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1.0  INTRODUCTION

The Indian Textile Industry has an overwhelming presence in the economic life of the country. Apart from providing one of the basic necessities of life, the textile industry also plays a provital role through its contribution to industrial output, employment generation and export earnings to the country. Textile sector is the second largest provider of employment after agriculture. Thus, the growth and all-round development of this industry has a direct bearing on the improvement of the economy of the nation. Due to the policy measures initiated by the government in the recent past, the Indian textile industry is in a stronger position, and is expected to continue its dominant position in the world of textiles.
 Currently, it contributes about 14% to industrial production and 13.5% to the country’s export earnings. It provides direct employment to 35 million people reports AEPC (2008).


Textile industry is basically divided into dry and wet processing industries. The dry processing industries include ginning, spinning, weaving, knitting, preparating and processing of non–woven materials. The wet processing industries line up as processing, dyeing and finishing units. The textile wet processing industries consumes large volume of water and chemicals. The chemical reagents used are very diverse in chemical composition ranging from organic, inorganic compounds and polymers.


Out of various activities in textile wet processing industry, chemical processing contributes about 70 per cent of water pollution. It is well known that cotton processing units consume large volumes of water for various processes such as sizing, desizing, scouring, bleaching, mercerization, dyeing, printing, finishing and washing. These processes lay the foundation for colourful, comfortable, fashionable and value added products on the brighter side and call for usage of tons of chemicals which results in dumping volume of high strength effluent with numerous pollutants.


One cannot dare to imagine the world without colour. It energies imagination unliven the spirit and continue to fascinate mankind with its vibrance and vividity. Shukla, (2005), states that well before the advances of science colours have been used in textiles and dates back to more than 5000 years ago. Coloured water leads to irreversible damage to human, marine life and to nature affecting generation after generation and not just a few individual reports Colourage (2004).


Dyes are synthetic and aromatic molecular structural compounds. According to their dissociation in aqueous solution, dyes can be classified as acid, direct, reactive (anionic), basic (cationic) and disperse dyes (non-ionic). They are used on several substrates in food, cosmetics, paper, plastic and textile industries. Solutions retain them by physical adsorption by making compounds with metals and salts using covalent bonds. Many chemical dyes have been used increasingly in textiles and dyeing industries because of their ease and cost effectiveness in synthesis, firmness and variety in colour compared to that of natural dyes.


More than 10,000 different dyes are used in industries such as textiles, leather, pharmaceutical, food, pulp and paper, paint and electroplating feel Maurya et al. (2006). Many synthetic dyes show toxic, carcinogenic and genotoxic effects view Ozfer et al. (2003).


On a general fact, higher the intensity of colour, higher is the toxicity of the effluent and inturn greater the harm to the ecology. Such coloured industrial effluents from the dyeing industries represent major environmental problems. Unbound reactive dyes undergo hydrolysis due to temperature and pH values during the dyeing process. The strong colour of discharged dyes even at very small concentrations has a huge impact on the aquatic environment caused by its turbidity and high pollution strength, in addition toxic degradation products can also be formed.


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 decolorization of dyes, all have some disadvantages such as high cost per unit volume of waste water treatment, unfriendly for nature or unreliability in operation reports Aksu (2005). Also the existing physical / chemical techniques for colour removal are very expensive and commercially unattractive view Emrah et al. (2007).


Although decolorization 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 decolorization systems with total colour removal in some cases with in few hours Balan and Manterio (2001). Biological treatment methods are attractive due to their cost effectiveness diverse metabolic pathways and versatility of micro-organisms reports Singh et al. (2004). Mandezpaz et al. (2005), Vandezee and Villaverde (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 decolorization.


Hence, an attempt has been made to study the “Decolorization and reuse of reactive dye effluent by live and dead biomass of Aspergillus fumigatus” with the following objectives

· To screen and Isolate dye decolourizing fungi from reactive dye contaminated soil.

· To identify the selected fungi.

· To optimize various parameters such as pH, inoculum concentration, incubation period and temperature on dye decolorization by live and dead biomass of Aspergillus fumigatus
· To assess the characteristics and pollution load of selected reactive dye effluent before and after treatment.
· To compare the decolourization efficiency by live and dead biomass.

· To reuse the decolourized effluent water for dyeing.

· To evaluate the dyed samples. 
2.0   REVIEW OF LITERATURE

2.1. Textile effluent


2.1.1. Sources 


2.1.2. Environmental hazards due to textile effluent


2.1.3. Water consumption in textile industry

2.2. Textile effluent treatment methods


2.2.1. Physical methods


2.2.2. Chemical methods


2.2.3.
Biological methods

2.3.
Use of microorganisms in decolourisation 



2.3.1. Use of live fungi in decolorization



2.3.1. Use of dead biomass in decolorization

2.4. Reuse of decolorized effluent

2.5. Cotton

2.6. Synthetic dyes


 2.6.1 Reactive dyes

2.1. TEXTILE EFFLUENT


Textile waste water includes a large variety of dyes and chemical additions that makes the environmental challenge for textile industry not only as liquid waste but also in its chemical composition. Main pollution in textile waste water came from dyeing and finishing processes. These processes require the input of a wide range of chemicals and dyes stuffs, which generally are organic compounds of complex structure, reports Sivakumar (2006).
2.1.1. SOURCES 


Textile processing consumes large amount of water for various processes such as desizing, sizing, scouring, bleaching, mercerization, dyeing, printing, finishing and washing views Subarata (2007).


Normally textile effluent is alkaline in nature and has BOD from 900 – 2000 mg/l and high COD at two to five times the BOD level states Sivaramakrishnan (2008).


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


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, says Lal (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 review Pearce et al. (2002). It has been estimated that more than 90% of the pollution load of textile mill waste is result of processed chemicals, especially in the dyeing unit, observe Verma et al. (2001).

2.1.2. ENVIRONMENTAL HAZARDS DUE TO TEXTILE EFFLUENT


Textile wet processing is one of the largest and oldest industries world wide, responsible for the substantial resource consumption and pollution especially in terms of water view, Omelchenko et al., (2005). The processes produce considerable amount of waste water, which is polluted by the use of dyes and other harmful additives reports, Galgali (2001).


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, report Iyer (2000) and Saed et al. (2005).Toxic chemicals such as chromium and sulphates may destroy fishes and microorganisms responsible for self – purification of water in streams.


Effluent that emanate from the production processes of textiles, if not properly disposed, can cause severe environmental pollution, sometimes to levels that can threaten human health, livestock, wild life, aquatic lives and indeed the entire ecosystem, explain, Sheth and Desai (2005).

2.1.3. WATER CONSUMPTION IN TEXTILE WET PROCESSING SECTOR


Water is the basic requirement of life and textile processing accounts for the major water consumption views Lal (2003). Water consumption of textile mill is presented in Table I as reported by Choudhary (2006).

Table I- Water consumption in textile mill

	Processes
	Total water consumption (%)

	Bleaching
	38

	Dyeing
	16

	Boilers
	14

	Weaving
	9

	Printing
	8

	Spinning
	6


2.2. TEXTILE EFFLUENT TREATMENT METHODS


Effluent from various textile processing units contains various classes of dyes and chemicals such as acids, alkalies, surfactants, salts and sequestrants. An average sized textile mill having daily cloth production of 8000 kg/day can produce one million litres of effluent per day. This polluted water is harmful to flora and fauna in the environment. Special treatment is needed before they are let out in the drain to reduce pollution, explains Shenai (2003).


Colour released from textile dyeing processes is a major pollutant of textile effluent which is not only aesthetically unpleasant but also adversely affects the aquatic life. Therefore colour has to be removed from effluent prior to discharge. Various decolorization processes can be used to remove colour before discharged or prior to reuse. They are,

· Physical method

· Chemical method

· Biological method   describes, Parthiban and Kumar (2005).

2.2.1. PHYSICAL METHODS

2.2.1.1. SCREENING


The first and foremost treatment will be thus, as simple as removing the undissolved materials accomplished by screening. The larger suspended and floating particles such as those of fibres, yarns, pieces of fabrics and tint is removed through use of a coarse screen followed by a find screen views, Shroff (2001). 

2.2.1.2. SEDIMENTATION


The suspended solids in polluted water are too fine to be screened out and heavy to be skimmed off. These can be removed by settling down under the influence of gravity. This technique is called sedimentation, defines Sodhi (2006).

2.2.1.3.  EQUALIZATION


Equalization is the process that the effluent from different departments and several batches are mixed to even out large variations in composition, temperature and flow of effluent views, Agarwal (1999).

2.2.1.4.  NEUTRALIZATION


The dye house effluents are generally alkaline in nature. They have to be neutralized to the proper pH ranges (6.5 – 7) to make them amenable for secondary biological treatments, reports NIIR Board.

2.2.1.5.  ADSORPTION


Adsorption mechanism is a solid surface in contact with solution tends to accumulate a surface layer of solute molecules because of unbalance of surface forces. Activated carbon is frequently used for adsorption of dyes and heavy metals from effluent, reports Shukla (2006). Adsorption techniques have gained favour recently due to their efficiency in removal of pollutants. Decolorization is a result of two mechanisms, adsorption and ion exchange and is influenced by many physico – chemical factors such as dye sorbent, interaction, sorbent surface area, area size, temperature, pH and contact time, states Sundaram (2006). Apart from activated carbon, some other adsorbents like silica gel, chitin and chitosan can also be used. Peats are used as cheep adsorbents describe Shukla and Jawale (2007).

2.2.1.6.  MEMBRANE FILTERATION


Membranes are the best available technology for water and waste water treatment. They are simple to operate and require minimal chemical use. Different types of membranes are available which are classified according to size of the particle that can pass through the pores. Types of membrane technologies are,

· Micro filteration

· Ultra filtration

· Nano filteration

· Reverse osmosis reports by Asian dyer (2007).

2.2.2. CHEMICAL METHODS

2.2.2.1.  COAGULATION


It is a physico – chemical method which is used most frequently to treat effluent, say Perkowski and Kos (2004).

2.2.2.2.  OXIDATION


It is most commonly used method for decolorization by chemical means. The textile effluent can be effectively treated with chemical oxidising agents like, ozone, hydrogen peroxide, Fenton’s reagent,  chlorine dioxide, or chlorine, describe Omelchenko et al. (2005).

2.2.2.3.  ION EXCHANGE PROCESS


Purification of effluent by ion exchange takes place by passing water first through an cation exchanger where cation are exchanged for hydrogen ions followed by passage through an anion exchanger where acid radicals are replaced by hydroxyl ions, review Chatwal and Sharma (2004).

2.2.3.
BIOLOGICAL METHODS


Biological processes such as aerobic, anaerobic and facultative digestions are extensively in operation for the treatment of industrial effluent. In recent years, anaerobic treatment has received more attention. Main advantage of anaerobic systems over aerobic are cost savings, explain Ansari and Thakur (2002).

2.2.3.1.  TRICKLING FILTERS


This oldest form of biological waste water treatment is also known as biofilteration or percolating filters. It is efficient next to activated sludge process in this method, materials with large surface area are packed in the form of a bed and the waste water is sprinkled over it with the help of sprinkler. A microbial film is formed over the surface of the packed material and the biological reaction takes place. These bacterial slimes oxidize the organic matter present in the water. The effluent emerging out of the filter contains suspended matter although free from degradable matter although free from degradable organic matter. It is allowed to settle and then discharged remarks UNEP (2003).

2.2.3.2.  ACTIVATED SLUDGE


This is the most versatile technique for treatment of textile effluents, causing upto 90% BOD reduction. The textile processing effluent after clarification is fed to a tank in which microbial flow is already suspended and oxygen is introduced by mechanical means. The effluent in the tank is allowed to settle and a portion of the sludge is recycled back to the tank, so that adequate micro-organism population is maintained views Shukla (2005).

2.2.3.3. AERATED LAGOONS


This method is also called as stabilization or oxidation ponds. This process consists of a shallow pond of two – four feet in depth designed to allow algal growth on the textile effluent. Effluent in oxidation ponds can stand for several days to weeks while the biological activity of bacteria and algae under sunlight destroys most of the organic waste. Sludge must be removed from the lagoon periodically and disposed of as in other treatment observe, Bailey et al. (2005).

2.2.3.4. USES OF ENZYMES


Enzymes represent an attractive option for waste water treatment for numerous reasons, which include their bio-compatibility as well as the ease and simplicity of process control, review Karam and Nicell (1997).
Most of the work related to lignolytic enzymes and decolorization of dyes has been concentrated on selected white rot bacidomycetes, views Modi (2008).Laccase enzyme offers an attractive solution because of its potential to degrade wide spectrum dyes having diverse chemical structure reports Thurston (1994).

2.2.3.5.  USE OF AGROWASTE


Now-a-days, several agricultural residues and organic wastes are used as natural adsorbents such as peat, wood sawdust, eucalyptus barks and pine saw dust to remove dyes from the effluent, report Lasari et al. (2007).


Rice husk can be used as low cost adsorbent to treat dye effluent. It is an abundantly available agricultural waste and has the capacity to adsorb dyes and heavy metals in effluent streams, report Chandrasekar and Pramada (2004).


The dye sorption abilities of various agricultural origin materials or those of the by – products have been investigated so far are powdered peanut hull Gong et al. (2005). Sugarcane dust (Ho et al., 2005a), apple pomace and wheat straw Robinson et al. (2002), tree fern Ho et al. (2005b), coir pith Namasivayam et al. (2001), neem saw dust Khatri and Singh, (2000) raw date pits Banat et al. (2003) and banana peel Annadurai et al. (2002). These materials are widely used because of its easy availability, potentiality towards adsorption and its low cost view Chandrasekar et al.  (2002).

2.2.3.6.  BIOADSORPTION


Adsorption has been found to be superior to other techniques for dye waste water treatment in terms of cost, simplicity of design, ease of operation and insensitivity to toxic substances Gurg et al. (2004). A low cost adsorbent is defined as one which is abundant in nature, or is a by – product or waste material from another industry view, Ozer et al. (2005). A wide variety of microorganisms, such as bacteria, fungi, algae, either in their living or inactivated form and various materials such as coal, fly ash, wood, silica gel, rice husk, cotton waste, bark, sugar industry mud, palm fruit brunch, etc., have been investigated to remove dyes from aqueous solutions with varying success for colour removal reports, Fu and Viraraghavan (2001) and Ozer et al. (2005).


Currently, most of the research deals with the biosorption and bio accumulation of azo dyes using dead and living fungal biomass state, Fu and Viraraghavan (2002), Donmez (2002), Walker and Weatheyly (2000), Aksu and Donmez (2003) and Mou et al. (1991).

2.3. USE OF MICROORGANISMS IN DECOLORIZATION


Studies on biological decolorization of dyestuff by utilization of aerobic and anaerobic microorganisms as reported by Banat et al. (1996); Robinson et al. (2001); Wafaa et al. (2003), Wafaa and Moawad (2003).


Microbial degradation and decolorization of dyes is an environment friendly and cost competitive alternative to chemical decomposition process observe Swamy and Ramsay (1999); Borcherf and Libra (1999), He et al. (2004), Rodriguez Couto et al. (2006). The bacterial isolate Psedomonas aeruginosa NBAR12 was capable of decolorizing 12 different dyes with varying decolorization efficiency report, Bhatt et al. (2005). Dye degradation using isolated Pseudomonas species as biocatalysts has shown that biological and combination treatment can offer a low cost alternative system that involve the elimination of the reactive dyes observes, Hu (1994).


The effectiveness of microbial decolorization depends on the adaptability and the activity of selected micro organisms. Wide range of micro organisms including bacteria, fungi, yeasts, actinomycetes and algae capable of degrading azo dyes have been reported Chen et al. (2003) and Deshwade et al, (2007).


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 resulted into the formation of colourless solutions. The resulting intermediate metabolites (aromatic amines) are further degraded aerobically or anaerobically, view, Chang et al. (2000).

2.3.1. USES OF LIVE FUNGI IN DECOLORIZATION


Kapoor and Viraraghawan (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 metal sorption sites. Fungi remove the dyes essentially by absorption and oxido – reduction reaction.


Development of efficient dye degradation requires a suitable strain and is used under favorable conditions to realize the degradation potential. In recent years there has been an intensive research on fungal decolorization of dye waste water. It is turning into promising alternative to replace or supplement present treatment process, explain, Mohandass et al. (2007).


Most of the research concerning bioremediation with these fungi has centered on a single species Phanerochaete chrysosporium, which is known to metabolize a wide range of xenobiotic compounds observe, Cameron et al. (2000) Non – lignolytic fungi from basidiomycete group like various Aspergillus species have been reported to decolorize various dyes. Strain of Aspergillus sojae has shown decolorization of the azo dyes Amaranth, Congo red and Sudan III in nitrogen poor media reports Ryu and Weon (1992). Several other wood rotting fungi like Aspergillus fumigatus G – 2 – 6 and Aspergillus oryzae, capable of decolorizing a wide range of structurally different dyes and found more effective than Phanerochaete chrysosporium view Knapp et al, (1995).

2.3.2. USE OF DEAD BIOMASS IN DECOLORIZATION


The use of biomass has its advantages, especially if the dye containing effluent is very toxic. Biomass adsorption is effective when conditions are not always favourable for the growth and maintenance of the microbial population observe Modak and Natarajan (1995).


Dead cells are obviously preferable for waste water treatment since they are not affected by toxic wastes and chemicals and do not pollute the environment by releasing toxins and or propagates, reports, Asksu (2005). Dead and dried biomass can be stored for long periods at room temperature with little risk of putrefaction.  This makes it easier to use and transport. Dead biomass is also generated as a waste product from established industrial process observes Kapoor and Viraraghavan (1998).


The use of dead microbial cells in biosorption is more advantageous for water treatment in that dead organisms do not require continuous supply of nutrients and they can be regenerated and reused for many cycles, reports Volesky (2001), Sumathi and Manju (2006), Vijayaraghavan and Yun (2006) and Maurya et al. (2006).


Recent studies revealed that different fungal species posseses impressive adsorption capacities for a range of heavy metal ions observe Donmez et al. (1999) and Nuhoglu et al. (2002).


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, states Aksu et al.  (2008).

2.4. 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 views, Bardhan and Sule (2004). An additional cost required for effluent treatment incurred, simply for legitimate disposal, this creates the concept of revising the treated effluent. The water which is suitable for return to the environment is acceptable for reuse in preparation and dyeing. Appropriate treatments such as ultra filteration, reverse osmosis and adsorption make the effluent suitable for reusing  reports, Singh (2004).

2.5. COTTON


Cotton the “King of fibres” is closely linked to human civilization affirms Sinha et al, (2006). Cotton remains the most miraculous fibre under the sun and no other fibre comes close to duplicating the entire entire desirable characteristic combined in cotton (www.cotton.org)


Cotton is comfortable, strong, durable, has good colour retention and is good to print on (library.thinkquest.org). Cotton is a fibre which is good for all seasons reports Jain (2006). It has high degree of acceptability to wear next to skin such as shirts, blouses, trousers, because of its high adsorption and swelling capacity regarding aqueous solution, informs Gienandt (2006).


In textile sector cotton accounts for 56% of the total fibre consumption and more than 75% in spinning mills point out MOT’s Annual report (2006). Average of 20-24 million metric tons per year cotton is produced in over 50 countries world wide, in that 65% of cotton producers are China, India and Pakistan, report Furber et al. (2007).


Today, the world uses more cotton than any other fibre and cotton is a leading cash crop in the farm level. Almost the production of each year involves the purchase of more than $5.3 million worth of supplies and services. Maitra (2007) tells that cotton is the most widely used fibre in the world because of its versatility and ability to provide good comfort particularly in apparel items.


Developments in spinning and testing technology necessitate the evolution of effective method for determining the actual value of cotton based on its contribution to the quality of end products and as a result of this a considerable increase in the market value can be achieved by artificially improving the appearance of cotton, specify Basu and Chellamani (2004).


Cotton is appreciated for its naturalness. Demand for cotton is as strong as ever with new developments appearing constantly and its consumption has increased at an average annual growth rate of 2 per cent. Since World War II attention has shifted to developing countries, more to China, where manufacturing is concentrated (Textiles, 2008).


Cotton is the most commonly used natural fibre in the field of textiles. Cotton is characterized by properties like absorbency, biodegradable, heat setting, high wet strength, insulating properties, non allergenic renewable sources, softness and water retaining capacity opine Watze and Eizenacher (2002).
2.6. USES OF SYNTHETIC DYES


At the beginning of the 19th century, natural dyes dominated the world market whilst synthetic dyes were almost unknown, report 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, views, Pillow (1998).

2.6.1. Reactive dyes


According to Parmer (2008), the term reactive dye means that the dye chemically reacts with the fibre. These dyes are 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 reveal Molla et al. (2004). These dyes are chemically reacting with the fibre substance, forming a covalent bond between the dye and the fibre views, 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 says, Shan (1994).Reactive dye have gained importance in dyeing on account of their brilliance, ease  of application state Mairel and Kottani (2001) and Holme (2003).

3.0 EXPERIMENTAL PROCEDURE


The experimental procedure adopted for the present study “Decolourization of textile dye effluent by live and dead biomass of Aspergillus sp.” is discussed under the following headings

3.1.  Screening and isolation of Reactive dye effluent decolorizing fungi 


3.1.1.  Collection of effluent


3.1.2.  Collection of soil sample


3.1.3. Screening and Isolation of textile dye effluent 



decolorizing fungi


3.1.4.  Preparation of Inoculum


3.1.5.  Identification of the selected fungal strain

3.2.  
Optimization  of  different parameters for  Reactive dye 
effluent decolorization using Aspergillus fumigatus

        
3.2.1. Effect of Inoculum concentration on decolorization of 


reactive dye effluent


3.2.2. Effect of Incubation period on decolorization of reactive 


dye effluent


3.2.3. Effect of pH on decolorization of reactive dye effluent


3.2.4. Effect of Temperature on decolorization of reactive dye 


effluent

3.3.
 Decolorization of Reactive dye effluent by dead biomass of Aspergillus fumigatus


3.3.1. Effect of different concentrations of dead biomass on 


decolorization of reactive dye effluent


3.3.2. Effect of Incubation period on decolorization of reactive 
                    dye effluent by dead biomass


3.3.3. Effect of pH on decolorization of reactive dye effluent by 


dead 
biomass


3.3.4. Effect of temperature on decolorization of reactive dye 


effluent by dead biomass

3.4. Analysis of Reactive dye effluent and treated effluents 


3.4.1. General – physico – chemical parameter




3.4.1.1. pH




3.4.1.2. Total Suspended Solids




3.4.1.3. Total Dissolved Solids




3.4.1.4. Turbidity




3.4.1.5. Electrical Conductivity


3.4.2. Organic pollutant measurement 




3.4.2.1. Biochemical Oxygen Demand




3.4.2.2. Chemical Oxygen Demand


3.4.3. Metal constituent measurement




3.4.3.1. Total Hardness




3.4.3.2. Calcium Hardness


3.4.4. Non – metallic constituent measurement




3.4.4.1. Alkalinity




3.4.4.2. Phosphate




3.4.4.3. Sulphate

3.5.   REUSAGE OF DECOLORIZED EFFLUENT FOR DYEING 


3.5.1. Selection of fabric


3.5.2. Selection of dye


3.5.3. Dyeing of cotton with reactive dye using treated and tap 
water 
dyeing procedure

3.6. EVALUATION



3.6.1. Subjective Evaluation



3.6.2. Objective Evaluation




3.6.2.1. Fabric Weight




3.6.2.2. Fabric Thickness




3.6.2.3. Strength and Elongation




3.6.2.4. Fabric Stiffness




3.6.2.5. Drapability




3.6.2.6. Absorbency tests

· Drop test

· Sinking test

· Capillary rise test



    
3.6.2.7. Colour Fastness Test

· Fastness to sun tight

· Wet and dry crocking

· Fastness to washing

· Wet and dry pressing 

3.1. Screening and Isolation of Reactive Dye effluent decolorizing fungi 

3.1.1. Collection of effluent


The reactive dye effluent from manual cum cabinet dyeing unit at Tirupur (Plate I) was collected in a sterile polythene container. As per the suggestion given by Manivasagam (1995) the container was rinsed with the sample before collection. 
PLATE I

 REACTIVE DYE EFFLUENT FROM DYEING UNIT
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3.1.2. Collection of soil sample


Soil contaminated with textile dye effluent was collected from selected dyeing unit in a sterile polythene bag and stored at 4° C until analysis was done.

3.1.3. Screening and Isolation of Reactive dye effluent decolorizing fungi


One gram of soil sample was mixed with 10ml of distilled water, serial dilution was made upto 10-9. 1 ml of sample from each dilution was poured into petri dishes, followed by sterilised potato dextrose agar (Appendix I). The plates were incubated for 5 days at 28°C (Plate II).  

After 5 days of incubation, the well grown fungal colonies were isolated. The isolated colonies were screened for their dye decolorizing effect. 

3.1.4. Preparation of Inoculum


One loop full of the fungal strain was inoculated in 100ml of Sabauroud dextrose broth. The media was incubated for 5 days at room temperature. The culture broth was used as inoculum.

Screening of isolated fungal colonies for their decolorization effect


100 ml of reactive dye effluent was taken in 250ml Erlenmeyer flasks and inoculated with 10 ml of each inoculum. The flasks were incubated for 5 days. After the incubation period, per cent decolorization was determined by measuring the absorbance of the effluent at 285nm in UV vis spectrophotometer (Chamunorwaebal, 2008) (Plate III).
PLATE II. AUTOCLAVE 
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PLATE III. NANO UV - VIS SPECTROPHOTOMETER 
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  Initial absorbance  -  Observed absorbance

Per cent Decolorization =  _____________________________________________  X100    





Initial absorbance


Based on the per cent decolorization, the fungal strain which showed maximum decolorization per centage was selected for the present study.

3.1.5. Identification of fungal strain

The selected fungal strain 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 fungicide, lactic acid which stains the cytoplasm of fungus and glycerol which gives a semipermanent 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. Dissolve the phenol crystals with other ingredients by heating the mixture gently under hot water tap. 

Procedure


The isolated fungus was identified by preparing LCB wet mount. A drop of LCB is 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 40 x power in microscope and identified based on morphological characteristics express Sekar et al. (2008).

3.2.  
Optimization of different parameters for reactive dye effluent decolorization using Aspergillus fumigatus       (Plate IV)

3.2.1. Effect of Inoculum concentration on decolorization of reactive dye effluent


100ml of the effluent was taken in 5 different 250ml Erlenmeyer flasks. The flasks were inoculated with varying inoculum concentrations (1%, 2%, 3%, 4% and 5%) and incubated for 5 days at room temperature. After incubation period, the per cent decolorization was determined.

3.2.2.   Effect of Incubation period on decolorization of reactive dye effluent


To determine the effect of incubation period on decolorization, 100ml of the effluent was taken in 5 different 250ml Erlenmeyer flasks. The dye effluent was inoculated with Aspergillus sp at a concentration of 3% and incubated for different time intervals (1, 2, 3, 4, 5, 6, 7 days) and per cent decolourisation was determined.

3.2.3.   Effect of pH on decolorization of reactive dye effluent


To determine the optimum pH for decolorization, 100ml of the textile dye effluent was taken in five different 250ml Erlenmeyer flasks. The pH of the effluent was adjusted from 5 – 9 at an interval of one unit using 1N HCl or 1N NaOH. The flasks were inoculated with Aspergillus sp. at a concentration of 3% and incubated for optimized incubation period (3 days) at room temperature. After incubation period, per cent decolorization was calculated. 
PLATE IV. EXPERIMENTAL SETUP FOR OPTIMIZATION STUDY
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3.2.4.   Effect of Temperature on decolorization of reactive dye effluent


To evaluate the optimum temperature for decolorization, 100ml of effluent was taken in 5 different 250 ml Erlenmeyer flasks. The flasks were inoculated with Aspergillus sp. at a concentration of 3%. The inoculated flasks were incubated at different temperatures such as 30, 40, 50, 60 and 70° C for 3 days. After incubation period the per cent decolorization was determined.

3.3.
 Decolorization of reactive dye effluent by dead biomass of Aspergillus fumigatus


The mat formed by Aspergillus fumigatus grown in Sabauroud dextrose broth (Plate V) was separated by filtration. It was and autoclaved and washed with distilled water to remove colour and impurities and dried in an oven. The dried biomass (Plate VI) was powdered. The powdered biomass (Plate VII) obtained was used for the study reports Engade and Gupta (2007).

3.3.1. Effect of different concentrations of dead biomass on decolorization of reactive dye effluent


To determine the optimum concentration of dead fungal biomass of Aspergillus fumigatus on decolorization, 100ml of reactive dye effluent was taken in 250ml Erlenmeyer flasks. The flasks were added with various concentrations of dried and powdered dead fungal biomass at a concentration of 0.30, 0.60, 0.90, 1.2 and 1.5% (W/V). The flasks were incubated for 5 days at room temperature. After incubation period per cent decolorization was calculated.
PLATE V. MAT FORMED BY Aspergillus fumigatus
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PLATE VI. DRIED BIOMASS 
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PLATE VII. POWDERED FUNGAL  BIOMASS

[image: image6.jpg]



3.3.2. Effect of incubation period on reactive dye effluent decolorization by dead biomass


To determine the effect of incubation time on decolorization 100ml of the effluent was taken in 250ml Erlenmeyer flasks. The flasks were inoculated with 0.30g dead biomass of Aspergillus fumigatus and the flasks were incubated at different time intervals such as 1, 2, 3, 4, 5, 6 and  7 days. After incubation period per cent decolorization was calculated.

3.3.3. Effect of pH on decolorization of reactive dye effluent by dead biomass

To determine the optimum pH for reactive dye effluent decolorization, 100 ml of reactive dye effluent was adjusted to pH 5-9 at an interval of one unit using 1N HCl or 1N NaOH. The flasks were added with 0.30g of dead biomass and incubated for 24hrs at room temperature. After incubation period, per cent decolorization was calculated.

3.3.4. Effect of temperature on decolorization of reactive dye effluent by dead biomass


To evaluate the optimum temperature for decolorization, 100 ml of reactive dye effluent was taken in 250ml Erlenmeyer flasks. The flasks were added with 0.30g of dead biomass of Aspergillus fumigatus. The flasks were incubated at different temperatures such as 30, 40, 50, 60 and 70° C for 24 hrs. After incubation period, per cent decolorization was calculated.

3.4. Analysis of reactive dye effluent and treated effluents 


The raw effluent and treated effluents (Plate VIII and IX) were analysed for finding out the toxic substances present in them and to know the pollution load of the water besides the quality of water. 
PLATE VIII. RAW AND DECOLOURIZED EFFLUENT 

[LIVE FUNGAL BIOMASS]
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PLATE IX. RAW AND DECOLOURIZED EFFLUENT 

[DEAD FUNGAL BIOMASS]
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3.4.1. General physico chemical parameters


The major physico - chemical parameters that were taken into consideration for analysis were pH, chloride content, amount of total dissolved solids, total suspended solids, biochemical oxygen demand and chemical oxygen demand as suggested by Shukla (2005) and Quevauviller (2002).

3.4.1.1. pH


pH is the measure of intensity of acidity or alkalinity and determines the concentration of hydrogen ions present in water reports Ansari (2008). It is the most important parameter as it indicates instantaneously, the acidic or alkaline condition of the effluent water views Kenkel (2002). pH can be measured using a litmus paper, pH indicator with a colour scale or a specially designed voltmeter, called pH meter  expresses Alexander (2000).


The pH meter was first standardized using buffer solutions of pH 7.0 and pH 9.2. The electrodes were rinsed in distilled water and immersed in the raw and treated effluent samples and readings were noted in the digital display.


3.4.1.2. Total Suspended Solids


Suspended solids of the raw and treated effluent samples were estimated by centrifugation method. 50 ml of the sample was centrifuged and after centrifugation the residue was washed with distilled water, recentrifuged and the suspended solids in the centrifuge tube was transferred to a pre weighed silica dish and dried at 105º C. The increase in weight was equal to the amount of suspended solids. The suspended solids present in the sample were calculated by using the formula.




      Final wt. – Initial wt. of the crucible  

Total suspended solids in mg/l = ___________________________________ X 1000






          Volume of the sample

3.4.1.3. Total Dissolved Solids


50 ml of the raw and treated effluent samples was taken in a preweighed silica crucible and the sample was evaporated to dryness using a water bath. After complete evaporation the final weight of the crucible was taken. The total dissolved solids present in the sample was calculated by using the following formula

                                                  Final wt. – Initial wt. of the crucible

Total dissolved solids in mg/l = _____________________________________ X 1000






           Volume of the sample

3.4.1.4.  Turbidity


The turbidity was estimated by Jackson candle method and was presented as number of Jackson turbidity units. (Plate X).
3.4.1.5.  Electrical Conductivity


The electrical conductivity of the raw and treated effluent samples was measured. Using conductivity bridge (Plate XI) and expressed in milliSiemens  (mS)

3.4.2.  Organic pollutant measurement

3.4.2.1. Biochemical Oxygen Demand (BOD) 
Reagents

Phosphate buffer solution


33.4g disodium hydrogen phosphate, 8.5g potassium dihydrogen phosphate, 21.75 g dipotassium hydrogen phosphate, 1.7 g ammonium chloride in 1000 ml of distilled water in a volumetric flask and pH was adjusted to 7.2.

PLATE X. TURBIDITY METER
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PLATE XI. ELECTRICAL CONDUCTIVITY METER

[image: image10.jpg]



Dilution Water


Double distilled water taken in a glass container was aerated for half an hour using an aerator. 1 ml of phosphate buffer, 1 ml of MgSO4 (22.5 g/l) 1 ml of CaCl2 (27.5 g/l) and 1 ml of FeCl3 (0.25 g/l) were added.

Procedure


The raw and treated effluent samples were diluted (measured dilution) with dilution water (Dilution is not necessary for unpolluted waters and seeding is unnecessary for surface waters). The raw and treated effluent sample was taken in two BOD bottles. D.O content (D1) of one bottle was analysed and the other was incubated in BOD incubator (Plate XII) at 20º C for 5 days. Two other bottles were filled with dilution water D.O content was analysed immediately in one bottle and the other was incubated. D.O was analysed in the incubated water sample (D2) and dilution water after 5 days of incubation. 

Calculation



                 (D1 - D2 – BC ) x 100


BOD  (mg/l) = __________________________________________





Per centage dilution of sample

           



BC – Blank Correction

3.4.2.2. Chemical Oxygen Demand (COD)

Reagents

0.25 N Potassium dichromate


12.259 g of potassium dichromate in 1000 ml of distilled water.
PLATE XII. BOD INCUBATOR
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0.1 N Ferrous ammonium sulphate (FAS)


39.2 g of ferrous ammonium sulphate and 20 ml of conc. H2SO4 in 1000 ml of distilled water. The solution was standardised with 0.25N potassium dichromate solutions.

Ferroin indicator


1.485 g phenanthroline and 0.695 g ferrous sulphate dissolved in 100 ml distilled water.

Procedure


10 ml of the raw and treated effluent  samples were taken in a COD flask and 30 ml of conc. H2SO4 and 10 ml of 0.25 N potassium dichromate were added. The content was refluxed for two hours in a hot plate at 60º C, cooled, diluted with distilled water and made upto 140 ml. Two to three drops of ferroin indicator was added and titrated against 0.1 N FAS.  The colour change from blue green to reddish brown was the end point. The entire procedure was repeated for blank.


COD of the raw and treated effluent  samples were calculated using the formula.




    V X Normality of FAS X 8 X 1000


COD (mg/l) =  __________________________________________





Volume of the sample


3.4.3. Metal constituent measurement

3.4.3.1. Total Hardness


Total hardness of the raw and treated effluent  samples were  estimated by EDTA titrimetric method.
Reagents

Buffer solution 


16.9 g of ammonium chloride was dissolved in 143 ml of ammonium hydroxide. 1.179 g of disodium salt of EDTA and 780 mg of magnesium sulphate were added and made upto 250 ml with distilled water.

Inhibitor


4.5g  of hydroxylamine hydrochloride in 100ml of 95% ethanol.

Standard EDTA titrant (0.02 N )


 3.723g Disodiumethylene diamine tetraacetate dihydrate was dissolved in 1 litre of water. It was standardized against standard calcium solution. 1.0ml of 0.02N EDTA ( 1.0 mg of CaCO3.

Eriochrome Black– T indicator


 0.5 g of the dye was mixed with 100g of Sodium chloride to obtain a dry powder mixture. 

Procedure


50 ml of the raw and treated effluent  samples were taken in a conical flask and 2ml of buffer solution and 1ml of the inhibitor were added.   After adding a pinch of Eriochrome Black– T indicator it  was titrated against standard EDTA, till the wine red colour changed into blue. The volume of EDTA used was noted. 

Calculation


        




ml EDTA titant ( 1 ( 1000

Total Hardness as CaCO3 (mg/l ) =    

                                                           Volume of sample taken in ml

3.4.3.2.  Calcium Hardness

Reagents 

1N sodium hydroxide: 


40 g sodium hydroxide was dissolved in 1 litre of distilled water.

Murexide indicator (Ammonium prupurate)


200 mg of the dye was ground with 100 g of sodium chloride.

0.02 N standard EDTA titrant:



3.723 g EDTA disodium salt was dissolved in 1000 ml of distilled water in a volumetric flask.

Procedure


50 ml of raw and treated effluent  samples were taken in a conical flask and 2 ml of sodium hydroxide was added and pH was adjusted to 12 -13.  0.1 – 0.2 g of the indicator was added and titrated against standard EDTA titrant.  The colour change from pink to purple indicated the end point.
Calculation






                  ml. EDTA titrant X 1 X 1000


Calcium as CaCO3 (mg/l) =    ________________________________________






ml. sample taken for titration

3.4.4. Non metallic constituent measurement

3.4.4.1. Alkalinity

Procedure


Added 25 ml of the raw and treated effluent  samples were and 25 ml of distilled water in a 250ml conical flask. Added phenolphthalein indicator solution. If a pink colouration occurred, it indicated nil phenolphthalein alkalinity. If a pink colour appeared then titrated with 0.02N sulphuric acid until the solution became colourless. Added 3 drops of mixed indicator solution to the solution in which phenolphthalein alkalinity had been determined and titrated against 0.02N sulphuric acid to light pink.

Calculation




 ml of 0.02N H2SO4 for total alkalinity end point 






X 50 X 0.02 X 1000

Total alkalinity as CaCO3(mg/l) = __________________________________________ 





       ml sample taken for titration

3.4.4.2.  Phosphates


The amount of phosphate was estimated by stannous chloride method.

Reagents

Phenolphthalein indicator solution


500 mg of phenolphthalein was dissolved in 50 ml of ethyl alcohol and 50 ml of distilled water was added.

Sulphuric acid – nitric acid solution


     75 ml Conc. H2SO4 was added to about 150 ml. distilled water and cooled. 1 ml conc. HNO3 was added and diluted to 250 ml with distilled water.

Ammonium molybdate solution 

        2.5 g ammonium molybdate was dissolved in about 200 ml. distilled water.280 ml conc. H2SO4 was added to 400 ml distilled water and cooled. Molybdate solution was added to the diluted acid and dilute to 1000 ml.
Stannous chloride solution


2.5 g fresh stannous chloride was dissolved in 100 ml glycerol and heated in a water bath.

Phosphate stock solution


439 mg potassium dihydrogen phosphate was dissolved in distilled water and made up to 1000 ml in a volumetric flask. Two drops of toluene was added as a preservative.

Phosphate standard solution


10 ml phosphate stock solution was pipetted into a 1000ml volumetric flask and made up to the mark with distilled water and should be prepared freshly.1.0 ml ≡ 1 mg P

Procedure


100 ml of the raw and treated effluent  samples were taken in a Nessler tube and 1 drop of phenolphthalein indicator was adeed. The pink colour developed was destroyed by adding one or two drops of Sulphuric – nitric acid solution. Phosphate working solution was pipetted in to a series of 100 ml Nessler tubes covering the range up to 20 µg P and made up to 100 ml with distilled water. A Nessler tube containing 100 ml distilled water was kept as a blank. To the blank, standards and sample 4 ml ammonium molybdate solution and 0.5 ml stannous chloride solution were added.  Between 10 – 12 minutes the colour developed was measured at 690nm against the reagent blank using a spectrophotometer.  A calibration curve was prepared and amount of phosphate equivalent to the observed optical density was calculated and the result was expressed as mg phosphate per litre of sample.
3.4.4.3.  Sulphates


Gravimetric method was used for the estimation of sulphate.

Reagents 

Methyl red indicator


50 mg methyl red indicator in 50 ml distilled water.

Barium chloride solution


100 g of barium chloride was dissolved in 1000 ml of distilled water and was filtered through Whatmann N0.1 filter paper.

Silver nitrate solution


0.5 ml conc. HNO3 and 8.5 ml AgNO3 in 500 ml distilled water.

Hydrochloric acid (50%)


Hydrochloric acid and distilled water in 1:1 ratio.

Procedure

To 100 ml of raw and treated effluent samples were in an Erlenmeyer flask, 2-3 drops of methyl red indicator was added. pH was adjusted to about 4.5 to 5.0 by adding Hydrochloric acid until the colour was changed form red to orange. 2 ml of HCl was added in excess.  The solution was boiled and warm barium chloride was added slowly until the precipitation was completed. The solution was heated in water bath for 2 hours and filtered through Whatman No. 42 filter paper.  The precipitate was washed with warm distilled water until the filtrate showed no traces of chloride. It was tested by adding AgNO3 solution. Absence of white turbidity on addition of AgNO3 indicated the absence of chlorides.  The filter paper with precipitate was dried in an oven at 105º C for an hour, and weighed.
Calculation





Wt. of precipitate in mg. X 0.4116


Sulphate (mg/l) = ______________________________________________ X 1000




        Volume of sample taken


3.5.   REUSAGE OF DECOLORIZED EFFLUENT FOR DYEING 


As the cost of water supplied to industry keeps increasing, recycle schemes become more attractive with good payback periods, say Rani and Negi (2007). Increasing demand for water in industry and to control the pollution of environment, recycling or reuse of water is essential. In the present study the treated reactive dye effluent was utilized for dyeing.

3.5.1. Selection of fabric


Natural cellulosic fibres are only biodegradable fibres. Cotton as “King of fibres” has occupied prime position reveal Amsamani       et al. (2005). Cotton dominates the field of cellulosic fibres owing to its abundant use for apparels and other textile goods observe Basra (1999). In tropical country like India, cotton is still in demand because of its higher degree of comfort and good absorbency express Deshwak et al. (2006). Cotton is exclusively used in apparel fabrics for men and women wears and household fabrics by the people in all levels say Jindal and Jindal (2006). Plain weave is relatively in expensive for construction and can be extensively used for cotton fabrics. They ravel was less than compare with the fabric of other weaves opines Kalpan (2002). So, cotton fabric made out of plain weave was selected for present study.

 3.5.2. Selection of dyes


Cellulosic fibres are predominantly dyed with reactive dyes in the presence of considerable amount of salt and fixed under alkaline conditions Kannan et al. (2005). Reactive dyes score over sulphur  dyes on environmental grounds, vat dyes on cost, azoics of ease of processing and direct dyes on fastness points out  Sivaramakrishnan, (2004).


Reactive dyes are most popularly used for the colouration of cellulose because they provide good wet fastness properties to the fabrics and are able to give almost the whole gamut of hues require views Sekar (2001) and Sule (2003).


The ease of application and brilliance of colours of the reactive dyes for cotton has made a significant advance in the dyeing industry during the last 50 years report Lancaster and Patel (2005).


To achieve good properties of dyeing, reactive dye was selected for cotton. 

3.5.3. Dyeing of cotton with reactive using treated and soft water


Dyeing as the application of colourant to the substrate in order to enhance the appearance by the attraction of hue. The selected cotton fabric was desized and then dyed with reactive dye by using treated and tap water. Dyeing using reactive dye on the cellulosic fibre material involves 3 steps as follows

· Exhaustion of the dye bath by the addition of the salt.

· Fixation of the exhausted dye bath by the addition of alkali.

· Washing off the unfixed dye reports Sekar (2004).
                                           Table- II

Dyeing parameters

	Parameters
	Amount

	Fabric
	1 meter

	Shade
	5%

	Material : Liquor ratio
	1:30

	Caustic soda
	2%

	Sodium chloride

	20%


Dyeing Procedure


The selected (desized) cotton fabric was dyed using soft water and effluent treated waters (TWD1 and TWD2). 


The fabric was soaked in soft water for 30 mins and squeezed. The dye stuff was made into paste with warm water, which is then added to the measured amount of water and stir well. The wet fabric was then immersed into the dye bath and kept for 10 minutes. After 10 minutes the fabric was taken out and NaCl was added to the dye bath and the content was mixed thoroughly. The removed fabric was immersed into the dye bath and kept for 20 minutes. The fabric was taken out and soda ash was added in the dye bath. The sample was reentered and again kept for 30 minutes. After dyeing was completed, the fabric was washed thoroughly by changing water thrice. Acetic acid (4 g/l) was added in the final rinse of water. Finally the sample was taken out and squeezed and dried in shade. Following the same procedure, dyeing was performed in treated waters for selected cotton fabrics.

 3.5.4. Evaluation

3.5.4.1. Subjective Evaluation


The soft water dyed and treated effluent water dyed samples were evaluated visually by the panel members. The panel members which consisted of 25 judges comprising of PG students specializing in the field of Textile and clothing, General appearance, brilliancy of shade, and evenness of dyeing were the main aspects taken into consideration for visual examination.

3.5.4.2. Objective Evaluation


Textile testing as a whole refers to the vigours testing done on textile materials which may be inside the laboratory as well as in natural setting says Raul (2005).

3.6.2.1. Fabric Weight


Fabric weight is the relative weight of the fabric and expressed as the weight of a particular size of piece as grams / square meter or ounces / square yard view Angappan and Gopalakrishnan (2006).


Fabric weight of the original and dyed samples was determined using GSM cutter. It is a device to cut circular specimen of 100 square centrimeters of a fabric very accurately. It has 4 blades that cut the fabric when the hand wheat is rotated by applying light pressure. The samples were cut and weighed accurately using digital balance having 0.01 sensitivity. The value in gms multiplied by 100 gives grams / square meter of the fabric.


The samples were weighed for five times and the mean value was calculated and recorded.

3.6.2.2. Fabric Thickness


Based on BS: 2544:1954 the principle of fabric thickness is the determination of the thickness of a compressible material such as textile fabrics of the precise measurement of the distance between two plane parallel plates 


Fabric thickness gauge (Plate XIII) was used to measure thickness of the sample. It has 2 parts the anvil and pressure foot. Pressure was given to the foot to make the gauge dual zero. The sample was placed between the cleaned pressure foot and anvil without any pressure. The reacting shown by the dial was noted. For a single sample thickness was determined at 5 different places away from 2 inch of the selvedge.

3.6.2.3. Strength and Elongation


The tensile or breaking strength of the fabric is a measure of its resistance to a tensile load or stress in either warp or weft directions, defines, Singh (2004). Elongation as the increase in length of a specimen during tension test, expressed in units of length of the fabric when loaded reports AATCC (1995).


The samples of original and dyed fabrics were tested for tensile strength using Eureka cloth tensile strength tester (Plate XIV). 12 inch X 2 inch specimen from each samples were cut both in warp and weft direction of the fabric 2 inches apart from selvedge. The specimen was placed between the upper and lower clamp. The dial reacting was set to zero by adjusting the pendulum over the quadrant scale. The elongation pointer was checked for its position in zero. Before stating the machine the pendulum lock was released and machine was switched to run. At the point of fabric started to break the machine was switched off the dial reacting in kg was taken.


Elongation reacting was noted from the elongation scale. The specimen was removed and the machine positioned back to original and the five specimens of both directions from each samples were tested and readings were noted.

3.6.2.4.  Fabric stiffness


 According to Arun (2001) fabric stiffness indicates the resistance of the fabric to bending and it is a key factor in the study of handle and drape. Shirley stiffness tester was used to test the stiffness of the fabric (Plate - XV). The sample A was cut to the size of 15 cm X 2.5 cm using the template. The sample was placed on the platform with the template at the top of it, so that the leading edges coincide. Both were slowly pushed forward until the leading edges of the sample and the template projected beyond the edge of the platform. The sliding of the sample was stopped when it cut both the index lines. Then the bending length of the sample read from the scale opposite a datum line engraved on the side of the platform. Four readings were taken for sample A. Mean values of the bending length in warp and weft wise direction was calculated. Similarly other samples were calculated. 

PLATE XIII.  THICKNESS GAUGE
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	PLATE XIV.  TENSILE STRENGTH TESTER
	PLATE XV.  STIFFNESS  TESTER
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3.6.2.5.  Drapability 


Brand (2003) defines the drape as the manner in which a fabric falls when hung on a form and it is one of the most important fabric aesthetic properties. Eureka Drape meter (Plate XVI) was used for this study. A circular specimen of diameter 25 cm was supported on a circular disc of diameter 12.5 cm measuring the following areas, the drape coefficient, F can be calculated.

· area of the specimen, AD

· area of the supporting disc, Ad

· actual projected area of the specimen, As


The degree co-efficient, F is the ratio between the projected area of the draped specimen and its undraped area, after the deduction of the area of the supporting disc view Angappan and Gopalakrishnan (2006).






 As – Ad




Thus ,   F =  ____________





 AD – Ad

3.6.3.  Absorbency test

Drop test


Absorbency is defined as the propensity of a material to take in and retain a liquid, usually water, in the pores and interstices of the material reports AATCC Technical Manual (2008). Wettability is defined as the time in seconds for a drop of water to sink into the fabric.


A burette filled with distilled water was clamped in a stand. Sample A was mounted in an embroidery frame and was placed at the base of the stand. The distance between the sample and burette nozzle was kept constant. The nozzle of the burette was opened just to allow a drop of water to fall on the sample. The stop watch was started  simultaneously  and  it  was stopped when the drop  of  water 
PLATE XVI.  DRAPABILITY
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fully sank into the material. The time taken for this was noted. Same procedure was repeated for ten times and the mean value was calculated. Similarly the water drop absorbancy time was recorded for samples B and C and their mean values were calculated.

Capillary rise test


Paul (2005) pointed out that the capillary travel method measures the rapidity of absorption. 5 pieces of sample A were cut measuring cut 15 cm length and 2.5 cm width. One end of the sample strip was pasted with a glass rod which was placed on heavy wooden blocks and at the other end, two grams weight was attached to keep the sample straight. At the weighed end 2 cm of the sample was allowed to immerse in a tray of distilled water. The rise of the water level in the strip was noted by keeping time as constant (1 minute). The same procedure was repeated for the samples B and C and the mean value was calculated and recorded.

Sinking time test


Sinking test is a simple test that helps to measure the Wettability of a fabric reports AATCC Technical Manual (2008). 


In this method, conditioned sample A was cut into a number of equal sized squares of 1” X 1” and added to a 1000 ml beaker which was filled with distilled water. The stop watch was started when the fabric struck the surface of water and stopped when the last corner sank below the water surface. The test was carried out for the samples B, C and the  mean time for sinking was calculated and recorded.

3.6.4. Colour Fastness Test


Dye-fibre interactions are varied and their strength or combined strength determine both the outcome and performance of the dyeing. Dyeing does not mean only to impact attractive on  the fibre bat to obtain fast colour on it.


Colour fastness measure the resistance of the textiles when they are exposed to various agencies. The usual practice to apply the dye on the fabric in specified strength and subjected to the various agencies. The grey scale employed for colour fastness test is 1-5 grade. In this scale on means poor fastness and 5 represent excellent colour fastness reports Smith (2006) and Nimkar et al. (2007).


Here in the study, 4 colour fastness testes were carried out. They are colour fastness to sunlight, washing, wet and dry crocking, wet and dry pressing.

Fastness to sun light


The colour fastness of textile material to day light is very important property say Alikan et al. (2006).


Colour fastness as the resistance of a material to a change in its colour characteristics as a result of exposure of the material to sunlight and an artificial tight source report  AATCC  (2007).


To test the fastness to light the specimens of 16 cm X 5 cm were cut from each sample of dyed fabrics and divided into 8 equal parts measured as 20m each the specimens were covered with black chart. For the successive 7 days the specimens were exposed to direct sunlight. First day fist portion of the specimens were exposed and accordingly seven portions are exposed for 60 light the first portion was exposed for 7 days and the 7th portion was exposed for a day. The last portion was not exposed to sunlight and considered as standard for comparison were done using grey scale and the specimens were rated.

Wet and dry crocking


Crocking is the rubbing fastness of dyes. AATCC (1995) describe crocking as the transfer of colourant from the surface of the coloured fabric to an adjacent area of same fabric or to another surface, principally by rubbing action. Fastness to crocking is important in both apparel fabric as well as upholstery. Crocking test determines the extent to which colour may be transferred from the surface of the dye fabric to another by rubbing states Adannur (1995).


Sasmira crock meter was used to determine the fastness to crocking. Each of dyed samples was cut in the measurement of 25 X 20 cm and mounted on flat base. The desized white cotton fabric was mounted in a ring on the rubbing finger. Each sample was given 10 rubs based on standardisation. The colour transfer from the dyed sample to the white material was used for wet crocking. The procedure adopted was same as that of dry crocking. The colour transfer from the dyed sample to the white material was assessed using grey scale. 

Fastness to washing


Major loss of colour from the fabric is due to washing and results in staining over the adjacent fabric. This phenomenon is used in wash fastness of colour.

Wet and dry pressing 


Colour fastness of the samples to pressing was measured following the specifications of Bureau of Indian standards (2000). Two specimens measuring 10 cm X 10 cm from each dyed samples were cut and one set of specimens covered at either side with 5 cm X 5 cm of desized white fabric. The prepared specimens were pressed for 5 seconds to assess its colour fastness to dry pressing while the others were covered with wet white cloth and pressed for 5 seconds to assess its colour fastness to wet pressing for 5 seconds to assess its colour fastness to wet pressing. The same procedure was repeated for 5 specimens. The colour change in the dyed fabrics was graded using grey scale.

4.0   RESULTS AND DISCUSSION


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

4.1.  Screening and Isolation of reactive dye decolorizing fungi

4.2.  Identification of selected fungal strain

4.3.  Decolorization of Reactive Dye Effluent by Aspergillus fumigatus 

4.4. Decolorization of reactive dye effluent by dead biomass of 
Aspergillus fumigatus

4.5.  Analysis of Effluent and Treated effluent

4.6.  Fabric Evaluation


4.6.1. Subjective Evaluation        


4.6.2.  Objective evaluation



4.6.2.1.  Fabric weight



4.6.2.2.  Fabric thickness



4.6.2.3.  Fabric stiffness



4.6.2.4.  Fabric strength



4.6.2.5.  Fabric elongation  



4.6.2.6.  Abrasion resistance



4.6.2.7.  Drape



4.6.2.8.  Absorbency tests


4.6.2.9. Colour fastness tests

4.1.  Screening and Isolation of Reactive Dye Decolorizing Fungi


About seven morphologically distinct fungi were isolated from the reactive dye effluent contaminated soil by serial dilution technique. Among them, the fungal isolate which showed higher per cent decolorization  (Table III) was selected for the present study.

TABLE III

DECOLORIZATION OF REACTIVE DYE EFFLUENT BY DIFFERENT FUNGAL STRAINS

	Fungal isolates
	Rate of Decolorization( %)

	Rhizopus sp
	25

	Penicilium sp
	30

	Tramates sp
	35

	Aspergillus sp
	67

	Trichoderma sp
	39

	Fusarium sp
	23

	Flavodon sp
	15


4.2. Identification of selected fungal strain


The taxonomic position of fungal strain was determined microscopically based on the conidial morphology and shape under low and high power objectives. Based on the colony morphology and staining, the fungal strain was identified as Aspergillus fumigatus (Plate  XVII) Mature colonies were yellow brown in texture and the surface was powdery or granular and the hyphae were septate in nature. The conidial head was columnar and compact, the conidiophores appeared green and sterigma was uniseriate in nature.
PLATE   XVII
COLONY MORPHOLOGY OF Aspergillus fumigatus
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4.3. Decolorization of Reactive dye effluent by Aspergillus fumigatus

4.3.1. Effect of Inoculum concentration on decolorization of reactive dye effluent


The effect of inoculum concentration on decolorization was determined and the results are presented in Table IV and Figure I.

TABLE IV - Effect of inoculum concentration on decolorization
	INOCULUM CONCENTRATION (% )
	DECOLORIZATION (%)

	1
	43.8 

	2
	57.8

	3
	64.9

	4
	33.3

	5
	17.5


FIGURE  I - Effect of inoculum concentration on decolorization
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Increase in inoculum concentration from 1% to 3% increased per cent decolorization, with optimum decolorization at 3%. However increase in inoculum concentration above 3% results in decrease in decolorization.


High per cent decolorization was due to dye sorption by mycelium of fungi as well as reduction of dye intensity in solution because of changes caused by them views Balan et al. (2001).

4.3.2. Effect of Incubation period on decolorization of reactive dye effluent


The effect of incubation period on decolorization of reactive dye effluent by A. fumigatus is presented in Table V and Figure II.

TABLE V - Effect of incubation period on decolorization
	Days 
	 DECOLORIZATION (%)

	1
	24.3

	2
	35.0

	3
	59.64

	4
	40.3

	5
	22.8

	6
	7.01


FIGURE II - Effect of incubation period on decolorization[image: image18.emf]0
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Maximum decolourisation was observed at third day of incubation period. Similar result was observed by Mohandass et al. (2007) who has reported 95% decolourisation of reactive blue by Aspergillus sp. at third day of incubation.  

4.3.3. Effect of pH on decolorization of reactive dye effluent


The effect of pH on decolorization of reactive dye effluent by A. fumigatus is presented in Table VI and Figure III.

TABLE VI - Effect of pH on decolorization

	pH
	DECOLORIZATION (%)

	5
	17.5

	6
	40.35

	7
	52.63

	8
	56.14

	9
	36.8


FIGURE III - Effect of pH on decolorization
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From the table VI and FIGURE III, it is clear that increase in pH results in increased per cent decolorization with optimum pH at 8. Our results are in agreement with Xian et al. (2006), who has reported that the strain of Aspergillus fumigatus  decolorize the effluent color at pH 8. However Fu and Viraraghavan (2000, 2001) and Mahony et al. (2002) have reported that dye anions present in the dye solution are being adsorbed by positively charged cell surfaces due  to the electrostatic attraction at lower pH.

4.3.4. Effect of temperature on decolorization of Reactive dye effluent by Aspergillus fumigatus 


The effect of temperature on decolorization of reactive dye effluent by Aspergillus fumigatus is depicted in Table VII and               Figure IV.

TABLE VII - Effect of temperature on decolorization

	TEMPERATURE (° C)
	 DECOLORIZATION (%)

	30
	52.63

	40
	66.6

	50
	26.3

	60
	15.7

	70
	12.28


FIGURE IV - Effect of temperature on decolorization
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Decolorization at different temperatures (30° C, 40° C, 50° C, 60° C and 70° C) showed 40° C as an optimum temperature. Above 40°C, there is a decrease in per centage decolourisation. The reduction may be due to thermolabile nature of Aspergillus fumigatus. Similar trend was observed by Parshetti et al. (2007), who showed  85% of decolorization of Reactive blue 25 was achieved  at 40° C by Aspergillus ochraceus.

4.4. Decolorization of Reactive dye effluent by dead biomass of Aspergillus fumigatus

4.4.1. Effect of biomass concentration on decolorization of reactive dye effluent


The effect of biomass concentration on decolorization by dead biomass of Aspergillus fumigatus was determined and presented in Table VIII and Figure V.

TABLE VIII - Effect of biomass concentration  on decolorization by dead biomass

	BIOMASS CONCENTRATION (%)  
	  DECOLORIZATION (%)


	0.30
	85.96

	0.60
	56.14

	0.90
	47.36

	1.2
	26.31

	1.5
	12.28



Maximum decolorization was observed at 0.30% of biomass concentration. It is readily understood that the number of available biosorption sites increase with an increase in biosorbent concentration, and it, therefore results in the increase of biosorbed concentration. Further increment from 0.30% did not cause improvement in biosorption. This is due to the biomass at the establishment of equilibrium between the dye molecules bound to the biomass and those remaining unabsorbed in the solution observe Vasanthkumar et al. (2006).
FIGURE  V - Effect of biomass concentration  on decolorization by dead biomass
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4.4.2. Effect of incubation period on decolorization of reactive dye effluent


The effect of incubation period on decolorization by dead biomass of Aspergillus fumigatus is depicted in Table IX and                  Figure VI. Maximum decolorization of 91% was observed at 24 hrs of incubation.
Table IX. Effect of incubation period on decolorization by dead biomass

	DAYS
	 % DECOLORIZATION

	1
	91.22

	2
	78.94

	3
	63.15

	4
	50.87

	5
	28.07


Figure  VI. Effect of incubation period on Decolorization by
 dead biomass
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Similar result was reported by Prigione et al. (2007), who showed that the biosorption of simulated dyed effluents by inactivated biomass at 24 hrs of incubation.
4.4.3. Effect of pH on decolorization of reactive dye effluent by dead biomass of Aspergillus fumigatus


The effect of pH on decolorization is presented in Table X and Figure VII.
TABLE X - Effect of pH on decolorization by dead biomass
	pH
	DECOLORIZATION (%)

	5
	43.85

	6
	49.12

	7
	82.0

	8
	52.63

	9
	38.59


FIGURE VII - Effect of pH on decolorization by dead biomass
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        From Table X and figure VII, it is obvious that increase in pH increased per cent decolorization and reached maximum at pH 7 which shows that sorption was maximum at neutral pH.


The results were in agreement with Yatome et al., (1981) who showed that the decolorization of triphenylmethane dyes by Pseudomonas pseudomallei  at pH 7.


In 1985, Kwasniewska found that Rhodotorula sp. decolorized crystal Violet at pH 7. And similar result was also observed by Junnarkar et al., (2006) who reported that decolorization of direct red 81 by microbial consortium at pH 7.

4.4.4. Effect of temperature on decolorization of reactive dye effluent


The effect of temperature on decolorization by dead biomass of Aspergillus fumigatus is depicted in Table XI and Figure VIII.

Maximum decolorization was observed at 30°C.Similar results was observed by Morais et al. (1999) who showed maximum per cent decolourisation of Ramazol brilliant blue at 30°C by Eucalyptus bark and also similar result was observed by Binupriya et al. (2008) who reported maximum decolourisation of congo red by native and modified mycelial pellets of Trametes versicolor in various reactive modes at 30°C.

Table XI. Effect of temperature on decolorization by 
dead biomass
	TEMPERATURE ° C
	 % DECOLORIZATION

	30
	87.71

	40
	63.15

	50
	43.85

	60
	28.07

	70
	12.28


Figure VIII. Effect of temperature on decolorization by
 dead biomass
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Further increase in temperature from 30°C may alter the surface activity of biomass which result in reduction of removal value, indicating that this process is exothermic in nature. Khalaf (2008) has reported similar result for biosorption of reactive dye from textile dye effluent by non viable biomass of A. niger and Spirogyra sp. and also 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. 
4.5. Analysis of effluent and decolorized effluent water
Table XII - Physicochemical parameters of effluent samples

	S.No
	Parameters
	RDE
	TWL
	TWD
	TNPCB

	1.
	Colour (285nm)
	57
	0.027
	0.01
	

	2.
	pH
	8.5
	7.5
	7.5
	5.5 – 9

	3.
	Electrical conductivity (Ω)
	4350
	512
	120
	-

	4.
	Turbidity (NTU)
	6.8
	2.10
	2
	-

	5.
	Total suspended solids (mg/l)
	1620
	85
	68
	100

	6.
	Total dissolved solids (mg/l)
	2670
	720
	640
	2100

	7.
	Biological oxygen demand
	160
	90
	80
	30

	8.
	Chemical oxygen demand
	
	-
	-
	

	9.
	Total hardness (mg/l)
	720
	48
	47
	600

	10.
	Phenolphthalein alkalinity  (as CaCO3) (mg/l)
	42
	28
	-
	-

	11.
	Total alkalinity (as CaCO3) (mg/l)
	4200
	15.6
	20
	-

	12.
	Calcium (mg/l)
	440
	0.06
	10
	-

	13.
	Phosphate (mg/l)
	0.08
	-
	0.02
	-

	14.
	Sulphate (mg/l)
	200
	
	-
	-


RDE

–  Reactive dye effluent

TWD

–  Treated water by dead biomass

TWPCB
–  TamilNadu pollution control board

TWL

–  Treated water by live biomass


From the water analysis, it is obvious that the decolorization efficiency was excellent after effluent treatment with live and dead biomass of Aspergillus fumigatus.91% colour was removed by dead biomass of Aspergillus fumigatus and 70% by live biomass of Aspergillus fumigatus.


Turbidity level of the effluent was 6.8 NTU and it was reduced to 2 after treatment using live and dead biomass of Aspergillus fumigatus.


Total dissolved solids of the effluent was 2670 mg/l. It has been reduced to 720 mg/l and 640 mg/l by live and dead biomass respectively and the levels are within the range recommended by TNPCB.


TSS also reduced from 1620 mg/l to 85 mg/l and 86 mg/l by live and dead biomass of Aspergillus fumigatus.


Similarly total hardness was reduced from 720 mg/l to 48 mg/l and 47 mg/l by live and dead biomass of Aspergillus fumigatus and the levels are within the range recommended by TNPCB.


Phenolphthalein alkalinity was totally removed from 42 mg/l by live and dead biomass of Aspergillus fumigatus.


Total alkalinity of the effluent was reduced by the treatment very effectively.


BOD was reduced considerably after treatment, but it is higher than the range recommended by TNPCB  norms, this is due to the presence of organic matter in treated water.


All the other components are reduced considerably after treatment by live and dead biomass of Aspergillus fumigatus.
NOMENCLATURE OF SAMPLES
	Samples
	Code

	Original (desized) cotton fabric
	O

	Soft water dyed sample
	SWD

	Treated water Dyed Sample (Live Biomass)
	TWD1

	Treated Water Dyed Sample (Dead Biomass)
	TWD2


4.6. Fabric evaluation

4.6.1.  Subjective Evaluation

Subjective evaluation of the samples SWD, TWD1  and  TWD2 are presented in Table XIII.
Table XIII - Subjective Evaluation

	S. No
	Sample
	Presented in per centage
	Evenness of dyeing

	
	
	General appearance
	Brightness of shade
	

	
	
	Excellent
	Good
	Fair
	Bright
	Medium
	Dull
	Even
	Uneven

	1.
	SWD
	40
	60
	-
	80
	20
	-
	100
	-

	2.
	TWD1
	35
	65
	-
	80
	20
	-
	100
	-

	3.
	TWD2
	40
	60
	-
	90
	10
	-
	100
	-



From table XIII, it is evident that the sample dyed with effluent treated water1  (TWD1) and effluent treated water 2 (TWD2) scored high and ranked good regarding general appearance than the samples dyed using soft water. 80% of judges rated TWD, sample as bright. 90% of judges rated the TWD2 sample as bright. All the samples were rated to be evenly dyed as expressed by cent per cent of the judges.

4.6.2. Objective Evaluation

4.6.2.1. Fabric Weight 



The weight and analysis of variance of the samples original, SWD, TWD1 and TWD2 are given in table XIV and figure IX.

Table XIV - Fabric Weight
	S.No
	Samples
	Mean wt in (GSM)
	Loss / gain over original
	% loss / gain over original

	1.
	Original
	0.851
	-
	-

	2.
	SWD
	0.901
	-0.05
	5.87

	3.
	TWD1
	0.899
	-0.048
	5.64

	4.
	TWD2
	0.916
	-0.065
	7.09


Analysis of variance

	Sum of variance
	Sum of squares
	Degrees of freedom
	Mean square
	F value

	Cloth

Error

Total
	0.0120

0.0030

0.0150
	3

16

19
	0.0040

0.0018
	21.27**


** Significant at 1% level

Figure IX - Fabric Weight
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From table XIV and figure IX it is clear that the weight  of samples increased after dyeing compared to the original. The per centage weight increase in SWD sample was 5.8% and TWD1 sample was 5.6% and TWD2 sample was 7% over original.


Statistical analysis proves that there was a significant difference at 1% level between original and dyed samples. Maximum increase in sample TWD2 in weight may be the result of more dye absorption. The results prove that the treated waters can be effectively used for dyeing cotton and also increase in weight in fabric TWD1 is similar with that of SWD. 

4.6.2.2. Fabric Thickness


Thickness and analysis of variance of the samples O, SWD, TWD1 and TWD2 are presented in the table XV and figure X. 

Table XV - Fabric Thickness

	S.No
	Samples
	Mean thickness  (mm)
	Loss / gain over original
	% loss / gain over original

	1.
	Original
	0.19
	-
	-

	2.
	SWD
	0.20
	-0.01
	5.26

	3.
	TWD1
	0.21
	-0.02
	10.52

	4.
	TWD2
	0.21
	-0.02
	10.52


Analysis of variance

	Sum of variance
	Sum of squares
	Degrees of freedom
	Mean square
	F value

	Cloth

Error

Total
	0.00108

0.00120

0.00228
	3

16

19
	0.00036

0.000075
	4.80*


** Significant at 1% level
Figure  X - Fabric Thickness
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From the table XV and figure X it is evident that the thickness of the dyed samples increased when compared to the original. The per cent increase in SWD was 5% and TWD1 and TWD2 was 10% over original. There was no difference in fabric thickness between TWD1 and TWD2 samples.


Statistical analysis proves that there is a significant difference at 5% level between original and dyed samples.


Thickness of samples TWD1 and TWD2 was found to be double with that of SWD. Thus it could be concluded that maximum increase in thickness may be the result of more dye absorption by samples TWD1 and TWD2 and the result also proves the concept of using effluent water treated with live and dead biomass of Aspergillus fumigatus for effective reactive dyeing on cotton.

4.6.2.3. Fabric stiffness


Fabric stiffness and analysis of variance of the samples original, SWD, TWD1 and TWD2 in warp direction is presented in table XVI and figure XI.
Fabric stiffness (Warp)

Table XVI - Fabric stiffness (Warp)

	S. No
	Samples
	Mean stiffness warp (cm)
	Loss / gain over original
	% loss / gain over original

	1.
	Original
	2.39
	-
	-

	2.
	SWD
	2.40
	0.01
	0.4

	3.
	TWD1
	2.35
	0.04
	1.67

	4.
	TWD2
	2.37
	-0.02
	0.83


Analysis of variance

	Sum of variance
	Sum of squares
	Degrees of freedom
	Mean square
	F value

	Cloth

Error

Total
	0.0073

0.1600

0.1673
	3

16

19
	0.002

0.010
	<1


Figure XI - Fabric stiffness (Warp)
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From table XVI and figure XI, it is clear that the fabric stiffness of  sample dyed in soft water has increased by 0.4% against original and with regard to TWD1 there was 1.67% decrease in stiffness over original and the sample  TWD2 decreased by 0.833 % over original which is negligible.


Statistical analysis proves that there is no significant difference in fabric stiffness between original and dyed samples along warp direction.


Thus it could be concluded that there was no difference in stiffness when dyed with soft water and effluent treated water by live and dead biomass of Aspergillus fumigatus for reactive dyeing on cotton.

Fabric stiffness (Weft)


Fabric stiffness and analysis of variance of the samples original, SWD1,TWD1 and TWD2 in weft direction is presented in table XVII and figure XII.


The stiffness of all the samples decreased after dyeing along weft direction. The sample dyed in effluent treated water by Aspergillus fumigatus decreased by 5% in stiffness over original. With regard to TWD2 sample the reduction was 0.4% over original.

Table XVII - Fabric stiffness (Weft)

	S.No
	Samples
	Mean stiffness weft (cm)
	Loss / gain over original
	% loss / gain over original

	1.
	Original
	2.07
	-
	-

	2.
	SWD
	1.97
	-0.07
	3.43

	3.
	TWD1
	1.93
	-0.11
	5.39

	4.
	TWD2
	2.03
	-0.01
	0.49


Analysis of variance

	Sum of variance
	Sum of squares
	Degrees of freedom
	Mean square
	F value

	Cloth

Error

Total
	0.058

0.252

0.310
	3

16

19
	0.0193

0.015
	1.23NS



The analysis of variance shows that there was no significant difference along weft direction among the samples.



Hence from the result it could be concluded that treated water can be utilized for dyeing effectively.
Figure  XII - Fabric stiffness (Weft)
[image: image28.emf]1.85

1.9

1.95

2

2.05

2.1

Stiffness weft (cm)

Original SWD TWD1 TWD2

Samples


4.6.2.4. Fabric  strength (warp)


Tensile strength in warp and analysis of variance direction of the samples O, SWD, TWD1 and TWD2 are depicted in table XVIII and figure XIII.
Table XVIII - Fabric  strength (warp)

	S.No
	Samples
	Mean strength (kg)
	Loss / gain over original
	% loss / gain over original

	1.
	Original
	32
	-
	-

	2.
	SWD
	31
	-1
	3.12

	3.
	TWD1
	32
	0
	0

	4.
	TWD2
	35
	3
	9.37


Analysis of variance

	Sum of variance
	Sum of squares
	Degrees of freedom
	Mean square
	F value

	Cloth

Error

Total
	141.600

329.600

471.200
	3

16

19
	47.200

20.600
	2.29NS


Figure  XIII - Fabric  strength (warp)
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From the table XVIII and figure XIII,  it is clear that the strength of the sample TWD2 in warp direction has increased by 9% whereas the strength of sample SWD has decreased by 3% when compared to the original. The strength of the sample TWD1 does not show any change when compared to the original.


Statistical analysis proves that there was no significant difference between samples.


Maximum increase in strength may be the result of more dye absorption by sample TWD2. The obtained results supports the concept of using effluent water treated with dead biomass of Aspergillus fumigatus for effective reactive dyeing on cotton.

Fabric strength (weft)


Tensile strength and analysis of variance in weft direction of the samples O, SWD, TWD1 and TWD2 are depicted in table XIX and figure XIV.

Table XIX - Fabric strength (weft)

	S.No
	Samples
	Mean strength (kg)
	Loss / gain over original
	% loss / gain over original

	1.
	Original
	24
	-
	-

	2.
	SWD
	23
	-1
	4.16

	3.
	TWD1
	17
	-7
	29.46

	4.
	TWD2
	23
	-1
	4.16


Analysis of variance

	Sum of variance
	Sum of squares
	Degrees of freedom
	Mean square
	F value

	Cloth

Error

Total
	141.600

329.600

471.200
	3

16

19
	47.200

20.600
	2.29NS


Figure  XIV - Fabric  strength (weft)
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From the table XIX and figure XIV, it is clear that there was reduction in strength of all the samples along weft direction when compared with original. Maximum decrease was observed in TWD1. There was no difference in fabric strength of the samples SWD and TWD2 when compared with the original.


Statistical analysis shows that there was no significant difference between samples. From the result obtained and statistical analysis, it could be concluded that, the strength of the fabric dyed using treated waters are comparable with fabric dyed using soft water, which proves that treated water can be utilized for dyeing process.

4.6.2.5. Fabric Elongation (warp)


Elongation and analysis of variance of the samples O, SWD, TWD1and TWD2 in warp direction are presented in table XX and figure XV.

Table XX - Fabric Elongation (warp)

	S.No
	Samples
	Mean (inches)
	Loss / gain over original
	% loss / gain over original

	1.
	Original
	0.57
	-
	-

	2.
	SWD
	0.81
	-0.24
	42.1

	3.
	TWD1
	0.78
	-0.21
	36.8

	4.
	TWD2
	0.80
	-0.23
	40.3


Analysis of variance

	Sum of variance
	Sum of squares
	Degrees of freedom
	Mean square
	F value

	Cloth

Error

Total
	0.1950

0.1580

0.3530
	3

16

19
	0.0650

0.0098
	6.58**


** significant at 1% level


From the table XX and Figure XV, it is clear that there is an increase in elongation of all the dyed samples. The increase in elongation of sample SWD, TWD1 and TWD2 are 42%, 37% and 40% along warp direction, when compared over original.


Statistical analysis shows that there was a significant difference at 1% level among the samples.

Figure XV - Fabric Elongation (warp)
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Thus it could be concluded that treated water using live and dead biomass can be used instead of soft water for dyeing.

Fabric Elongation (weft)


Elongation of the samples O, SWD, TWD1 and TWD2 in weft direction are presented in table XXI and figure XVI.

Table XXI - Fabric Elongation (weft)

	S.No
	Samples
	Mean (inches)
	Loss / gain over original
	% loss / gain over original

	1.
	Original
	1.06
	-
	-

	2.
	SWD
	0.42
	0.36
	33.9

	3.
	TWD1
	0.39
	0.33
	31.00

	4.
	TWD2
	1.47
	0.41
	38.67


Analysis of variance

	Sum of variance
	Sum of squares
	Degrees of freedom
	Mean square
	F value

	Cloth

Error

Total
	0.5205

0.1900

0.7105
	3

16

19
	0.1735

0.0118
	14.61**


** significant at 1% level

Figure XVI - Fabric Elongation (weft)
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From table XXI and figure XVI, and figure it is obvious that there is an increase in the fabric elongation in the weft direction in all the samples. The SWD sample exhibits an increase of 34% and TWD1 and TWD2 samples showed an increase of 31% and 39% respectively. There was a significant difference at 1% level among the samples.


Hence it could be concluded that, effluent treated water by dead biomass is superior over soft water. So it can be used for dyeing in place of soft water.

4.6.2.6. Abrasion resistance 


Abrasion resistance and analysis of variance of the samples O, SWD, TWD1 and TWD2 are presented in table XXII and figure XVIII.

Table XXII - Abrasion resistance

	S.No
	Samples
	Mean (g)
	Loss / gain over original
	% loss / gain over original

	1.
	Original
	0.004
	-
	-

	2.
	SWD
	0.003
	0.001
	25

	3.
	TWD1
	0.004
	0.000
	-

	4.
	TWD2
	0.003
	0.001
	25


Analysis of variance

	Sum of variance
	Sum of squares
	Degrees of freedom
	Mean square
	F value

	Cloth

Error

Total
	0.0000135

0.0000376

0.0000389
	3

16

19
	0.00000045

0.00000235
	<1



From table XXII and figure XVII, it is clear that the abrasion resistance of the samples SWD, TWD1 and TWD2 was better when compared to the original. Sample SWD and TWD2 had a gain of 25% and TWD1 sample had no gain/loss over original.


Statistical analysis also proves that there was no significant difference between the samples.

Figure  XVII - Abrasion resistance
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Thus it is concluded that TWD2 sample had better abrasion resistance when compared with original. Treated water by dead biomass had a good efficiency for dyeing cotton and it has better resistance to abrasion.

4.6.2.7. Drape


Results of drape co-efficient of the samples O, SWD, TWD1 and TWD2 are presented in table XXIII and figure XVIII. 

Table XXIII - Drape

	S.No
	Samples
	Mean (g)
	Loss / gain over original
	% loss / gain over original

	1.
	Original
	63.7
	-
	-

	2.
	SWD
	63.2
	-0.5
	0.78

	3.
	TWD1
	62.9
	-0.7
	1.09

	4.
	TWD2
	63.5
	-0.2
	0.31


Figure XVIII – Drape
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From table XXIII and figure XVIII it is clear that the original and dyed samples had more or less similar drape co-efficient except TWD1. The drape co-efficient of sample TWD1 is lowered by 1% over original. The drape co-efficient of TWD2 decreased by 0.3% when compared with original. The drape co-efficient of the sample SWD and TWD2 were same, hence it is concluded that treated water using dead biomass can be effectively utilized in place of soft water for dyeing.

4.6.2.8. Absorbency test


The results related to absorbency of the samples are presented in table XXIV and figure XIX.


From table XXIV, the capillary rise was  maximum in SWD with rise of 2.5 cm per minute followed by TWD1 of 2.1 cm per minute, TWD2 of 2.3 cm per minute and original of 4.3 cm per minute.

Table XXIV – Absorbency test

	S.No
	Samples
	Mean capillary rise cm/ 60 secs
	Drop test (sec)
	Sinking test (sec)

	1.
	Original
	4.3
	6
	4

	2.
	SWD
	2.5
	22
	20

	3.
	TWD1
	2.1
	10
	27

	4.
	TWD2
	2.3
	24
	29


Figure XIX. Absorbency test
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In drop test, TWD2 took 24 seconds to absorb a drop of water followed by SWD (22 seconds) and TWD1 (10 seconds) with regard to  sinking test, SWD sample took 20 seconds to sink and TWD1 and TWD2 samples took 27 and 29 seconds respectively.
4.6.2.9. Colour fastness test


Colour fastness results of dyed fabric to sunlight, pressing, crocking and washing are presented in Table XXV.

Table XXV- Colour fastness test

	S. No
	Samples
	Sunlight
	Pressing
	Crocking
	Washing

	
	
	
	Dry staining
	Wet staining
	Dry staining
	Wet staining
	Colour change
	Staining

	1.
	SWD
	5
	5
	4
	5
	4
	5
	5

	2.
	TWD1
	5
	5
	4
	5
	4
	5
	5

	3.
	TWD2
	5
	5
	5
	5
	5
	5
	5



From table XXV it is evident that all the dyed samples SWD, TWD1 and TWD2 had good fastness to sunlight. With regard to pressing all the samples had excellent fastness to pressing in dry condition, but in wet state TWD2 sample has excellent fastness and in SWD and TWD samples it are comparatively good. The samples SWD, TWD1 and TWD2 had excellent fastness to dry crocking. In wet crocking TWD2 sample has excellent fastness to crocking when compared to SWD sample. TWD2 sample has superior colour fastness to all the tests.

5.0   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 such as adsorption, membrane filtration, photocatalytic degradation and ozonation are quite effective in decolorization 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 /chemical technique for colour removal are very expensive and commercially unattractive. Biological treatment methods are attribute due to their cost effectiveness, and versatility of microorganisms.


Hence an attempt has been made for “Decolorization and Reuse of Reactive dye effluent by live and dead biomass of Aspergillus fumigatus “ with the following objectives.

· To screen and isolate dye decolorizing fungi from reactive dye contaminated soil
· To identify the selected fungi

· To optimize various parameters such as pH,  inoculum concentration, incubation period, temperature on dye decolorization by live and dead biomass of Aspergillus fumigatus 
· To assess the characteristics and pollution load of selected reactive dye effluent before and after treatment
· To compare the decolorization efficiency by live and dead biomass

· To reuse the decolorized effluent water for dyeing

· To evaluate the dyed samples.


With the above objectives, a trial has been made to decolorize the effluent water and also to reuse the same for further processing. Reactive dye effluent was collected from selected dyeing unit at Tirupur. Analysis was carried out for the parameters such as colour, pH, TSS, TDS, BOD, COD, total hardness, Calcium hardness, alkalinity, phosphate, sulphate, turbidity and electrical conductivity to record the pollution load. To decolorize the dye effluent, dye decolorizing fungi was isolated from dye contaminated soil and it was identified as Aspergillus fumigatus. Various parameters like pH, temperature, inoculum concentration and incubation time were optimized for effective decolorization of reactive dye effluent by Aspergillus fumigatus.


Dead biomass was prepared by autoclaving the mat formed by Aspergillus fumigatus, grown in Sabauroud dextrose broth and dried in an oven and powdered.  The effluent was treated by powdered biomass and the treated effluent water was collected. The treated effluents was analysed for various pollutant, metabolic and non– metabolic pollutants. The treated effluent by both live and dead biomass of Aspergillus fumigatus was reused for dyeing the cotton fabric using reactive dye. Dyed fabrics were then evaluated by subjective and objective analysis.

FINDINGS

1. The optimum pH for decolorization of reactive dye effluent by live and dead biomass was found to be at pH 8.0 and 7.0 respectively.

2. Percent decolorization was found to be maximum at an inoculum concentration of 3 and 0.30% of live and dead biomass of Aspergillus fumigatus.
3. An incubation time of 3 days and 24 hours resulted in maximum decolorization by live and dead biomass Aspergillus fumigatus.

4. The optimum temperature for decolorization by live and dead biomass of Aspergillus fumigatus was found to be 40° C and 30° C respectively.

5. Raw dye effluent was decolorized by live and dead biomass of Aspergillus fumigatus under optimized condition.

6. Treated effluents have following characteristics.

7.  Colour of the effluent has been completely removed by the use of dead biomass live Aspergillus fumigatus reduced color only by 79%.


The pollution load of dye effluent had been reduced to an appreciable amount. The total hardness was brought down to 47 mg/l from 720 mg/l and TDS has reduced to 640 mg/l from 2670 mg/l by dead biomass BOD treated effluent was reduced to 140 from 160. minimum reduction in BOD may be due to organic matter present in treated effluent.


The pollution loed of the treated effluent by live biomass of Aspergillus fumigatus has been reduced to appreciable amount. The total hardness was brought down to 720 mg/l from 2670 mg/l, after treatment. TDS reduced from 2670 to 640 mg/l. TSS also reduced from 1620 mg/l to 68 mg/l. Non – metallic constituents like phosphate, sulphate and alkalinity were reduced considerably, after treatment.


Samples dyed using effluent treated water were ranked as good, bright and evenly dyed in comparison with soft water dyed sample.

· Fabric weight of the samples dyed using soft water and treated effluent water has increased when compared over original. It may be due to the result of more dye uptake by the samples. 

· Thickness of the samples TWD1 and TWD2 were increased when compared with SWD sample. 

· Dyeing has decreased the stiffness when compared over original along both warp and weft direction in all the samples.

· The strength of the sample TWD2 has increased by 9% after dyeing whereas SWD samples increase by 3%. There was no difference between original and TWD1 sample along warp direction. with regard to weft direction the strength of all the dyed samples decreased over original.

· With regard to elongation TWD1, TWD2 and SWD  samples showed increase along warp direction by about 37%, 40% and 42% respectively. 

· All dyed samples SWD, TWD1, TWD2 show increased elongation in weft direction by about 34%, 31% and 30% respectively.

· The abrasion resistances of all dyed samples were better when compared over original. 

· There was no change in drape co-efficient of dyed samples when compared over original. 

· Absorbance nature of the samples was found to be increased after dyeing the samples with treated effluent water.


Samples subjected to colour fastness tests exhibited excellent fastness properties. Fastness to light, pressing, crocking was ranked as 5 for SWD sample and 4/5 TWD1 sample and 5 for TWD2 with regard to pressing, TWD1 sample has poor fastness to wet pressing. TWD2 sample had excellent fastness to light, pressing and croching and ranked as 5  in dry pressing TWD2 sample has ranked as 4.

CONCLUSION


It is evident from the study that decolorization of effluent could be done using live and dead biomass of Aspergillus fumigatus and the treated effluent water could be utilized for dyeing the fabric. Dyeing with treated effluent has improved the performance qualities of the fabric. The pollution load of the effluent treated water has been reduced considerably by both live and dead biomass of Aspergillus fumigatus when compared with the pollution load of the effluent water. Dead biomass reduced maximum pollutant load of the effluent. It possessed high biosorption efficiency, reusability and stability. In addition, Aspergillus fumigatus 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

· Supplementation of carbon and nitrogen sources could be tried for better efficiency of decolorization

· Pretreated dead biomass could be tried for better efficiency of decolorization

· Enzymes responsible for decolorization can be extracted from Aspergillus fumigatus and used for effluent treatment

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

LIMITATIONS

· Sterile condition should be maintained while screening and isolating dye decolorizing fungi
· It is difficult to work with dead biomass because of its bad odour
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APPENDIX II
Grey scale used to evaluate the dyed samples


The dyed samples were rated by using the AATCC (American Association of Textiles Colourists and Chemicals) grey scale to measure the extent of colour change the extent of colour change and staining. The grey ratings envisaged the following standards for colour fastness to reactive dyes samples using soft water and treated waters.
	Nomenclature
	 Used for colour change

	5
	No change (Excellent)

	4
	Slightly changed (Good)

	3
	Noticeable changed (Fair)

	2
	Considerably changed (Poor)

	1
	Much changed (Very poor)
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APPENDIX I

Preparation Potato Dextrose Agar 

Glucose 


- 10 g


Potato diced         

- 200g


Chloramphenicol   
- 40 mg


Distilled water       

- 1000 ml


Agar                      

- 18 g 


pH                         

- 6.5


       Simmer the potatoes in distilled water for 30 minutes, filter through a cloth. Add the glucose and agar dissolve by heat and restore the volume to 1000ml. After cooling, chloramphenicol was added to the medium to avoid bacterial growth and poured into the plates.


Preparation Sabourauds Dextrose Broth

Peptone                 
- 10 g


Glucose                 
- 20 g


Chloramphenicol   
- 40 mg


Distilled water       

- 1000 ml


pH                         

- 6.5


Peptone and glucose were dissolved in 1000 ml of distilled water and autoclaved for 15 minutes. After cooling, chloramphenicol was added to the medium to avoid bacterial growth and poured into the plates.


APPENDIX II

Grey scale used to evaluate the dyed samples



The dyed samples were rated by using the AATCC (American Association of Textiles Colourists and Chemicals) grey scale to measure the extent of colour change the extent of colour change and staining. The grey ratings envisaged the following standards for colour fastness to reactive dyes samples using soft water and treated waters.


		Nomenclature

		 Used for colour change



		5

		No change (Excellent)



		4

		Slightly changed (Good)



		3

		Noticeable changed (Fair)



		2

		Considerably changed (Poor)



		1

		Much changed (Very poor)
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Preparation Potato Dextrose Agar 

Glucose 


- 10 g


Potato diced         

- 200g


Chloramphenicol   
- 40 mg


Distilled water       

- 1000 ml


Agar                      

- 18 g 


pH                         

- 6.5


       Simmer the potatoes in distilled water for 30 minutes, filter through a cloth. Add the glucose and agar dissolve by heat and restore the volume to 1000ml. After cooling, chloramphenicol was added to the medium to avoid bacterial growth and poured into the plates.


Preparation Sabourauds Dextrose Broth

Peptone                 
- 10 g


Glucose                 
- 20 g


Chloramphenicol   
- 40 mg


Distilled water       

- 1000 ml


pH                         

- 6.5


Peptone and glucose were dissolved in 1000 ml of distilled water and autoclaved for 15 minutes. After cooling, chloramphenicol was added to the medium to avoid bacterial growth and poured into the plates.


APPENDIX II

Grey scale used to evaluate the dyed samples



The dyed samples were rated by using the AATCC (American Association of Textiles Colourists and Chemicals) grey scale to measure the extent of colour change the extent of colour change and staining. The grey ratings envisaged the following standards for colour fastness to reactive dyes samples using soft water and treated waters.


		Nomenclature

		 Used for colour change



		5

		No change (Excellent)



		4

		Slightly changed (Good)



		3

		Noticeable changed (Fair)



		2

		Considerably changed (Poor)



		1

		Much changed (Very poor)






