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1. INTRODUCTION


The textile industry occupies a unique place in the industrial map of India and is centered mainly on large cities like Ahmedabad, Mumbai, Coimbatore and Bangalore. In India 82% of textile are cotton and remaining 18% are synthetic industries. There are more than 68 mills manufacturing cotton manmade fibers all over the country (Sheth and Patel, 2004).


Textile materials can be dyed using batch, continuous or 
semi continuous process. The type of process used depends on several things including type of material like yarn, fabric, 
fiber and fabric construction used to dye textile materials (Warren and 
Perkins, 2012).


Textile industry is basically divided into dry and wet processing. The dye processing industries includes ginning, spinning, weaving, knitting, preparation and process of non-woven materials. The wet processing industries line up as processing dyeing and finishing units. The textile wet processing industries consume large volume of water and chemicals. The chemical reagents used are diverse in composition ranging from polymers, organic and inorganic compounds (Ali and Muhammad, 2008).


Industries are the wings of modern technology provide the basic needs of the people in terms of clothing, food and shelter. But the widespread industrial activities and mismanagement of resources have resulted in the dumping of solid and liquid wastes, thereby leading to pollution of the ecosystem (Jothimani et al., 2003).


Most of the industries use dyes and pigments to colour their products. The larger consumers of dyes are textile, tannery paper and pulp, pharmaceuticals, cosmetics and food processing industries which are the most serious polluters of our environment. The textile industry is one of the oldest and largest industries in India. These mills require volumes of water of high purity and generate equally large volume of waste water, which is highly coloured and complex. Colour removal from these effluents has been getting more attention in last few years not only because of its toxicity but also due to its visibility (Jain et al., 2003).


The textile and dyeing industry have yielded benefits to society, but had also generated new and significant environmental problems. During textile processing inefficiencies in dyeing results in the large amounts of dye stuff being directly discharged as wastewater and it pollutes both surface as well as ground water makes it unfit for drinking or for other domestic purposes. Waste water from textile industries are highly coloured due to the presence of variety of dyes. About 10000 different dyes and pigments exist and over 7 X 105 tones of these dyes are produced annually. The untreated brightly coloured effluents are dangerous when discharged into open water bodies and leads to the reduction of sunlight penetration in streams which is essential for photosynthesis and consequently the ecosystem of the stream will be seriously affected. Some dyes are reported to cause skeletal abnormalities and cerebral abnormality in foetus (Mathiyazhagani et al., 2011).


Dyes are used for colouring the fabrics and dyes are molecules which absorb and reflect light at specific wave length to give human eyes the sense of colour. There are 2 major types of dyes, natural and synthetic dyes. The natural dyes are extracted from natural substances such as plants, animals and minerals. Synthetic dyes are made in laboratory and chemicals are synthesized for making synthetic dyes. Some of the synthetic dyes contain metals too.


There are several types of dyes namely basic dyes, direct dyes, modern dyes, vat dyes, reactive dyes, dispersive dyes, sulfur dyes and pigment dyes. Reactive dyes react with fiber molecules to form a chemical compound. These dyes are either applied or then alkalized in a separate process. Sometimes heat treatment is also used for developing different shades. After dyeing, the fabric is washed well with soap so as to remove any unfixed dye. Reactive dyes were originally used for cellulose fibers only but now their various types are used for wool, silk, nylon, acrylics and their blends as well.


Therefore, the discharge of highly coloured synthetic dye effluent from these industries can result in serious environmental pollution problems. Even though some physical and chemical methods such as adsorption, membrane filtration, photo catalytic degradations, ion exchange, precipitation, flocculation, floatation 
and ozonation are quite effective in decolourisation of dyes, all have some disadvantages such as high cost per unit volume of waste water treatment, unfriendly for nature or unreliability in operation (Aksu, 2005). Also the existing physical / chemical techniques for colour removal are very expensive and commercially unattractive (Emrah et al., 2007).


Although decolourisation is a challenge for textile industry as well as waste water treatment systems, the literature suggest that there is a great potential for developing microbial decolourisation systems with total colour removal and in some cases within few 
hours (Balan and Monterio, 2001). Biological treatment methods 
are attractive due to their cost effectiveness diverse metabolic pathways and versatility of micro-organisms [Singh et al. (2004), Mandezpaz et al. (2005) and Pandey et al. (2007)].


Many microorganisms belonging to different taxonomic groups of bacteria have been reported for their ability to decolorize different dyes. In recent years, several bacteria which are able to biodegrade and biosorb dyes in waste water were reported, but only few studies are available on fungal decolourisation.


Hence, an attempt has been made to study the “Bioremediation of safranine using Cladosporium species” with the following objectives:

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

· Isolation and identification of fungal species from the effluent discharged soil.

· To optimize various parameters such as pH, inoculum and dye concentration, incubation period, temperature, various carbon and nitrogen sources on dye decolourisation by Cladosporium species.
· To analyse the FT – IR spectrum of Cladosporium species before and after biosorption.
· Impact of microbially treated safranine dye on the growth of Fenu greek. 


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 of industrial pollution

2.2. Textile dyeing effluent 


2.2.1. Sources 


2.2.2. Pollution of textile dyeing effluent


2.2.3. Toxicity of textile dyeing effluent
2.3. Treatment of textile dye effluent
2.4. Environmental factors on dye degradation

2.5. Dye decolourization mechanisms
2.6. Fungi as biosorbents in the removal of toxic substances

     2.7. Reuse of decolorized effluent

2.8. Uses of synthetic dyes


2.8.1. Reactive dyes


2.8.2. Safranine
2.9. Impact of industrial effluent on plant growth

2.1. SCENARIO OF INDUSTRIAL POLLUTION

Environmental pollution is one of the greatest life threatening problems of our country. The industrial revolution gave us all the comforts for modern day living. But due to reckless industrialization, today we have on our hand something, we never bargained for, degradation and contamination of our land, water and air (Mathiyazhagan et al., 2011).


Industrialization has contributed to the economic development of the world, but has also caused environmental degradation. The deteriorating quality of our environment (air, water and soil) emphasizes the need for greater efforts to control pollution. Awareness of environmental pollution and control efforts are a recent phenomenon considered in India (Rajan et al., 2011).


Water pollution is mainly due to indiscriminate disposal 
of industrial wastes both on land and other surface water channels. Water pollution due to industrial waste normally manifests itself with the poisoning of aquatic life resulting in the reduction of the quantity and quality of fish and other aquatic life. A good number of organic pollutants like heavy metals, acids and bases undergo biological breakdown but few others are biotransformed to highly 
toxic substance which may threaten the aquatic life (Inzunza and Usuna et al., 1998).


Textile and dyeing industries contribute water and soil pollution in larger extent. The released effluent and sludge contaminate the river water, underground water as well as the soil nearby and thus making it unsuitable for crop production (Jothimani et al., 2003).

2.2. TEXTILE DYEING EFFLUENT 
2.2.1. SOURCES 


Textile processing consumes large amount of water for various processes such as desizing, sizing, scouring, bleaching, mercerization, dyeing, printing, finishing and washing (Subarata, 2007). Normally textile effluent is alkaline in nature and has high BOD and COD levels (Sivaramakrishnan, 2008).


Wash water from desizing unit contain 70% of the total COD load in the effluent because of the starch in the effluent (European Commission, 2006). Bleaching releases chemicals like peroxides and hypochlorides which contributes 10% of total pollution load in effluents (Asolikar and Abhyankar, 2000). Chilekar and Satam (2000) reported that effluent from scouring operation contains predominantly oil and greases. 


Effluent generated at various stages of textile dyeing differs in its composition, strength as well as volume.  The high pollution load of dye effluent arises from spent dye bath composed of unexhausted, hydrolysed and surface deposited dyes as well as chemicals and auxiliaries (Lal and Nishkam, 2005).


In reactive dyes residual colour is a major problem compared to other dyes, because 50% of dyes are lost in the effluent. Colour in aquatic environment is an escalating problem (Pearce et al., 2002). It has been estimated that more than 90% of pollution load of textile mill waste is the result of processed chemicals, especially in the dyeing unit (Verma and Nishkam, 2001).

2.2.2. POLLUTION OF TEXTILE DYEING EFFLUENT


 Pollution of surface and ground water bodies due to indiscriminate discharge of industrial effluents from the thousands of small scale textile bleaching and dyeing units located in industrial clusters in different states of India like Tamilnadu, Gujarat and Maharashtra is a topic of public and government concern today (Kumar and Abraham, 2007).


Textile and dyeing industry is one of the important industries
 in India, which releases organic pollutants, inorganic pollutants 
and colouring agents. The discharge of raw effluents into the river renders the water useless and also pollutes the soil eco-system (Saritha et al., 2010).


Textile bleaching and dyeing units consume large quantity of water and generate almost equivalent quantity of waste water. During bleaching and dyeing process, the effluent discharged from these units contains chemicals such as caustic soda, hydrochloric acid, sodium sulphate, soap oil, hypochlorite and peroxides, dyes, sodium, chloride, fixing agents, detergents, minerals and acids . The effluents as a result, have high total dissolved solids (TDS) and intense colour caused by the spent dyes (Ranganathan and Joseph, 1997).    


In India, there are about 700 cotton textile mills producing over 9000 million meters of cloth each year. The effluent is discharged by the textile mills in massive volumes (235 litres per kg of cloth produced). The presence of chemicals like hydrosulphite, sulphide and sulphur dyes causes rapid depletion of dissolved oxygen, affecting the aquatic life adversely. The surface soils are rendered infertile by the discharge of these effluents. Certain metallic ions having catalytic properties {Cr (ll), Hg (ll), Mn (ll), Ca (ll)} have been reported to be in this effluent (Pervez and Pandey, 1994).


The textile industry utilizes about 10000 different dyes and pigments. The worldwide annual production of dyes is over 7.105 tons which usually have a synthetic origin and complex aromatic molecular structures that make them more stable and difficult to biodegrade (Ponraj et al., 2011).
2.2.3. TOXICITY OF TEXTILE DYEING EFFLUENT


Textile wet processing is one of the largest and oldest industries worldwide responsible for the substantial resource consumption and pollution especially in terms of water (Omelchenko et al., 2005).
Effluent derived from textile and dyestuff activities can provide serious environmental impact in the neighbouring receptor water bodies because of the presence of toxic dyes and chlorolignin residues (Iyer, 2000).

Faryal and Hameed (2005) reported that the presence of metal based coloured dyes and foaming chemical in textile waste water not only retards the biological activity by reducing the light penetration but also caused metal toxicity to both aquatic and terrestrial life.

Kulshrestha et al. (2004) reported that the large number of dyeing and printing industries release their wastes without any treatment. These waste polluted the ground water and soil. The polluted water consumed by the humans may cause health hazards like eczema, contact dermatitis, asthma and chronic bronchitis.


Khan et al. (2002) reported that the colouration of the water by the dyes, even in small concentration may have an inhibitory effect on the photosynthesis and thus affecting the aquatic ecosystem. Amutha et al. (2002) reported that the toxic compounds from dye effluent get into aquatic organisms, pass through food chain and ultimately reach human and cause various physiological disorders like hypertension, sporadic fever, renal damage, muscle cramps etc.


Effluent from textile mill deteriorates the quality of                             air and exhibits their effect on human body through skin by ingestion 
or inhalation. Number of chemicals and dyes used in the industry pose a great danger to the environment which includes air, 
water as well as human beings and all living bodies in the nature (Upadhye et al., 1998).



The effluent will impart colour to the water making it aesthetically unacceptable. In addition some of the dye stuffs causing colour contain heavy metals and photosynthetic activities may affect aquatic life (Ranganathan and Joseph, 1997). Waste water from textile industry destroys the quality of water body in which they are disposed and affects the marine life. It also has deleterious effect on sewage handling system and the agriculture land (Sharma, 1997). The combined effect of industrial effluents and sewage killed 26.5 million fish in Florida in 1969 (Kumaraguru, 1995).


Pollution of fresh water bodies by industrial effluent leads to several consequences like changes in colour, depletion of dissolved oxygen, pH, imbalance, nutrient enrichment and eutrophication. Finally the aquatic body loses recreational and aesthetic importance (Trivedi and Raj, 1992b).

2.3. TREATMENT OF TEXTILE DYE EFFLUENT

Treatment of waste containing dyes and decolourization is very difficult due to wide range of pH, salt concentration and chemicals. The majority of colour removal techniques work either by concentrating the colour into a sludge, or by partial to complete breakdown of the coloured molecule. Effluent treatment methods may be classified into three main categories: physical, chemical and biological. The physical and chemical methods are limited due to excessive use of chemicals, sludge generation with subsequent disposal problems, high installation as well as operating costs and sensitivity to a variable waste-water input.  


Bioremediation constitutes an alternative to conventional physicochemical methods. Biological systems are recognized by their capacity to reduce biological and chemical oxygen demand by aerobic biodegradation. Biological treatment of textile effluents may 
be either aerobic, anaerobic or a combination of both depending on the type of microbe being employed (Keharia and Madamwar, 2004).
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EFFLUENT TREATMENT METHODS



	
	    Physical
	
	
	      Chemical
	
	     Biological
	

	· Adsorption

· Sedimentation

· Floatation

· Coagulation

· Foam fraction

· Polymerization

· Flocculation

· Reverse osmosis

· Ultrafiltration

· Ionization

· Radiation 


	· Neutralization

· Reduction

· Oxidation

· Electrolysis

· Ion exchange

· Wet air oxidation


	· Stabilization

· Aerated lagoons

· Tricking filter

· Activated sludge

· Anaerobic digestion

· Bioaugmentation




2.4. ENVIRONMENTAL FACTORS ON DYE DEGRADATION


Culture conditions affect the physiology, expression and the activity of microbes involved in degradation. Culture condition optimization is essential for effective dye degradation. The most important external factors affecting the activity of the organisms are temperature, pH, incubation time, inoculum concentration, fixed carbon and nitrogen concentration. pH had been reported as one of the factors that affects dye decolourization. Agitation also plays a vital role in decolourization. The superior and increased performance of agitated culture may be due to the physiological state of the microbe, increased biomass and oxygen transfer between the cells and the medium due to mixing. The formation of a mat at the surface in static cultures restricts O2 transfer to the cells beneath the surface and in the medium. Oxygen limitation is likely to inhibit the oxidative enzymes and prevent decolourization. Glucose concentrations have a strong effect on the decolourization of the dyestuff by the fungi. The nature and the quantity of the available nitrogen sources exert a great influence on the extracellular lignolytic enzyme production and decolourization activity of wood-rotting basidiomycetes. The optimum conditions differ from one species to the other. Hence optimization has to be done with regard to the aim of the application (Murugesan and Kalaichelven, 2003).

2.5. DYE DECOLOURIZATION MECHANISMS


The process of dye decolourization involves two steps:

1. Physical adsorption and 

2. Enzymatic degradation.


Binding of dyes to the fungal hyphae, physical adsorption and enzymatic degradation by extracellular and intracellular enzymes are the reasons for the colour removal (Young and Yu, 1997). The dye-saturated mycelium can be regenerated and used for repeated dye adsorption. Enzymes such as lignin peroxidase (LiP), manganese dependent peroxidase (MnP) and laccase involved in lignin degradation are also particular in dye decolourization. Extracellular fluid from cultures of P. chrysosporium and purified lignin peroxidase were able to degrade crystal violet and six other triphenyl methane dyes by sequential N-dimethylation. The mechanism of azo dye oxidation by peroxidases such as lignin peroxidase probably involves the oxidation of the phenolic groups to produce a radical at the carbon bearing the azo linkage. Then water attacks the phenolic carbon to cleave the molecule producing phenyldiazine. The phenyldiazine can be oxidized by one-electron reaction generation (Chivukula et al., 1995). Further degradation of azo dyes involves aromatic cleavage which has also been found to be dependent on the identity of the ring substituents with the presence of phenolic, amino, acetamino, 2-methoxyphenol or other easily biodegradable functional groups resulting in a greater extent of degradation.

2.6. FUNGI AS BIOSORBENTS IN THE REMOVAL OF TOXIC SUBSTANCES
      
Precipitation processes are the most widely used technique for treating wastewater with high metal concentrations. Additional treatment such as ion exchange, reverse osmosis or adsorption processes is required subsequent to the precipitation process in order to purify the effluent prior to discharge. However, some of them may incur high costs, which often cannot be taken on by small scale industries (Ulmanu et al., 2003).

Physicochemical methods that are available to treat coloured dye effluents are expensive and do not provide satisfactory results. Biological treatment methods are cheap and offer the best alternative (Devarajan and Sulaiman, 2005). Biosorption is a physico-chemical mechanism including adsorption, ion exchange and entrapment which are the features of living and dead biomass as well as derived products (Andres et al., 2001).

In recent years the process of accumulation of dyes by microorganisms was intensely studied which is also a cheaper method. Microorganisms like bacteria, yeast, fungi and algae can accumulate large amounts of dyes (St. Mihova, 2000).

The enormous structural diversity of the pollutants that are degraded by the fungi has made their potential use for bioremediation extremely intriguing. A few of them are discussed below : 

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. Anjana and Thange (2011) treated the synthetic dyes such as direct congored, direct dark blue 6B and direct black HM with Eichhornia, Salvinia and Pistia species for 12 days. The maximum decolourization of the dyes was observed in Eichhornia species followed by Salvinia species and Pistia species. Mathiyazhagani et al. (2011) reported the decolourization of direct brilliant violet and direct greenish blue dyes using Phanerocheate chrysosporium, Trichoderma viridie and Aspergillus niger. The dyes were effectively decolourized to 90% at a concentration of 0.025% when compared with other fungal isolates.

Lalitha and Rajeswari (2010) observed biosorption potential of Aspergillus niger against the synthetic acid dye. The percentage removal of the dye (25ppm) was found to be 100% at pH 2 and 22.46% at pH 11.  Ravikumar   et al. (2010) reported the degradation and decolourization of biomethanated distellery spent wash (BMSW) using Aspergillus nidulans. The decolourization was found to be maximum at pH 4 at 30º C in presence of nutrients like glucose and ammonium nitrate at a concentration of 15 g/L and 3 g/L respectively. Kalaiarasi and Lavanya (2010) reported the maximum decolourization of reactive dye by Aspergillus fumigatus at pH 8 on 3rd day of incubation at 40º C with the inoculum concentration of 3%. Jaidev et al. (2010) studied the decolourisation effect of Rose Bengal dye using Aspergillus niger isolated from dye effluent contaminated soil. A. niger effectively decolourised the dye within 24hrs of incubation. Novotny et al. (2010) have reported that the white rot fungi Irpex lacteus and Pleurotus ostreatus are the potential candidates for the removal of reactive blue dye present in the soil under in vitro conditions.

Prabakaran et al. (2009) studied the effect of textile dye degradation using Aspergillus niger at different pH, temperature and incubation period. A. niger effectively decolourised the dye to 99% within 4 days of incubation at 25°C.  Poonkothai et al. (2009) studied the decolourization effect of congored and crystal violet by Aspergillus niger, Rhizopus species, Aspergillus fumigatus, Penicillium, Cladosporium and Fusarium species isolated from dye contaminated soil. Among the 6 isolates Penicillium species and Aspergillus niger were found to have maximum ore decolourization effect at the 10th day of incubation.

Ali and Muhammad (2008) reported the Alternaria solani was effective in decolourization of acid violet 19 from the aqueous solution. The fungus showed promising potential for the decolourization of the dye (88.6%) at a dye concentration of 30 mg/L within a relatively short period of time. Fungal biomass is not pathogenic to humans and animals and it can be produced cheaply using simple fermentation techniques or obtained as a waste from various industrial fermentation processes as stated by Aksu et al.  (2008). 
Raj and Ganthi (2009) reported that the fungus Rhizopus microporus, Cryptococcus neoformans and Curvularia lunata were effective in decolourization of the textile dye such as Acid Scarlet-3R, Brown EX-399, Crystal violet, Green G and Swiss pink. Among the three different species Rhizopus microsporus decolourized green G and Swiss pink effectively. 

The effectiveness of microbial decolourisation depends on the adaptability and the activity of selected microorganisms. Wide range of microorganisms including bacteria, fungi, yeasts, actinomycetes and algae are capable of degrading azo dyes was reported by (Mungasavalli et al., 2007).

Vetriselvi et al. (2006), observed the decolourization of textile dyes namely Scarlet direct red - 23, fast greenish direct blue – 86 and brilliant direct violet – 9 by seven fungal isolates. All the seven fungal isolates showed moderate decolourization activity on brilliant violet. Mala and Babu (2006) studied the effect of water hyacinth on the removal of textile dye effluent. The decolourisation efficiency was around 90% at 3 days of incubation. 

Kiran et al. (2005) investigated the removal of Cr (VI) from aqueous solutions by live and pretreated Neurospora crassa fungal biomass. Vijaya and Sandya (2005) found out that the inoculation with AM fungi protects plants from the potential toxicity caused by Pb and Zn, but the degree of protection varies according to the fungus plant combination. Devi and Kaushik (2005) found that Aspergillus flavus was efficient in decolourising the textile dyes effectively
 in order of Tryphan Blue, Black RL, Blue 3R, Yellow GR and
Orange 3R.

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. 

Murugesan and Vasanthy (2003) explained the removal of heavy metals by microorganisms during which mechanisms like change in valency, conversion into organo metallic compounds resulted. Goyal et al. (2003) observed that Aspergillus niger has heavy metal biosorption sites in its structure and is capable of removing it from aqueous solutions.

Gill et al. (2002) screened nine white-rot fungal strains for biodecolourisation 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 decolourisation ability than Phanerochaete chrysosporium when tested in nitrogen-limited broth medium.

Tekere et al. (2001) screened the ability of Trametes cingulata, Trametes versicolor, Trametes pocas, Datronia concentrica and Pycnoporus sanguineus  to degrade the polymeric dyes namely,  blue dextran, triphenylmethane dyes, cresol red, crystal violet and bromophenol blue using. 

Cameron et al. (2000) reported that bioremediation with Phanerochaete chrysosporium and Aspergillus species are known to metabolize a wide range of xenobiotic compounds and decolorize various dyes. The mechanism of microbial degradation of azo dyes involves the reductive cleavage of azo bonds (-N = N-) with the help of azo reductase under anaerobic conditions which resulted in the formation of colourless solutions. The resulting intermediate metabolites (aromatic amines) are further degraded aerobically or anaerobically (Chang et al., 2000). 

Kapoor and Viraraghavan (1998) reported that the fungal cell walls are composed of macromolecule which contains carboxyl group, amino group, phosphates, lipids, sulphates and hydroxides and these fungal groups act as sorption sites. Fungi remove the dyes essentially by absorption and oxido-reduction reaction. Bumpus and Brock (1998) have reported the biodegradation of crystal violet in ligninolytic (nitrogen-limited) cultures of the white rot fungus Phanerochaete chrysosporium. In addition to crystal violet, six other triphenylmethane dyes (pararosaniline, cresol red, bromphenol blue, methyl violet, malachite green, and brilliant green) were shown to be degraded by the lignin-degrading system of this fungus. 

Gadd (1999) discussed the role of several fungi which have been shown to precipitate metals such as cobalt, copper, zinc, manganese and strontium as oxalate, citrate or pyruvate crystals. Patil and Paknikar (1999) stated that the biomass of Cladosporium cladosporioides was found to be a high efficient biosorbent of copper cyanide and nickel cyanide from aqueous solutions.

Christov et al. (1999) reported that Rhizomucor pusillus removed 43 – 48% of colour from a bleach plant effluent within 8 hours of incubation. Pethkar and Paknikar (1998) isolated and selected fungal cultures namely Aspergillus fumigatus, Aspergillus niger, Aureobasidium pullulans, Cladosporium cladosporioides, Fusarium moniliforme, Fusarium oxysporum and Mucor hiemalis, in an exhaustive screening program for metal adsorbing microorganisms.

Turnau et al. (1996) reported that the fungal cell wall components such as chitin and pigments like melanin can bind heavy metals. Huang and Huang (1996) suggested that acid pretreatment can strongly enhance the adsorption capacity for Aspergillus oryzae mycelia.

Several other wood rotting fungi like Aspergillus fumigatus 
G-2-6 and Aspergillus oryzae are capable of decolorizing a wide range of structurally different dyes and found more effective than Phanerochaete chrysosporium as stated by Knapp et al. (1995).

Galli et al. (1994) suggested that the cell walls of matrical hyphae are the main binding sites for heavy metals in ectomycorrhizal fungi.

Perkins and Gadd (1993) revealed that the overall distribution of nickel was similar in subcellular fractions of both wall-less mutants of N. crassa except in vacuolar fraction. Vacuoles were shown to accumulate most (85 per cent) of lithium ions in Saccaromyces cerevisiae.

Ryu and Weon (1992) reported that Aspergillus sojae had decolorized the azo dyes such as Amaranth, Congo red and Sudan III in nitrogen poor media. 

2.7.  REUSE OF DECOLORIZED EFFLUENT


In the twentieth century, it was realized that environment needs to be protected from pollution. Colour in the textile effluent cannot be removed by simple operation. Hence, decolorizing the dye effluent before its use for further dyeing is the only practical way to reduce pollution (Bardhan and Sule, 2004). An additional cost required for effluent treatment incurred, simply for legitimate disposal, creates the concept of revising the treated effluent. The water which is suitable for return to the environment is acceptable for reuse in dyeing and agriculture. Appropriate treatments such as ultra filtration, reverse osmosis, adsorption and bioremediation make the effluent suitable for reusing (Singh, 2004).
2.8. USES OF SYNTHETIC DYES


At the beginning of the 19th century, natural dyes dominated the world market whilst synthetic dyes which were almost unknown as reported by Thomas (2006) and Keskmaz et al. (2007).


Basic dyes were the first synthetic dye discovered with great brilliancy and strength, but they were not of any particular beauty when used individually (Pillow, 1998).

2.8.1. Reactive dyes


Reactive dye reacts with the fibre and gets chemically bonded to the fibre. Reactive dyes are the most commonly used dyes for cotton due to their high wet fastness, brilliant colour and variety of hue as revealed by Molla et al. (2004). These dyes chemically react with the fibre substance, forming a covalent bond between the dye and the fibre as viewed by Shenai (2004).


Reactive dyes are unique as they are the only class of dyes that actually form a chemical bond with the textile fibre and this bond give them their excellent wash fastness properties. Reactive dye has gained importance in dyeing on account of their brilliance and ease of application as reported by Mairel and Kottani (2001).

2.8.2. Safranine


Safranine is a synthetic and heterocylic dye, obtained from 
O-toluidine on diazotisation followed by coupling with another molecule of O-toluidine which yields aminoazotoluene. This compound on reduction with iron and hydrochloric acid yields a mixture of O-toluidine and 2, 5 diamino toluene. The mixture is next oxidised with sodium dichromate and hydrochloric acid. The indamine is treated with aniline and the N-phenylated product by oxidation finally forms the dye safranine T. 


Acute health effects of safranine to human beings are dangerous. Ingestion of safranine causes harmful effect in human being which causes damage to liver and kidney and also leads to gastro intestinal discomfort. It may produce nausea and vomiting. 
If safranine is exposed to eyes it causes severe damage, conjuctival edema and purulent discharge. Exposure to safranine dye causes inflammation of skin and dermatitis. Inhalation of safranine dye also causes lung damage (Zaghbani et al., 2008) 

2.9. IMPACT OF INDUSTRIAL EFFLUENT ON PLANT GROWTH


Sundaramoorthy et al. (2000) investigated the effect of fertilizer factory effluent on seed germination, seedling growth and dry weight of green gram (Vigna radiata), black gram (Vigna mungo), groundnut (Arachis hypogaea), soya bean (Glycine max), paddy (Oryza sativa) and sorghum (Sorghum bicolor).They observed that the seeds treated with increased concentrations of effluent showed a gradual decline in  the germination percentage of seeds, seedling growth and dry weight.


Lakshmi and Sundaramoorthy (2001) studied the effect of tannery effluent on germination, early seedling growth, biochemical and mineral contents of Oryza sativa with different dilutions. It was observed that at lower dilutions the paddy seed showed favourable growth.


Valiappan et al. (2002) reported that the heavy metal such as aluminium and mercury at 100mM concentration affects the growth of legume plants such as Vigna ungiculata, Vigna mungo, Vigna radiata, Macrotyloma uniflorum and Lablab purpureus in which it was found that mercury was more toxic than aluminium.

 
Jothimani and Elayarajan (2003) reported that the textile and dyeing effluent treated with fungal systems showed a maximum shoot and root lengths when compared with the effluent treated with chemicals and bacterial systems. Umamaheswari et al. (2003) reported that the seed germination and seedling growth of black gram (V.mungo) treated with textile mill effluent increased in lower concentration (25%) and decreased in higher concentration (100%).


Saggoo et al. (2004) reported the effect of heavy metals such as copper and lead on the growth of amaranthus in which the metals have toxic effect on seed germination and no effect was observed on the morphological parameters of the matured plants. Plants from metal rich soil showed delay in flower initiation with no significant toxicity in pollen and the leaves showed the uptake of copper which is on the risk side of the prescribed safely norms.


Chatterjee and Dube (2005) reported that the vegetables grown near the discharge point of the industry contained the maximum amounts of heavy metals, which were above the toxic limits. Sivaraman and Thamizhainiyan (2005) reported that the lower concentration (25%) of sago factory effluent was better for plant growth while no germination was found in 100% concentration of effluent.


Jalali et al. (2006) observed that the vegetable crops such as lady’s finger and brinjal grown in sewage and jam industry effluent treated soil accumulated high amount of heavy metals.

Cimrin et al. (2007) evaluated the effect of different concentrations of lead on the growth of Zea mays. They observed a decreased root and shoot length, fresh and dry biomass and leaf area in plants treated with higher concentrations of lead.  

Paneerselvam et al. (2008) reported the effect of different concentrations of dairy effluent treated with Arbuscular Mycorrizhal fungi on the biochemical constituents of Phaseolus trilobus Ait. They observed that microbially treated dairy effluent was found to exhibit more activity than the untreated effluent.  

Meenakshi and Pandy (2009) investigated the effect of chromium stress on growth and physiological responses of linseed plants. The plants showed a reduction in length and dry matter content.

Akinci et al. (2010) reported a drastic decrease in leaf area, root and shoot length, fresh and dry weight of tomato seedlings treated with higher concentration of lead.


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 “Bioremediation of safranine using Cladosporium species” is discussed under the following headings:
3.1. Screening, isolation and identification of safranine decolorizing fungi 


3.1.1. Collection of soil sample

3.1.2. Screening and Isolation of safranine decolorizing fungi


3.1.3. Preparation of Inoculum


3.1.4. Identification of the selected fungal strain

3.2.  
Optimization of different parameters for safranine decolourisation using Cladosporium species
           3.2.1. Effect of dye concentration on decolourisation of  safranine   
3.2.2. Effect of inoculum concentration on decolourisation of safranine   

3.2.3. Effect of incubation period on decolourisation of safranine   
3.2.4. Effect of pH on decolourisation of safranine   
3.2.5. Effect of temperature on decolourisation of safranine   

3.2.6. Effect of various carbon sources on decolourisation of safranine   
3.2.7. Effect of different nitrogen sources on decolourisation of  safranine 
3.2.8. FT – IR spectra of the selected fungal species   
3.3.  
Impact of microbially treated safranine on the growth of Fenu greek 

PHASE I

3.1. SCREENING, ISOLATION AND IDENTIFICATION OF SAFRANINE DECOLORIZING FUNGI 

3.1.1. Collection of soil sample

For the present study, the soil sample was collected from the textile dye effluent discharged area, Tirupur at a depth of about        50 cm from the surface and dried at ambient temperature. The lumps in the soil sample was crushed by using a porcelain mortar and pestle and stored in cloth bags for subsequent analysis. The dye tolerant microorganisms were isolated from the soil sample.

3.1.2. Screening and Isolation of safranine decolourising 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 1ml of the sample was drawn from each dilution and was pour plated on sterile petri plates. Rose bengal chloramphenicol agar medium was poured onto the sample and 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 screened for their dye decolorizing effect and maintained on rose bengal chloramphenicol agar slants at 4ºC for further study.

3.1.3. Preparation of Inoculum


One loop full of the isolated fungal colonies was inoculated into 100ml of Sabauroud dextrose broth (Peptone -  1g, Dextrose – 4g, distilled water – 100ml ) separately. The broth was incubated for 5 days at room temperature for the fungal growth. The culture broth was used as inoculum for the decolourisation study.
Screening of isolated fungal colonies for their decolourisation effect

100 ml of Sabauroud dextrose broth amended with safranine was taken in 250ml Erlenmeyer flasks and inoculated with 1g of each inoculum separately. The flasks were incubated for 5 days. After the incubation period, per cent decolourisation was determined by measuring the absorbance at 285nm in UV vis spectrophotometer (Chamunorwaebal, 2008).




      Initial absorbance  -  Observed absorbance

Per cent Decolourisation =  _____________________________________________  X100    





Initial absorbance


Based on the per cent decolourisation, the fungal isolate which showed maximum decolourisation percentage was selected for the present study (Plate I). 

The fungal colonies appeared on the plates were subjected to identification (Cappuccino and Sherman, 1999).

PLATE I
MAXIMUM DECOLOURISATION OF SAFRANINE BY SELECTED FUNGAL ISOLATE

                   A – SAFRANINE DYE 


         B – SAFRANINE DYE WITH FUNGAL ISOLATE 

3.1.4. Identification of fungal strain


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, 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. Dissolved the phenol crystals 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 loopful of the fungal colony was taken and placed on the slide. With the help of sterile needles, the fungal mycelia were teased gently and a cover slip was placed over the drop of LCB. The slide is then observed under high power objective identified based on morphological characteristics (Sekar et al., 2008).

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 and served as stock culture. Sub culturing of fungal isolate was routinely made for every month in the experimental work. 

PHASE II

3.2.  
OPTIMIZATION OF DIFFERENT PARAMETERS FOR SAFRANINE DECOLOURISATION USING Cladosporium species
   There are environmental and biochemical factors that influence the growth of microorganisms. The present study was aimed at optimizing the environmental parameters such as inoculum concentration, incubation period, dye concentration, pH, temperature, various carbon and nitrogen sources for decolourisation using the isolated fungus.

3.2.1. Effect of dye concentration on safranine decolourisation 


To determine the effect of dye concentration on decolourisation, 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% of the isolated fungus and incubated at 30°C for nine days under static conditions. After incubation period per cent decolourisation was calculated.

3.2.2. Effect of inoculum concentration on safranine decolourisation

100 ml of the sabauroud dextrose broth was dispensed in
 5 different 250 ml Erlenmeyer flask, 0.01g of the safranine was amended to each flask separately and steam sterilized. The flasks were inoculated with varying inoculum concentrations (1%, 2%, 3%, 4% and 5%) of the isolated fungus and. incubated at 30° C for nine days under static conditions. After incubation period, the per cent decolourisation of dye was determined. 

3.2.3. Effect of incubation period on safranine decolourisation 

To determine the effect of incubation period on decolourisation, 100 ml of the sabauroud dextrose broth with 0.01g of the safranine was dispensed in 8 different 250 ml Erlenmeyer flask separately and steam sterilized. The flasks were inoculated with 1% of the isolated fungus and incubated for different time intervals (1, 3, 5, 7, 9, 11, 13 and 15 days) under static conditions and per cent decolourisation was determined. 

3.2.4. Effect of pH on safranine decolourisation 

To determine the optimum pH for decolourisation, 100 ml of sabauroud dextrose broth amended with 0.01g of safranine was dispensed in 5 different 250 ml Erlenmeyer flask and steam sterilized. The pH level of the broth was adjusted to 3, 4, 5, 6 and 7 with 0.5 N HCl or 0.5 N KOH (Plate II). The flasks were inoculated with 1% of the isolated fungus and incubated at 30°C for nine days under static condition. After incubation period, per cent decolourisation was calculated.
PLATE - II 
EXPERIMENTAL SETUP FOR OPTIMIZATION STUDY
[image: image2.jpg]



3.2.5. Effect of temperature on safranine decolourisation 
To evaluate the optimum temperature for decolourisation, 
100 ml of sabauroud dextrose broth amended with 0.01g of safranine was dispensed in 5 different 250 ml Erlenmeyer flask. The pH of the medium was adjusted to 5 and the flasks were steam sterilized. The medium was inoculated with 1% of the isolated fungi, maintained at different temperatures (15°C, 20°C, 25°C, 30°C, 35°C and 40°C) and incubated for nine days under static condition. After incubation period the per cent decolourisation was determined.

3.2.6. Effect of various carbon sources on decolourisation 
The effect of different carbon sources on decolourisation of the fungus was studied. 100 ml of sabauroud dextrose broth amended with 0.01g of safranine was dispensed in 5 different 250 ml Erlenmeyer flask and various sources of carbon were added at one percent level. The carbon sources include glucose, sucrose, maltose, mannitol and starch. The pH was adjusted to 5 before steam sterilization. The sterile flasks were inoculated with 1% of the isolated fungus and incubated at 30°C for nine days under static conditions. After nine days of incubation the per cent decolourisation was estimated. 

3.2.7. Effect of different nitrogen sources on decolourisation
The effect of various nitrogen sources on decolourisation of the fungal isolate was studied. 100 ml of sabauroud dextrose broth amended with 0.01g of safranine was dispensed in 7 different 250 ml Erlenmeyer flask with various sources of organic and inorganic nitrogen at 1 percent level. The inorganic nitrogen sources used were ammonium chloride, sodium nitrate, potassium nitrate and sodium chloride. Organic nitrogen sources were yeast extract, glycine and peptone. The pH was adjusted to 5 before sterilization and steam sterilized. The sterile flasks were inoculated with 1% of the isolated fungi and incubated at 30°C for nine days under static conditions. After nine days of incubation the per cent decolourisation was estimated. 
3.2.8. FT – IR SPECTRA OF THE FUNGAL ISOLATE


Another investigation related to the fungal biosorption phenomenon carried out was FT-IR analysis using the selected fungal species. The fungal biomass was dried to almost nil moisture before and after biosorption and send for FT-IR analysis. 

PHASE III
3.3. 
IMPACT OF MICROBIALLY TREATED SAFRANINE ON THE GROWTH OF FENU GREEK
3.3.1. Collections of soil sample 


Red sandy soil and sand for the pot culture experiment was collected from Avinashilingam Deemed University, Coimbatore district. The soil sample was sieved and mixed with sand in equal proportion.

3.3.2. Selection of the experimental plant

Fenu greek (Trigonella foenum-graceum) was selected due to its drought, heat and humidity tolerance, disease resistance and easy to adopt in warm weather conditions. 

3.3.3. Pot culture experiments


Seeds were collected from TamilNadu Agricultural University (TNAU), Coimbatore. Nine pots were set for the present investigation. Seven healthy seeds were sown in each pot and were kept under laboratory conditions. Thinning was done on the seventh day after germination leaving only five plants per pot. They were watered regularly twice a day. The plants were grown with microbially treated safranine (T1), untreated safranine (T2) and tap water (T3) which served as control. Each treatment was replicated thrice. The plants were uprooted on 7th day and the biometric parameters such as germination percentage, vigour index, shoot length, root length, fresh weight and dry weight were analysed. 

3.3.4. BIOMETRIC MEASUREMENTS 

Germination percentage


After 7 days of sowing, germination percentage of the seedlings was calculated using the formula





     Number of seeds germinated

Germination percentage = ____________________________________   X 100





     Total number of seed sown

The protrusion of radical through seed coat was taken as the criterion of germination.

Shoot length


The maximum length of each shoot was recorded in cm from the ground level to the tip. The plants were uprooted during the 7thday after sowing and washed in running water to remove soil particles and pressed between filter paper folds to remove water droplets before the shoot length was measured.

Root length


The plants were uprooted on 7thday taking utmost care not to damage the roots as far as possible. The maximum length of root was recorded in cm.

Vigour index


Vigour index was calculated as the product of germination percentage and plant height. The vigour index of each seedling was calculated using the formula 

Vigour index = germination percentage X (root length + shoot length)     (Abdul - Baki and Anderson, 1973).

Fresh weight


The seedlings were weighed as the average weights and expressed in gram per plant.

Dry weight


Once the various parameters were studied, the plants were dried in oven at 60ºC ±1ºC and their dry weights were recorded and expressed in gramst.
3.4. STATISTICAL ANALYSIS


The data obtained were statistically analysed by one way and two way analysis of variance (P < 0.05) using statistical software Sigmastat 3.1.


The following chapter will give a brief note on the results of the present study.
4.   RESULTS AND DISCUSSION


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

4.1. Screening and isolation of safranine decolorizing fungi

4.2.  Identification of selected fungal isolate

4.3. Optimization of different parameters for safranine decolourisation using Cladosporium species
4.4. Decolourisation of safranine using Cladosporium species under optimal conditions 
4.5. FT –IR Spectra of dye loaded and unloaded fungal species

4.6. Impact of microbially treated safranine on the growth of Fenu greek

PHASE I

4.1.SCREENING AND ISOLATION OF SAFRANINE DECOLORIZING FUNGI


About five morphologically distinct fungi were isolated from the textile effluent contaminated soil by serial dilution technique. The fungal cultures were inoculated into 100ml of the safranine with the concentration of 0.01g each. The contents were incubated at room temperature for 5 days and the percentage decolourisation was recorded.   Among them, the fungal isolate which showed higher per cent decolourisation (Table 1) was selected for the present study.

TABLE 1 

Decolourisation of safranine by different fungal isolates

	Fungal isolates
	Rate of Decolourisation( %)

	Isolate 1
	56.2

	Isolate 2
	62

	Isolate 3
	33.5

	Isolate 4
	77.6

	Isolate 5
	44.8


PHASE II

4.2. IDENTIFICATION OF SELECTED FUNGAL ISOLATE


As detailed under materials and methods, the morphology and the characters of the fungal isolate was determined. 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 found to be Cladosporium species (Plate III). The interpretation drawn from the observations are detailed below:

Cladosporium species


The colonies were greenish black and powdery on rose bengal chloramphenicol agar medium. The hyphae were large and thick. The conidiophores were erect, branched, floccose and pigmented. The conidia were one celled, smooth, globose and ovate.     

PLATE – III
MACROSCOPIC VIEW OF Cladosporium species
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PHASE III

4.3. OPTIMIZATION OF DIFFERENT PARAMETERS FOR SAFRANINE DECOLOURISATION USING Cladosporium SPECIES
4.3.1. Effect of dye concentration on safranine decolourisation 
The results of the decolourisation assay using different concentrations of dye were presented in table 2 and figure 1. The safranine at the concentration of 0.01g showed maximum decolourisation (77.02%) by Cladosporium species within 9 days of incubation, followed by the 0.02g (45.34%). As the concentration of the dye increases the colour removal efficiency by the fungal isolate decreases (Table 2).

TABLE 2 

Effect of dye concentration on safranine decolourisation using Cladosporium species

	DYE CONCENTRATION (g)
	DECOLOURISATION (%)

	0.01
	77.02

	0.02
	45.34

	0.03
	34.90

	0.04
	27.33

	0.05
	17.54
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Figure 1 – Decolourization of safranine by Cladosporium species at different dye concentrations

The results of the present study was in accordance with the findings of Ramya et al. (2007) who reported that higher concentration of dye might be toxic to the metabolic activities of the microbes and may affect  the adsorption mechanism. Similar reports of decolourisation of dyes by A. niger was also notified by Fu and Viraraghavan et al. (2002).
 Aksu et al. (1999) reported that the high decolourisation efficiency may be due to the adsorption attributed by the electrostatic attraction between the negative charges of the dye with positive charge of cell wall constituents (chitin, acidic polysaccharides, lipids or amino acids) of microbe.

The dye removal by Cladosporium species was maximum at initial concentration and minimum at higher concentrations. 
This might also be due to the fact that dyes contain one or more sulfonic acid groups in the aromatic rings which may act as a detergent and affect the DNA synthesis which in turn inhibits the growth of the fungus (Chen et al., 2003 and Asad et al., 2007).

Hu and Wu (2001) reported that the decrease in the decolourization of the dye at higher concentrations may also be due to higher molecular mass, structural complexity and the presence of inhibitory groups. 
Pandey and Upadhyay (2009) reported that the textile dyes showed complete decolourisation by Phanerochaete chrysosporium after 5 days of incubation period.

4.3.2. Effect of inoculum concentration on safranine decolourisation


In order to find out the optimum inoculum needed for the faster and higher percentage decolourisation, Cladosporium species was inoculated at different inoculum concentrations varying from 1% to 5% and the results are presented in table 3 and figure 2. 

Increase in inoculum concentration from 1% to 5% increased the per cent decolourisation, with optimum decolourisation at 1%. However increase in inoculum concentration above 3% results in decreased decolourisation. The percentage decolourisation was maximum in 1% inoculum concentration (73.71), followed by 2% (44.06) and 3% (29.48). The uptake of dye was minimum at 4% (14.07) followed by 5% (11.30) of inoculum concentration.

TABLE 3 
 Effect of inoculum concentration on safranine decolourisation using Cladosporium species

	INOCULUM CONCENTRATION (g)
	DECOLOURISATION (%)

	1
	73.71

	2
	54.06

	3
	29.48

	4
	14.07

	5
	11.30
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 Figure 2 – Decolourization of safranine by Cladosporium species at different inoculum concentrations

The result of the present study coincides with the findings of Jothimani and Bhaskaran (2003) who showed that Phanerochaete chrysosporium and Aspergillus species achieved the maximum colour reduction on 8th day.


High per cent decolourisation was due to dye sorption by the mycelium of fungi as well as reduction of dye intensity in the solution (Balan and Monterio 2001). Verma and Madamwar (2002) stated that the lower decolourisation efficiency by the fungal isolates is due to higher dyestuff concentration in dye bearing industrial effluent. 
Sani and Baneyee (1999) reported that there was no proportionate increase in the percentage decolourisation with increase in inoculum size when Kurthia species was inoculated into triphenyl methane dyes. 

4.3.3. Effect of Incubation period on safranine decolourisation 

The effect of incubation period on decolourisation of safranine using Cladosporium species was presented in table 4 and figure 3.
Maximum decolourisation of 72.82% was observed on ninth day of incubation period followed by eleventh day (63.05%).The percentage decolourisation decreased in other incubation periods are shown in table 4 and figure 3. 

Experiments conducted by Devi and Kaushik (2005) showed that treatment of textile dye effluent with A. niger resulted in 98 per cent decolourisation within 8 days of incubation. The synthetic dye inoculated with Irpex lactus (Novonty et al., 2010), textile dyes with Cladosporium species (Prabakaran et al., 2009), green dye with Cryptococus neoformans and Swiss pink with Curvularia lunata (Leon and Ganthi, 2009) showed a maximum decolourisation at 5 days of incubation period.

TABLE 4 
 Effect of incubation period on safranine decolourisation using Cladosporium species

	INCUBATION PERIOD (Days) 
	 DECOLOURISATION (%)

	1
	5.51

	3
	25.19

	5
	46.05

	7
	54.21

	9
	72.82

	11
	63.05

	13
	52.49

	15
	40.03
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Figure 3 – Decolourization of safranine by Cladosporium species at different incubation time

Mohandass et al. (2007) have reported that decolourisation of reactive blue by Aspergillus sp. was maximum at third day of incubation. Sukumar et al. (2008) also reported that decolourisation of the dye effluent by fungal culture was significantly increased with incubation period from the 2nd to 7th day which was in accordance with the findings of the present study.

Fungi play an important role in decolourization reaction by adsorbing the dye by entrapment in the cellular structure and subsequent sorption onto the binding sites present in the cellular structure. Living cells of fungi are able to remove dye from aqueous solutions (Volesky and Holan, 1995). Devi and Kaushik (2005) reported that A. flavus was found to remove 44% of the colour in the undiluted dye effluent for 8 days of incubation.

Kousar et al., (2000), reported that the maximum colour removal was witnessed in Cladosporium species which was incubated for 21 days and the colour removal was upto 90%.

4.3.4. Effect of pH on safranine decolourisation 


The effect of pH on decolourisation of safranine using Cladosporium species was presented in table 5 and figure 4. pH is the most important parameter in the biosorptive process which greatly affects the uptake of metal ions by microbes (Kapoor and Viraraghavan, 1995). The effect of pH on dye removal was tabulated and presented graphically in table 5 and figure 4. Cladosporium species recorded a maximum uptake of 72.5 per cent of dye at the optimum pH 5, followed by pH 4 (57.8%), pH 6 (56.4%), pH 3 (34%) and minimum uptake of dye was observed at pH 7 (21.3%). 

TABLE 5 
 Effect of pH on safranine decolourisation using Cladosporium species

	pH
	DECOLOURISATION (%)

	3
	34

	4
	57.8

	5
	72.5

	6
	56.4

	7
	21.3
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Figure 4 – Decolourization of safranine by Cladosporium species at different pH levels 
The decolourisation of the dye was low in pH 3, 4, 6 and 7 which might be due to the fact that low and high pH may cause a modifying effect on the chemical structure of the dye (Erdal and Taaskin, 2010). The results of the present study falls in accordance with the findings of Aksu and Donmez (2003) who reported that lower pH has found to favour the adsorption of dyes by fungi and yeast. Deepak et al. (2005) reported that Pleurotus florida was found to grow at maximum pH 6.0. Chang and Miles (1989) reported that the mycelial growth of Pleurotus species was found to be maximum at pH 5.5 to 6.0. Alexander (1999) reported that the biodegradation rate was highest at pH near neutrality for fungus. Jones (1970) reported that the biodegradation of crude oil is usually dominated by fungal populations, which are more tolerant to low pH environment. However Fu and Viraraghavan (2001) and Mahony et al. (2002) have reported that the anions present in the dye solution are being absorbed by positively charged cell surfaces due to the electrostatic attraction at lower pH.

4.3.5. Effect of temperature on safranine decolourisation 


The effect of temperature on decolourisation of safranine by Cladosporium species was depicted in table 6 and figure 5.

TABLE 6 
 Effect of temperature on safranine decolourisation using Cladosporium species
	TEMPERATURE (°C)
	 DECOLOURISATION (%)

	15
	27.32

	20
	32.22

	25
	40.73

	30
	70.57

	35
	62.44

	40
	54.33
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Figure 5 – Decolourization of safranine using Cladosporium species at different temperatures 

Decolourisation at different temperatures (15°C, 20°C, 25°C, 30°C, 35°C and 40°C) showed 30°C as optimum temperature. Above 30°C, there is a decrease in percentage decolourisation. This reduction may be due to thermolabile nature of Cladosporium species. The results of the present study falls in line with the result of Ali et al. (2010) who reported that azo dyes were decolourized by Aspergillus tereus at 30º C for 8 days.


The decolourization efficiency was also suppressed above 
40º C, which might be due to the loss of cell viability or deactivation of enzymes responsible for the removal of dye at higher temperature (Cetin and Donmez, 2006), which coincides with the results of the present study.

 
Binupriya et al. (2008) reported maximum decolourisation of congo red by native and modified mycelial pellets of Trametes versicolor in various reactive modes at 30°C.


Further increase in temperature from 30°C may alter the surface activity of biomass which results in reduction of colour removal, indicating that the process is exothermic in nature. Khalaf (2008) has reported similar result for biosorption of reactive dye from textile dye effluent using non viable biomass of A. niger and Spirogyra species. Similar trend was observed by Mahony et al. (2002) and Ozer et al. (2005) for biosorption of Ramazol black B and Acid red 274 dyes by R. arrhizus and E. prolifer respectively. 
Kumari and Abraham (2007) reported that the adsorption of reactive blue - 3 dye by Saccharomyces cerevisiae was highest at 30ºC 
(66 – 91%). At lower temperature the adsorption of the dye was not favoured.


Khan and Kumar (2004) reported the observed decrease in the adsorption of dye stuffs in temperature is indicative of the fact that the adsorption process is exothermic in nature. The increase in temperature of the system affects the solubility and particularly the chemical potential of the adsorbate dyes which is known to be a controlling factor in the process of adsorption.
4.3.6. Effect of different carbon sources on decolourisation of safranine 

The influence of different carbon sources on the decolourisation activity was presented in table 7 and figure 6. All the carbon sources used in the study encouraged the growth of fungus. Cladosporium species exhibited maximum decolourisation activity (72.31%) when glucose was supplemented in the medium as 
co-substrate. Followed by glucose, starch (37.82%), sucrose (26.6%), mannitol (27.17%) and maltose (20.3%) recorded decolourization in the dye amended medium inoculated with Cladosporium species.

TABLE 7 

 Effect of different carbon sources on decolourisation of safranine using Cladosporium species
	Carbon Sources (g)
	 Decolourisation (%)

	Glucose
	72.31

	Sucrose
	26.6

	Starch
	37.82

	Maltose
	20.3

	Mannitol
	27.17
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Figure 6 – Decolourization of safranine by Cladosporium species using different carbon sources 
Basically, the carbon source is necessary for providing electrons for azo compound reduction, glucose served as a carbon source and act as electron donor. This is in conformity with the findings of Carliell et al. (1995) who reported that the metabolism of glucose results in the production of reduced nucleotides (NADH, FADH) which leads to enhanced decolourisation efficiency. These reduced nucleotides are reported to be redox mediators involved in reduction of azo bonds. Nigam et al. (1996) reported that glucose is required as a co-substrate for decolourisation of dyes which supports the findings of the present study. 

Addition of carbon source to the dye amended medium increased the dye absorption efficiency which might be due to the reason that the cells first buildup the cell biomass and started utilizing the dyes (Sharma et al., 2010). When glucose was added into dye amended medium as a co-substrate to support degradation, the intra cellular glucose oxidase and extra cellular oxidases of the cell mass produces H2O2. H2O2 was required to induce the peroxidase system to favour decolourisation or to make more susceptible to degradation by enzymes. The dye colour decreased with increase in either the enzyme or cell mass concentrations indicating that dye degradation occurred both by enzymatic action as well as by adsorption to the cell mass (Capalash and Sharma, 1992). 


Nosheen et al. (2000) used glucose and starch as carbon sources for optimizing the maximum decolourization of azo dyes, Reactive Black B and Reactive orange 16. Also Parshetti et al. (2006) used molasses and sucrose as carbon sources for decolourization of Malachite Green (91%) using Kocuria rosea MTCC 1532.

Erdal and Taskin (2010) reported the higher concentration of sucrose may negatively affect dye decolourization by creating highly acidic condition Eaton et al. (1982) reported that addition of glucose was imperative for fungal decolourisation.


Aoshima et al. (1985) and Hayase et al. (1984) reported the increase in decolourisation of the dye by addition of glucose as external carbon source indicated the major role of sugar oxidases and peroxidases as indicated in some studies.



Thus the results obtained indicated that the dye decolourisation required a minimal amount of glucose. If glucose level gets depleted cessation of decolourisation in the medium may occur.

4.3.7. Effect of various nitrogen sources on decolourisation of safranine 

The effect of different sources on the decolourisation activity of the isolated fungus was represented in table 8 and figure 7. 
TABLE 8
 Effect of various nitrogen sources on decolourisation of  safranine using Cladosporium species
	Nitrogen Sources (g)
	 Decolourisation (%)

	NH4Cl
	28.35

	NaCl
	30.57

	KNO3
	72.5

	NaNO3
	39.5

	Glycine
	70.74

	Peptone
	37.33

	Yeast extract
	54.2
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Figure 7 – Decolourization of safranine by Cladosporium species using different nitrogen sources 
Among the different nitrogen sources, potassium nitrate recorded the highest decolourisation activity (72.5%) in the medium amended with safranine. Decolourisation efficiency was not as effective as that obtained with KNO3 when NaCl, NaNO3 and NH4Cl was used as nitrogen source for decolourisation.
Decolourisation performance with peptone and yeast extract was not very effective and the colour removal efficiency was less, whereas glycine exhibited 70% colour removal. Devarajan and Sulaiman (2005) reported that Phanerocheate species decolourized the textile dye effluent effectively when peptone (4.43 gL‑1) was added followed by ammonium sulphate (3.87 gL-1) and glycine
(3.11 gL-1). Erdal and Taskin (2010) reported the high removal performances with inorganic nitrogen sources can make this fungal isolate more nitrogen sources are cheaper than organic ones.

Assadi et al. (2003) reported that ammonium chloride showed better results when compared with other nitrogen sources in the process of textile effluent decolourisation using microbial cultures.

PHASE IV

4.4. DECOLOURISATION OF SAFRANINE USING Cladosporium species UNDER OPTIMAL CONDITIONS 
Cladosporium species under optimized conditions degraded safranine to 82%. For effective decolourisation glucose and potassium nitrate concentration (1g/100ml each), dye concentration (0.01g/100ml), inoculum concentration (1%), incubation period
(9 days), pH (5) and temperature (30°C) should be in optimal level (Plate IV). 
Before developing a bioremediation technology for treating the dyes, it is necessary to isolate and identify the suitable microorganism having good degrading ability. Therefore, the present study was conducted to assess the degradation ability of synthetic waste water using indigenous   Cladosporium species, which could be employed for decolourisation of the effluent containing dyes. Under the optimal environmental conditions maximum degradation was obtained which might be due to the presence of enzymes like laccase, cellulase and peroxidase secreted by Cladosporium species (Zope et al., 2007). The degradation studies in synthetic waste water medium would be useful to textile industry effluents and for agricultural purposes. This process does not require sophisticated machinery, instrumentation, addition of chemicals and aeration and separation of mycelial mats is also easy through simple filtration. 
Thus the approach of using microorganisms is cost effective, ecofriendly and scores greater attraction over physicochemical process which exerts lots of sludge.
PLATE – IV
DECOLOURISATION OF SAFRANINE DYE USING Cladosporium species UNDER OPTIMAL CONDITIONS
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        A – UNTREATED SAFRANINE DYE 
        B – SAFRANINE DYE TREATED WITH Cladosporium 


species
PHASE V    

4.5. FT- IR SPECTRA OF THE FUNGAL SPECIES


Fourier Transform Infra Red is the preferred method of infra red spectroscopy. In infra red spectroscopy, IR radiation is passed through a sample. Some of the infra red radiation is absorbed by the sample. The resulting spectrum represents the molecules absorption and transmission creating a molecular fingerprint of the sample.


The dry powdered samples of Cladosporium species were subjected to Fourier Transform Infra Red analysis which resulted in many functional groups based on the wavelength and percentage of transmittance. The spectra were given in Plate V and VI.


The peak results in the samples give the functional groups phenols and alcohols, carboxylic acids, alkaloids. This analysis had eventually confirmed the difference between functional groups in relation to biosorption of safranine dye. The absorption spectrum was compared with that of initial biomass. A change of absorption bands can be seen when comparing the FT-IR spectra of dye loaded and unloaded biomass. Plate V and VI depicts the changes in the spectrum of the biomass before and after sorption of safranine dye. An interesting phenomenon was the sharp decrease in the band intensity at 3394 cm-1 (3350 cm-1), 2854 cm-1 (2338 cm-1) and 1745 cm-1 (1744 cm-1) corresponding to –NH and -COOH stretching after dye binding. On the basis of the change of the band, it was reasonable to assume that the peak value suggested the 
co-ordination of the dye with hydroxyl or carboxyl or amine groups, which may increase the hydrogen bonding or forms ligands between the dye and the cell wall. 


PLATE V

FT – IR SPECTRUM OF Cladosporium Species BEFORE BIOSORPTION
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PLATE VI
FT – IR SPECTRUM OF Cladosporium Species AFTER BIOSORPTION
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The biosorbent behaviour of the fungal biomass is mainly linked to the cell mass, which is considered as the primary site of biosorption. Approximately 90% of the dry matter of the cell wall contains chitin – chitosan, which has been implicated in sequestering a variety of substances (Volesky, 1990). They offer extensive possibilities for binding through different mechanisms, predominantly ion exchange, chelation, coordination and adsorption by physical forces, entrapment in inter and intra –fibrillar capillaries and spaces of the structural polysaccharide network as a result of the concentration gradient and diffusion through cell walls and membranes. Besides these, glucosamines and several types of ionizable sites present also affect the biosorbent capacity of the cell wall, which include the phosphate and the carboxyl groups (Vankar and Bajpai, 2008).

PHASE V

4.6. 
IMPACT OF MICROBIALLY TREATED SAFRANINE ON THE GROWTH OF FENU GREEK
The result of germination percentage, root length, shoot length, fresh weight, dry weight and vigour index of Fenu greek seedlings grown with microbially treated safranine (T1), untreated safranine (T2) and tap water (T3) on 7th day favoured the growth of the experimental plant. Plate VII shows the growth of Fenu greek on 7th day.  
Germination percentage and vigour index


The seeds of Fenu greek showed highest percentage of germination (91.67) in T1 followed by T3(90). The germination percentage decreased in T2 (77.50) as shown in table 9. 

Seed germination is a single step process in the life cycle of a plant, which is very complex and influenced by many environmental factors (Ramagopal, 1988). Among the growth processes, seed germination and early seedlings growth have been considered critical for raising successful agricultural crop. The processes of germination and growth of young seedlings are susceptible to toxic materials present in the effluent (Balashouri and Prameeladevi, 1994). 

The germination percentage of the present study decreased in the seeds grown using untreated safranine (T2) which could be attributed principally to physical constraints as well as biological harm caused to seeds by the physical and chemical constituents of effluents as opined by Debojit and Rao (1994).


The increase of germination percentage in T1 plants of the present study was in consonance with the findings of Jothimani and Elayarajan (2003) who reported the same in dye effluent treated with biological systems.
The vigour index was maximum in T1 (753.65) followed by 
T3 (658.12) and minimum was observed in T2 (339.87) as shown 
in table 9.  
Shoot length and root length


Shoot length of seven day old Fenu greek seedlings after treatment with microbially treated safranine (T1), untreated safranine (T2) and tap water (T3) were recorded in table 9. Plate VIII shows the root length and shoot length of 7 days old fenu greek.
The values recorded for the shoot lengths of Fenu greek seedlings were 4.5, 2.47 and 3.73 cm in T1, T2 and T3 respectively. The values recorded for the seedlings grown in microbially treated effluent were highly significant when compared with control and T2.


The root length of Fenu greek was maximum (3.55  cm) in T1 and minimum (1.93 cm) in T2 treatment when compared with control (3.45 cm). T1 showed an increase in root length when compared to T2 and T3 plants. 


From the above results it was observed that the reduction in shoot and root length of seedlings grown using T2 might be due to the presence of higher dye concentration. The reduction in shoot and root length of T2 plants might be due to the increased concentration of dye which could have restricted the rooting and shooting (Evers
 et al., 1997). Microbially treated effluent has been reported to 
favour root and shoot length of black gram and greengram (Madhappan, 1993).
TABLE 9

Biometric parameters in 7 days old seedlings of Fenu greek grown with different treatments
	Treatments
	Germination Percentage
	Shoot length (cm)
	Root

Length (cm)
	Fresh weight (g)
	Dry weight (g)
	Vigour

index

	T1
	91.67
	4.5
	3.55
	0.45
	0.21
	753

	T2
	77.50
	2.47
	1.93
	0.21
	0.11
	339

	T3
	90
	3.73
	3.45
	0.36
	0.19
	658

	SED
	
	0.491
	0.396
	0.04
	0.044
	

	CD (5%)
	
	4.5
	3.55
	0.45
	0.21
	


The values are mean of triplicates

T1 - Microbially treated reactive yellow dye

T2 - Untreated reactive yellow dye
T3  - Control (Tap water)

PLATE VII – POT CULTURE SUPPORTING THE GROWTH OF 7 DAYS OLD FENU GREEK
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PLATE VIII – ROOT LENGTH AND SHOOT LENGTH OF
 7 DAYS OLD FENU GREEK
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Fresh weight and dry weight


The fresh weight of Fenu greek seedlings treated with different treatments was depicted in table 9. The highest fresh weight 
(0.45 g) was observed in T1 when compared with control (0.36 g) and least value (0.21 g) was recorded in T2. The  dry weight of Fenu greek was maximum (0.21g) in T1 and minimum (0.11 g) in T2 treatment when compared with control (0.19  g).There was an increase in the fresh weight and dry weight in T1 plants when compared with control and T2.

The reduction in the fresh and dry weight of the Fenu greek plants selected for the present study may be due to the toxic effect of dye which might have inhibited water uptake resulting in the retardation of plant growth  (Ganesh et al., 2006). 

Increase in fresh and dry weight of plants grown in             microbially treated effluent is in consonance with the results of Ramakrishnan et al. (2001) in paddy grown in sugar mill effluent treated with yeast.

The summary and conclusion for the present study is presented in the next chapter. 
5.   SUMMARY AND CONCLUSION


Textile sector is the second largest provider of employment after agriculture. The growth and all round development of this industry has a direct bearing on the improvement of the economy of the nation. Due to policy measures initiated by the government in the recent past, the Indian textile industry is in a stronger position. India is expected to continue its dominant position in the world of textiles as the second most involved country and hence the importance of this sector for India. India’s growth in textiles and apparel to a great extent ensures the growth of various related industries.


It is well known, that textile processing mills consumes large volumes of water for various processes such as sizing, desizing, scouring, bleaching, mercerization, dyeing, printing, finishing and washing. Due to various chemical processing of textiles, large volumes of waste water with numerous pollutants are discharged. Among the processing industries textile dyeing units produced large volumes of high strength wastes.


Therefore, the discharge of highly coloured reactive dye effluent from these industries can result in serious environmental pollution problems. Even though some physical and chemical methods are quite effective in decolourisation of dyes, all  have some disadvantages such as high cost per unit volume of waste water treatments, unfriendly for nature, or unreliability in operation.


Existing physical and chemical technique for colour removal are very expensive and commercially unattractive. Biological treatment methods are attributing due to their cost effectiveness, and versatility of microorganisms.

The textile effluent spilled soil sample was collected from the Tirupur district and screened for the decolourisation of safranine. The fungus which exhibited maximum decolourisation was selected for the study and characterized. Various parameters like pH, temperature, inoculum and dye concentration, incubation time, various carbon and nitrogen sources were optimized for effective decolourisation of safranine by the isolated fungus. The fungal samples were subjected to FT –IR spectral analysis before and after biosorption. The impact of untreated and treated safranine on the biometric parameters such as germination percentage shoot length, root length, dry weight, fresh weight and vigour index of Fenu greek was studied on 7th day after sowing. 

Findings of the study


· The fungal species which exhibited maximum decolourisation was isolated and identified as Cladosporium species. 

· The per cent decolourisation by Cladosporium species was found to be maximum in the medium amended with 0.01g of dye. 
· Percent decolourisation was found to be maximum at an inoculum concentration of 1% by Cladosporium species.

· An incubation time of 9 days resulted in maximum decolourisation by Cladosporium species.
· The optimum pH for decolourisation of safranine effluent by Cladosporium species was found to be at pH 5.0. 

· The optimum temperature for decolourisation by Cladosporium species was found to be 30° C.

· Among the different carbon and nitrogen sources the maximum decolourisation activity was observed in the medium supplemented with 1% glucose and 1% glycine.
· Cladosporium species under optimized conditions degraded safranine to 82%.
· The results of FT – IR spectral analysis suggested that the dye binding sites on the fungal cell surface were most likely the carbonyl and amine groups. 
· Fenu greek grown with microbially treated safranine (T1) exhibited maximum biometric parameters such as germination percentage, shoot length, root length, dry weight, fresh weight and vigour index when compared with control plants. The plants grown with untreated safranine (T2) recorded minimum growth when compared with T1 and control on 7th day after sowing. 

CONCLUSION


It is evident from the study that decolourisation of safranine could be done using Cladosporium species and the treated dye could be utilized for agriculture. It possessed high biosorption efficiency, reusability and stability. In addition, Cladosporium species is generally regarded as safe and its biomass production is simple and cheap. The results of this study will form the basis for the development of cost effective and robust indigenous technology for biosorption of reactive dye effluent.

SUGGESTIONS

· Dead biomass could be tried for better efficiency of decolourisation.

· Enzymes responsible for decolourisation can be extracted from Cladosporium species and used for effluent treatment.

· Trials should be made to treat effluent containing dyes other than reactive dyes.
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