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1. INTRODUCTION

Water is a source of life and energy. Pollution of water due to rapid pace of industrialization and unplanned urbanization is causing millions of people worldwide to suffer for storage of fresh and clean drinking water (Bhatnagar and Sillanpaa, 2010).
Rapid industrialization and urbanization around the world has lead to the recognition and understanding of relationship between environmental pollution and public health. While, the pollutions triggered by the human activities become the top most challenge for modern civilization (Srivastava and Singh, 2012). Among the most concerned environmental pollution that threatens our biodiversity is water pollution in which effluents from dye-based industries serve as principal source (Moreira et al., 2004).
Textile industry and dyeing factory consumes a considerable amount of water in its manufacturing processes. The water is primarily utilized in the dyeing and finishing operations of the textile plants. Considering both, the volume generated and the effluent composition, the textile industry waste water is rated as the most polluting among all industrial sectors. Important pollutants in textile effluent are mainly recalcitrant organics, color, toxicants, surfactants, chlorinated compounds and salts (Ben Mansour et al., 2011).

Dyes are responsible for addition of beautiful colors to the life and belong to an important class of chemicals in many industrial processes, but the presence of very small amounts of dyes in water (less than 1ppm for some dyes) is highly visible and undesirable as color is the first contaminant to be recognized in waste water (Robinson et al., 2001). 

Synthetic dyes are used in many industrial branches for dyeing of wool, cotton, nylon, leather, paper, cosmetics, pharmaceuticals, plastic, petroleum, products, etc. (Koyani et al., 2013 and 
Younes et al., 2012). There are 1,00,000 commercially available dyes, and annual global dye production reaches almost 7×[image: image3.png]


 t. Now a days, due to their extensive use, they have become an integral part of industrial wastewater. Inefficiency of the dyeing processes, poor handling of spent effluent, and insufficient treatment of wastes of the dyestuff industries lead to the contamination of soil and natural water bodies (Nigam et al., 1996). Because of the imperfection of dyeing process, approximately 10-15% of the synthetic dyes are released into the industrial waste, causing serious environmental problems world wide (Hamid and Rehman, 2009).

Azo dyes constitute about a half of global production 
(700,000 ty-1) and during dyeing operation processes, about 15% of them end up in wastewaters (Maynard, 1983). Aromatic azo-dyes, with the azo group (-N=N-), comprise about half of total world dye market. It is a major class of synthetic organic compounds released by many industries due to its chemical stability and versatility. The effluents containing azo dyes result in significant environmental pollution problems. Furthermore, azo-dye compounds were recognized as potential carcinogen and its abatement is a required part of wastewater treatment (Kusic et al., 2006).

Improper discharge of the colored waste water into aqueous ecosystems is highly visible and affects the aesthetics, water transparency and gas solubility in water bodies and depicts acute toxic effects on aquatic flora and fauna, thus causing severe environmental problems worldwide (Vandevivere et al., 1998). Many metabolites of synthetic azo dyes are toxic, carcinogenic and mutagenic leading to potential health hazards to humankind. Furthermore, color of the dyestuff interrupts the aquatic environment by reducing light penetration, gas solubility and interference of phytoplankton’s photosynthesis (Saranaik and Kanekar, 1995).

 The world’s ever increasing population based life style has inevitably led to an increased anthropogenic impact on the biosphere. Pollutants that produce in an effort to improve human standard of living and fashion, but ironically their unplanned intrusion into the environment can reverse the same standard of living by imparting, negative effect on the environment (Asamudo et al., 2005). Environmental legislation are also being imposed to control the release of dyes, in particular azo based compounds through waste water from textile industry into the environment. Therefore, the treatment of industrial effluents containing azo dyes and their metabolites becomes necessary prior to their final discharge into the environment (Pandey et al., 2007).
Increasing use of dyes causes an increase of their concentration in the environment and requires the development of new environmentally and economically acceptable treatment technology. Currently available physico-chemical methods (chemical oxidation, reverse osmosis, adsorption, flotation, precipitation and coagulation) are very effective but are costly, energy intensive, have limited use, can lead to the production of toxic byproducts and releases large amount of sludge (Eichlerova et al., 2006). In comparison with the methods mentioned above, the removal of dyes using microorganism tend to be more attractive and are becoming more and more popular.
  Microbial degradation of dyes is gaining importance as an ecological, economical and less invasive alternative treatment technique (Saratale et al., 2011 and Singh and Pakshirajan 2010). The participation of different taxonomic groups of organism (bacteria, fungi, algae, plants) in the dye decolourization has been described in many research findings. The most popular are the technologies based on biodegradation/biotransformation of dyes by living fungi. Many studies have been concentrated on physical sorption on living or dead biomass of fungi for the removal of dyes. These technologies are more attractive than physical and chemical treatment methods due to low operating costs, high effectiveness and environmental harmlessness (Wang et al., 2012 and Wu et al., 2012).

 It was proven that the efficiency of dye removal depends on the type of microorganism and the process conditions. The most important factors are temperature, oxygen level, pH, incubation period, additional available carbon and nitrogen sources, as well as the concentration of the dye and its chemical structure (Przystas 
et al., 2009, Tony et al., 2009 and Zablocka-Godlewska et al., 2009).

Hence the present work aims at developing a simple laboratory scale biosorption procedure to treat methyl orange using Aspergillus fumigatus with the following objectives:

· To screen the dye decolourizing fungi from textile dye contaminated soil.

· To isolate and identify the fungal species from the dye discharged soil.

· To optimize various parameters such as dye concentration, incubation period, pH, temperature and various carbon and nitrogen source on dye decolourization by the isolated fungal species.

· To analyse the FT-IR and UV spectra of the control dye and degraded metabolites. 
· To characterize the macro molecular structure of the isolated fungus before and after decolourization by X-ray diffraction analysis. 

The following chapter outlines the review of literature relevant to the present study.
2. REVIEW OF LITERATURE
                The review of literature pertaining to the present investigation is organized and presented under the following headings. 

2.1. Scenario on textile dye pollution

        
2.2. Biosorption - An environment cleanup technology

        
2.3. Mechanism of dye removal

        
2.4. Environmental factors affecting dye degradation

        
2.5. Fungi - A promising biosorbent

        
2.6. Dye removal using fungal isolates

        
2.7. Azo dyes

              2.7.1. Methyl Orange

2.1. SCENARIO ON TEXTILE DYE POLLUTION
              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 (Cooper, 1995).             

             The growth of world population, the development of various industries, and the use of xenobiotic in modern day-to-day life has overloaded not only the water resources but also the atmosphere and the soil with pollutants (Gupta et al., 2009).

            The problems related to environmental pollution can be most efficiently dealt with the help of processes which occur in the environment naturally (Chojnacka, 2010). Textile industry which is one of the largest water consumers in the world produces the effluent which contains several types of chemical such as dispersants, leveling agents, acids, alkalis, carriers and various dyes. Colour is one of the most obvious indicators of water pollution and discharge of highly coloured synthetic dye effluents can damage the receiving water bodies (Nigam et al., 1996).

             Synthetic textile dyes belong to the most dangerous pollutants which, as part of the industrial effluents, contaminate steadily higher amount of river water. The dyes (soluble or insoluble) that are used in industries are synthetic and have a complex aromatic structure and persistent nature. Therefore, ordinary treatments fail to treat them easily (Mcmullan et al., 2001).

 2.2. BIOSORPTION - AN ENVIRONMENTAL CLEANUP TECHNOLOGY

Biosorption, the process in which a microorganism is used to remove and recover dyes from aqueous solutions, has been known for a few decades but has emerged as a low cost promising technology in the last decades. In this process, the uptake of 
dyes occurs as a result of physico-chemical interactions of 
dyes with cellular compounds of biological species (Kapoor and Viraraghavan, 1998).

Biosorption may be simply defined as the removal of substances from solution by biological materials. Such substances can be organic or inorganic, and soluble or insoluble forms (AhAhemad and Malik, 2011). Biosorption is the removal of materials (compounds, dyes, etc.,) by inactive and non-living biomass (materials of biological origin) due to “high attractive forces” present between the two (Volesky and Holan, 1995). Biosorption is a physico-chemical process and includes such mechanisms as absorption, adsorption, ion exchange, surface complexation and precipitation. It is a property of using living and dead biomass (as well as excreted and derived products).The metabolic process in living organisms may affect physico-chemical biosorption mechanisms, as well as pollutant bioavailability, chemical speciation and accumulation or transformation by metabolism-dependent properties (AhAhemad and Malik, 2011). Biosorption are passive, metabolism independent and physico-chemical interactions occur between dyes and microbial surfaces.


It could be interpreted that biosorption process consists of two phases: one phase is a solid phase (biomass/ sorbent/ biosorbent/ biological material) and another is a liquid phase (solvent, usually water) containing a dissolved species to be sorbet (sorbate/ dyes) principally and the process which is metabolism-independent accumulation of dyes, is often rapid. On the contrary, bioaccumulation is metabolism-dependent intracellular uptake of dyes by living microorganisms and is slower process compared to biosorption (Ashkenazy et al., 1997).


Generally, biosorption is a property of certain types of inactive, dead, microbial biomaterials to bind and concentrate dyes from even very dilute aqueous solutions. Biomass exhibits this property, acting just as a chemical substance or as an ion exchanger of biological origin. It is particularly the cell wall structure of certain algae, fungi and bacteria, which was found responsible for this phenomenon.

Living as well as dead (metabolically inactive) biological materials have been sought to remove dyes. It was found that various functional groups present on their cell wall offer certain forces of attractions for the dyes and provide a high efficiency for their removal (Eccles, 1999).

2.3. MECHANISM OF DYE REMOVAL

      The realization of mechanisms by which biosorbents uptake pollutants is essential and very important for the development of biosorption processes for the concentration, removal and recovery 
of pollutants from aqueous solutions (Ting and Teo, 1994 and 
Sud et al., 2008). Fundamentally, many types of biosorbents are derived from various forms of raw biomass, including bacteria, fungi, yeasts and algae. The complex structure of raw biomass implies that there are many ways, by which these biosorbents remove various pollutants, but these are not yet fully understood, therefore, the mechanism of uptake of dyes is considered as a complicated process. Several factors are found to influence on the mechanism of dye biosorption such as the state of biomass (living or non-living), types of biomaterials, properties of dye solution chemistry and environmental conditions such as pH, temperature, etc.


 The unclear definition of sorption may give a clue that the mechanisms involved in biosorption are often difficult to characterize, except perhaps in the simplest laboratory systems. Biological material is complex and a variety of mechanisms may be operative under given conditions but are not fully understood. Biosorption mechanisms may be classified according to following criteria:

· Based on cell metabolism: In this criteria, biosorption mechanisms are classified as metabolism dependent and non-metabolism dependent

· Based on location where biosorption occurs: In this criteria, biosorption mechanisms are classified as extra cellular accumulation/precipitation, cell surface sorption/ precipitation and intra cellular accumulation.


Biosorption of dyes occurs mainly through several interactions such as physical adsorption, ion exchange, complexation, precipitation and entrapment in inner space (Lawrence et al., 2010).

 
In the biosorption process, two types of biological cells (living and dead cells) as well as chemically pretreated biomass can be used. The uptake of dyes by living and dead cells can occur in two different modes. The mechanisms of uptake by living materials (bioaccumulation) and removal by dead ones (biosorption) are entirely different.


The first mode of uptake is independent of cell metabolic activity and involves surface binding of dyes to cell walls and extracellular material. This is referred to biosorption or passive uptake.


The second mode of dye uptake into the cell across the cell membrane is dependent on the cell metabolism, and is referred to intracellular uptake or active uptake or bioaccumulation. Intracellular uptake of the dyes occur by the cells metabolism using only living cells, while cell surface sorption allows interaction between toxic dyes and functional groups such as carboxylate, hydroxyl, sulfate, phosphate and amino groups present on the cell surface.

(a) Dye biosorption process using living cells 

Two steps are found for dye biosorption process using living cells: First, the dyes are adsorbed to the surface of the cells by interaction between dye and functional groups found on the surface of the wall. Second, due to active biosorption, dyes penetrate the cell membrane and enter into the cells. Active mode is metabolism dependent and related to dye transport and deposition.

(b) Dye biosorption using dead cells
Dye removal by non-living cells is mainly in passive mode which is metabolism independent and proceeds rapidly by any one or a combination of dye binding mechanism such as complexation, ion exchange, physical adsorption etc. It is a dynamic equilibrium of reversible adsorption-desorption process. It is independent of energy. The use of dead materials has several advantages because there is no need of growing, growth media is not required and these materials are available as wastes or by-products. Dead biomass seems to be preferred due to absence of toxicity limitations, absence of nutrient requirements in the feed solution and reuse of regenerated biomass (Abbas et al., 2014). 
2.4. ENVIRONMENTAL FACTORS AFFECTING DYE DEGRATATION

Biosorption depends on many factors that can effect on it. Some of these factors are related to the biomass and dye and the other are related to environmental conditions. The major factors that affect the biosorption process are:

Temperature 

The bioaccumulation process, remains unaffected within the range 20-35°C, although high temperatures, may increase biosorption in some cases, but these high temperature may causes permanent damage to microbial living cells. Adsorption reactions are generally exothermic and the extent of adsorption increases with decreasing temperature (Ahalya et al., 2003 and White et al., 1997).
Characteristics of biomass
The nature of the biomass or derived product may be considered one of the important factors, including the nature of its applications such as: freely-suspended cells, immobilized preparations, living biofilms etc. Physical treatments such a boiling, drying, autoclaving and mechanical disruption will all affect the binding properties while chemical treatments such as alkali treatment often improve biosorption capacity, especially evident in some fungal system because of DE acetylation of chitin to form chitosan – glycan complexes with higher dye affinities. Growth and nutrition on the biomass, and age can also influence biosorption due to change in cell size, wall composition, extracellular product formation, etc (Wang and Chen, 2006).
Surface area to volume ratio
It may be important for individual cells or particles, as well as the available surface area of immobilized biofilms. In addition, the biomass concentration may also affect biosorption efficiency with a reduction in sorption per unit weight occurring with increasing biomass concentration (Gadd and White, 1985).

pH
pH seems to be the most important parameter in the biosorption processes. Biosorption is similar to an ion exchange process, i.e. biomass can be considered as a natural ion-exchanging material which mainly contains weakly acidic and basic groups. Therefore, pH of solution influences the nature of biomass binding sites and dye solubility; it affects the solution chemistry of the dye, the activity of the functional groups in the biomass and the competition of dyes. Dye biosorption has frequently been shown to be strongly pH dependent in almost all the system examined, including bacteria, cyanobacteria, algae, and fungi (Greene and Darnall, 1990). 
Generally, the dye uptake for most of the biomass types decline significantly when pH of the dye solution is decreased from pH 6 to 2.5. At pH less than 2, there was minimum or negligible removal of dye from the solution. The dye uptake increases when pH increases from 3 to 5. Optimum value of pH is very important to get a highest dye sorption, and this capacity will decrease with further increase in pH value (Deng and Wang, 2012).

Biomass concentration
Concentration of biomass in solution affects the specific uptake of dye (Modak and Natarajan, 1995). At a given equilibrium concentration, the biomass adsorbs more dye at low cell densities than at high densities (Gourdon et al., 1990). Hence, electrostatic interaction between the cells plays an important role in dye uptake. 
At lower biomass concentration, the specific uptake of dye 
is increased because an increase in biosorbent concentration 
leads to interference between the bindings sites. High biomass concentration restricts the access of dye to the binding sites (Nuhoglu and Malkoc, 2005).

Initial dye concentration
The initial concentration provides an important driving force to overcome all mass transfer resistance of dye between the aqueous and solid phases. Increasing amount of dye adsorbed by the biomass will be increased with initial concentration of dyes. 
Optimum percentage of dye removal can be taken at low initial 
dye concentration. Thus, at a given concentration of biomass, the 
dye uptake increases with increase in dye initial concentration (Zouboulis, 1997).

2.5. FUNGI – A PROMISING BIOSORBENT

Fungi is an excellent dye sorbets which is good, efficient and economical for sequestering toxic dyes from dilute aqueous solutions by biosorption because it offers the advantage of having a high percentage of cell wall materials, it shows excellent dye binding properties, it is available in large quantities from the antibiotic and food industries and it provides an eco-friendly environment.

Three groups of fungi have a major practical importance: the molds, yeasts and mushrooms. Filamentous fungi and yeasts have been used in many wastewater treatments to bind dyes.

Fungi are found entirely in natural environments and important in industrial processes. The structure of fungi has a wide range of morphologies from unicellular yeasts to polymorphic and filamentous fungi and many of them have complex macroscopic fruiting bodies.


The active mode can contribute significantly to dye removal for yeast, but at high dye concentration active mode may not contribute significantly to dye uptake, especially for filamentous fungi. The mechanism of intracellular uptake is complex and not fully understood. The biosorptive capacity of dead fungal cells has been studied extensively in comparison to living cells. The biosorptive capacity of dead cells may be greater, equivalent to or less than that of living cells. Use of dead biomass in industrial applications offers certain advantages over living cells. The dead biomass can be procured from industrial sources as a waste product from established fermentation processes (Gadd, 1993).

Fungal cell wall is complex macromolecular structures mainly consisting of chitins, glucans, mannans and proteins, but also containing other polysaccharides lipids and pigments, e.g. melanin (Remacle, 1990 and Gadd and Mowll, 1995).The sequestering of dye by fungal biomass has mainly been traced to the cell wall since polysaccharides are the main (up to 90%) constituents of the fungal cell wall.

In the fungal cell wall, several types of ionizable sites affect the dye uptake capacity such as phosphate groups, carboxyl groups on uronic acids and proteins, and nitrogen ligands on protein as well as on chitin or chitosan (Huang and Huang, 1996).

2.6. DYE REMOVAL USING FUNGAL ISOLATES

Sani et al. (1998) reported the decolourization of several dyes (Red HE – 8B, Methyl orange, Navy Blue HE – 2R, Magenta, Crystal Violet) and industrial effluent with growing cells of Phanerochate chryososporium in shake and static culture. All the dyes and the industrial effluent were decolourized to some extent with varying percentage of decolourization (20-100%). The rate of decolourization was very rapid with Red HE – 8B, an industrial dye. Decolourization rates for all the dyes in static condition were found to be less than the shake culture and also dependent on biomass concentration.

Meehan et al. (2000) studied the decolourization of Remazol Black-B dye, using Kluyveromyces marxianus IMB3. It was investigated that maximum colour removal of 98% was achieved 
at 31°C.

Mahnaz and Mohammad (2001) studied the decolourization of textile waste water using Phanerochaete chrysosporium. It was found that 98% of colour was removed in the textile waste water treated with Phanerochaete chrysosporium.
Gill et al. (2002) screened nine white-rot fungal strains for biodecolourization of brilliant green, cresol red, crystal violet, congo red and orange II. They have reported that Dichomitus squalens, Phlebia fascicularia and P. floridensis decolourized all the dyes on solid agar medium and possessed better decolourization ability than Phanerochaete chrysosporium when tested in nitrogen-limited 
broth medium.

Selvam and Sang (2003) reported that white rot fungus Thelespora spp. is a choice organism which was used for decolourization of azo dyes, such as congo red and amido black. Wesenberg et al. (2003) reported that white rot fungi are associated with biodegradation of various pollutants, including textile dyes. White rot fungi possess a group of enzymes (phenol oxidases and peroxidases) that participate in lignin degradation. These enzymes are able to oxidize man-made pollutants such as pesticides, drugs, polycyclic aromatic hydrocarbons (PAHs) and textile dyes.

Bhole et al. (2004) studied the effect of different parameters on sorption of methyl violet, basic fuchsin and their mixture in an aqueous solution. Dead biomass of Aspergillus niger was observed to be an efficient biosorbent with maximum sorption within 
10 minutes. 
Yang et al. (2005) investigated optimum conditions for decolourization of an azo dye, C.I.Reactive Black 5 (RB5) by yeast isolate, Debaryomyces polymorphus which could completely degrade 200 mgl-1 of dye within 24h of cultivation at an inoculum size of 
1.4 gl-1 in 50 ml medium consisting of 5 gl-1 glucose and 0.5-1 gl-1 ammonium sulphate.

Bakshi et al. (2006) used Phanerochaete chrysosporium biomass for the removal of reactofix golden yellow from aqueous solution and eight textile dyes (four azo and four anthraquinone) from a synthetic effluent (0.6g/l) at different pH, temperature and biomass concentrations. Adsorption was maximum at pH 2.9 at 40°C using 2.45 g mycelia biomass.

Machado et al. (2006) evaluated the biodegradation of reactive textile dyes by Trametes villosa and Pycnoporus sanguineus to decolourize the reactive textile dyes used for cotton manufacturing. The effect of culture conditions (agitation and dye and nitrogen concentration) on the degradation of drimaren brilliant blue dye was evaluated during the growth of fungi in liquid synthetic medium. Agitation favoured degradation and decolourization was not repressed by nitrogen. In pure culture, Trametes villosa and Pycnoporus sanguineus decolourized synthetic effluent consisting of a mixture of 10 dyes.
Kumari and Abraham (2007) carried out the biosorption studies of anionic textile dyes by nonviable biomass of fungi and yeast. The nonviable biomass of Aspergillus niger, Aspergillus japonica, Rhizopus arrhizus and Saccharomyces cerevisiae were screened for biosorption of textile dyes. Saccharomyces cerevisiae and Rhizopus arrhizus biosorbed the dye effectively at 50mg/l with 1% biomass and Rhizopus arrhizus biosorbed 90-96% of dye within 15 minutes 
at 20ºC at pH 6.

Asgher et al. (2008) reported that the consortium of fungi Schizophyllum spp. decolourized 73% of solar golden yellow at a pH of 4.5 after 6 days of incubation and the efficiency decreased from 59% to 8% as pH was increased from 5 to 6.

Corso and Almerda (2009) utilized Aspergillus oryzae to remove azo dyes from aqueous solution. The non-autoclaved and autoclaved hyphal biomass was applied to biosorb the procion red HE7B (PR-HE7B) and procion violet H3R (PV-H3R) at different pH values (2.5, 4.5 and 6.5). The best pH for biosorption was 2.5, though the autoclaved pellets demonstrated a higher biosorption capacity than the non-autoclaved pellets.

Laxminarayana et al. (2010) assessed the decolourization and biodegradation of three sulphonated azo dyes, using Theridiont notatum isolated from dye contaminated soils. It showed 41-80% decolourization of scarlet red and 80-90% of fast greenish blue and 48-89% of brilliant violet. T. notatum was found to be efficient in the production of catalase and the fungi play a vital role in decolourization and degradation of textile dyes. 
Kumaran and Dharani (2011) investigated the dye decolourization at different temperature, dye concentration, pH, carbon and nitrogen sources. The dye concentration at 50 mg/L amended with glucose and urea showed high percentage of decolourization by Pleurotus sajorcaju and Phanerocheate chrysosporium.
Ali and El-Mohamedy (2012) used the fungal isolates namely Aspergillus fumigatus, Penicillium spp., and Pleurotus osstreatus for delourization activities of acid and reactive dyes. The result obtained indicated that Pleurotus osstreatus and Aspergillus fumigatus were more efficient in decolourisation of the dyes than Penicillium spp. The results also revealed that the maximum degradation activities of these isolates for acid dyes were at pH 5 after 9 day’s of incubation period and at pH 5-6 for reactive dyes.

Andleeb et al. (2012) investigated the biodegradation of anthraquinone dye by immobilized Aspergillus flavus in fluidized bed bioreactor. The reactor operation was carried out at room temperature at pH 5 in continuous flow mode with increasing concentrations (50, 100, 150, 200, 300, 500 mgl-1) of dye in simulated textile effluent for 14 days. Colour removal was upto 85.57%, 84.70% and 71.3% respectively, with 50 mg l-1 initial dye concentration at 24h of incubation.

Dorthy et al. (2012) elucidated the decolourization of commercial reactive dye 2RL by Aspergillus flavus and Aspergillus fumigatus under static batch experiments. The enhanced decolourization by A. flavus and A. fumigatus was attributed to the highest percentage of decolourization of 89.13% and 87.55% respectively in 20ppm of dye.

Namdhari et al. (2012) reported that under static in vitro condition the decolourization capacities of the fungal species were evaluated for reactive blue MR dye (100-300 mg/L) in carbon limited Czapek Dox broth (0.5%). It was found that Aspergillus allhabadii and Aspergillus sulphureus showed higher decolourization capabilities (95.13 ± 0.11), (93.01 ± 0.25) with 200mg/L dye, whereas A. niger showed higher decolourization (83.14 ± 0.19%) with 100mg/L dye after ten days of incubation. 
Ramamurthy and Umamaheswari (2013) assessed the biodegradation of synthetic dyes namely methylene blue and congo red using Aspergillus terreus inoculated on solid media. The removal of the dyes, congo red and methylene blue from aqueous solutions by Aspergillus terreus was found to be maximum at pH 7.6.

Kaushik et al. (2014) studied the biosorption of acid blue 120 by Aspergillus lentulus pellets. The native and heat treated pellets showed excellent dye biosorption capacity and 90% removal acid blue 120 in 12h was achieved after five biosorption desorption cycles.
2.7. AZO DYES

Azo dyes is the largest group of dyes, with –N=N- as a chromophore in an aromatic system.
They are usually strongly coloured compounds which can be intensely yellow, red, orange, blue or even green, depending on the exact structure of the molecule. As a result of their colour, azo compounds are of tremendous importance as dyes and also as pigments for a long time (Ebenso et al., 2008). Infact, about half of the dyes in industrial use today are azo dyes, which are mostly prepared from diazonium salts (Robert, 2011; Zollinger, 2003).
There are monazo, disazo, triazo, tetrkisazo and polyazo dyes depending upon the number of azo-groups present. Diazotization of a primary amine, in presence of HCl and NaNO2 at freezing temperature, produces a diazonium salt which in turn is coupled with aromatic compounds, producing an azo-dye.

The structural features in organic compounds, that usually produce colour are >C=C<, -N=O, -N=N-, aromatic rings, >C=O and –NO2. Most importantly, the groups that invariably confer colour are the azo (-N=N-) and nitroso (-N=O), while the other groups actually do so under certain circumstances (Abrahart, 1977). Furthermore, azo dyes have been studied widely because of their excellent thermal and optical properties in applications such as optical recording medium (Samich et al., 2008), toner (Kirkan and Gup, 2008), inkjet printing (Gregory, 1990), and oil-soluble light fast dyes. Recently, azo compounds as organic dyes have also attracted attention due to their interesting electronic features in connection with their application for molecular memory storage, nonlinear optical elements and organic photoconductors

The release of untreated azo dyes in river and ground water cause severe contamination. The impact of azo dyes in food industry and their degraded products on human health has cause concern over a number of years, in spite of legislation controlling their use in several countries. Over 3,000 tons of azo dyes were certified in the year 1991 by US Food and Drug Administration (FDA) for use in foods, drugs and cosmetics; they constituted the largest group of FDA certified colorants. 

Some azo dyes have been linked to human bladder cancer, splenic sarcomas, hepato carcinomas and nuclear anomalies in experimental animals and chromosomal aberrations in mammalian cells. Some azo dyes induce liver nodules in experimental animals and there is a higher incidence of bladder cancer in dye workers exposed to large qualities of azo dyes. In mammals, both hepatic and bacterial azoreductases reduce the azo compounds to their corresponding amines. Bacterial azoreductases are more active than hepatic azoreductases in reducing azo dyes and are capable of converting some azo dyes to mutagenic and carcinogenic amines (Bragger et al., 1997).

2.7.1. METHYL ORANGE

Methyl orange 4-[4-(dimethylamino) phenylazo] benzene-sulfonic acid, also called as C.I. Acid orange 52, is an azo dye that forms orange crystals and it acts as an indicator.
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Methyl orange (MO) is a water-soluble azo dye and widely used in textile and dyestuff industries (Mittal et al., 2007). Methyl orange has a deep orange colour and its presence in effluents posses an environmental threat. Methyl orange can enter the body through ingestion and metabolize into aromatic amines, which can lead to intestinal cancer (Chung et al., 1992).

Methyl orange can either be made in bulk and later applied to a fiber, or can be developed on and in a fiber by combining the reactants in the presence of the fiber. 

A detailed description of the methodology adopted for the present study is given in the following chapter.

3.  MATERIALS AND METHODS


The methodology adopted for the present study “Biosorption of methyl orange using Aspergillus fumigatus” is discussed under the following headings:

3.1. Isolation, screening and identification of methyl orange decolorizing fungi 


3.1.1. Collection of soil sample

3.1.2. Isolation of methyl orange decolorizing fungi


3.1.3. Preparation of Inoculum

3.1.4. Screening of the isolated fungal colonies for their                    decolourization effect
3.1.5. Decolourisation assay

3.1.6. Identification of the selected fungal isolate


3.1.7. Maintenance of the fungal isolate
3.2. Optimization of various parameters for methyl orange decolourization using Aspergillus fumigatus 

3.2.1. Effect of dye concentration on decolourization   
3.2.2. Effect of incubation period on methyl orange decolourization    

3.2.3. Effect of pH on methyl orange decolourization 

3.2.4. Effect of temperature on methyl orange decolourization 

3.2.5. Effect of carbon sources on methyl orange decolourization 

3.2.6. Effect of nitrogen sources on methyl orange decolourization 
3.3. Decolourization of methyl orange using Aspergillus fumigatus under optimal conditions   
3.4. Biodecolourisation and biodegradation analysis

3.4.1. UV analysis   

3.4.2. FT – IR analysis
3.4.3. X – ray diffraction analysis
PHASE I

3.1. ISOLATION, SCREENING AND IDENTIFICATION OF METHYL ORANGE DECOLOURIZING FUNGI 

3.1.1. Collection of soil sample

For the present study, the soil sample contaminated with textile effluent was collected from the dyeing unit at Erode in a sterile polythene container. The lumps in the soil sample was crushed by using a porcelain mortar and pestle and stored at ambient temperature in cloth bags for subsequent analysis.

3.1.2. Isolation of methyl orange decolourizing fungi


Ten grams of effluent contaminated soil sample was weighed and dispersed in 100 ml of sterile distilled water and stirred well. The sample was serially diluted upto 10-8 dilutions and 0.1ml of the sample was drawn from each dilution and spread plated on sterile rose bengal chloramphenicol agar medium. The plates were then incubated at room temperature (28ºC) for 5 days. After 5 days of incubation, the well grown fungal colonies were isolated and the pure culture of each fungal colony was maintained on rose bengal chloramphenicol agar slants at 4ºC for further study.

3.1.3. Preparation of Inoculum


A loopfull of the isolated fungal colonies were inoculated into 100ml of Sabauroud dextrose broth (Peptone - 1g, Dextrose – 4g, distilled water – 100ml) separately. The broths were incubated for 
5 days at room temperature for the fungal growth. The culture broth was used as inoculum for the decolourization study.

3.1.4. Screening of isolated fungal colonies for their decolourization effect

Screening of all isolated fungal strains from the environmental samples were carried out to their ability to degrade the textile dyes by absorbance method. A loopfull of each fungal inoculum was inoculated into 250ml Erlenmeyer flask containing 100ml of sabauroud dextrose broth amended with 0.01g methyl orange separately. After 5 to 7 days, effective decolourization was seen visually. The isolate which exhibited maximum decolourization of methyl orange was selected for further study (Moorthi et al., 2007).

3.1.5. Decolourization assay

Decolourization activity was determined in terms of percentage removal of dye. 10ml of sample was centrifuged at 2000rpm for 
4 minutes and the supernatant was monitored at 600nm to observe the decolourization activity which was calculated according to the following formula.
 

           Initial absorbance  -  Final absorbance

Percent Decolourization  = _______________________________________________  X100    





Initial absorbance






      (Chamunorwa et al., 2008).

Based on the per cent decolourization, the fungal isolate which exhibited maximum decolourization percentage was selected for the present study and subjected to further identification (Cappuccino and Sherman, 1999).
3.1.6. Identification of the selected fungal isolate

The selected fungal isolate was identified by lactophenol cotton blue staining method. Lactophenol cotton blue stains the fungal cytoplasm and provides a light blue back ground against which the walls of hyphae can readily be seen. It contains four constituents namely phenol which serves as a fungicide, lactic acid which acts as a cleaning agent, cotton blue which stains the cytoplasm of the fungus and glycerol which gives a semi permanent preparation. 

Reagents

Lactophenol Cotton Blue (LCB)


Phenol Crystals


-  20 g


Lactic acid
             
       
- 20 ml


Glycerol 
  

        
-  40 ml


Cotton Blue (1 % aqueous) 
- 0.05g (2 ml)


The above ingredients were made upto 100 ml. The phenol crystals were dissolved with other ingredients by heating the mixture gently under hot water. 

Procedure


The selected fungal isolate was identified by preparing LCB wet mount. A drop of LCB was placed on a clean glass slide and a loopfull of the fungal colony was taken and placed on the slide. With the help of sterile needles, the fungal mycelium was teased gently and a cover slip was placed over the drop of LCB. The slide was then observed under high power objective and identified based on morphological characteristics.

3.1.7. Maintenance of the fungal isolate


The identified fungal isolate was subcultured on rose bengal chloramphenicol agar slants and incubated at room temperature. After sufficient growth was obtained, the slants were stored in refrigerator which served as stock culture. Subculturing of fungal isolate was routinely made for every month in the experimental work. 
PHASE II

3.2.  
OPTIMIZATION OF VARIOUS PARAMETERS FOR METHYL ORANGE DECOLOURIZATION USING Aspergillus fumigatus
The potential of Aspergillus fumigatus was evaluated for the decolourization of methyl orange. The effect of incubation period, dye concentration, pH, temperature, various carbon and nitrogen sources were studied with an aim to determine the optimal conditions required for maximum fungal growth response and dye decolourization in sabauroud dextrose broth.
3.2.1. Effect of dye concentration on decolourization  


To determine the effect of dye concentration on decolourization, 100ml of sabauroud dextrose broth amended with different concentrations of dye ranging from 0.01g, 0.02g, 0.03g, 0.04g, 
and 0.05g was taken in 5 different 250 ml Erlenmeyer flask separately and steam sterilized. The flasks were inoculated with 
1% inoculum and incubated at 30°C for five days under static conditions. After incubation period per cent decolourization 
was calculated.
3.2.2. Effect of incubation period on methyl orange decolourization  

To determine the effect of incubation period on decolourization, 100 ml of the sabauroud dextrose broth with 0.01g of the methyl orange was dispensed in 8 different 250 ml Erlenmeyer flask separately and steam sterilized. The flasks were inoculated with 1% inoculum and incubated for different time intervals (1, 2, 3, 4, 5, 6, 7 and 8 days) at 30°C under static conditions and percent decolourization was determined. 
3.2.3. Effect of pH on methyl orange decolourization  

To determine the optimum pH for decolourization, 100 ml of sabauroud dextrose broth amended with 0.01g of methyl orange was dispensed in 6 different 250 ml Erlenmeyer flask and steam sterilized. The pH level of the broth was adjusted to 3, 4, 5, 6, 7 and 8 with 
0.1 N HCl and 0.1N NaOH. The flasks were inoculated with 1% inoculum and incubated at 30°C for five days under static condition. After incubation period, per cent decolourization was calculated.
3.2.4. Effect of temperature on methyl orange decolourization  
To evaluate the optimum temperature for decolourization, 
100 ml of sabauroud dextrose broth amended with 0.01g of methyl orange was dispensed in 6 different 250 ml Erlenmeyer flask. The pH of the medium was adjusted to 6 and the flasks were steam sterilized. The medium was inoculated with 1% inoculum and maintained at different temperatures (20°C, 25°C, 30°C, 35°C, 40°C and 45°C) and incubated for five days under static condition. After incubation period the per cent decolourization was determined.

3.2.5. Effect of carbon sources on methyl orange decolourization  
The effect of different carbon sources on decolourization of methyl orange using the isolated fungus was studied. 100 ml of sabauroud dextrose broth amended with 0.01g of methyl orange was dispensed in 8 different 250 ml Erlenmeyer flask and various sources of carbon namely glucose, sucrose, maltose, mannitol, starch, lactose, fructose and xylose were added at one percent level separately. The pH was adjusted to 6 before steam sterilization and the sterile flasks were inoculated with 1% inoculum and incubated at 30°C for five days under static conditions. After five days of incubation the percent decolourization was estimated. 

3.2.6. Effect of different nitrogen sources on methyl orange decolourization 
The effect of various nitrogen sources on decolourization of methyl orange using the fungal isolate was studied. 100 ml of sabauroud dextrose broth amended with 0.01g of methyl orange was dispensed in 7 different 250 ml Erlenmeyer flask with various sources of organic and inorganic nitrogen at 1 percent level. The nitrogen sources used were ammonium chloride, potassium nitrate, sodium chloride, sodium nitrate, yeast extract, glycine and peptone. The pH was adjusted to 6 before sterilization and steam sterilized. The sterile flasks were inoculated with 1% inoculum and incubated at 30°C for five days under static conditions. After five days of incubation the per cent decolourization was estimated.

PHASE III 

3.3. DECOLOURIZATION OF METHYL ORANGE USING Aspergillus fumigatus UNDER OPTIMAL CONDITIONS  


Under the above mentioned optimal conditions the Aspergillus fumigatus was inoculated into methyl orange solution and the percentage decolourization was determined.
PHASE IV

3.4. BIODECOLOURISATION AND BIODEGRADATION ANALYSIS


To understand the possible mechanism of dye decolourization, the biodegraded products of methyl orange was analyzed by 
UV - Visible spectral and FT-IR analysis. Further characterization of macromolecular structure of the fungus before and after dye decolourization was done by X-ray diffraction (XRD) analysis.

3.4.1. UV – Vis Spectral analysis

The extent of decolourization was traced in terms of colour removal efficiency. Samples withdrawn from culture flasks during decolourization experiments were clarified by centrifugation at 
10,000 rpm for 15 minutes. The clear supernatants obtained were then used for UV-Vis spectral analysis. Absorbance measurements were done at the characteristic visible absorption band (at the wavelength of dye specific maximum absorbance) of methyl orange
(λmax = 600nm) using a spectrophotometer. Residual methyl orange concentration in medium was evaluated from a calibration curve of absorbance versus concentration and was used in calculation of decolourization extent (Saratale et al., 2009).

3.4.2. FT-IR analysis


FT-IR (Fourier Transform Infrared) is perhaps the most powerful tool for identifying the types of chemical bonds (functional groups). The wavelength of light absorbed is characteristic of the chemical bond which can be seen in the annotated spectrum. By interpreting the infrared absorption spectrum, the functional groups in a control dye and the degraded metabolites can be determined before and after degradation. The dye decolourized samples was extracted with ethyl acetate and dried using a rotary evaporator. The dried samples were mixed with pure KBr for spectroscopy in the ratio of 5:95 and the pellets obtained were fixed in a sample holder. The spectrum of decolourized culture supernatant was then characterized using FT – IR (Perkin – Elmer, Spectrum) and compared with the control dye. The analysis was determined in the mid – infrared region of 400 – 4,000 cm-1 with 16 scan speeds (Kalyani et al., 2008).

3.4.3. X – ray diffraction analysis


X – ray diffraction patterns were obtained at room temperature (300k) by step scaning using a X-ray diffractometer. The samples were pulverized and the particles were compacted in a cylindrical mold into disc format (Ø-1.7cm) and pressurized at 111 MPa. There were five seconds of counting time for each step, with a Cu-Kα tube at 40kV and 25mA using the Bragg-Bretano geometry in continuous mode with a speed of 0.5°/min and a step size of 0.02° (2θ) in the angular range 5 - 35° (2θ). The samples were scanned at the rate of 3°/min with a Ni-filtrated beam (Wavelength 1.5406A°) (Chakraborthy et al., 2013).
The following chapter will give a brief note on the results of the present study.
4.   RESULTS AND DISCUSSION


The results of the present study are discussed under the following headings.

Phase I

4.1. Screening and isolation of methyl orange decolorizing fungi

Phase II

4.2. Identification of the selected fungal isolate     
Phase III

4.3. Optimization studies for methyl orange decolourization using Aspergillus fumigatus
Phase IV
4.4. Decolourization of methyl orange using Aspergillus fumigatus under optimal conditions 

Phase V

4.5. Biodecolourisation and biodegradation analysis
PHASE I 
4.1. SCREENING    AND    ISOLATION   OF   METHYL ORANGE DECOLORIZING FUNGI


From the textile effluent contaminated soil, six morphologically distinct fungal isolates were isolated by serial dilution technique. To screen the fungal isolate which exhibits maximum decolourisation, they were inoculated into 100ml sabauroud dextrose broth amended with 0.01g of methyl orange separately. The contents were incubated at room temperature for 5 days and the percentage decolourization was recorded. Among them the fungal isolate which showed maximum percent decolourization was selected for the present 
study (Table 1). 

TABLE 1

Decolourization of methyl orange by different fungal isolates

	Fungal isolates
	Rate of Decolourization (%)

	Isolate 1
	26

	Isolate 2
	34

	Isolate 3
	42

	Isolate 4
	70

	Isolate 5
	52

	Isolate 6
	40


PHASE II

4.2. IDENTIFICATION OF THE SELECTED FUNGAL ISOLATE


The morphology and the characters of the fungal isolate which exhibited maximum decolourization were identified. The taxonomic position of the fungi was determined microscopically based on the conidial morphology, size and shape under low and high power objectives. Based on the morphology the organism was identified as Aspergillus fumigatus (Plate I). The interpretation drawn from the observations are detailed below:

Aspergillus fumigatus


On rose bengal chloramphenicol agar medium bluish green colony with rapidly grown submerged hyphae was found.  Microscopic studies show that the conidiophores are smooth, long and enlarge gradually into vesicles. The vesicles are ovate to flask shaped. The conidia are ellipsoidal to globose and sterigmata are uniseriate.
PLATE I
a, MACROSCOPIC VIEW OF Aspergillus fumigatus
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b. MICROSCOPIC VIEW OF Aspergillus fumigatus
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PHASE III

4.3. OPTIMIZATION STUDIES FOR METHYL ORANGE DECOLOURIZATION USING Aspergillus fumigatus 

Optimization of abiotic conditions will greatly help in the development of bioremediation. Plate 2 portrays the decolourization of methyl orange using Aspergillus fumigatus at different optimal parameters.
4.3.1. Effect of dye concentration on decolourization 
The results of the decolourization using different concentrations of methyl orange were presented in table 2 and figure 1. 

TABLE 2

Percentage decolourization of methyl orange using Aspergillus fumigatus at different concentrations
	INITIAL DYE CONCENTRATION (g)
	DECOLOURIZATION (%)

	0.01
	70

	0.02
	44

	0.03
	32

	0.04
	22

	0.05
	20


The methyl orange at the concentration of 0.01g showed maximum decolourization of 70 per cent by Aspergillus fumigatus within 5 days of incubation and minimum decolourization of 20 per cent was observed at 0.05g. From table 2 it was clear that by increasing the dye concentration the decolourization percentage decreased considerably.
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Figure 1 – Decolourization of methyl orange by Aspergillus fumigatus at different concentrations

The effect of initial dye concentration on dye removing efficiency of Aspergillus fumigatus was studied in the range 
100 – 500mg/l. It was observed that the maximum uptake of dye was found at 100mg/l which could be attributed to the saturation of binding sites in fungal biomass at higher dye concentration. As a result beyond 100mg/l (initial dye concentration), the process of biosorption becomes ineffective. 

The results of the present study falls in line with Wu et al. (2005) and Gopinath (2009) who reported that there was a gradual decrease in the dye removing capability with increase in the concentration of dye which proved to have an inverse effect on decolourization and biomass production.

The decline in colour removal of methyl orange from the culture medium at higher concentration might be attributed to the toxicity of dye to fungal cells through the inhibition of metabolic activity, saturation of the cells with dye products, inactivation of transport system of the dye or the blockage of active sites of azoreductase enzymes by the dye molecules (Shah et al., 2013).

Bhatt et al. (2005) and Pearle et al. (2003) proposed that dye concentration can influence the efficiency of microbial decolourization through a combination of factors including the toxicity imposed by dye at higher concentration. Kalme et al. (2007) reported that increase in the dye concentrations may take more time for the decolourization.

Hence, initial concentration of dye provided a powerful driving force to overcome the mass transfer resistance between the aqueous and solid phases. 
4.3.2. Effect of incubation period on methyl orange decolourization 

Incubation time is an important parameter in all phenomena including biosorption. It is important to study the effect of incubation period on the capacity of dye removal. The effect of incubation period on decolourization of methyl orange using Aspergillus fumigatus was presented in table 3 and figure 2.
The results of the present study revealed that the percentage decolourization of methyl orange by Aspergillus fumigatus was maximum at 5th day of incubation. Decolourization of 72% was observed on fifth day of incubation period followed by 6th day (64%). The percentage decolourization decreased in other incubation periods which were shown in figure 2. 
The biosorption of methyl orange to Aspergillus fumigatus at early incubation period was quite rapid and gradually slows down reaching equilibrium. The rapid adsorption observed initially is probably due to the abundant availability of active sites on the biosorbent surface, and with the gradual occupancy of these sites, the biosorption becomes less efficient.

TABLE 3
Percentage decolourization of methyl orange using Aspergillus fumigatus at different incubation periods 

	INCUBATION PERIOD (Days)
	DECOLOURIZATION (%)

	1
	18

	2
	28

	3
	36

	4
	54

	5
	72

	6
	64

	7
	62

	8
	60
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Figure 2 – Decolourization of methyl orange by Aspergillus fumigatus at different incubation periods
At equilibrium, there is a saturation of the active sites and the amount of dye adsorbed on to the biosorbent remains in a state of dynamic equilibrium with the amount of dye desorbed from the biosorbent. The decrease in the efficiency of the biosorbent with time may also be due to the aggregation of the dye molecules around Aspergillus fumigatus. This aggregation may hinder the migration of the dyes as the adsorption sites become filled up, and also resistance to diffusion of dye molecules develops as the biosorbent increases 
(Gupta et al., 2014).

4.3.3. Effect of pH on methyl orange decolourization 


The initial pH of dye solution influences the chemistry of both dye molecules and fungal biomass in an aqueous solution.

The effect of varying pH (3-8) was studied on the biosorption of methyl orange by Aspergillus fumigatus and the results obtained are presented in table 4 and figure 3. 

TABLE 4
Percentage decolourization of methyl orange using 
Aspergillus fumigatus at different pH 

	pH
	DECOLOURIZATION (%)

	3
	29

	4
	32

	5
	40

	6
	76

	7
	58

	8
	42
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Figure 3 – Decolourization of methyl orange by Aspergillus fumigatus at different pH


Aspergillus fumigatus recorded the maximum uptake of 
76 per cent of dye at the optimum pH 6, followed by pH 7 (58%) and the minimum uptake of dye was observed at pH 3 (29%). 
The maximum dye removal at optimum pH 6 (acidic) may be explained by the electrostatic interactions between the fungal biomass and the dye molecules. In the aqueous solution, the methyl orange dye is first dissolved and the sulfonate groups of the dye 
(D-SO3 Na) are dissociated and converted to anionic dye ions
(D-SO3-). The weak base groups such as amines on the fungal biomass get protonated at acidic pH range and attain a net positive charge (O’Mahony et al., 2002). Hence, the attraction between the negatively charged dyes anions and positively charged biomass increased. On the other hand, deprotonation of the fungal biomass at high pH results in net negative charge on the biomass. This increases the repulsion between the anions of methyl orange dye and fungal biomass thus lowering the dye removal (Koushik et al., 2014).

Puranik et al. (2005) reported that the acidic (pH) is an important parameter for biosoprtion of dye from aqueous solution because it affects the solubility of the dyes, concentration of the counter ions on the functional groups for the biosorption (i.e. the surface charge of biosorption) and the degree of ionization of the adsorbate during reaction. Since, it influences not only the solution chemistry of the adsorbate but also the activity of the functional groups in the biosorbent and the competition of sorbate ions. The variation of pH affects the effectiveness as hydrogen ion itself is a tough competing adsorbate. 
The findings of present study showed that the optimum pH for Aspergillus fumigatus was 6 which was in accordance with the reports observed in Aspergillus niger, Penicillium spp., and Pleurotus ossteratus which removed Reactive Blue 19 and Reactive Blue 81 (Ali and El-Mohamedy, 2012), Debaryomyces polymorphus decolourized Reactive Black 5 (Yang et al., 2005) and Phanerochaete chrysosporium removed Navy Hexie (Kumaran and Dharani, 2011).

Increase in pH greater than 6 may result in the fragmentation of mycelial pellets and below 5 there was no appreciable growth of fungi, which might have resulted in decreased percentage decolourization (Shah et al., 2013). 

Hence, the pH tolerance of decolorizing fungi is quite important because azo dyes bind to cotton fibers by addition or substitution mechanism under acidic / alkaline and high temperature conditions (Aksu, 2003).

4.3.4. Effect of temperature on methyl orange decolourization 

The effect of temperature on decolourization of methyl orange using Aspergillus fumigatus was presented in table 5 and figure 4.
Temperature is one of the most important factors that affects the rate of biological processes and consequently influences the biosorption of dyes. At optimal conditions, temperature leads to an increase in the microbial activity and higher dye removal can be observed (Israni et al., 2002).
TABLE 5
Percentage decolourization of methyl orange using 
Aspergillus fumigatus at different temperatures 

	TEMPERATURE (°C)
	DECOLOURIZATION (%)

	20
	21

	25
	25

	30
	72

	35
	60

	40
	30

	45
	26
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Figure 4 – Decolourization of methyl orange by Aspergillus fumigatus at different temperatures

The maximum uptake of dye by Aspergillus fumigatus was recorded at 30ºC (72%) followed by 35ºC (60%), 40ºC (30%), 45ºC (26%) and 25ºC (25%) respectively. The minimum decolourization was noticed at 20ºC (21%).

The decolourization at the optimum temperature (30° C) may be owing to higher respiration, production of enzymes and substrate metabolism. This also demonstrates that decolourization of the dye was through microbial reaction which relies on optimal temperature and not by adsorption (Mathew and Madamwar, 2004).


The rate of chemical reaction is the direct function of temperature and fungi require optimum temperature for growth. Since dye decolourization is a metabolic process, shift in temperature from optimum may results into decrease in dye decolourization activity (Shah et al., 2013). Also, microbial species has a cardinal temperature for optimum growth. As the temperature rises above this the metabolic reactions in the cell accelerate according to Van’t Hoff’s law and the growth becomes more rapid (Hu et al., 2002).


Increase in temperature beyond optimum level may cause thermal inactivation in proteins and disruption in the cell structures such as cell membrane (Shah et al., 2013).


Hence, temperature below 30°C may slowdown the growth of fungi and may took more days for decolourization of the dye. Thus for better decolourization the temperature should be in optimum condition. 

4.3.5. Effect of carbon sources on methyl orange decolourization

Extra supplements of carbon sources were included in the culture medium which was an attempt to enhance decolourization performance of the degrading isolate. The influence of different carbon sources on the decolourization of methyl orange was presented in table 6 and figure 5.


All the carbon sources used in the study encouraged the growth of fungus. Aspergillus fumigatus exhibited maximum decolourization activity (75%) when glucose was supplemented in the medium as co-substrate. Followed by glucose, mannitol (68%), lactose (66%), fructose (66%), starch (56%), maltose (50%), sucrose (32%) and xylose (28%) recorded a higher degree of order in decolourization of the dye. 
TABLE 6
Percentage decolourization of methyl orange using 
Aspergillus fumigatus at different carbon sources 

	Carbon Sources (g)
	Decolourization (%)

	Glucose
	75

	Sucrose
	32

	Maltose
	50

	Mannitol
	68

	Starch
	56

	Lactose
	66

	Fructose
	66

	Xylose 
	28
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Figure 5 – Decolourization of methyl orange by Aspergillus fumigatus at different carbon sources

While trying to enhance decolourization performance of methyl orange extra carbon sources were supplied in semisynthetic medium. Percentage decolourization (75%) was maximum with medium supplemented with glucose. Glucose is required for the pellet formation of the fungus. A pellet is formed due to aggregation of the fungal mycelia during its growth period. In the presence of dye, the growing pellet absorbs and internalizes the dye by achieving efficient dye removal (Liao et al., 2007).

The increase in dye decolourization after supplementation of carbon source is attributed to the fact that dyes are deficient in carbon content and biodegradation without any extra carbon and energy source is difficult (Padmavathy et al., 2003).

Similarly, the glucose supplementation enhanced the uptake of drimarene blue by A. foetidus  (Sumathi and Manju, 2000) and textile waste water by Phanerochaete chryososporium (Assadi et al., 2001) which coincides with the results of present study.

Medium supplemented with sucrose and xylose seemed to be less effective in decolourization which might be probably due to the preference of the cells in assimilating the added carbon sources over using the dye compound as the carbon source (Sartale et al., 2009).

Thus, it was felt that glucose concentration gives best dye removal results which need to be optimized for a particular strain.
4.3.6. Effect of various nitrogen sources on methyl orange decolourization 

Like carbon, nitrogen is also an essential nutrient and is a constituent of proteins. Hence, studies have been conducted to establish the effect of nitrogen concentration on the dye removal by the fungi.


The results obtained from present study are depicted in 
table 7 and figure 6.

TABLE 7
Percentage decolourization of methyl orange using 
Aspergillus fumigatus at different nitrogen sources 

	Nitrogen sources (g)
	Decolourization (%)

	NH4Cl
	75

	NaNO3
	44

	Peptone
	60

	Glycine
	76

	KNO3
	56

	Yeast
	50

	NaCl
	25
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Figure 6 – Decolourization of methyl orange by Aspergillus fumigatus at  different nitrogen sources


Result shows that decolourization percentage was found to be higher with nitrogen sources such as glycine (76%) and NH4Cl (75%). The decolourization was lowered upto 25% when NaCl was used a nitrogen source. The organic nitrogen sources can regenerate 
NADH, which acts as an electron donor for the reduction of azo dyes (Hu, 1994). 

Thus the observations of different operation parameters might help to scale up the protocol for treatment of larger volumes of textile effluents.

PLATE 2
DECOLOURISATION OF METHYL ORANGE BY Aspergillus fumigatus UNDER DIFFERENT OPERATIONAL PARAMETERS
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a – Dye concentration
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b – pH
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c – Temperature
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d – Carbon sources

e – Nitrogen sources

PHASE IV

4.4. DECOLOURIZATION OF METHYL ORANGE USING Aspergillus fumigatus UNDER OPTIMAL CONDITIONS 
Aspergillus fumigatus under optimized conditions degraded methyl orange to 70%. For effective decolourization glucose and glycine (1g/100ml each), dye concentration (0.01g/100ml), inoculum concentration (1%), incubation period (5 days), pH (6) and temperature (30°C) should be in optimal level. Plate 3 portrays the decolourization of methyl orange using Aspergillus fumigatus at optimal conditions.

Of all the technologies investigated in waste cleaning, bioremediation has emerged as the most desirable approach 
for cleaning up many environmental pollutants. The general approaches to bioremediation are to enhance natural 
biodegradation by native organisms to carry out environmental modification (Ashoka et al., 2002).
Water – pollution control is one of the most challenging areas and increasing efforts are directed to research and development of novel waste water treatment methods. Thus microbial decolourisation and biodegradation of dyes have been to be a potentially viable, environmental friendly and cost-effective approach for removing dyes from the environment (Singh et al., 2010).  

Thus an important task for the dye treatment is to isolate 
and characterize the efficient microorganism together with deigning and optimization process to deal specific pollutants (Singh and Thakur, 2004). 

PLATE 3

DECOLOURIZATION OF METHYL ORANGE BY Aspergillus fumigatus UNDER OPTIMAL CONDITIONS
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A – UNTREATED METHYL ORANGE DYE

B – METHYL ORANGE DYE TREATED WITH Aspergillus fumigatus
PHASE V

4.5. BIODECOLOURISATION AND BIODEGRADATION ANALYSIS
4.5.1. UV – Visible Spectral Analysis

UV – Vis spectral analysis has been used to confirm the decolourization process of dyes that was due to biodegradation or biosorption (Akou, 2003). Plate 4 depicts the UV-Vis spectral analysis of methyl orange before and after decolourization.


UV visible scan (200 - 800nm) of the culture supernatant indicated the decolourization of dye in batch culture. The maximum absorbance peak  was observed in the control dye sample at 460nm which falls in the visible region, whereas in the degraded metabolite complete disappearance of the peak in the visible region was observed and a new peak was found in the UV region indicating the decolourization phenomena (Plate 4).

The great changes occurring both in UV and Vis spectra indicated that the molecular structure of methyl orange changed evidently after decolourization. The orange colour of methyl orange was caused by the conjugated structure of azo bonds (chromophore) and amino group. It could be presumed that the azo bonds cleaved during the reaction indicated that the primary chromophore was destroyed during degradation (Wang et al., 2009).

PLATE 4 
 UV–VISIBLE ABSORPTION SPECTRA OF THE DYE (a) AND ITS DEGRADATION PRODUCTS (b)
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Decolourization of dyes may take place by adsorption (Aravindhan et al., 2007) or degradation (Kumar et al., 2007). In the case of adsorption, dyes are only adsorbed onto the surface of fungal cells, whereas new compounds come into being when dyes are degraded by fungal enzymes during the degradation process. In adsorption, examination of the adsorption spectrum will reveal that all peaks decrease approximately in proportion to each other. If the dye removal is attributed to biodegradation, either the major visible light absorbance peak will completely disappear or a new peak will appear (Yu and Wen, 2005). Dye adsorption can be also easily judged by an evidently coloured cell pellet, whereas those retaining their original colours are accompanied by the occurrence of biodegradation 
(Chen et al., 2003).

Asad et al. (2007) reported that the absorption peaks would decrease proportionally if decolourization has occurred or the major visible light absorbance peak would disappear or a new peak would appear. UV – Vis spectral analysis was reported earlier to study the decolourization process of various textile dyes like reactive violet 5, Red RBN and Remmozol black B (Chen et al., 2003 and Moosvi 
et al., 2005).


Thus the results provided an obvious evidence of biodegradation of azo dyes by Aspergillus fumigatus, in the decolourization process.

4.5.2. FT – IR ANALYSIS
FT-IR study helps in elucidation of the functional groups present in the dye and the degraded metabolites. Comparison of 
FT-IR spectrum of control dye with the metabolites extracted after decolourization clearly indicated the biodegradation of the parent dye (methyl orange) by Aspergillus fumigatus. 
The spectrum of control dye displayed peaks at 3425 cm-1, 3363 cm-1, 3302 cm-1 and 3194 cm-1 for O-H and N-H stretching vibrations indicating the presence of hydroxyl and amine groups. The CH3 stretching vibration was at 2831 cm-1 whereas peak at 1666 
cm-1, 1643 cm-1 and 1550 cm-1 represented the COO- stretching of the dye. The peak at 1327 cm-1 showed the symmetric C-H bonding and carbonyl stretching vibration (Plate 5a).
On the other hand, FT-IR spectrum obtained for degraded metabolites of A. fumigatus in decolourized medium (Plate 5b). indicated significant shift in the positions of peak when compared to control dye spectrum. A new peak at 3448 cm-1, 3394 cm-1, 3278 cm-1 and 3232 cm-1 representing the formation of OH and NH bond, whereas the peak at 1527 cm-1 denoting C=O stretching in CONH group supported the formation of amine group. Likewise, a peak at 1404 cm-1 represents C-O stretching and at 1134 cm-1 for C=O stretching vibration supported the formation of carboxyl and carbonyl group respectively, on structural moiety.

Thus the difference in FT-IR spectra of methyl orange and degraded metabolites indicates that the methyl orange structural moiety was transformed and proves that biodegradation is the mechanism of dye decolourization by Aspergillus fumigatus.

PLATE 5

a. FT–IR SPECTRUM OF CONTROL DYE (METHYL ORANGE)
[image: image19.emf]
b. FT–IR SPECTRUM OF DEGRADED METABOLITES
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4.5.3. X-RAY DIFFRACTION ANALYSIS

        The results of X – ray diffraction studies are given in Plate 6

PLATE 6
X – RAY DIFFRACTOGRAM OF  UNTREATED (a)AND TREATED FUNGAL BIOMASS (b)
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The XRD analyses of the fungal mycelia before methyl orange decolourization revealed that the value of 2θ is 21° when the maximum count is observed, which is indicative of the amorphous nature of mycelia. The XRD of the fungal mycelia after dye adsorption showed that 2θ value further decreased, indicating increase in amorphous nature as evident from less sharper diffraction peaks noted in Plate 6a and b.
The summary and conclusion for the present study is presented in the next chapter. 

5.   SUMMARY AND CONCLUSION


In textile industry, during dyeing process roughly 10% of synthetic dyes were used and let into wastewater. Among all dyestuff azo dyes occupies in majority, because they are extensively used in the textile, paper, food, leather, cosmetic and pharmaceutical industries. They represent chief polluting components ranging from inorganic compounds to polymers and organic elements. However prevailing effluent treatment techniques are unable to remove recalcitrant azo dyes completely from effluents because of their color fastness, solidity and highly resistance to degradation. To ensure the safety of the effluents, proper technologies need to be used for the absolute degradation of dyes. Various kinds of physico-chemical methods are used for treating textile effluent. But these methods lack in environment friendly, cost-effective and hence become commercially unattractive. On other hand nature boon with many microorganisms belonging to the different taxonomic groups of bacteria, fungi, actinomycetes and algae have been reported for their ability to decolourize azo dyes. Thus biodegradation technique approach will be of ecofriendly with no secondary hazards. In the present study the decolourization and degradation of methyl orange by fungus was assessed. 


The textile effluent spilled soil sample was collected and screened for the decolourization of methyl orange. The fungus which exhibited maximum decolourization was selected for the study and characterized. Various parameters like pH, temperature, dye concentration, incubation time and various carbon and nitrogen sources were optimized for effective decolourization of methyl orange by the isolated fungus. The isolated fungus was inoculated into methyl orange under optimal conditions and analyzed for decolourization efficiency.     

The dye and the degraded metabolites were subjected to 
UV – Visible and FT–IR spectral analysis. Also the macromolecular structure of the fungus was studied before and after treatment with methyl orange by XRD analysis. 
Findings of the study


· The fungal species which exhibited maximum decolourization was isolated and identified as Aspergillus fumigatus. 

· The per cent decolourization by Aspergillus fumigatus was found to be maximum in the medium amended with 0.01g of dye. 
· An incubation time of 5 days resulted in maximum decolourization by Aspergillus fumigatus. 
· The optimum pH for decolourization of methyl orange by Aspergillus fumigatus was found to be at pH 6. 

· The optimum temperature for decolourization by Aspergillus fumigatus was found to be 30°C.

· Among the different carbon and nitrogen sources the maximum decolourization activity was observed in the medium supplemented with 1% glucose and 1% glycine respectively.

· Aspergillus fumigatus under optimized conditions degraded methyl orange to 70%.
· The results of FT – IR spectral analysis suggested that the presence of hydroxyl and amine group played a role in biodegradation.
· The results of UV – Vis spectral analysis provided an evidence for the biodegradation of methyl orange by Aspergillus fumigatus, in the decolourization process.

· X – ray diffraction analysis revealed that the fungus become amorphous after dye adsorption.
CONCLUSION


Hence it is evident from the study that under favourable conditions Aspergillus fumigatus could remove the dye efficiently and this suggests its suitability for the ecofriendly and safe treatment of dye waste water destined for discharged into aquatic system.
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