermediates after China. The textile industry accounts for the largest consumption of dyestuffs, at nearly 80% (Cervantes et al., 2001).

Reactive dyes, including many structurally different dyes, are extensively used in the textile industry because of their wide variety of colour shades, high wet fastness profiles, ease of application, brilliant colours, and minimal energy consumption. The three most common groups are azo, anthraquinone and phthalocyanine (Axelsson et al., 2006). Reactive azo dyes are the most prevalent type of dyes that have been used by the textile industry due to its colour intensity and good reactivity toward cellulose (cotton) (Zhao et al., 2005).
 
Azo dye is the largest group of dyes, with a -N=N- as a chromophore in an aromatic system. There are monazo, diazo, triazo, tetrazo and polyazo dyes depending upon the number of azo-groups present. Diazotisation of a primary amine, in presence of HCl + NaNO2 at freezing temperature, produces a diazonium salt which in turn coupled with aromatic compounds, producing an azo-dye. Azo pigments are colourless particles (typically earths or clays), which have been coloured using an azo compound (Chaube et al., 2010).
There are different class of organic compounds characterized by the presence of unsaturated groups (chromophores) such as -C=C- , -N=N- and -C≡N-, which are responsible for the dye colours, and of functional groups responsible for their fixation to fibres, for example, NH3, OH, COOH and SO3H (Molinari, et al., 2004).

Dyes make the world more beautiful through coloured substances, but on the other hand they represent a serious pollution problem for the environment. Almost one million tons of dyes are annually produced in the world, of which azo dyes, characterized by an azo-bond (R1–N=N–R2), represent about 70% by weight (Hao et al., 2000). Azo dyes are the most common synthetic colourants released to the environment via textile, pharmaceutical and chemical industries. The discharge of azo dyes in water bodies is problematic not only for aesthetic reasons, but also because azo dyes and their cleavage products (aromatic amines) are carcinogenic (Weisburger, 2002). 

Over the last decades, the increasing demand for dyes by the textile industry has shown a high pollution potential. It is estimated that around 10 -15% of the dyes are lost in the waste water during the dyeing processes. The effluent from textile industries thus carries a large number of dyes and other additives which are added during the colouring process (Wang et al., 2002). The textile industry is the largest consumer of dye stuffs. During the colouration process a large percentage of the synthetic dye does not bind and is lost to the waste stream (Weber and Adams, 1995).   

Dyes are difficult to remove in conventional water treatment procedures and can be transported easily through sewers and rivers especially because they are designed to have high water solubility. They may also undergo degradation to form products that are highly toxic and carcinogenic (Rindle and Troll, 1975). Thus dyes are a potential hazard to living organisms. It is hence important to safeguard the environment from such contaminants.

The cleavage of the azo bond to aryl amine can be stereochemically transformed to an electrophile compound that forms covalent bonds with DNA and deteriorates the DNA double helical structure. This mechanism could initiate the growth of abnormal cancerous cells         (Yang et al., 2005; Hadibarata and Kristanti 2012).


Many dyes and pigments are hazardous and toxic for human as well as aquatic life at the concentration at which they are being discharged to receiving water. The high concentration of dyes is known to cause ulceration of skin, and mucous membrane, dermatitis, perforation of nasal septum, severe irritation of respiratory tract and on ingestion may cause vomiting, pain, haemorrhage and sharp diarrhea (Praveen and Bhat, 2011).

Dyes in wastewater often lead to calamities viz. the incidence of bladder tumors has been reported to be particularly higher in dye industry workers than in the general population (Suryavathi et al., 2005).

Industrialization is vital to a nation’s economy because it serves as a vehicle for development. However, there are associated problems resulting from the introduction of industrial waste products into the environment.

Many methods designed to remove/degrade azo dyes, such as physical and chemical treatments are costly and tend to accumulate or concentrate the toxic dyes rather than to degrade them. Thus, secondary treatments to completely degrade and remove azo dye from wastewater must be developed (Yi-Chin et al., 2003).

Out of several methods that are used to achieve dye decolourization, including physiochemical methods like filtration, specific coagulation, use of activated carbon and chemical flocculation are effective but quite expensive. Biotreatment offers a cheaper and environmentally friendlier alternative for colour removal in wastewaters (Dubrow et al., 1996).

Dyes are stable against breakdown by many microorganisms and most dyes do not biodegrade under the aerobic biological treatments in a municipal sewage plant. Many dyes, including the azo dyes, degrade under anaerobic conditions and the aromatic amines thus formed have been found to degrade further aerobically. The biodegradation of dye by bacteria is a cost effective technique, but the reduction of azo dyes under anaerobic conditions (the preferable conditions for bacterial growth) leads to the production of aryl amines that is mutagenic to humans (Yang et al., 2005).        

In biogeochemical cycle, fungal microorganism acts as the decomposer in mineralizing many types of xenobiotic compounds including sulfur and phosphorus to other compounds to be utilized as its nutrients, thus balancing the ecosystem. These degradation and mineralizing mechanisms are due to the fact that fungus secretes non-specific ligninolytic enzymes including laccase (Lac), manganese peroxidase (MnP), and lignin peroxidase (LiP) which possess a wide range of substrate specificity (Hadibarata et al., 2007).Fungi have two major functions in the treatment of dyes: the biosorption of dye into the fungal biomass and the biodegradation or biotransformation of dye into other compounds using extracellular enzymes .The biotransformation of  dye by fungus is metabolically mediated and depends on the secretion of ligninolytic enzymes which oxidizes the parent dye compound into metabolites without the addition of chemical reagents or oxidizing compounds (Kaushik and Malik, 2009).

Fungi has been studied to degrade pollutants due to their extracellular, nonspecifc and nonstereoselective enzyme system, including lignin peroxidase (LiP), laccase and manganese peroxidase (MnP) (Hofrichter, 2002). Fungi from the basidiomycete group, known as wood white-rot fungi, have been indicated as capable of degrading several pollutants of diverse structures by a complex ligninolytic enzymatic system. Aromatic hydrocarbons, pesticides organochlorates, explosives, dyes and others are effectively degraded to carbon dioxide (Barr and Aust, 1997; Young and Yu, 1997).

Hence the present study was undertaken, to degrade an azo dye using fungal isolate from dye contaminated soil and to optimize the parameters for dye degradation such as dye concentration, incubation period, pH, temperature, carbon and nitrogen sources.













2. REVIEW OF LITERATURE

2.1. CHARACTERISTICS OF SYNTHETIC DYES

The art of dyeing dates back thousands of years to the use of natural dyes extracted from plants and animals. Some dyes, such as Tyrian purple obtained from shellfish, were so rare that only emperors and kings could afford to wear purple, hence the term “royal purple.” The modern dye industry started 150 years ago with the discovery of “mauve,” the first synthetic dye. Since then, thousands of dyes have been developed to work with all types of fabrics (Batavia, 2009).

The term azo dyes is applied to those synthetic organic colorants that are characterized by the presence of the chromophoric azo group. This divalent group is attached to sp2 hybridized carbon atoms: on one side, to an aromatic or heterocyclic nucleus; on the other, it may be linked to an unsaturated molecule of the carbocyclic, heterocyclic, or aliphatic type. No natural dyes contain this chromophore. Commercially, the azo dyes are the largest and most versatile class of organic dyestuffs. There are more than 10,000 Colour Index (CI) generic names assigned to commercial colorants; approximately 4,500 are in use, and over 50% of these belong to the azo class. The coupling reaction between an aromatic diazo compound and a coupling component is the single most important synthetic route to azo dyes. Of the total dyes manufactured, about 60% are produced by this reaction. All coupling components used to prepare azo dyes have the common feature of an active hydrogen atom bound to a carbon atom. Trisazo and polyazo dyes are mostly direct dyes, the hues are predominantly brown, black, or dark blue or green (Chudgar, 2000).

Dyes and pigments are colouring substances, i.e. substances imparting a specific colour to the substance being coloured. Dyes, among which organic compounds predominate, dissolve in and fuse or react with the substrate being dyed. Pigments are insoluble and they colour the substrate by coating its surface. Finely ground inorganic substances predominate among pigments. Dyes are organic compounds, which contain in their molecules colour imparting chromophoric groups and acid or basic auxochromic groups responsible for dyeing ability due to the auxochromes, dye molecules can be permanently bonded with fibers or other materials. Pigments are colouring substances, which do not enter into chemical reactions with polymers and are insoluble in them. Depending on their chemical and crystalline structure and particle sizes, pigments can cause the surface reflection or absorption of light. Chemical engineering aspects of pigments and dyes synthesis made essential part in development applied in chemical technology operations and constructions of specialist apparatuses. Besides their traditional use in textile, paper, leather, as well as the paint and varnish industries, dyes and pigments have become indispensible in other fields such as microelectronics, medical diagnostics and information recording techniques and they continue to be intensively developed (Hoffmann and Puszynski, 2011).

Textile industry comprises of dry mechanical and wet chemical processing, wet chemical process comprises of bleaches, dyeing, printing and finishing. Dyeing is art of colouration to textiles. Dye gets transferred to textile during dyeing. Dyeing operation is performed by the reaction between fiber and dyes. Some dyes are water soluble and some are water insoluble. Some fiber has affinity to dye; some have no affinity to dyes. So dyeing variabile immobilized on porous silica beads were investigated by Mirzadeh et al. (2014). Immobilized depends on both fiber and dyes chemical properties. Before dyeing we have to consider this factor. The fiber reactive dyes are known as the best for cotton for its wide range of application and better fastness properties. And these dyes are characterized by its reactions between dye and fiber (Chinta and VijayKumar, 2013).

2.2. BIODEGRADATION OF SYNTHETIC DYES
       2.2.1. FUNGI

Decolorization of two synthetic dyes using the purified laccase of Paraconiothyrium laccase showed higher temperature and pH stability compared to free one. 39% and 35% of Acid Blue 25 and Acid Orange 7, respectively were decolorized after 65 min incubation in presence of the free laccase. In immobilized laccase decolorization percent were found to be 76% and 64% for Acid Blue 25 and Acid Orange 7, respectively. Increasing of laccase activity enhanced decolorization percent using free and immobilized laccases. Relative decolorization of both applied dyes were increased after treatment by laccase-1-Hydroxybenzotriazole (HBT) system. After nine cycles of decolorization by immobilized laccase, 26% and 31% of relative activity were lost in the case of Acid Blue 25 and Acid Orange 7, respectively. The result revealed that the immobilized laccase of P. variable on porous beads was an efficient biocatalyst for decolorization of synthetic dyes.
Microbial decolorization of an azo dye reactive black 5 using white-rot fungus Pleurotus eryngii F032 were analyzed by Hadibarata, et al. (2013). The effect of environmental factors such as initial concentration of Reactive Black 5, pH, temperature of growth medium, surfactant (Tween 80), and agitation were investigated. The productions of ligninolytic enzymes were enhanced by increasing the white-rot fungi growth in optimum conditions. They also analyzed the decolorization of Reactive Black 5 by using UV–Vis spectrophotometer at the maximum absorbance of 596 nm. They observed white rot fungus P. eryngii F032 culture exhibited 93.56 % decolorization of 10 mg/L RB5 within 72 h of incubation in dark condition with agitation. They observed optimum pH and temperature for the decolorizing activity at pH 3 and 40°C. The addition of surfactant (Tween 80) increased the decolorization to 93.57 % and agitation of growth medium at 120 rpm enhanced the distribution of nutrients to the fungus thus optimized the enzymatic reaction that resulted maximum decolorization  of RB5 which was 93.57%. They studied molecular docking using Chimera visualization software to analyze the decolorization mechanism of RB5 at molecular level.

Decolourisation of synthetic dyes by endophytic fungal flora isolated from senduduk plant (Melastoma malabathricum) were evaluvated by Ngieng et al. (2013). A total of twenty endophytic fungi were examined for their ability to decolourize azo dyes: Congo red, Orange G, and Methyl red and an anthraquinone dye, Remazol Brilliant Blue R. Initial screening on the glucose minimal media agar plates amended with 200mg L-1 of each respective dye showed that only isolate MS8 were able to decolourize all of the four dyes. Dye decolourisation by the isolate MS8 were determined to be 97% for RBBR, 33% for Orange G, 48% for Congo red, and 56% for Methyl red, respectively, within a period of 16 days. Molecular identification of the fungal isolate MS8 using primer ITS1 and ITS4 showed that isolate MS8 shared 99% sequence similarity with Marasmius cladophyllus, a Basidiomycete. The ability to decolourize different types of dyes by isolate MS8 thus suggested a possible application of this fungus in the decolourization of dyestuff effluents.

Siddique et al. (2012) assessed the decolorization and biodegradation of textile reactive dyes by Pleurotus ostreatus. Four reactive dyes; Remazol RG, Livafix Red CA, Prucion Navy PXG and Prucian Blue PX5R were studied. After 10 days of incubation the maximum decolorization (%) of Livafix Red CA (81.01±2.10%) were observed at temperature 30°C and pH 4.5. After the incubation of five days maximum biodegradation were exhibited in the presence of glucose (91.58±2.56%) followed by starch (58.8±3.71%) and minimum with fructose (7.17±3.22%). Similarly maximum decolorization (%) were observed in the presence of ammonium-pyro-phosphate (64.78±2.10%) followed by peptone (29.9±1.12%) and ammonium nitrate (29.0±2.33%) and minimum by ammonium sulphate (4.99±1.27%).

Nascimento et al. (2011) studied the degradation and detoxification of three textile      azo dyes (Reactive Red 198, Reactive Red 141 and Reactive Blue 214) by mixed fungal cultures from semi-arid region of Brazilian northeast. Sediment samples of twenty water reservoirs in the surroundings of Serra da Capivara National Park, area of environmental preservation in the caatinga in the State of Piaui, with semi-arid climate, were evaluated in order to select the consortia of fungi capable to degrade and detoxify these dyes. The mixed fungal culture from Caldeirao Escuridao (CE) reservoir were the most efficient in the degradation and detoxification of the dyes tested. 

Khalid et al. (2011) studied the decolorization of remazol black-B azo dye in soil by fungi. The fungi were isolated by using Remazol Black-B azo dye as the sole source of C and N. Ten isolates were initially selected for testing their decolorization potential in the liquid medium. Three most effective strains were used to study the decolorization of Remazol     Black-B in soil. The strain S4 was found to be very effective in removing the dye Remazol Black-B from liquid medium as well as in soil suspension. More than 95% decolorization by the strain S4 were observed in soil under optimal incubation conditions. Overall, the dye decolorization were maximum at 100 mg dye kg-1 soil at pH 7-8 under static conditions. Glucose, moisture and aeration also affected the decolorization efficacy of the fungal strain in soil. The study implied that fungi could be used for bioremediation of dye contaminated sites. 

Degradation of synthetic reactive azo dyes and treatment of textile wastewater by a fungi consortium reactor were studied by Yang et al. (2009). Two microbial cultures with high decolorization efficiencies of reactive dyes were obtained and proved to be dominant with fungi Consortium, 21 fungal strains were isolated and 8 of them showed significant decolorization effect to reactive red M-3BE. A 4.5 l continuous biofilm reactor was established using the mixed cultures to investigate the decolorization performance and the system stability under the conditions of simulated and real textile wastewater as influents. The optimal nutrient feed to this bioreactor were 0.5 g l-1 glucose and 0.1 g l-1 (NH4)2SO4 when 30mgl-1 reactive black 5 were used as initial dye concentrations.

Pleurotus ostreatus (“shimeji”) is produced in Brazil on a commercial scale using various lignocellulosic residues. Remazol Brilliant Blue R (RBBR) degradation potential of extracts from solid substrate colonized by P. ostreatus and extracts from residue of the “shimeji” mushroom yield were evaluated. Extraction was performed with sodium acetate buffer (50 mM, pH 4.6). RBBR decolorization were monitored at 592 nm and peroxidase and laccase activities were measured by monitoring the oxidation of ABTS. The time of growth of P. ostreatus influenced RBBR degradation and peroxidase and laccase activities. Concentration of 1 mM H2O2 and pH 4.0 were the best for RBBR decolorization. Complete RBBR decolorization was obtained with the addition of only one aliquot of 50 μL of 1 mM H2O2 . The stability of the extracts was higher when they were kept under refrigeration than when stored frozen. The potential application of the ligninolytic complex derived from P. ostreatus and mushroom residue for xenobiotic degradation was demonstrated (Machado and             Matheus, 2006).

          Machado et al. (2006) studied the biodegradation of reactive textile dyes by basidiomycetous fungi from brazilian ecosystems. Growth and decolorization halos were determined on malt extract agar containing 0.002g L-1 of the dye. Trametes villosa decolorized all 28 of the tested dyes while Pycnoporus sanguineus decolorized only 9. The effect of culture conditions (shaking and dye and nitrogen concentration) on the degradation of Drimaren Brilliant Blue dye were evaluated during growth of the fungi in liquid synthetic medium. In pure culture, T. villosa and P. sanguineus decolorized synthetic effluent consisting of a mixture of 10 dyes. Higher decolorization of the synthetic effluent was observed when a mixed culture of the two fungi was used. This study also demonstrated differences between tropical basidiomycete species in terms of their ability to degrade reactive dyes and reinforces the potential of this group of fungi for the decolorization of textile effluents.

A screening using several fungi (Phanerochaete chrysosporium, Pleurotus ostreatus, Trametes versicolor and Aureobasidium pullulans) were performed on the degradation of syringol derivatives of azo dyes possessing either carboxylic or sulphonic groups, under optimized conditions. T. versicolor showed the best biodegradation performance and its potential were confirmed by the degradation of differently substituted fungal bioaccessible dyes. Enzymatic assays (lignin peroxidase, manganese peroxidase, laccase, proteases and glyoxal oxidase) and GC-MS analysis were performed upon the assay obtained using the most degraded dye. Biodegradation assays using mixtures of these bioaccessible dyes were also performed to evaluate the possibility of a fungal wastewater treatment for textile industries (Martins et al., 2003).

The ability of seven different isolates of wood-rotting fungi to decolorize a wide range of structurally different synthetic dyes were investigated by Knapp et al. (2003). Color removal efficiency varied from 100% to only ca. 50% at most for chrysophenine. Some decolorizations were extremely rapid. Two isolates reduced the A625 of a solution of brilliant green from 57 to 0.5 in 1 day. Phanerochaete chrysosporium was among the least effective of the isolates. The screening system, which was unoptimized, employed mycelial mats pregrown on malt extract medium and supplied with an energy source, glucose, together with the dye. 

Decolorization of four synthetic azo dyes were examined in two white rot fungal cultures. In solidified culture medium, Phanerochaete chrysosporium partially decolorized all the dyes tested, while Pleurotus sajorcaju totally decolorized amaranth, new coccine, and orange G, but not tartrazine. In liquid culture medium, P. chrysosporium totally decolorized amaranth, new coccine and orange G, and 60% tartrazine. Pleurotus sajorcaju totally decolorized amaranth and new coccine, 50% orange G and a maximum of 20% tartrazine. Manganese-peroxidase and -glucosidase may be involved in the decolorization of the dyes by P. chrysosporium, whereas in P. sajorcaju a laccase active toward dianisidine and glucose-1-oxidase might participate in the process (Chagas and Durrant, 2001).

Decolorization of textile indigo dye by ligninolytic fungi from Brazil were assessed by Balan and Monteiro, (2001). The ligninolytic basidiomycete fungi were tested for decolourization in liquid medium. Decolorization started in a few hours and after 4 days the removal of dye by Phellinus gilus culture were in 100%, by Pleurotus sajor-caju 94%, by Pycnoporus sanguineus 91% and by Phanerochaete chrysosporium 75%, respectively. Thin layer chromatography of fungi culture extracts revealed only one unknown metabolite of           Rf = 0.60, as a result of dye degradation.


Novotny et al. (2001) studied the capacity of Irpex lacteus and Pleurotus ostreatus for decolorization of chemically different dyes .The rate and efficiency of decolorization of poly R-478- or Remazol Brilliant Blue R (RBBR)-containing agar plates (200 g-1) were tested to evaluate the dye degradation activity in a total of 103 wood-rotting fungal strains. Best strains were able to completely decolorize plates within 10 days at 28°C. Irpex lacteus and Pleurotus ostreatus were selected and used for degradation of six different groups of dyes (azo, diazo, anthraquinone-based, heterocyclic, triphenylmethane, phthalocyanine) on agar plates. Both fungi efficiently degraded dyes from all groups. Removal of RBBR, Bromophenol blue, Cu-phthalocyanine, Methyl red and Congo red were studied with I. lacteus also in liquid medium. Within 14 days, the following color reductions were attained: RBBR 93%, Bromophenol blue 100%, Cu-phthalocyanine 98%, Methyl red 56%, Congo red 58%, respectively. The ability of I. lacteus to degrade RBBR spiked into sterile soil were checked, the removal being 77% of the dye added within 6 weeks.

Abdullah et al. (2000) used Trametes hirsuta and its purified laccase to degrade triarylmethane, indigoid, azo, and anthraquinonic dyes. According to their research findings, initial decolorization velocities depended on the substituents on the phenolic rings of the dyes. Thermal stabilities of the enzyme were enhanced by the immobilization of the T. hirsuta laccase on alumina and its tolerance against some enzyme inhibitors, such as copper chelators, halides, and dyeing additives. At 50 mM NaCl the laccase lost 50% of its activity while the 50% inhibitory concentration (IC50) of the immobilized enzyme was 85 mM. Treatment of dyes with the Immobilized laccase reduced the toxicity of dyes (based on the oxygen consumption rate of Pseudomonas putida) up to 80% (anthraquinonic dyes). Textile effluents were decolorized with T. hirsuta or the laccase were used for dyeing. Enzyme protein or metabolites strongly interacted with the dyeing process indicated by lower staining levels (K/S) values than obtained with a blank using water. However, when immobilized laccase decolorized the effluents they could be used for dyeing and acceptable color differences (ΔE*) below 1.1 were measured for most dyes.

Kirby et al. (2000) used Phlebia tremellosa to decolorize eight synthetic dyes. After investigating the fungus potential for decolorization they observed that Phlebia tremellosa decolorized eight synthetic textile dyes (200 mg l−1) by greater than 96% within 14 days under still incubation conditions. HPLC analysis of the culture supernatants showed that Remazol Black B was degraded by the fungs. However, outright mineralization did not happen due to accumulation of colourless organic breakdown. Activity of laccase was measurable in culture supernatants after 120 hours. The fungus was grown in the presence of an artificial textile effluent, where the activity was approaching a maximum of 15 U l−1 on day 14.

Sumathi and Manju (2000) used culture of Aspergillus foetidus which was efficient to decolorize media containing azo reactive Drimarene dyes. Their result showed, the color removal was greater than 95% within 2 days of growth of the fungus. The dye was found to be strongly adsorbed to the rapidly settling fungal pallets of biomass instead of undergoing significant biotransformation. Their investigations revealed that the process of decolorization was associated with the exponential growth phase of the Aspergillus foetidus and had required for a biodegradable substrate such as glucose. The fungal strain was also able to decolorize media receiving mixture of dyes to an extent of 85% within 3 days of growth. Kinetic analyses of fungal decolorization indicated that the process was time dependent and followed first order kinetics with respect to initial dye concentration. Color uptake rates (k values) decreased to a significant level with increasing initial concentrations of dye. Their selected strain was able to grow and decolorize media in the presence of 5 ppm of chromium and 1% sodium chloride. An alternating and economical carbon source like starch enhanced the growth and accelerated the decolorization process. These results suggested that dye uptake process mediated by A. foetidus had a potential for large-scale treatment of textile mill discharges.
2.2.2. BACTERIA
Shah et al. (2013) carried out studies on bioremoval of azo dye reactive red by Bacillus spp. ETL-1982. It was isolated from the activated sludge collected from a textile mill. Phenotypic characterization and phylogenetic analysis of the 16S rDNA sequence indicated that the bacterial strain belonged to the genus Bacillus. Bacillus ETL-1982 showed a strong ability to decolorize reactive textile dye at pH 9.0 and 37°C and with 4 gL-1 glucose concentrations was considered to be the optimum decolorizing conditions. Bacillus spp. ETL-1982 grew well in a high concentration of dye (300 mg l-1), resulting in approximately 96% decolorization extent in 36 h, and could tolerate up to 1000 mg l-1 of dye. UV–Vis analyses and colorless bacterial cells suggested that Bacillus spp. ETL-1982 exhibited decolorizing activity through biodegradation, rather than inactive surface adsorption. High decolorization extent and facile conditions show the potential for this Bacillus ETL-1982 to be used in the biological treatment of dyeing mill effluents.

Developed Bacillus Thuringiensis SRDD showed degradation of C.I. Acid red 119 and growth under the extreme condition of temperature 70°C, pH 3-8, heavy metals concentration of 0.8 mM, NaCl up to 900 mM and 1000 ppm dye. Cotton seed, caster cake and corn cake powders were found to be better and cheaper nutrient supplements for the Bacillus thuringiensis SRDD for biodegradation as compared to molasses. After development of the culture and the process, more than 99% degradation was achieved in less than 2 hrs of contact time even on 18th cycles of addition of 100 ppm AR-119 dye. The developed process showed AR-119 biodegradation rate as high as 220 mg L-1 h-1, which is found to be 130 times more as compared to the reported data. U.V., FTIR, TLC and HPLC analysis data confirmed biodegradation ability of the Bacillus thuringiensis for AR-119 (Dave and Dave, 2012).

A novel bacterium was isolated from the soil of Ichalkaranji textile industrial area. Through 16S rRNA sequence matching and morphological observation it was identified as Lysinibacillus sp. RGS. It showed complete decolorization and degradation of toxic sulfonated azo dye C.I. Remazol Red (at 30°C, pH 7.0, under static condition) with higher chemical oxygen demand (COD) reduction (92%) within 6 h of incubation. Various parameters like agitation, pH, temperature and initial dye concentrations were optimized to develop faster decolorization process. The supplementation of cheap co-substrates (e.g., extracts of agricultural wastes) could enhance the decolorization performance of Lysinibacillus sp. RGS. Analytical studies of the extracted metabolites confirmed the significant degradation of Remazol Red into various metabolites. The phytotoxicity assay (with respect to plants Phaseolus mungo and Sorghum vulgare) revealed that the degradation of Remazol Red produced nontoxic metabolites. Finally Lysinibacillus sp. RGS were applied to decolorize mixture of dyes and actual industrial effluent showing 87% and 72% decolorization (in terms of decrease in ADMI value) with 69% and 62% COD reduction within 48 h and 96 h, respectively. The foregoing result increases the applicability of the strain for the treatment of industrial wastewaters containing dye pollutants (Saratale et al., 2012).

Bioremediation and detoxification of synthetic wastewater containing triarylmethane dyes by Aeromonas hydrophila isolated from industrial effluent were evaluated by Ogugbue and Sawidis, (2011). The bacterial isolate were identified as Aeromonas hydrophila and were shown to decolorize three triarylmethane dyes tested within 24 h with color removal in the range of 72% to 96%. Decolorization efficiency of the bacterium was a function of operational parameters (aeration, dye concentration, temperature, and pH) and the optimal operational conditions obtained for decolorization of the dyes were: pH 7-8, 35°C and culture agitation. Effective color removal within 24 h were obtained at a maximum dye concentration of 50 mg/L. Dye decolorization were monitored using a scanning UV/visible spectrophotometer which indicated that decolorization were due to the degradation of dyes into non-colored intermediates.

Isolation, identification and application of novel bacterial consortium TJ-1 for the decolourization of structurally different azo dyes acid orange 7 (AO7) and manyother azo dyes were analyzed by Joshi et al. (2008). In TJ-1 three bacterial strains were identified as Aeromonas caviae, Proteus mirabilis and Rhodococcus globerulus by 16S rRNA gene sequence analysis. AO7 decolorization were significantly higher with the use of consortium as compared to the use of individual strains, indicating complementary interactions among these strains. AO7 decolorization were observed under microaerophilic condition in the presence of organic carbon source. Either yeast extract (YE) alone or a combination of YE and glucose resulted in much higher decolorization of AO7 as compared to glucose alone, peptone or starch. 

A novel bacterial strain capable of decolorizing reactive textile dye Red BLI were isolated from the soil sample collected from contaminated sites of textile industry from Solapur, India. The bacterial isolate were identified as Pseudomonas sp. SUK1 on the basis of 16S rDNA analysis. The Pseudomonas sp. SUK1 decolorized Red BLI (50 mg l1) 99.28% within 1 h under static anoxic condition at pH range from 6.5 to 7.0 and 30°C. This strain has ability to decolorize various reactive textile dyes. UV–Vis spectroscopy, FTIR and TLC analysis of samples before and after dye decolorization in culture medium confirmed decolorization of Red BLI. A significant increase in the activities of aminopyrine N-demethylase and NADH-DCIP reductase in cells obtained after decolorization indicates involvement of these enzymes in the decolorization process. Phytotoxicity testing with the seeds of Sorghum vulgare and Phaseolus mungo, showed more sensitivity towards the dye, while the products obtained after dye decolorization does not have any inhibitory effects (Kalyani et al., 2008).
Decolorization and degradation of Disperse Blue 79 and Acid Orange 10, by Bacillus fusiformis KMK5 isolated from the textile dye contaminated soil were investigated by          Kolekar et al. (2008). The release of azo dyes into the environment is a concern due to coloration of natural waters and due to the toxicity, mutagenicity and carcinogenicity of the dyes and their biotransformation products. The dye degrading bacterial strain KMK 5 were isolated from the textile dyes contaminated soil of Ichalkaranji, Maharashtra, India. It was identified as Bacillus fusiformis based on the biochemical and morphological characterization as well as 16S rDNA sequencing. KMK 5 could tolerate and degrade azo dyes, Disperse Blue 79 (DB79) and Acid Orange 10 (AO10) under anoxic conditions. Complete mineralization of DB79 and AO10 at the concentration of 1.5 g/l was observed within 48 h. This degradation potential increased the applicability of this microorganism for the dye removal.

Asad et al. (2007) carried out studies on the decolorization of textile azo dyes by newly isolated halophilic and halotolerant bacteria. Among the 27 strains of halophilic and halotolerant bacteria isolated from effluents of textile industries, three showed remarkable ability in decolorizing the widely utilized azo dyes. Phenotypic characterization and phylogenetic analysis based on 16S rDNA sequence comparisons indicate that these strains belonged to the genus Halomonas. The three strains were able to decolorize azo dyes in a wide range of NaCl concentration (up to 20% w/v), temperature (25–40°C), and pH (5–11) after 4 days of incubation in static culture. They could decolorize the mixture of dyes as well as pure dyes. These strains also readily grew in and decolorized the high concentrations of dye (5000 ppm) and could tolerate up to 10,000 ppm of the dye. UV–Vis analyses before and after decolorization and the colorless bacterial biomass after decolorization suggested that decolorization was due to biodegradation, rather than inactive surface adsorption. Analytical studies based on HPLC showed that the principal decolorization were reduction of the azo bond, followed by cleavage of the reduced bond. 

Anaerobic biodegradability and toxicity of five azo dye metabolites (Reactive Black 5, RB 5; Direct Red 28, DR 28; Direct Black 38, DB38; Direct Brown 2, DB2; Direct Yellow 12, DY-12) at parent azo dyes concentrations varying between 200 and 1800 mg l−1 of were studied under long-term incubations such as 72 days. The metabolites of DB 38 and DB2 azo dyes at a concentration of 1800 mg l−1, had low toxicity effect on methanogenic bacteria. Total Aromatic Amines (TAA) measurements in the beginning and last period of incubation period showed that the recovery percentages of aromatic amines for DR 28, DB 38, DB 2 and DY 12 azo dyes, were 57.6, 69.4, 66.5, and 77.1%, respectively. The low recovery of aromatic amines (57–77%) from the reduction of azo dyes were probably due to low level of cleveage of aromatic ring resulting in minor anaerobic transformation of azo dye structure. The results revealed azo dye metabolites (aromatic amines) are partly persistent under anaerobic conditions and had low toxicity under long-term incubations (Isik and Sponza, 2007).

Pandey et al. (2007) studied the bacterial decolorization and degradation of azo dyes. Several genera of Basidomycetes have been shown to mineralize azo dyes. Reductive cleavage of azo bond, leading to the formation of aromatic amines, is the initial reaction during the bacterial metabolism of azo dyes. Anaerobic/anoxic azo dye decolorization by several mixed and pure bacterial cultures have been reported. Under these conditions, this reaction is nonspecific with respect to organisms as well as dyes. Only few aerobic bacterial strains that can utilize azo dyes as growth substrates have been isolated. These organisms generally have a narrow substrate range. Degradation of aromatic amines depends on their chemical structure and the conditions. It is now known that simple aromatic amines can be mineralized under methanogenic conditions. Sulfonated aromatic amines, on the other hand, are resistant and require specialized aerobic microbial consortia for their mineralization.	

The toxicity of C.I. Reactive Black 5 and three Procion dyes using the bioluminescent bacterium Vibrio fischeri were determined by Gottlieb et al. (2003). Hydrolysed Reactive Black had a slightly greater toxicity than the parent form (EC50 11.49/3.68 and 27.59/4.01 mg l-1, respectively). A baffled bioreactor with anaerobic and aerobic compartments were used to decolourise hydrolysed Reactive Black 5 in a synthetic effluent. Decolourisation of hydrolysed Reactive Black resulted in an increased toxicity (EC50 0.29/0.03 mg l-1). Toxicity were not detectable when decolourised Reactive Black 5 were metabolised under aerobic conditions. Genotoxicity were not detected after the decolourisation of either the parent or the hydrolysed reactive dyes, either in vitro or in the bioreactor. The toxicity and genotoxicity of decolourised C.I. Acid Orange 7 was due to the production of 1-amino-2-naphthol (EC50 0.19/0.03 mg l-1).

Six bacterial strains with the capability of degrading textile dyes were isolated from sludge samples and mud lakes were investigated by (Chen et al., 2003). Aeromonas hydrophila was selected and identified because it exhibited the greatest color removal from various dyes. Although A. hydrophila displayed good growth in aerobic or agitation culture (AGI culture), color removal was the best in anoxic or anaerobic culture (ANA culture). For color removal, the most suitable pH and temperature were pH 5.5/ 10.0 and 20/35 8C under anoxic culture (ANO culture). More than 90% of RED RBN was reduced in color within 8 days at a dye concentration of 3000 mg-1. This strain could also decolorize the media containing a mixture of dyes within 2 days of incubation. Nitrogen sources such as yeast extract or peptone could enhance strongly the decolorization efficiency. In contrast to a nitrogen source, glucose inhibited decolorization activity because the consumed glucose was converted to organic acids that might decrease the pH of the culture medium, thus inhibiting the cell growth and decolorization activity. Decolorization appeared to proceed primarily by biological degradation.

Kinetic characteristics of azo dye decolorization by Escherichia coli NO3 were determined quantitatively using C.I. Reactive Red 22 as the model azo dye substrate. The effects of substrate (dye) concentration and the environmental factors (temperature, pH, dissolved oxygen (DO) level) on the rate of bacterial decolorization were investigated. The stability and efficiency of the E. coli NO3 strain in long-term repetitive operations were also examined. The results showed that the dependence of the specifc decolorization rate on azo dye concentration could be described by a conventional substrate-inhibition model. Decolorization with E.coli NO3 gave a relatively high maximum decolorization activity (100 mg dye g cell-1 h-1), which occurred at a dye concentration of 2000 mg l-1, suggesting the applicability of the strain in remediation of wastewater containing high azo dye concentrations (Chang and Kuo, 2000).
2.2.3. ALGAE
A unicellular green micro alga was isolated from textile and dye contaminated site of Sanganer, Jaipur (India). Biosorption studies were conducted in a batch system for the removal of orange G dye from aqueous solution. Different parameters of pH, time, and initial dye concentration were investigated to optimize the process. Kinetic and equilibrium isotherms were implemented to experimental data in order to investigate the mechanism of biosorption. Microalgae isolated from industrial site was found to be highly efficient for absorption of Orange G dye from aqueous solution. Batch studies depicts that Acutodesmus obliquus strain PSV 2 can absorb orange G dye at optimum pH 2.0 and maximum absorption (56.49 mg/g) occurred within initial 60 min of contact time. Equilibrium studies showed that Freundlich isotherm fitted well with experimental data with high correlation coefficient (r2=0.995) and n value (n=1.192). Langmuir isotherm showed r2=0.96 and value of b=0.008, which represents favorable adsorption of dye on algal surface (sarwa and verma, 2013).

Biodegradation of triphenylmethane dye, Malachite Green (MG), by Cosmarium species were investigated by Daneshvar et al. (2005). The results obtained from batch experiments revealed the ability of the algal species in removing the dye. The effects of operational parameters (temperature, pH, initial dye concentration and algal concentration) on decolorization efficiency were examined. The results indicated that the dependence of the specific decolorization rate on dye concentration could be described by Michaelis-Menten model.

Al-Taee and Al-Ahmad (2004) studied the biological decolorization of malachite green dye from aqueous solution by algae Chlorella vulgaris and Scendesmus quadriquada in different concentrations (0.01, 0.05 and 0.1 mg/L) by using batch culture experiments. The results showed that Chlorella vulgaris had removed 100% of the color in 10 days were the Scendesmus quadriquada in 8 days.

Aksu and Tezer (2000) studied the biosorption of reactive dyes (Remazol Black B (RB), Remazol Red RR (RR) and Remazol Golden Yellow RNL (RGY)) on the green alga Chlorella vulgaris were investigated in a batch system. The algal biomass exhibited the highest dye uptake capacity at the initial pH value of 2.0 for all dyes. The effect of temperature on equilibrium sorption capacity indicated that maximum capacity were obtained at 35°C for RB biosorption and at 25°C for RR and RGY biosorptions. Biosorption capacity of algae increased with increasing initial dye concentration up to 800 mg l-1 for RB and RR dyes, and up to 200 mg l-1 for RGY dye. Among the three dyes, RB was adsorbed most effectively by the biosorbent to a maximum of approximately 419.5 mg g-1. 

2.2.4. YEAST
Waghmode et al. (2012) studied Degradation of Remazol Red Dye by Galactomyces geotrichum MTCC 1360 Leading to Increased Iron Uptake in Sorghum vulgare and Phaseolus mungo from Soil. Remazol Red (50 mg/L) showed more than 96% decolorization of the azo dye  within 36 h at 30°C and pH 11.0 under static condition with a significant reduction in the chemical oxygen demand (62%) and total organic carbon (41%). Peptone (5.0 g/L), rice husk (10 g/L extract), and ammonium chloride (5.0 g/L) were found to be more significant among the carbon and nitrogen sources used. The presence of tyrosinase, NADH-DCIP reductase, riboflavin reductase and induction in azo reductase and laccase activity during decolorization indicated their role in degradation.

The bioaccumulation of chromium (VI), nickel (II), copper (II), and reactive dye by the yeast Rhodotorula mucilaginosa  has been investigated in media containing molasses as a carbon and energy source. Optimal pH values for the yeast cells to remove the pollutants were pH 4 for copper(II) and dye, pH 6 for chromium(VI) and dye, and pH 5 for nickel(II) and dye in media containing 50 mgl-1  heavy metal and 50 mgl-1 Remazol Blue. The maximum dye bioaccumulation was observed within 4–6 days and uptake yields varied from 93% to 97%. The highest copper (II) removal yields measured were 30.6% for 45.4mgl-1 and 32.4% for 95.9 mgl-1 initial copper (II) concentrations. The nickel (II) removal yield was 45.5% for 22.3 mgl-1, 38.0% for 34.7 mgl-1, and 30.3% for 62.2 mgl-1. Higher chromium (VI) removal yields were obtained, such as 94.5% for 49.2 mgl-1 and 87.7% for 129.2 mgl-1 initial chromium (VI) concentration. (Ertugrul et al.,2009).

Yu and wen, (2005) conducted studies on screening and identification of yeasts for decolorizing synthetic dyes in industrial wastewater.  Among 44 yeast strains tested for ability to degrade textile dyes, two novel strains, Pseudozyma rugulosa Y-48 and Candida krusei G-1, were selected and identified because they exhibited excellent color removal from various dyes. P. rugulosa Y-48 and C. krusei G-1 removed Reactive Brilliant Red K-2BP (200mgL-1), giving up to 99% decolorization in 24 h. P. rugulosa Y-48 also removed 22–98% of seven other dyes (50mgL-1) and C. krusei G-1 62–94%. Of the seven dyes, all azo dyes were most easily decolorized by these yeasts. Further analysis showed that decolorization of the dyes tested proceeded primarily by biodegradation.

2.2.5. BIOMASS
Adsorption of remazol brilliant blue on an orange peel adsorbent were studied by      (Mafra et al., 2013). A novel orange peel adsorbent developed from an agricultural waste material was characterized and utilised for the removal of Remazol Brilliant Blue from an artificial textile-dye effluent. The adsorption thermodynamics of this dye-adsorbent pair was studied in a series of equilibrium experiments. The time to reach equilibrium were 15 h for the concentration range of 30 mg L-1 to 250 mg L-1. The adsorption capacity decreased with increasing temperature, from 9.7 mg L-1 at 20°C to 5.0 mg L-1 at 60°C. Both the Langmuir and Freundlich isotherm models fitted the adsorption data quite reasonably. The thermodynamic analysis of dye adsorption onto the orange peel adsorbent indicated its endothermic and spontaneous nature. Thus, the application of orange peel adsorbent for the removal of dye from a synthetic textile effluent was successfully demonstrated.

Sugar cane bagasse ash, an agricultural byproduct, acts as an effective adsorbent for the removal of dyes from aqueous solution. Batch adsorption study was investigated for the removal of Acid Orange-II from aqueous solution. Adsorbents are very efficient in decolorized diluted solution. The effects of bed depth on breakthrough curve, effects of flow rate on breakthrough curve were investigated with the help of Thomas, Yoon-Nelson model .The removal of dyes at different flow rate (contact time),bed height by Sugarcane Bagasse Ash as an adsorbent has been studied. It is found that percent adsorption of dyes increases by decreasing flow rate from 2 lit/hr to 1 lit/hr, by increasing bed height from 15cm to 45cm.The result shows that, bagasse ash is a good adsorbent for dye effluent treatment                      (Kanawade et al., 2010).

A methodology involving sugar cane bagasse bioadsorbent were developed in order to remove the carcinogenic congo red dye from aqueous medium. The results showed high efficiency with retention of 64 ± 6% in synthetic congo red solution and 94 ± 5% in effluent enriched with congo red, at 10.0 g of the bioadsorbent. The adsorption system provided a maximum adsorption capacity of 4.43 mg/g. Tests showed independence adsorption properties, when compared with the column flow rates. The treatment units could be operated with flexibility. The results revealed that sugar cane bagasse could be an adequate bioadsorbent (Raymundo et al., 2010).








3. MATERIALS AND METHODS
A laboratory study was carried out to assess the potential of fungal isolate Aspergillus fumigatus in decolourizing and degrading the textile dye, reactive red RGB.

Reactive red RGB a textile synthetic dye, sold under the brand name Remozal was obtained from a distributor in Tirupur. 

3.1. ISOLATION AND SCREENING OF DYE DECOLOURZING FUNGI
Soil samples were collected from a dye contaminated area of textile dyeing units in Tirupur and used for the isolation of dye decolourzing fungal species (Fig.1).

The collected soil sample was serially diluted using distilled water and 1ml from each dilution was poured on petriplates. Rose Bengal agar medium was spread over the soil suspension and plates were incubated at room temperature for 7 days. After 7 days of incubation five fungal species differing in morphology were isolated (Fig.2) and streaked to get pure cultures. The pure fungal cultures were preserved in a refrigerator at 4°C for further use.

Each fungal isolate was inoculated in 100ml of sterilized Sabouraud’s dextrose broth containing 10mg of red RGB dye, taken in a 250ml conical flask. It was incubated at room temperature for 5 days. The decolourizing activity was measured each day and was expressed as percent decolourization. The precent decolourization was calculated using the formula:
                      Initial absorbance – final absorbance
              Percent decolourization =                                                                      X 100
                         Initial absorbance

The fungal isolate showing maximum percent decolourization was chosen for further studies, after identification using lactophenol cotton blue staining technique.

3.2. OPTIMIZATION OF CULTURE MEDIUM
Decolourization of the dye in Sabouraud’s dextrose broth by the selected fungal isolate was optimized with respect to dye concentration (0.01, 0.02, 0.03, 0.04 and 0.05mg), incubational period (1-7 days), pH (3, 4, 5, 6, 7, 8), temperature (20, 25, 30, 35, 40 and 45°C), carbon source (1% of glucose, fructose, maltose, sucrose, lactose, starch, mannitol, xylose), organic nitrogen source (1% of yeast extract, mycological peptone and glycine) and inorganic nitrogen source (1% of NH3Cl, NH3NO3 ,NaNO3, KNO3). All the flasks were inoculated with the fungal isolate and incubated for 5days (Fig.3). At the end of each experiment the absorbance was read in a colorimeter at 620nm to estimate the final dye concentration and percent dye decolourization was calculated.

Under optimum conditions the study was carried out and the dye sample after decolourization was subjected to the following analysis. 

3.3. UV-Vis SPECTRAL ANALYSIS

Biodegradation of the dye using the fungal isolate was assessed by subjecting the untreated and treated dye samples to UV-Vis spectral analysis (UV – 1700 series). The samples were scanned in the range of 200-800nm with the band width set to 1nm. The absorbance was noted at the peak area for the interpretation of results.
3.4. FT-IR ANALYSIS

Biodegradation of red RGB was analyzed by FTIR spectroscopy. For the analysis 100ml treated dye sample was taken. The centrifugation was carried out at 10,000 rpm and the metabolites were extracted from supernatant using equal volume of Dichloromethane. The extract was dried over anhydrous Na2SO4 and evaporated to dryness in a rotary vacuum flash evaporator. The treated dye was characterized by Fourier Transform Infrared Spectrometer (Perkin Elmer Spectrum 65) and compared with control (before treatment) dye. The samples were mixed with spectroscopically pure KBr in the ratio of 1:100 and pressed to obtain               IR- transparent pellet. The pellet was placed in sample holder and the analysis was carried out in the mid IR region of 800-4000 cm-1 with 16 scan speed.

3.5. XRD ANALYSIS
The characterization of macromolecular structure of the fungus before and after dye decolorization was done by X-ray diffraction (XRD) analysis. Dried fungal mycelium (incubated without dye and the mycelium that absorbed the dye) was analyzed using X’Pert Pro MRD (XL) X-ray diffractometer (PANalytical Ltd., Cambridge, UK) equipped with radiation source used at 40 kV and 30 mA (diffraction angle varied from 60° to 10°). The samples were scanned at the rate of 3°/min with a Ni-filtered beam (wavelength 1.5406 Å).













[image: C:\Users\Elcot\Desktop\synthetic dyes\Soil\industrial+wastes.JPG]











Fig.1. SITE OF COLLECTION OF DYE CONTAMINATED SOIL SAMPLES 
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Fig.2. FUNGAL ISOLATES IN REACTIVE RED RGB
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Fig.3. EXPERIMENTAL SET UP FOR MEDIUM OPTIMIZATION STUDIES









4. RESULTS AND DISCUSSION
Controlling pollution is the main concern of the society today. Synthetic dyes are used widely in many industries such as paper, coloured photography and textile. There are 10,000 types of dyestuff throughout the world and approximately 7 X105 tones of these are produced every year (Mahmoud, 2014). 

Synthetic dyes can be classified as anionic (direct, acid and reactive dyes), cationic (basic) and non-ionic (disperse). Anionic dyes represent 20–30% of commercial dyes used. Reactive dyes are formed by the combination of azo-based chromophores with different types of reactive groups such as vinyl sulfone, chlorotriazine, trichloropyrimidine and difluorochloropyrimidine. Azo dyes are the largest chemical class of dyes with a great deal of structural and colour variety used in industries, representing up to 70% of the annual production. They are characterized by the presence of one or more azo groups, which are responsible for their colouration, recalcitrant nature and hence are less biodegradable. Reactive dyes are commonly used in textile industries because of their favorable characteristics such as bright colour, water fastness, and their simple application techniques with low energy consumption (Tan, 2013).

Removal of reactive dyes is especially problematic because they can easily pass through conventional treatment systems without much change (Gul, 2013). Physical and chemical methods used for the decolorization of dyes are very expensive, experience operational problems, result in hazardous byproducts and require intensive energy (McKay et al., 1987; Gupta et al., 1990).

Microbial decolorization methods such as bioremoval by growing culture in medium and biosorption by living or dead microbial biomass, are commonly applied because various microorganisms such as bacteria, yeasts, algae and fungi are able to remove different classes of dyes.

Fungi have been found capable of mineralizing a diverse range of persistent organic pollutants (Ramya et al., 2007; Casieri et al., 2008). Hence in the present study the fungal isolate Aspergillus fumigatus was evaluated for its potential to decolourize and degrade the textile dye, reactive red RGB.


4.1. CHEMISTRY OF REACTIVE RED RGB
Reactive red RGB is a red colour odourless powder, widely used for colouration of cellulosic textiles. It is a reactive azo dye. 
Azo dyes represent the largest group of organic colourants listed in the colour index                 (60 - 70% of the total). They make the vast majority of the dyes discharged into effluents (Van der Zee, 2005). They are characterized by the presence of one or more azo groups (-N=N-), which form bridges between two or more aromatic rings (monoazo, diazo, triazo and polyazo).

Azo dye is the largest group of dyes, with -N=N- as a chromophore in an aromatic system. There are monazo, diazo, triazo, tetrazo and polyazo dyes depending upon the number of azo-groups present. Diazotisation of a primary amine, in presence of HCl + NaNO2 at freezing temperature, produces a diazonium salt which in turn coupled with aromatic compounds, producing an azo-dye. Azo pigments are colorless particles (typically earths or clays), which have been colored using an azo compound.

Reactives are the most important class of colours for the dyeing of cotton. Reactive dye is the only class of dyes among all classes of dyes which makes covalent bond with the fiber and becomes a part of it. If the general structure of a reactive dye is “R-B-X” then, R-B-X + Fiber = R-B-X-Fiber (Dyed fiber) where R is the chromophore group (Azo, Anthraquinone, Phthalocyanine etc.), B is the bridging group ( Imino, Ethyl & Methyl, Oxide, Sulphide group) and X  is the reactive group (-Cl, -Br, -SH, -OCH, etc.).

Reactive azo dyes are the most prevalent type of dyes that have been used by the textile industry due to its colour intensity and good reactivity toward cellulose (cotton) (Zhao et al., 2005). They form the largest group of organic dyes that constituted more than 35 % of world production of dyes and it is extensively used in the industry including manufacturing plants (Barek et al., 1996).

4.2. DESCRIPTION OF ASPERGILLUS FUMIGATUS
Colony morphology and microscopic observation have confirmed the identity of the fungal isolate as Apergillus fumigatus (Order: Eurotiales and family: Trichomacomaceae).

Aspergillus fumigatus is a saprophytic fungus that plays an essential role in recycling environmental carbon and nitrogen (Haines, 1995; Pitt, 1994; Bossche et al., 1988). Its natural ecological niche is the soil, wherein it survives and grows on organic debris. Although this species is not the most prevalent fungus in the world, it is one of the most ubiquitous of those with airborne conidia (Mullins et al., 1976; Mullins et al., 1984; Nolard, 1994).  
4.2.1. Colony Morphology
Colonies granular to cottony, velvety, or powdery; usually white at first then darkening to green, green-gray, or green-brown with a white apron at the margin. The reverse is usually white to tan. Colouration or shade can be dependent on the media on which the fungus is cultured upon (Fig.4).
4.2.2. Microscopic Morphology    
Hyphae are septate with smooth walled conidiophores (usually less than 300 µm in length and 5-10 µm wide). Vesicles are subclavate in shape, roughly 20-30 µm in width. Conidiogenous cells (phialides) are flask shaped, uniseriate, compact (closely spaced), usually forming on the upper two-thirds of the vesicle and mature parallel to the axis of the conidiophore (columnar formation). Young conidial heads may radiate. Conidia are verrucose (smooth or slightly rough), (sub) spherical and about 2-3.5 µm in diameter and develop in chains (Fig.5).
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Fig.4. COLONY MORPHOLOGY OF A. FUMIGATUS
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Fig.5. MICROSCOPIC MORPHOLOGY OF A.FUMIGATUS

4.3. MEDIUM OPTIMIZATION STUDIES
Culture medium for dye decolourization studies was optimized with reference to dye concentration, incubation period, pH, temperature, carbon and nitrogen sources.

4.3.1. DYE CONCENTRATION
Dye decolourization observed at different dye concentrations (0.01, 0.02, 0.03, 0.04 and 0.05mg) was presented in table 1 and fig.6. The percent decolourization was maximum in 0.01 concentration (76%). A decrease in decolourization was observed in dye concentrations beyond 0.01mg. It was 54% in 0.02mg, 48% in 0.03mg, 28% in 0.04mg and 26% in 0.05mg.

















TABLE 1
DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO
 DYE CONCENTRATION

	Dye concentration (mg)
	Decolourisation (%)

	0.01
	76

	0.02
	54

	0.03
	48

	0.04
	28

	0.05
	26




Fig.6. DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO 
DYE CONCENTRATION
The present study revealed maximum decolourization in the dye concentration of 10mg/l and a decrease at higher dye concentrations. A dye concentration of 10mg/l for effective decolourization was reported by Hadibarata et al. (2012) and they suggested that the decolourization of RB5 indicated the degradation of azo bond and stated that further treatment by fungi can lead to the cleavage of aromatic rings. They also reported that further increase in dye concentration to 20 and 30 mg/l decreased the rate of decolourization and this may be due to increase in the toxicity of dye which inhibited the growth and ligninolytic enzymes of fungi. Moreover, azo dye is a recalcitrant and complex molecule for degradation as it consists of fused aromatic rings (Kumari et al., 2007).

The efficiency of Aspergillus species in the degradation of a textile dye was reported by Mohan et al. (2012). At 50 mg/l of direct red dye concentration, Aspergillus niger showed 97 and 87 % decolourization in 48 h at static and shaking conditions and A. flavus showed 78 and 83 %, respectively. They recorded lower decolourization percentage at high dye concentrations and was believed to be due to the inhibitory effects of high dye concentration on fungal growth. Reduction in degradation rates at higher dye concentrations of acid red 131 using fungi was reported by Sivaranjani et al. (2013). 

The result observed by Lu et al. 2009 in the biodegradation of Remazol Brilliant Blue R (RBBR) by laccase of Polyporus sp. S133 showed high decolourization percentage at lower dye concentrations and decline at higher concentrations which indicated that the rate of substrate oxidation by the enzyme laccase increased with the substrate concentration until it reached the limitation of enzymatic activity or saturation of the available active sites of enzyme.

4.3.2. INCUBATION PERIOD
Dye decolourization in the incubation period of 1 to 7 days was presented in table 2 and fig. 7. Dye decolourization was minimum on the first 3 days. It was 10.4% on 1st day, 31.2% on 2nd day and 42.1% on 3rd day. It increased to 62% on the 4th day and the maximum of 72.8% was recorded on the 5th day.
TABLE 2
DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO 
INCUBATION PERIOD
	Incubation period (days)
	Decolourization (%)

	1
	10.4

	2
	31.6

	3
	42.1

	4
	62

	5
	72.8

	6
	61

	7
	53




Fig.7. DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO INCUBATION PERIOD
In the present study an appreciable increase in percent dye decolourization was noted on the 4th day though the maximum was recorded on the 5th day. For the fungus P. chrysosporium Priya et al. (2013) has reported a removal of 94.8% of 50µM dye within 4th day of incubation period. Mycelial growth also increased up to 54.0 mg on the fourth day. In S. commune fourth day of incubation period, increased the mycelial dry weight (60 mg) and 96.7 per cent of acid orange 7 was removed from aqueous solution. When the dye was treated with L. eximia maximum dye removal of 95.5% was observed on the 4th day of incubation. The mycelial dry weight was observed to be 56.0 mg.

The results showing maximum mycelial dry weight on the fifth day as 57.1 mg/day, 55.5 mg/day, 56.0 mg/day for Congo red, Rhodamine 6G, Malachite green respectively was reported by Selvam et al. (2012).

In the removal of methyl red (50 μM) from aqueous solution by P. chrysosporium 787, the maximum recorded was 92.2 per cent after fourth day of incubation period. The initial dry weight of the mycelium was 35.0 mg and on the fourth day it was 56.0 mg.

The removal of Evans blue (50 μM) from aqueous solution using P. chrysosporium, four days incubation resulted in 90.2 per cent dye removal and the mycelial growth was increased along with incubation period. At fourth day the mycelial dry weight was found to the 53.0 mg. At 25 μM dye concentration, per cent removal was 90.1 and mycelia growth was 56.0 mg dry weight.

The above results indicated that the dye removal was related to mycelial growth. 
4.3.3. pH

Dye decolourization in the pH range of 3 to 8 was presented in table 3. The study was carried out by varying the pH from strongly acidic (pH3) to slightly alkaline pH (pH8). In strongly acidic medium percent decolourization was minimum and it was below 20%. It was 30% at pH5. The maximum of 72% was recorded at pH6, followed by 64% at pH7. The dye decolourization decreased to 38% at pH8.

TABLE 3
DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO pH
	pH
	Decolourization (%)

	3
	16

	4
	20

	5
	30

	6
	73

	7
	64

	8
	38




Fig.8. DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO pH
A sharp rise in decolourization was observed at pH6 and a comparatively high decolourization was observed at pH7 (Fig. 8). The results revealed that the decolourization of the dye was favoured by slightly acidic pH than neutral pH. Rohilla et al. (2012) and Chen et al. (1999) also reported that for Perreniporia tephropora the maximum was found at pH 5.5: 94.3% for RB4 and 90% for MO compared to neutral pH: 50% for RB4 and 41.5% for MO.    

Similar decolourization pattern in acidic pH was exhibited by the fungal species Aspergillus versicolor. It showed its maximum dye removat at pH6 (Tastan et al., 2010). For Aspergillus species the optimum pH for colour removal was observed to be slightly acidic and the rate of colour removal decreased rapidly at strongly acidic or strongly alkaline pH values. The strain was capable of decolourizing the azo dye over a pH range of 4 – 6 (Sathish and Amarnath, 2014).

Similar trend was recorded for other fungal species. An increase in decolourization from pH 3 to 7 with high degradation efficiency from pH 5 to 7 was shown by white-rot fungi (Kadpan et al., 2000). Maximum decolourization activity of Cladosporium sp. was observed at pH6 with 89% decolourization (Praveen and Bhat, 2012). Alternaria brassicae TSF- 07 showed significant decolourization in the pH range of 4 to 6 (Shinde and Thorat, 2013). Ascomycetes yeast also showed maximum decolourization of azo dyes in the acidic range. 

Spadaro et al. (1992) suggested that the treatment of azo dyes contaminated environment with the fungus is mainly due to the expression of some extracellular enzymes responsible for the degradation. pH condition of growth medium is essential in acheiveing dye decolourization because enzymes carrying different charges bind and degrade different substrates at different pH (Hadibarata and kristani, 2012). Hydrogen ions influence the enzyme activity by altering the ionic charges on the enzyme and the substrate. Hydrogen ion concentration influences enzyme activity and a bell shaped curve is normally obtained. Each enzyme has an optimum pH at which the velocity is maximum. Below and above this pH the enzyme activity is much lower and at extreme pH the enzyme becomes totally inactive.

pH has a considerable effect on synthetic dye discoloration and the optimal pH for discoloration is often between 4.5 to 11 for most of the dyes (Rohilla et al., 2012;                                     Chen et al., 1999). Acidic pH is often favoured for fungal growth and dye discoloration because it can affect the ligninolytic enzyme activity and biodegradation process by fungi                               (Steeve et al., 2014). The pH influence the growth and enzyme production by white rot fungi Phanerochaete chrysosporium (Senthilkumar et al., 2014).
4.3.4. TEMPERATURE
Temperature was varied from 20 to 45°C to determine the optimum temperature for dye decolourization (Table 4 and fig. 9). Maximum decolourization was observed at 30°C and at that temperature the percent decolourization achieved was 72. At low and high temperatures the decolourization observed was minimum. At 20 and 25°C, it was found to be 12 and 15% respectively. At temperatures beyond 30°C a decrease in decolourization was observed. It was 40% at 35°C, 35% at 40°C and 28% at 45°C.
TABLE 4
DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO TEMPERATURE

	Temperature(°C)
	Decolourization (%)

	20
	12

	25
	15

	30
	72

	35
	40

	40
	35

	45
	28




Fig.9. DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO TEMPERATURE
Similar results were obtained with reference to dye decolourization using different fungi. Maximum degradation was observed between 28 to 30°C when the study was performed at temperatures between 24 to 34°C. Initially there was an increase in dye degradation rate upto 30°C and afterwards dye degradation decreased (Sharma et al., 2009). Penicillium chrysogenum and Aspergillus niger showed highest activity at 27°C (Praveen and Bhat, 2012). The optimum temperature for the growth and dye decolourization studies with Coriolus Versicolor have been reported as 30°C (Wong, 1999). For a variety of white rot fungal cultures optimum temperatures were found to vary between 25 - 35°C (Hai et al., 2006) (Swamy and ramsay, 1999). Cetin and Donmez, (2006) reported that mixed cultures approximately removed 82% - 98% of reactive red RB dye incubated at 35°C. Srikanlayanukul et al. (2008) found that Coriolus Versicolor RC3 decolourized OrangeII at optimal temperature of 30-37°C.

The study revealed that an optimum temperature is a crucial factor for the growth and metabolism of fungi. It promotes increased growth and mitosis (Yi- Chin et al., 2003). Fungal colonies grow differently at different temperatures. For temperatures between 30°C and 40°C, the growth rates were between 12.08 mm day-1 and 12.92 mm day-1. At temperatures lower or higher than this temperature range, the growth rates were lower than 10mm. In addition, between 30 and 40°C, mycelium was compact and covered the entire Petri dish at six days. The study also showed that the optimum growth was at 30°C and at lower temperatures growth slowed                 (Steeve, et al., 2014). 

Enzyme production was maximum at optimum temperature (Hadibarata et al., 2013). At optimum temperature an increase in available active sites of ligninolytic enzymes and kinetic energy of dye was observed (Senthilkumar et al., 2011; Yesilada et al,. 1998). It favoured the solubility of enzyme laccase, thus enhancing its activity in degrading the substrate (Saratale et al. 2009).

At higher temperatures the decline in decolouization was attributed to the loss of cell viability and denaturation of enzymes (Sathish and Amarnath, 2014).

4.3.5. CARBON SOURCE
Maximum decolourization was observed in glucose (70%) (Table 5 and Fig.10). Lactose and mannitol and sucrose recorded 55, 52 and 49%, respectively. Dye decolourization was minimum in fructose (40%), maltose (39%), starch (38%) and xylose (32%).
TABLE 5
DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO 
CARBON SOURCE
	Carbon source
	Decolourization (%)

	Glucose
	70

	Fructose
	40

	Maltose
	39

	Sucrose
	49

	Lactose
	55

	Starch
	38

	Mannitol
	52

	Xylose
	32




Fig.10. DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO                  CARBON SOURCE
Dahiya et al., (2001) reported glucose as the best carbon source for supporting decolourisation. This may be because carbon and nitrogen concentration in the culture medium influences the growth of fungi (Machado et al., 2006). Maximum effluent color removal (86.67%) was shown by the combination of glucose and urea as carbon and nitrogen sources (Ashger et al., 2012).Initially there was an increase in dye degradation rate up to 80.2% with glucose and afterward dye degradation decreased. Maximum degradation was observed with 1% glucose (Singh et al., 2012) .The effect of carbon sources on decolorization of dye by Asperigillus species showed that dextrose is the ideal carbon source for the strain (Satish and Amarnath, 2014).

Glucose supported the maximum decolorization of livafix red CA (91.5%) with                                P. ostreatus; even glucose gave better results than others for reactive dyes. Similar findings were found by Sumathi and Manju (2001) who revealed that Aspergillus foetidus removed 90% of prucion dye within 48 hours of fungal growth in the presence of glucose. 

4.3.6. NITROGEN SOURCE

Dye decolourization was observed by supplementing the medium with 7 different nitrogen sources (Table 6 and Fig. 11) .The percent decolourization was maximum in glycine supplemented medium (76%). In other nitrogen sources decolourization observed was 69% in peptone, 41% in NaNO3, 40% in yeast, 35% in KNO3, 32% in NH3NO3 and 24% in NH4Cl.

TABLE 6
DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO NITROGEN SOURCE

	Nitrogen source
	Decolourization (%)

	Yeast extract
	40

	Mycological peptone
	69

	Glycine
	76

	NH4Cl
	24

	NH3 NO3
	32

	NaNO3
	41

	KNO3
	35




Fig.11. DYE DECOLOURIZATION BY A. FUMIGATUS IN RELATION TO 
NITROGEN SOURCE
	
In nature, nitrogen limitation is a major factor in enhancing ligninolytic enzyme production. In general, the increased carbohydrate (carbon) supply stimulates, while increased nitrogen inhibits lignin degradation. Nitrogen source and concentration in the culture medium are known to influence laccase production (Gianfreda et al., 1999).N-limited medium                   (2–3 mM) has been shown to favor laccase production in most of the species of fungi; Phanerochete sanguineus (Pointing et al., 2000), Pleurotus ostreatus (Hou et al., 2004) and Cerrena unicolor MTCC 5159 (D’Souza et al., 2006). Peroxidase production by white-rot fungi is typically induced by nitrogen starvation (Hammel, 1997). Production of LiP and MnP in several terrestrial white-rot fungi was reported in the presence of high carbon and low nitrogen medium, a condition found in plants. This has resulted in the development of a special culture medium (Tien and Kirk, 1988) termed as Low Nitrogen Medium (LNM). In contrast, several white-rot fungi were also reported to produce LDEs in the presence of high nitrogen (Collins and Dobson, 1997; Dong and Zhang, 2004). In general, the above studies strongly support the idea that the presence of nitrogen usually represses LDE expression, but expression of some enzymes is less sensitive to this repression (Kachlishvilli et al., 2006).



4.3.7. UV- Vis SPECTRAL ANALYSIS
          The biodegradation of reactive red RGB was monitored by UV-Vis Spectrophotometric analysis. For the untreated dye, as shown in fig. 12 , a total of 10 absorbance peaks were found, 6 peaks from 200-400 nm, 2 peaks from 400 – 600 nm and 2peaks from 600-800nm. For the treated dye as in fig. 13 only 2 peaks were found in the range from 200-400nm and the peaks from 400-800nm completely disappeared indicating complete decolourization and deformation of the structural conformation that was responsible for the color (Shinde and Thorat, 2013).

























Fig.12. UV – Vis SPECTRUM OF DYE SOLUTION BEFORE TREATMENT
Fig.13. UV – Vis SPECTRUM OF DYE SOLUTION AFTER TREATMENT [image: ][image: ]

4.3.8. FT-IR ANALYSIS

	The FT-IR spectrum of untreated reactive red RGB (Fig. 14) showed the following peaks: 702.09cm-1 corresponds to C-H stretching vibrations of disubstituted aromatic compound, 833.25cm-1 corresponds to P-disubstituted ring vibrations, 1581.63cm-1 corresponds to N=N stretching vibrations, 1635.64cm-1 for stretching vibration of C=C, 2916.37cm-1 for CH2-O asymmetric stretching vibrations and 3441.01cm-1 for NH stretching of NH2 group.

The FT-IR spectrum of metabolites obtained after decolourization of reactive red RGB by Aspergillus fumigatus showed peaks at 771.53 cm-1 for N-H bending vibrations, 1211.30 cm-1 and 1273.02 cm-1 for C-O stretching vibrations, 1435.04cm-1 for CH2 bending vibrations and 2947.23cm-1 for CH3 symmetric stretching vibrations. The absence of peak at 1581.63cm-1 for N=N stretching vibrations indicated the cleavage of azo bond (Fig. 15). The presence of unsaturated groups (chromophores) such as -C=C- , -N=N- and -C≡N- are responsible for the dye colours (Molinari, et al., 2004).                
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Fig.14. FT-IR SPECTRUM OF DYE SOLUTION BEFORE TREATMENT
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Fig.15. FT-IR SPECTRUM OF DYE SOLUTION AFTER TREATMENT

4.3.9. XRD ANALYSIS
            The XRD analysis was used to study the surface morphology of the fungus, A. fumigatus before exposure to dye and after dye decolourization. The study revealed an increase in the amorphous nature of fungal mycelium after dye decolourization which was evident from the less sharper X-ray diffraction peaks in the dye exposed fungus (Fig.16) compared to more sharper peaks of the fungus before exposure to dye (Fig.17). Chakraborty (2013) associated the increase in amorphous nature to dye adsorption which plays a role in dye decolourization. 
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Fig.16. XRD OF A. FUMIGATUS BEFORE EXPOSURE TO DYE  
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Fig.17. XRD OF A. FUMIGATUS AFTER EXPOSURE TO DYE  
From the above it was found that the fungal isolate Aspergillus fumigatus has the potential in decolourizing the azo dye, the reactive red RGB. It showed the highest percentage of decolourization of 76% in 0.01mg concentration within 5 days, requiring an optimum pH of 6 and an optimum temperature of 30 in the presence of glucose and glycine as carbon and nitrogen sources. UV– Visible analysis confirmed the decolourization of the dye and FT-IR analysis confirmed the breakdown of azo bond in the dye. In the process of decolourization, dye adsorption to the surface macromolecules of the fungal biomass was evident from the XRD analysis.

The study suggested that toxic pollutants like azo dyes concentrated in industrial waste and contaminated sites can potentially be eliminated by low cost bioremediation systems using microbial cultures. The knowledge about the optimum environmental factors/ conditions could help to employ biological approaches efficiently to clean up the water and soil environment polluted by azo dyes discharged from textile and dyeing industry.

















5. SUMMARY AND CONCLUSION

· An attempt has been made to degrade reactive red RGB dye using the fungal isolate A. Fumigatus.
· Reactive red RGB, a textile synthetic dye, sold under the brand name Remazol was obtained from a distributor in Tirupur.
· Soil sample was collected from a dye contaminated area of textile dyeing units in Tirupur and used for the isolation of dye decolourizing fungal species.
· The collected soil sample was serially diluted using distilled water and 1ml from each dilution was poured on petriplates. Rose bengal agar medium was spread over the soil suspension and plates were incubated at room temperature for 7 days.
· After 7 days of incubation five fungal species differing in morphology were isolated and streaked to get pure cultures. The pure fungal cultures were preserved in a refrigerator at 4°C for further use. 
· Each fungal isolate was inoculated in 100ml of sterilized Sabouraud’s dextrose broth containing 10mg of red RGB dye, taken in a 250ml conical flask. It was incubated at room temperature for 5 days.
·  The decolourizing activity was measured each day and was expressed as percent decolourization. 
· The fungal isolate showing maximum percent decolourization was chosen for further studies after identification using lactophenol cotton blue staining technique.
· Decolourization of the dye in Sabouraud’s dextrose broth by the selected fungal isolate was optimized with respect to dye concentration, incubation period, pH, temperature, carbon and nitrogen sources. All the flasks were inoculated with the fungal isolate and incubated for 5days. 
· At the end of the each experiment the adsorbance of dye solution was read in a colorimeter at 620nm to estimate the final dye concentration and percent dye decolourization was calculated. 
· Biodegradation of the dye using the fungal isolate was assessed by subjecting the untreated and treated dye samples to UV-Vis spectral analysis and FT-IR spectroscopy.
· The characterization of macromolecular structure of the fungus before exposure to dye and after dye decolorization was done by X-ray diffraction (XRD) analysis.
· Reactive red RGB chosen for the present study is a red colour odourless powder, widely used for the colouration of cellulosic textiles. It is a reactive azo dye.
· Azo dye is the largest group of dyes with –N=N- as a chromophore in an aromatic system. Reactive dye is the only class of dyes amoung all classes of dyes which makes covalent bond with the fibre and becomes a part of it.
· The fungal isolate was identified as Aspergillus fumigatus which belongs to the order Eurotiales and family Trichomacomaceae.
· The medium optimization study revealed that the dye concentration, incubation period, pH, temperature, carbon and nitrogen sources play a major role in decolourization and degradation of the dye.
· Dye decolourization was observed at different dye concentrations (0.01, 0.02, 0.03, 0.04 and 0.05mg). The percent decolourization was maximum in 0.01 concentration (76%). A decrease in decolourization was observed in dye concentrations beyond 0.01mg. It was 54% in 0.02mg, 48% in 0.03mg, 28% in 0.04mg and 26% in 0.05mg.
· Dye decolourization in the incubation period of 1 to 7 days was observed. It was minimum on the first 3 days; 10.4% on first day, 31.2% on second day and 42.1% on third day. It increased to 62% on the fourth day and the maximum of 72.8% was recorded on the fifth day.
· The study was carried out by varying the pH from strongly acidic (pH3) to slightly alkaline pH (pH8). In strongly acidic medium percent decolourization was minimum and it was below 20%. It was 30% at pH5. The maximum of 72% was recorded at pH6, followed by 64% at pH7. The dye decolourization decreased to 38% at pH8
· Temperature was varied from 20 to 45°C to determine the optimum temperature for dye decolourization. Maximum decolourization was observed at 30°C and at that temperature the percent decolourization achieved was 72. At low and high temperatures the decolourization observed was minimum. At 20 and 25°C, it was found to be 12 and 15% respectively. At temperatures beyond 30°C a decrease in decolourization was observed. It was 40% at 35°C, 35% at 40°C and 28% at 45°C.
· Decolourization was observed in the presence of different carbon sources (1% of glucose, fructose, maltose, sucrose, lactose, starch, mannitol, xylose).Maximum decolourization was observed in glucose (70%). Lactose and mannitol and sucrose recorded 55, 52 and 49%, respectively. Dye decolourization was minimum in fructose (40%), maltose (39%), starch (38%) and xylose (32%).
· Dye decolourization was observed by supplementing the medium with 7 different nitrogen sources (1% of yeast extract, mycological peptone, glycine, NH3Cl, NH3NO3, NaNO3 and KNO3). The percent decolourization was maximum in glycine supplemented medium (76%). In other nitrogen sources decolourization observed was 69% in peptone, 41% in NaNO3, 40% in yeast, 35% in KNO3, 32% in NH3NO3 and 24% in NH4Cl.
· From the above it was found that the fungal isolate Aspergillus fumigatus has the potential in decolourizing the azo dye, the reactive red RGB. It showed the highest percentage of decolourization of 76% in 0.01mg concentration within 5 days, requiring an optimum pH of 6 and an optimum temperature of 30°C in the presence of glucose and glycine as carbon and nitrogen sources.
· UV – Vis analysis of the treated dye showed the absence of absorbance band in 400-800 nm. The absence of band in the visible range indicates complete decolourization and deformation of the structural conformation that is responsible for the colour.
· FT-IR analysis of the treated dye showed the absence of peak at 1581.63 cm-1 which represents the cleavage of azo bond.
· XRD analysis showed an increase in the amorphous nature of fungal mycelium after dye exposure which indicates dye adsorption to fungal biomass. 
· UV– Visible analysis confirmed the decolourization of the dye and FT-IR analysis confirmed the breakdown of azo bond in the dye. In the process of decolourization, dye adsorption to the surface macromolecules of the fungal biomass was evident from the XRD analysis.
· From the study it may be concluded that toxic pollutants like azo dyes concentrated in industrial wastes and contaminated sites can potentially be eliminated by low cost bioremediation systems using microbial cultures. The knowledge about the optimum environmental factors/ conditions could help to employ biological approaches efficiently to clean up the water and soil environment polluted by azo dyes discharged from textile and dyeing industry.
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