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Abstract 

 Faisalabad is known as a city of textiles not only in Pakistan but also all over the world. 

Several textile processing units are in operation in the surrounding of this city, which are 

releasing huge quantities of wastewater contaminated with a variety of xenobiotics. Particularly, 

a substantial amount of azo dyes are released continuously into wastewater streams in the 

surroundings of these textile units. The discharge of these contaminants is considered a potential 

threat to environments because of their hazardous nature. Thus, this study was undertaken to 

isolate bacteria possessing high potential to degrade these azo dyes from the wastewater 

discharged by the textile units. The wastewater samples collected from the outlets of a number of 

textile units showed a substantial variation in color intensity, pH and total soluble salts, implying 

that quality of the wastewater varies with the dyeing processes going on at the time of sampling. 

A total of 240 bacterial strains were isolated from these wastewater samples, and after screening 

five most efficient strains were selected for subsequent studies. Out of these five strains, two 

strains N7 (Klebsiella oxytoca) and N11 (Acinetobacter calcoaceticus) showed an excellent 

potential to decolorize a variety of textile dyes spiked in the liquid broth, individually as well as 

in mixtures. These strains also exhibited a great potential to decolorize the dyes belonging to 

various dye groups (i.e. reactive, direct, and disperse). The optimum conditions determined for 

the five selected bacterial strains for the decolorization of Reactive Black-5 were pH 7.0, 

temperature 35˚C, static condition and supplementation of the medium with 0.4% yeast extract 

and the dye, 100 mg L-1. Since industrial wastewater also carries a substantial amount of salts, 

decolorization potential of N7 and N11 were also investigated in the presence of various levels 

of NaCl (5-60 g L-1). It was recorded that the strains decolorized the test dyes up to 100% in the 

presence of low levels of NaCl, and high levels of NaCl (≥ 30 g L-1) had negative impact on the 

decolorization rate of test dyes. Regression analysis revealed a highly negative linear relationship 

between the rate of decolorization of test azo dyes [V] and salt concentration [NaCl]. Then these 

two strains were also tested for removal of dyes from real wastewater collected from various 

industrial units. Fortunately, these strains showed high effectiveness in removing the textile dyes 

from the real wastewater samples. The results of these studies clearly document that the isolated 

bacterial strains have the potential to remove a variety of dyes from the liquid culture in the 

presence of high salt levels in the real wastewater, which could be used to develop a biotreatment 

strategy for cleanup of the industrial wastewater prior to their discharge into wastewater streams 

of the surrounding area. 
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CHAPTER 1 

INTRODUCTION 

 Azo dyes containing an azo group (-N=N-) are a very commonly used colorant. 

Over one million tons of dyes are produced annually, of which more than 50% are azo 

dyes (Ollgaard et al., 1999; Stolz, 2001; Pandey et al., 2007). Azo dyes are being widely 

used in pharmaceutical, textile dying, food, cosmetics and paper printing; however, textile 

sector is a major sink of these dyes. High stability, low cost and variety in colors of azo 

dyes are the primary reasons of their increasing use in different industrial sectors 

especially in textile. When they are applied to the fabric, large quantity of these dyes is 

released directly into the wastewater during textile processing depending upon the relative 

low efficiencies in dying and finishing. Amount of loss in industrial effluent vary with the 

class of dyes. For example, release of 50% of reactive dyes and 2% of basic dyes in 

wastewater has been reported (Tan et al., 2000; Boer et al., 2004).Thus, wastewater of 

textile industry contains good quantities of these synthetic dyes. Discharge of textile 

effluent into the surrounding environment has a number of implications. For instance, 

presence of azo dyes as contaminant in surface water leads to aesthetic problems, obstruct 

light penetration and oxygen transfer into water bodies, thus affecting photosynthetic 

activities of aquatic plants (Umbuzeiro et al., 2005; Ozturk and  Abdullah, 2006). During 

degradation of these dyes, aromatic amines are produced which are highly mutagenic and 

carcinogenic (van der Zee and Villaverde, 2005; Umbuzeiro et al., 2005). Pumping 

underground water from nearby areas of textile units for drinking purposes is highly 

dangerous for human health. Azo dyes in water are metabolized to aromatic amines by 

intestinal microorganisms. In the liver reductive enzymes can also catalyze the breakdown 

of azo dyes to produce aromatic amines. Many azo dyes can cause skin hypersensitivity 

and allergy as well. Due to their toxicity and recalcitrance, the azo dyes have been 

classified as environmentally hazardous materials (Souza et al., 2010). Being a textile 

city, Faisalabad has a huge number of textile processing units. The effluent discharged by 

their textile units contains a large number of dyes which are discharged into the 

environment without treatment. This wastewater is very frequently used for irrigation 

purposes by the neighboring farming community to grow crops, particularly vegetables. 
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The contaminants in this wastewater could have multidimensional impacts on soil health, 

agriculture produce and environment of this area. The treatment of this colored 

wastewater is necessary to prevent contamination of surrounding soil and water. Various 

physicochemical methods are used to remove dye from textile wastewater (Wang et al., 

2004; Golab et al., 2005; Saxe , 2006; Alinsafi et al. 2007; Arslan-Alaton 2007; dos 

Santos et al., 2007; Wang et al., 2009). These include ozonation, electrolysis, fenton 

oxidation, UV-H2O2 oxidation, adsorption, membrane filteration and coagulation-

flocculation (Hao et al., 2000; Mohanty et al., 2005; Rao et al., 2006). Usually these 

methods are not cost effective and environmental friendly. Production of large amount of 

sludge also reduces their application because sludge requires an additional treatment to 

make it safe for disposal (Banat et al., 1996; Verma et al., 2003; Zhang et al., 2004; 

Anjaneyulu et al., 2005).  

 Under such circumstances, biological methods using efficient microbes to remove 

these dyes from wastewater seems on of the best option because this approach not only 

economically feasible but also environmental friendly (Pandey et al., 2007). Microbes 

alone or in combination with other strategies can be employed to remove azo dyes from 

the wastewater. Some studies have documented the ability of certain strains of bacteria, 

fungi and yeast to degrade azo dyes (Stolz et al, 2001). However success of this 

technology on true textile effluent is not very well documented. In fact, industrial effluent 

not only contains a mixture of dyes but also carries a load of other compounds such as 

salts (Manu and Chaudhari, 2003). Some azo dyes are easily degradable while others are 

resistant to degradation due to variation in their chemical structure (Greaves et al., 2006; 

Hsueh et al., 2009; Chen et al., 2011).Thus, microbial strains found very effective in 

decolorizing a single dye in the lab usually fails when it is tested on true effluent 

containing a number of dyes. Among the factors affecting the rate of degradation of azo 

dyes in wastewater, high salt concentration is a major problem because it reduces 

activities of microbes by causing plasmolysis of cells (Manu and Chaudhari, 2003). A salt 

concentration as high as 15-20% has been found in textile wastewater (EPA, 1997). 

Concentration of sodium in water increase when sodium hydroxide is used in dye bath to 

increase pH as high as 10 in dye bath. These high concentrations of Na suppress microbial 

activities due to plasmolysis of cells. Thus, high concentration of salts poses a serious 



3 

problem for the development of biotreatment methods to remove dyes from wastewater 

because microbes are sensitive to salts (Carliell et al., 1994; Manu and Chaudhari, 2003). 

However, some bacteria have the potential to decolorize azo dye solution even in  

presence of a high concentrations salts and they are able to thrive at high salt 

concentration (Ivanova et al., 2001; Bozal et al., 2002; Xu et al., 2005; Xiao et al., 2007; 

Yang et al., 2007).  Another problem is that only a limited number of microbes can 

directly utilize azo dyes as source of carbon and nitrogen and quite often, it is a co-

metabolic process requiring co-substrate (source of carbon, nitrogen and reducing 

equivalents). In co-metabolic process, reducing equivalent produced from degradation of 

co-substrate is used to reductively cleave azo bond (van der Zee and Villaverde, 2005). 

Transfer of reducing equivalents is catalyzed by bacterial azo reductases, resulting in 

production of colorless aromatic amines which are further degraded under aerobic 

conditions (Chang and Kuo, 2000; Van der Zee and Villaverde, 2005).  Moreover, the rate 

of degradation increases in the presence of co-substrates for those microbes utilizing azo 

dyes as source of C and N (Massovi et al., 2005; Saraswathi and Balakumar, 2009). 

Therefore, for good microbial growth and accelerated degradation, presence of co-

substrates in dye solution is necessary (Prasad et al., 2011). Unfortunately, textile 

wastewater has very poor sources of other C and N. Therefore, microbial technology may 

not work efficiently in the absence of these sources. Further, microbes prefer one co-

substrate over the others to decolorize dye contaminated water. Some other factors such as 

pH and temperature also affect the rate of biodegradation of azo dyes (Jadhav et al., 2007; 

Khan et al., 2009; Prasad et al., 2011). Textile wastewater has wider range of pH and 

temperature, depending upon the amount of salts and temperature required for dying of 

fabrics. Although, microbes are very sensitive to temperature and pH, but some strains 

have the potential to perform their activities over wider range.  Therefore, there is need to 

determine optimum pH and temperature conditions for maximum effectiveness of 

microbes for removing dye from wastewater at accelerated rate. Thus, finding out suitable 

C and N sources as well as optimization cultural conditions such as temperature and pH to 

accelerate the azo dye degradation process by bacteria and exploitation of halo tolerant 

bacteria having ability to remove dyes form textile wastewater, under optimized 

conditions would be a great improvement of the microbial technology for the removal of 
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dyes from textile wastewater. Keeping in view the above scenario, a study was designed 

to address the above problems with following objective; 

 Isolation and screening efficient azo dye degrading bacteria from textile   

wastewater streams.    

  Determination of factors affecting biodegradation of azo dyes under optimum 

laboratory conditions. 

 Study the effects of single and mixed salts on biodegradation of azo dyes. 

 Testing bioaugmentation potential of the selected bacteria under controlled 

conditions. 

 Development of biotech strategy for industrial removal of azo dyes from 

wastewater streams. 
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CHAPTER 2 

 REVIEW OF LITERATURE 

 The colored wastewater discharged from dye-manufacturing and dying industries 

contain a significant amount of dyes. During dyeing processes, up to 50% of the dyestuff 

does not bind to the fibers and is  therefore  released  into  the  environment  (Cooper et 

al., 1993; Carriere et al., 1993; Ganesh  et  al.,  1994;  O’Neill  et  al.,  1999;  Tan  et  al.,  

2000).  Azo  dyes,  being  the  largest  group  of synthetic dyes,  constitute up  to 70% of  

all  the  known  commercial  dyes  produced (Carliell et al., 1998). Treatment of dyes 

contaminated water is necessary because of its growing use and environmental concerns. 

Discharge of textile wastewater in aqueous system is not only aesthetically unpleasant but 

it also exerts a number of devastating effects on aquatic environment such as it reduces 

photosynthesis due to obstruction of light penetration, reduces dissolved oxygen, and 

exerts acute toxic effect on aquatic flora and fauna (Vandevivere et al., 1998). In addition, 

it also increases both chemical and biological oxygen demand (COD, BOD) (Saratale et 

al., 2009). Azo dyes and their metabolites are carcinogenic and mutagenic as well 

(Myslak and Bolt, 1998). Germination rates and biomass production of several crop 

species is seriously affected with application of this dye contaminated wastewater 

(Pourbabaee et al., 2006). Thus, treatment of this dye contaminated wastewater is 

necessary to make it safe for disposal to aqueous system or to reuse it. Various physical-

chemical and microbial approaches are in use to treat the textile effluent. 

2.1.   Removal of azo dyes from wastewater through physico-chemical methods 

 A number of physic-chemical methods are in use to remove color from textile 

wastewater contaminated with azo dyes (dos Santos et al., 2007; Wang et al., 2009). 

Adsorption, membrane filtration and coagulation–flocculation are the physical methods 

which are in use to treat textile effluent while ozonation, electrolysis, fenton oxidation, 

photocatalytic-H2O2 oxidation, photochemical oxidation are the important chemical 

methods (Hao et al., 2000; Rao et al., 2006). Although, active carbon (adsorbent) has high 

potential to remove dye from the textile effluent but its high cost limits its use (Robinson 

et al., 2001). However, some researchers are using low cost adsorbents like maize stalk, 
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maize cobs, peat, fly ash and ion exchangers etc., but their application as a treatment has 

some draw backs such as low color removal efficiency and high quantity of sludge 

production (Anjaneyulu et al., 2005). In addition, adsorbents can not be reused and also 

disposal into the environment is not environmentally healthy practice. Membrane filtration 

methods also have some limitations because of high initial investment and water stream 

coming out of membrane filters also requires secondary treatment (dos Santos et al., 

2007). Disperse and sulfur dyes are effectively removed by coagulation-flocculation 

methods while they have low efficiency for acid, direct, reactive and vat dyes because of 

low coagulation-flocculation capacity. In addition sludge production also reduces its 

application as a good wastewater treatment (Vandevivere et al., 1998).  

 Chemical oxidation methods involve addition of various oxidizing agent in 

wastewater such as hydrogen per oxide, ozone and permanganate. Although, high 

reactivity of ozone with azo dyes is helpful for color removal (Alaton et al., 2002), but 

problems are high cost, short life time, low potential of decolorization for dyes which are 

not soluble in water (such as Disperse Dyes)  and low COD removal (Anjaneyulu et al., 

2005).  Fenton oxidation is a good and oldest technique of dye removal from wastewater, 

in which hydroxyl radical is generated by the reaction of Fenton reagent and H2O2. 

Hydroxyl radical has good dye oxidation potential. According to Robinson et al., (2001), 

Fenton oxidation has good color and COD removal efficiency but production of large 

quantity of sludge limits it application. H2O2/UV is a very efficient method of dye 

removal from textile wastewater as there is no sludge production and high COD removal 

(Alaton et al., 2002). It has been reported that this is not suitable for disperse or vat dyes 

and also produces some undesirable by products. In addition, use of UV increases cost of 

treatment (Pearce et al., 2003). According to Morawski et al., (2000), electrolysis is 

efficient dye removal technique but high cost of electricity is the hurdle in its use to 

remove dye from wastewater. Thus, physical-chemical techniques are either expensive or 

they produce large amount of sludge and also are not environmental friendly. So, there is 

need of such textile wastewater treatment which is economically feasible, environmental 

friendly and universal in its application. 
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2.2.   Degradation of azo dyes through microbial activity 

 Extensive research on dye degradation using microbes has shown that biological 

approaches alone and/or combination with physical-chemical treatments can offer low 

cost alternative treatment (Willmott et al., 1998; Pearce et al., 2003). Microbial strategy is 

cost effective as well as environmentally friendly technique (Dubrow et al., 1996; 

Robinson et al., 2001; Chen et al., 2003). Khalid et al. (2009) Many microorganisms are 

capable of decolorizing the azo dyes including gram positive as well as gram negative 

bacteria (Sani and Banerjee, 1999; Kodam et al., 2005; Moosvi et al., 2005), fungi (Balan 

and Monteneiro, 2001; Verma and Madamwar, 2005) and yeast (Selvam et al., 2003; 

Ertugrul et al., 2009).  

2.2.1.   Isolation of Azo Dye degrading microbes 

 Microbial treatment of azo dye contaminated wastewater typically involves 

stepwise processes such as isolation, screening of effective strains, optimization of factors 

and then treatment. Textile effluent, sludge, contaminated soil and marine water have been 

used to isolate potential azo dye degraders. A number of methods have been described by 

different researcher to isolate azo dye degrading microbes to achieve consistent and 

reproducible results. One of them is enrichment technique where the dyes are provided as 

the sole source of C or N (Adedayo et al., 2004; Khalid et al., 2008; Silveria et al., 2009, 

Fan et al., 2009). Such microbes break down azo dyes to get C and N for their growth and 

they are specific towards their substrate. But some strains can not utilize azo dyes as the 

growth substrate (Stolz, 2001), thus some other organic compounds are added as a co-

substrate along with the dye to support their growth. Selection of azo dye degrading 

microbes is done on the basis of decolorizing zone around the colonies because of 

decolorization of dyes. Prasad et al. (2011) added peptone, meat extract and yeast extract 

in isolation medium as organic compounds. Morphological distinct colonies having clear 

zone around them were selected for purification and screening. Similarly, for isolation, 

Chen et al. (1999) used meat extract and peptone in the isolation medium and colonies 

surrounded by decorizaion zone were picked.  Today, isolation on the basis of clear zones 

around the colonies is well documented (Kalyani et al., 2008; Saraswathi and Balakumar, 

2009; Wu et al., 2009). 



8 

 After isolation and purification, strains are tested/screened conducting repeated 

trials to find out the best decolorizing strains. Similarly, bacterial strains capable of 

effectively converting/degrading highly toxic intermediates/byproducts of dyes can be 

screened. Facultative microbes are more suitable for azo dye degradation because azo dye 

degradation is a sequential process (anaerobic-aerobic). 

2.2.2.   Mechanism of Azo dye degradation  

 Azo dyes degradation occurs in two sequential steps; reduction followed by 

oxidation. Aromatic amines are produced in reduction stage which is completely 

mineralized in an oxidation reaction (Joshi et al., 2008). Reduction under anaerobic 

conditions is carried out by means of enzymes, redox mediators and reductants and is 

named as direct enzymatic, mediated and chemical reduction, respectively (Guo et al. 

2010). Further, reduction may occured extra cellularlly spp. In case of direct enzymatic 

reductions, transfer of reducing equivalents occurs through specific or nonspecific 

enzymes. Specific enzymes only catalyze cleavage of azo bond while nonspecific 

enzymes cause reduction of number of compounds including azo dyes. For the cleavage of 

one azo bond, four reducing equivalents (NADH) are needed. Azoreductases catalyze the 

transfer of reducing equivalents to azo bond (–N=N–) in two steps, two electrons are 

transferred to dye molecule in each step which results in cleavage of azo bond with the 

production of colorless aromatic amines (Chang et al., 2000; Van der Zee and Villaverde, 

2005). Since oxygen competes for reducing equivalents (NADH), generated from the 

oxidation of organic compounds, therefore transfer rate is slower under aerobic conditions 

and faster under anaerobic environment (Chang et al., 2001). Co-substrate facilitates 

reduction process as majority of azo dye degrading microbial strains can not utilize azo 

dye as source of carbon, nitrogen and energy to cleave the bond (Adedayo et al., 2004). 

However, some strains can reduced dyes into aromatic amines and utilize them as source 

of carbon and energy for their growth. For instance, Pseudomonas sp. k24 and 

Pigmentiphaga kullae have the potential to utilize dye as source of carbon and energy 

(McMullan et al., 2001). Few bacterial strains also cleave azo bond under aerobic 

conditions with the aid of azoreductases and produce aromatic amines (Nachiyar and 

Rajkumar, 2005; Lin et al., 2010). Aromatic amines produced from dye molecule are 



9 

further degraded either anaerobically or aerobically (Chang et al., 2004; Pandey et al., 

2007). In case of mediated/indirect azo dye reduction, redox mediators such as 

anthraquinine sulfide and disulfide, riboflavin etc are involved. Addition of redox 

mediators in dye media accelerates the azo dye decolorization (van der Zee et al., 2001; 

Ramalho et al., 2004; Encinas-Yocupicio et al., 2006). This occurs due to accelerated 

electron transfer (need for dye reduction) from co- substrate (electron donor) to azo dye 

with the aid of redox mediators which act as shuttle between electron donor and acceptor 

(Kuldich et al., 1997; Keck et al., 2002). Thus, redox mediators must have redox potential 

intermediate between co-substrate and azo dye. Azo reductases are indirectly involved in 

this process helping in transfer of elector to redox mediators which further transfer them 

to azo dye. Under anaerobic conditions, sulfide and ferrous iron are produced which are 

also helpful in azo dye reduction.  Hydrogen sulfide produced under anaerobic conditions 

facilitates azo dye reduction (Yoo et al., 2000; Diniz et al., 2002). Accelerated effect of 

dithionite and zerovalent iron in azo dye reduction has also been documented  

 Under anaerobic conditions, amines are generally accumulated and not easily 

degraded. However breakdown of aromatic amines may occur through hydroxylation, 

carboxylation, reductive decarboxylation and additions reactions (Heider and Fuchs, 1997; 

Griebler et al., 2004). These processes are catalyzed by microbial enzymes. Amines are 

more easily mineralized under aerobic conditions as compared to anaerobic environment 

(Haug et al., 1991; Ekici et al., 2001). According to Tan et al. (1999), in the presence of 

oxygen, 4-aminophenol and 5-Aminosalicylic Acid were autooxidized. However, other 

amines such as aryl sulfonates, aminonaphthyl sulfonates and aminobenzene are very 

resistant to auto-oxidation and are not easily degraded. Under aerobic environment, most 

of the amines are easily degraded through hydroxylation and opening of aromatic ring 

with the aid of microbes (Tan, 2001). Another technique involving bacteria to remove dye 

from wastewater is the biosorption by dead bacterial cells. Bacterial cell wall has various 

functional groups such as carboxyl, hydroxyl, phosphate and amine (van der Wal et al., 

1997). Several dyes exist in dye solution as cation and are easily adsorbed to bacterial cell 

wall with the aid of functional groups. For example, Hu (1996) observed better result for 

dead microbial strains (Aeromonas sp., Pseudomonas sp. and Escherichia coli) than their 
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live culture to decolorize Reactive Red, Reactive Blue, Reactive Yellow and Reactive 

Violet. 

 Along with bacteria, fungi and yeast also had good potential to remove dye from 

textile wastewater. Role of white rot fungus in dye removal has been well documented by 

a number of researchers (Wesenberg et al., 2003; Eichlerova et al., 2006). Fungal strains 

degrade azo dye with the help of their enzymatic system and biosoroption mechanisms. 

Enzymes like Lignin peroxidases, Manganase peroxidases, and laccases, are involved in 

the degradation of azo dyes (Unyayar, 2005). These are oxidative enzymes and do not 

need any other cellular components to be functional. In yeast, biosorption is the main 

mechanism of azo dye removal which requires non viable yeast cells. It requires 

interaction of dyes with the walls of yeast cells. Yeast also removes dye from effluent 

through enzymes. Reductive or oxidative reactions are involved in azo dye reduction by 

yeast. 

2.2.3. Degradation of azo dyes by pure microbial culture 

 A number of microbial strains have been isolated from textile effluent, soil and 

sludge and have been tested for their potential to degrade azo dyes. Pearce et al. (2006) 

assessed the decolorization potential of Shewanella strain J18 143, isolated from soil 

contaminated with textile effluent. They observed that this strain was very much effective 

in decolorizing, Remazol Black B solution to colorless. Khalid et al.  (2008) conducted an 

experiment to determine decolorization potential of Shewanella putrefaciens AS96 and 

Aeromonas punctata AS81 strains. Both strains were very much effective in decolorizing 

a solution of mixture of four structurally different dyes (Acid Red 88, Reactive Black 5, 

Direct Red 81, and Disperse Orange 3), but AS96 was more potent to decolorize the dye 

solution than AS81. Dye solution of Acid Red 88, and Reactive Black 5 was 100% 

decolorized with AS96 in just 4 h.  Shewanella odeidensis WL-7 also has shown good 

potential to decolorize Crystal Violet, Methyl Orange, Congo Red, Reactive Blue 19 and 

Reactive Black 5 (Wu et al., 2009). They observed that Shewanella odeidensis WL-7 

showed the highest decolorization capability against the Methyl Orange while minimum 

against the Crystal Violet. Decolorization percent was 36, 93, 76, 21 and 10 for Reactive 

Black 5, Methyl Orange, Congo Red, Reactive Blue19 and Crystal Violet respectively at 
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500 µM concentrations after 12 h. Bacillus cereus DC11 showed high decolorization 

efficiency under anaerobic conditions.  About 95–98% decolorization was achieved in 6 h, 

4h and 2 h of 100 mM Acid Blue 25, 55 mM Malachite Green and 750 mM Basic Blue X-

GRRL respectively (Deng et al., 2008). According to Kolekar et al. (2008), Bacillus 

fusiformis had the potential to completely degrade different dyes (Disperse Blue 79 and 

Acid Orange 10) in just 48 h of incubation. Mabrouk and Yousef (2008) observed upto 

99% decolorizaton of Fast Red, azo dye in just 6 h under optimal conditions while Dave 

and Dave (2009) note a 70% decolorizaton of Acid Red 119 in 24 h of incubation with 

Bacillus thurengiensis. Wang et al. (2009) documented Citrobacter sp. CK3, isolated 

from active sludge of textile unit, and decolorized both anthraquinone and azo dyes. 

Citrobacter sp. CK3 decolorized 95% of 200 mg L-1 of dye in 36 h and tolerated high 

concentration of dye (1000 mg L-1). Along with bacterial isolates, fungal strains have been 

found also much effective in color removal from dye solution. White rot fungus had a 

good potential to remove dyes from dye solutions (Stolz, 2001). Zhao and Hardin (2007) 

reported that Disperse Orange 3 (C.I. No. 11005) and Disperse Yellow 3 (C.I. No. 11855) 

were removed by more than 50% in 5 h by Pleurotus ostreatus. According to the reports 

of Asghar et al. (2006), Phanerochaete chrysosporium, Pleurotus ostreatus, Ganoderma 

lucidum and Coriolus versicolor carried a good potential to decolorize various dyes 

(Drimarene Orange K-GL, Remazol Brilliant Yellow 3GL, Procion BluePX-5R and 

Cibacron Blue P-3RGR). In case of Drimarene Orange K-GL, P. chrysosporium and 

Pleurotus ostreatus decolorized 200 mg L-1 of Drimarene Orange K-GL in 8 and 12 h of 

incubation, respectively, under shaking conditions. Other two strains were also very much 

effective against this dye. Erkurt et al. (2007) documented that 20 and 100 mg L-1 initial 

Remazol Brillant Royal and Drimaren Blue concentrations were decolorized to 16.81 and 

44.99 mg L-1 by respectively by white rot fungi after 48 h of incubation while Drimaren 

Blue CL-BR decolorized to 18.19 mg L-1 and 57.79 mg L-1 of initial 20 and 100 mg L-1 

respectively after 8 h of incubation. According to Harazono et al. (2003), Reactive Red 

120 (200 mg L-1), was decolorized upto 90.6% by Phanerochaete sordida strain YK-624 

in 7 days under shaking conditions. Revankar and Lele, (2007) observed a 96% 

decolorization of  100 mg L-1 of amaranth dye with Ganoderma sp. WR-1 under 

optimized medium ( 2% starch and 0.125% yeast extract ) in just 8 h. They documented 
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that Ganoderma sp. WR-1 had better decolorization potential compared to Trametes 

versicolor and Phanerochaete chrysosporium.  According to Eichlerova et al. (2005), 

three fungal strains; Dichomitus squalens, Ischnoderma resinosum and Pleurotus 

calyptratus had a good potential to decolorize Orange G and Remazol Brilliant Blue R 

(RBBR).  

2.2.4. Degradation of azo dyes through microbial consortium 

 A number of scientists have reported better results for dye degradation with 

consortium than single culture. Rate of degradation and mineralization is high with mixed 

culture due to synergistic/complementary effect of strains. With mixed culture, dye 

molecule is being attached by individual strains at different positions; metabolite produced 

by one strain may be used by other, thus enhancing the rate of degradation (Chang et al., 

2004; Saratale et al., 2009). Joshi et al. (2008) developed a consortium (TJ-1), which 

decolorized Acid Orange 7 and many other azo dyes. Acid Orange 7 decolorization was 

significantly higher with the use of consortium as compared to the use of individual 

strains (Aeromonas caviae, Proteus mirabilis and Rhodococcus globerulus). They 

reported that more than 90% decolorization could be achieved even at 200 mg/l within 16 

h by using the consortia. Similarly, Khehra et  al. (2005)  prepared a consortium with four 

bacterial  isolates including Bacillus  cereus  (BN-7), Pseudomonas  putida  (BN-4),  

Pseudomonas  fluorescence  (BN-5)  and Stenotrophomonas acidaminiphila (BN-3). 

When this consortium applied to Acid Red 88, decolorization was achieved with in 24 h 

and individually in 60 hours. According to Chen et al. (2006), a consortium of 

Pseudomonas luteola and Escherichia coli was very effective for degradation of Reactive 

Red 22 azo dye. The experimental results showed that the presence of Escherichia coli 

DH5a increased the decolorization efficiency of Pseudomonas luteola even though DH5a 

was an inefficient decolorizer. Thus, addition of Escherichia coli DH5a into a mixed 

culture containing Pseudomonas luteola enhaced degradation potential of P. luteoa. A 

Consortium- AIE2 prepared by Desai et al. (2009) had also been reported very effective in 

decolorizing azo dye Reactive Violet 5.The consortium consisted of four bacterial strains 

namely, Alcaligenes sp. DMA, and Bacillus sp. DMB, Stenotrophomonas sp. DMS and 

Enterococcus sp.DME. The consortium exhibited simultaneous bioremediation 
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efficiencies of 74.1 % in treatment of Reactive Violet 5 dye within 48 h of incubation at 

pH 7 and 37°C in batch systems. Continuous bioreactor systems achieved simultaneous 

bioremediation efficiencies of 97.5 % after the onset of steady-state at 25 mg L-1 input 

Reactive Violet 5 concentrations, respectively, at medium dilution rate (D) of 0.014 h-1. 

Saratale et al. (2009) developed consortium-GR, consisting of Proteus vulgaris NCIM-

2027 (PV) and Micrococcus glutamicus NCIM-2168 (MG), which completely decolorized 

an Scarlet R under static anoxic condition with an average decolorization rate of 

16,666 μg h−1; which is much faster than that of the pure cultures (PV, 3571 μg h−1; MG, 

2500 μg h−1). Consortium-GR gave best decolorization performance with nearly complete 

mineralization of Scarlet R (over 90% TOC and COD reduction) within 3 h, much shorter 

relative to the individual strains. Mossvi et al. (2007) tested the potential of bacterial 

consortium (Paenibacillus polymyxa and Micrococcus luteus) for decolorization of 

Reactive Violet 5R azo dye. They observed that this consortium completely decolorized 

dye solution in 36 h. According to  Senan and  Abraham (2004), aerobic consortium 

(BF1, BF2 and a strain of Pseudomonas putida (MTCC1194)) was effective in degrading 

individual as well as mixture of dyes under salinity (0.9–3.68 g L-1). Junnarkar et al. 

(2006) found that bacterial consortium was capable of degrading nine different dyes at 

good rate. They found a 90% decolorization of Direct Red 81 within 35 h. Optimum 

temperature and pH for maximum rate of decolorization were 37 °C and 7.0 respectively. 

According to Mohanty et al. (2006), 90% decolorization of 100-300 mg L-1 of Reacive 

Black 5 occurred in 48 h with mixed culture. Tony et al. (2009) developed a consortium 

using five strains of genus Bacillus (Bacillus vallismortios, Bacillus cerus, Bacillus 

pumilus, Bacillus subtilis and Bacillus metaterium) and observed a 93% decolorization of 

10 mg L-1 of Direct Red in 10 days. Consortium (Alcaligenes faecalis and Commomonas 

acidovarans) resulted in 95% decolorization of 0.5 g L-1 of Remazole Black B in 48 h 

(Oxspring et al., 1996). Mixture of 6 reactive dyes (300 mg L-1) was decolorized above 

91% in just 24 h under static conditions with bacterial consortium DMC (Mohan et al., 

2008). 
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2.2.5. Factors affecting biodegradation of azo dyes 

 It is well know that efficiency of biological treatment systems is highly dependent 

upon operational parameters. The effect of each of the factors on the color removal 

process must be investigated before the biological system can be used to treat industrial 

wastewater.  In case of azo dyes, effect of aeration, pH, temperature, salinity, C and N 

source and redox potential of the system on dye degradation must be tested and optimized 

to accelerate rate of dye reduction. Textile wastewater contains high amounts of salts 

which have an inhibitory effect on the dye reduction process. So, to achieve rapid 

biodegradation of azo dyes, the salt tolerance of inocula is prerequisite for success of this 

technology. 

2.2.5.1. Optimization of Environmental conditions 

 Microbial degradation of azo dyes occurs both under anaerobic and aerobic 

conditions. However, sequential anaerobic-aerobic treatment is better for complete 

removal of azo dyes from textile wastewater. Anaerobic phase is the first stage of azo dye 

degradation in which azo dyes are converted into colorless intermediate aromatic amines 

by the reductive cleavage of azo bond (Blumel et al., 1998). Thus, color removal is 

associated with anaerobic stage. Ghodake et al. (2009) reported static condition is 

moresuitable for color removal as they observed a 91.3% decolorization of Direct Brown 

MR azo dye under static conditions and just 59.3% with agitation after 48 h using 

Acinetobacter calcoaceticus NCIM 2890 bacterial strain. Similarly, Ben-Mansour et al. 

(2009) also found that static condition was better for decolorization of Acid Violet 7 than 

shaking condition by Pseudomonas putida mt-2. The complete decolorization of azo dye 

(up to 200 mg L _1) was achieved in 37 h under static conditions while under shaking, 

time increased to 49 h. According to Xu et al. (2007) who assessed the effect of aerobic, 

anaerobic and microaerophilic conditions on decolorization potential of Shewanella 

decolorationis S12 using Fast Acid Red GR, azo dye. They noted a more than 90% 

removal of the color after 4 h incubation, under anaerobic conditions while 12.8 and 

33.7% decolorizing rates were observed under aerobic and microaerophilic conditions. 

Liu et al. (2006) investigated the effect of aerobic and aerobic conditions for 

decolorization of azo dyes by Rhodopseudomonas palustris AS1.2352 having 
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azoreductase activity. It was found that anaerobic conditions are necessary for bacterial 

decolorization. According to Asad et al. (2007), anaerobic culture condition was better 

than static and aerobic for three Halomonas strains G b, A3 and D2) to decolorize Ramzol 

Balck B (50 mg L-1). However, difference in decolorization beween static and anaerobic 

culture conditions was not very high because of rapid depletion of oxygen under static 

conditions. Many other scientists have reported better decolorization rate under static 

conditions (Chen et al., 2003; Supaka et al., 2004; Khehra et al., 2005; Moosvi et al., 

2005). Aromatic amines are produced under anaerobic/static conditions and are then 

metabolized to carbon dioxide and water under both aerobic and anaerobic environment. 

Under aerobic environment most of the amines are easily degraded through hydroxylation 

and opening of aromatic ring with the aid of microbes (Tan, 2001). From the published 

data, only a few aromatic amines, e.g., naphthalene have been reported to be degraded 

under anaerobic conditions (Nachiyar and Rajkumar, 2004), but majority of amines are 

degraded under aerobic conditions. Thus under anaerobic conditions these amines are 

accumulated. Isik and Sponza (2003) studied the degradation of two azo dyes (Congo Red 

and Direct Black 38) by two facultative microorganisms (Escherichia coli and 

Pseudomonas sp.) under microaerophilic, anaerobic and aerobic conditions. At the end of 

anaerobic incubation, 98 % (Congo Red) and 72% (Direct Black 38) decolorization was 

achived with Escherichia coli while 100% (Congo Red) and 83% (Direct Black 38) with 

Pseudomonas sp. However, no decolorization occurred under aerobic incubation. Under 

microaerophillic conditions, 39% (Congo Red) and 75% (Direct Black 38) by Escherichia 

coli and 76% (Congo Red) and 74% (Direct Black 38) decolorization occurred with 

Pseudomonas sp. High and low benzene recoveries at the end of anaerobic and aerobic 

incubation respectively indicated that amines are resistant to biodegradtion under 

anaerobic conditions. 

 Temperature is also an important factor affecting the metabolism and activities of 

living entities, so the degradation of azo dyes by microbes is directly dependent on 

temperature. A number of scientists have reported the effect of temperature on azo dye 

degradation (Georgiou et al., 2004; Kalyani et al., 2008; Khan et al., 2009). Now it is well 

known that rate of degradation increases with increasing temperature, but up to certain 

range. Actually, at low temperature microbes are inactive and their metabolic rate is slow. 
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The decline in color removal activity at higher temperatures can be attributed to the loss of 

cell viability or to the denaturation of the azo reductase enzyme (Chang et al., 2001). So, 

with context to azo dye degradation, optimum temperature is required for optimum cell 

culture growth to get maximum rate of color removal. Optimum temperature varies among 

different microbial strains. Moosvi et al. (2005) evaluated the  effect of temperature on 

decolorization using RVM 11.1 consortium and it was noticed that with an increase in 

temperature from 20 to 30 °C ,the decolorization rate increased (0.7-3.6 mg L-1 h-1) and a 

further increase in temperature to 50 °C drastically affected decolorization activity of 

mixed bacterial culture (0.16 mg L-1 h-1). The optimum temperature for decolorization was 

found to be about 30 °C.  Wong and Yuen (1998) also reported that high temperature (45 

°C) has a significant effect on decolorization of Methyl Red by Pneumoniae RS-1 and 

Alcaligens liquefaciens S-1, as its decolorization was totally stopped at 45 °C. Jadhav et 

al. (2007) has documented that Saccharomyces cerevisiae MTCC 463 decolorized toxic 

azo dye, Methyl Red by degradation process and its decolorization potential is highly 

influenced by incubation temperature. Methyl Red (100 mg L-1) decolorization occured in 

45, 16, 09 and 06 mints at 0, 30, 40 and 50 °C respectively under static anoxic condition. 

Ding et al. (2008) optimized the temperature for Bacillus cereus for maximum 

decolorization of triphenylmethane dye MG and azo dye BBX. They tested a temperature 

range of 10 - 50 °C. For triphenylmethane dye Malachite Green and azo dye Basic Blue 

X-GRR the decolorizing extent increased from about 20% to 90% when the temperature 

increased from 10 °C to their optimum 30 °C and 37 °C, respectively. The dye 

decolorization activity of the Bacillus endophuticus strain VITABR13 was found to 

decrease with increasing incubation temperature (Prasad et al., 2011). Highest 

decolorization was achieved at 35°C (90%) and least percent decolorization was at room 

temperature (27 °C). At 37°C, there was 82% decolorization followed by 67%, 50% and 

29% at 40°C, 45°C and 50°C respectively at the end of 24 h incubation. 

 Another limiting factor for microbial activities and azo dye decolorization is the 

pH of medium. A number of studies have reported the effect of pH on azo dye 

decolorization. Optimum pH varies among microbial strains and type of azo dye. Bacterial 

strains prefer alkaline pH while fungal strains pefer acidic pH. So, to make microbial 

technology effective, there is need to grow the microbes under optimum pH conditions. 
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Textile effluent has alkaline pH due substantial use of salts during dying process. High pH 

level of textile effluents is one of problems in their biological treatment. Therefore, 

tolerance to high pH is important to make this technology valuable. Prasad et al. (2011) 

reported that Bacillus endophyticus VITABR13 strain can effectively decolorize azo dyes 

over a wide rang of pH (6-9). However, optimum pH for growth and decolorization was 

found to be 8 because maximum decolorization (90%) was recorded at this pH.  Percent 

decolorization at 6, 7 and 9 pH was 47%, 44% and 77% respectively. According to 

Mossvi et al. (2005), decolorization rate of consortium RVM 11.1was negligible when pH 

of the medium was below 5.5.  With increase in pH from 6 to 8.5, rate of decolorization 

was increased from 1.47 mg L-1 h-1 to 8.5 2.41 mg L-1 h-1. Further, increase in pH resulted 

in suppression of microbial activities and decolorization. Optimum pH was found to be 

between 7 and 8.5. Optimum pH for Klebsiella pneumoniae RS-13 to completely 

degraded Methyl Red was between pH 6.0 and 8.0 while for Alcaligens liquefaciens S-1, 

it was pH 6.5 (Wong & Yuen 1998).  Mali et al. (1999) found that pH range between 6.0 

and 8.0 was optimum for decolorization of triphenylmethane and azo dyes by 

Pseudomonas sp. Kumar et al. (2009) examined  the effect of pH (5-9) on decolorization 

of Remazol Black B at 100 ppm initial concentration of dye by aerobic mixed culture. The 

maximum removal (96 %) of dye was found at pH 7 and 8 after 30 hours of incubation 

period. Further increase in pH beyond 8 and decrease in pH below 7 resulted in decreased 

percent removal of dye. The optimum pH was found to be between 7 and 8. According to 

Xingzu et al. (2008), biodecolorization of Reactive Black 5 by 

Rhodopseudomonas palustri W1 was not seriously inhibited at pH change from 5 to 10, 

though the bacterial growth was obviously pH-sensitive, and the biomass concentration 

after 25 h cultivation decreased gradually from 683.35 to 162.84 mg L-1 with an increase 

in pH. At pH 6–8, over 90% of color could be removed. No strongly adverse effect on 

decolorization by Rhodopseudomonas palustri W1 was observed until the medium pH 

exceeded 10. Chen et al. (2003) found a similar result, where suitable pH ranged from 5.5 

to 10.0 when a strain of Aeromonas hydrophila was employed to decolorize RED RBN.  
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2.2.5.2. Effect of carbon and nitrogen sources on biodegradation of azo dyes 

 Microbial degradation of azo dyes involves both anaerobic and aerobic processes. 

Though anaerobic treatment is very effective in decolorizing dye solution but breakdown 

of aromatic amines under anaerobic conditions does not usually occur (Gottlieb et al., 

2003). So, there is no release of C and N for microbes in the first state of dye degradation. 

Therefore, to support a microbial population, carbon and nitrogen sources are added in 

mediums. Further, they act as source of electron to reduce the azo bond. Glucose, maltose, 

sucrose, succinate, yeast extract etc. have been used as carbon source while peptone, urea, 

NH4Cl etc as N sources to support microbial population and to enhance rate of 

degradation of azo dyes (Saraswathi and Balakumar, 2009). In addition, source of C is 

also very much important with respect to decolorization because some microbes use some 

compounds preferentially over others. A number of scientists tested different C and N 

sources for different microbial strains to enhance their decolorization efficiency. 

Suitability of carbohydrates for anoxic dye decolorization is usually inocula specific. In 

fact, reducing equivalents are produced from breakdown of carbon and nitrogen sources 

which are necessary for cleavage of azo bond. Massovi et al. (2005) assessed the effect of 

C sources on rate of decolorization of Reactive Violet 5 by bacterial consortium RVM 

11.1.  In the absence of yeast extract and glucose, the rate of decolorization was very low 

(8.08%). In the absence of yeast extract and glucose, negligible decolorization was 

observed with the consortium. When yeast extract + glucose were added in the medium, 

RV 5 was almost completely decolorized (94%). However, 17.15 and 23 % decolorization 

was observed when glucose and yeast extract were added separately. Saraswathi and 

Balakumar (2009) also documented high rate of decolorization in the presence of C and N 

sources. The decolorization of pigmented Red 208 azo dye by Bacillus firmus was 70.90 

(4 h), 60.15 (5 h), 88.66 (4 h) and 20.02 % (6 h) when MSM was supplemented with 

glucose, sucrose, yeast extract and ammonium respectively.While it was 82.4, 60.8, 90.95 

and 21.06 % for Bacillus laterosporus strains. Data indicated that glucose was preferred C 

source over sucrose, and yeast extract was preferred N source over ammonium sulfate. 

Kim et al. (2008) documented a significant increase in rate of decolorization with C 

source. They observed that decolorization rates were about 40% without an additional 

substrate and about 20% with methanol while rate of decolorization was increased to 2- to 
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3-fold with glucose. Prasad et al. (2011) tested different C (Dextrose, starch, mannose, 

dulcitol, lactose, d-xylose and sucrose) and N (Peptone, malt extract, urea and ammonium 

sulfate) sources for decolorization of Acid Red 128 by VITABR13. Results depicted that 

dextrose and peptone were better C and N sources respectively. Percent decolorization at 

the end of 24 h of incubation was 91, 78, 62, 56, 42, 37, 34, 28 and 11% with dextrose, 

starch, mannose, dulcitol, lactose, d-xylose, sucrose and maltose respectively. Maximum 

decolorization with nitrogen sources was achieved with peptone (87%) and least was with 

malt extract (16%). Deng et al. (2008) reported that   Bacillus cereus, DC11 was capable 

of degrading a number of dyes but its potential to decolorize varied with C and N sources. 

They observed that strain was absolutely dependent on the presence of C source. Strain 

DC11 showed maximum decolorization with yeast extract while least with glucose. 

According to Bhatti et al. (2008), maximum decolorization by white-rot fungus, 

Schizophyllum commune IBL-6 was achieved when nutrient medium was supplemented 

with 1% glucose to decolorize Cibacron Red FN-2BL. However, all the additional C 

sources were found to enhance decolorization process, whereas most of the nitrogen 

supplements caused fungal-growth inhibition. Asad et al. (2007) tested various organic 

and inorganic nitrogen sources to accelerate decolorization of Remazol Black B by the 

three Halmonas sp. strains. The best decolorization was achieved with the yeast extract. A 

number of other studies have also reported  yeast extract as best N source (Chen et al., 

2003; Dong et al., 2003; Kodam et al., 2005; Moosvi et al., 2005; (Chen et al., 2003; 

Sandhya et al., 2005).) Joshi et al. (2008) also found that either yeast extract alone or in 

combination of yeast extract and glucose showed higher rate of decolorization of AO7 as 

compared to glucose and yeast extract alone by bacterial consortium TJ-1. They noted that 

starch and peptone were poor co-substrates as compared to yeast extract while glucose 

was found to be better than starch and peptone. Nosheen et al. (2010) investigated the 

effect of added nutrient sources both for carbon and nitrogen on decolorization of two 

commonly used reactive azo dye: Reactive Black B and Reactive Orange 16 by means of 

bacterial and fungal strains. The results clearly showed that additional nutrient sources 

were very much effective in increasing decolorization rate of dye only at lower levels i.e., 

2 mg mL-1, rather the higher levels. 
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2.2.5.3. Effect of structure of Azo dye on biodegradation 

 Some azo dyes are more resistant to biodegradation than others due to their 

structural   complexity. Thus, dye structure is important when we are devising microbial 

strategy to remove dye from wastewater. Number of azo groups in a dye molecule is very 

important with respect to rate of degradation (Shaffiqu, 2002; Abo-Farha, 2010). Mono 

azo dyes are more easily degraded than di, tri or tetra azo dyes. According to Greaves et 

al. (2006), type and position of substituent at the basic structure of azo dye is also very 

important with respect to biodegradation of that azo dye. Dyes containing sulfo groups are 

more easily degraded than those containing amino, hydroxyl and carboxyl groups. 

Further, dyes with electron withdrawing groups are degraded at faster rate than electron 

releasing groups. In addition, according to Hsueh and Chen (2007), ortho position of sulfo 

and carboxyl reduces rate of degradation than para position. Azo dyes which can not 

penetrate cell membrane can not be degraded by intracellular enzymes (Stolz, 2001). Ali 

et al. (2008) assessed the decolorization potential of Aspergillus niger SA1 for structurally 

different dyes (Orange II, Acid Red 151, Drimarene Blue K2RL and Sulfur Black). They 

noted that decolorization of Acid Red 151, Orange II, Sulfur Black and Drimarine Blue 

K2RL was 68.64 and 66.72, 43.23 and 44.52, 21.74 and 28.18, 39.45 and 9.33% in two 

different liquid media under static condition in 8 days, indicating that Acid Red 151 was 

easily degradable  than other dyes. Likewise, Khalid et al., (2008) also observed variation 

in decolrization of different dyes i.e., Acid Red 88, Reactive Black 5, Direct Red 81 and 

Disperse Orange 3 by Shewanella putrefaciens strain. Acid Red 88 and Direct Red 81 

dyes were completely decolorized in just 4 h while Direct Red 81 and Disperse Orange 3 

were decolorized in 6 and 8 h respectively. Hsueh et al. (2009) determined degradation 

resistance of two types of azo dyes (i.e., naphthol type azo dyes – Reactive Black 5, 

Reactive Blue 171, Reactive Green 19, Reactive Red 198, Reactive Red 141) and non-

naphthol type azo dyes (Direct Yellow 86, Reactive Yellow 84) by Aeromonas 

hydrophila. According to their observation, decolorization rate of naphthol type azo dye 

with hydroxyl group at ortho to azo bond was faster than that of non-naphthol type azo 

dye without hydroxyl group, except of Reactive Green 19. According to them, the azo 

dyes with electron-withdrawing groups (e.g., sulfo group in Reactive Red 198, Reactive 

Black 5 and Reactive Red 141) were easier to be decolorized than the azo dyes with the 
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electron-releasing groups (e.g., –NH-triazine in RB171 and RG19). Similarly, Hsueh and 

Chen, (2007) also observed that sulfonic group (electoron withdrawing group) para to azo 

bond (-N=N-) in Methyl Orange was a strong electron-withdrawing group resulted in 

rapid biodegradation by Pseudomonas luteola. . Number of electron withdrawing groups 

is also very important with respect to degradation of azo dyes. Hsueh et al. (2009) 

observed a faster rate of decolorization for those dyes having more number of electron 

withdrawing groups such as Reactive Red 198, Reactive Black 5 and Reactive Red 141. 

Chen et al., (2011) stated in addition to the potential decolorizing microbial strains (e.g., 

Proteus hauseri ZMd44, Pseudomonas luteola, P. hauseri and Aeromonas hydrophila), 

the chemical structures of azo dyes apparently seems more important in determining rate 

of biodegradation. So, role of structure in azo dyes biodegradation is very critical. 

2.2.5.4. Effect of concentration of azo dyes on biodegradations 

 Microorganism can degrade azo dyes up to certain extent because azo dyes and 

their metabolites are toxic for microorganisms (Kapdan et al., 2000; Yatman et al., 2004; 

Kalme et al., 2007; Khehra et al., 2005). In an experiment, Ozturk et al., (2006) studied 

the toxic effect of indole azo dye and its metabolites on a number of microbial strains such 

as Bacillus subtilis, Bacillus thuringiensis, Proteus vulgaris, Bacillus megaterium, 

taphylococcus aureus, Pseudomonas aeruginosa, Saccharomyces cerevisiae and 

Escherichia coli. They found a highly toxic effect on B. subtilis, B. megaterium, S. aureus 

and, B. thuringiensis, however, P. vulgaris was not much affected. With increase in 

concentration, rate of degradation goes to slow down and removal efficiency decreses. Joe 

et al., (2008) tested the potential of C. bifementans at various concentrations (100-2000 

mg L-1). They observed that strains were very much effective up to concentration <200 

mg L-1 dye and 90% color was removed in just 12 h while color removal efficiency was 

very poor at high concentration >1000 mg L-1 dye. Khalid et al. (20008) also documented 

an inverse relationship between dye concentration and rate of reaction. Parshetti et al., 

(2006) investigated the effect of malachite green concentration on decolorization 

efficiency of Kocuria rosea MTCC 153. 100% decorization was achieved in just 5 h at 

dye concentration of 50 mg L-1. Further, increase in concentration upto 100 mg L-1 

resulted in increase in time and decrease in velocity of reaction. Likewise, Mossvi et al. 
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(2005) observed maximum (3.55 mg L-1 h-1) decolorization of Reactive Violet 5 at 200 mg 

L-1 dye concentration with bacterial consortium, RVM11.1, but further increase upto 400 

mg L-1 resulted in reduction in velocity of reaction. Wang et al., (2009) found a significant 

decrease in rate of dye (Reactive Red 180) degradation by Citrobacter sp. CK3 with 

increase in dye concentration. They tested five dye concentrations ranging from 25-500 

mg L-1.  It was observed that 24, 24, 36, 36 and 108 h was the time for maximum 

decolorization at 25, 50, 100, 200 and 500 mg L-1 respectively. However, microbes vary in 

great extent in resistance to azo dye and their metabolites. Kalyani et al., (2009) found 

that Pseudomonas sp. SUK1 had a potential to degrade high concentration (up to 5 g L−1) 

of azo dye, Reactive Red 2 while Jadhav et al., (2010) reported that  50 mg L-1 of Direct 

Orange 39  was 93.06% decolorized by Pseudomonas aeruginosa strain BCH, in just 45 

mints. However, when this concentration was raised to 1500 mg L-1, only 60% 

decolorization was achieved in 48 h. Ayed et al. (2011) found that high concentration of 

toxic methyl red (750 mg L-1) was effectively decolorized (99.63%) in just 10 h  by 

inoculation with Sphingomonas paucimobilis under shaking condtions.  

2.2.5.5. Azo dye degredation under high salinity 

 In addition to azo dye residues, substantial quantities of salts are present in 

wastewater of textile processing and dye-stuff manufacture industries. Various salts are 

added in dye bath to improve dying efficiency. For example, NaNO3 is added in dye bath 

to improve fixation of dyes on textile fibers while NaSO4
-2 is added for adjustment of 

ionic strength of dye baths. About 40-100 gL-1 NaNO3 is used in textile processing 

(Carliell et al., 1998). These salts are also released into the water as a contaminant and it 

has been reported that wastewater of dye-stuff industries contains salt concentrations up to 

15-20% (EPA, 1997). Not only nitrate compete for reducing equivalent with dye and 

reduces the rate of dye reduction, but also high concentration of nitrate and other salts 

causes plasmolysis or loss of cell activity. Thus, high salt concentration is a problem for 

the development of biotreatment methods to remove dyes from wastewater because 

microbes are sensitive to salts (Carliell et al. 1994; Manu and Chaudhari, 2003). Thus, 

biodegradation of azo dyes under high salt conditions is a big challenge for the 

researchers. This challenge can be turned by finding out halophillic and salt tolerant 

microbial strains which can effectively degrade azo dyes in the presence of salts (Asad et 
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al., 2007). Halophillic and Halotolerant microbes can tolerate and also require salts to 

thrive better, should be isolated and used. Thus, exploitation of halophillic and 

halotolerant microbes in the biotreatment of dye contaminated wastewater looks very 

promising. Certain halophillic and halotolerant microbial strains have been documented to 

decolorize solutions of azo dyes in the presence of high amount of salts, thus very much 

suitable for decolorizaton of textile azo effluent in saline ecosystem. Asad et al. (2007) 

isolated 27 halophilic and halotolerant bacterial strains from the effluent of textile 

industries. Among the 27 strains, three strains belonging to genus Halmonus showed a 

remarkable ability in decolorizing the widely utilized azo dyes in the presence of wide 

range of NaCl concentrations (up to 20% w/v). Khalid et al. (2008) also reported that 

Shewanella putrefaciens AS96 has good potential to decolorize azo dye solutions in the 

presence of salts. Shewanella putrefaciens AS96 cells completely decolorized dye 

Reactive Black-5 in the medium containing NaCl at concentrations ranging from 0 to 30 g 

L−1. At concentrations between 40 and 60 g NaCl L−1, decolorization time was increased 

to 8 h. with further, increase in NaCl concentration complete decolorization was achieved 

in 24 h. In the case of dye Direct Red-81, Shewane putrefaciens strain AS96 achieved 

100% decolorization within 8 h when the medium contained NaCl up to 40 g L-1. At 50 g 

NaCl L−1, 87% decolorization was achieved after 12 h, followed by complete 

decolorization of the dye at 20 h. Guo et al. (2005) prepared artificial wastewater by 

adding substantial amount of salt (5-150 g L-1 NaCl) and dye (50-2000 mg/L Reactive 

Brilliant Red K-2BP) to check the potential of three isolated cultures (CAS, TAS, DSAS) 

under high salt and dye concentration. They found a reduction in decolorization efficiency 

by three cultures with increase in salt and dye concentration and observed that CAS and 

DSAS mixed cultures showed more decolorization under high-salinity than TAS mixed 

cultures. In another study, Guo et al. (2008) optimized the salt concentration for K-2BP 

azo dye decolorization by Halmonas sp. strain GTW. They tested the strain against six 

NaCl concentrations (0, 5, 10, 15, 20, 25, 30% NaCl) and noted that optimum salt 

concentration for decolorization was 10-20% NaCl (w/v). Azo dye Acid Red B 

decolorization by Gracilibacillus sp. GTY, under high salinity conditions was studied by 

Uddin et al. (2007). Performance of this bacterium was better when NaCl was added in 

the medium at the rate of 10%–15% w/v of NaCl. On the other hand, strain grown in the 
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media with lower percentages (2%–5%, w/v) of NaCl showed very poor decolorization 

ability where bacterial growth rates were very poor also. Strain grown in the media with 

the highest percentage (25%, w/v) of NaCl showed moderate decolorization ability. Strain 

grown in lower percentages of NaCl could not show good performance of decolorization 

because of low growth rates. Decolorization was not satisfactory also in the media 

containing 25% (w/ v) of NaCl, because of the inhibition to microorganisms by high salt 

concentration, which may cause plasmolysis and/ or loss of activity of cells (Panswad and 

Anan 1999). Zhou et al. (2010) reported the effect of bioaugmention to accelerate the rate 

of decolorization of Brilliant Scarlet GR under high salt condtions. They found that start-

up time was shortened by bioaugmentation with salt-tolerant strain TL, and the 

biodecolorization was also promoted by adding anthraquinone after acclimatization. The 

start-up time of non-bioaugmented (9 days) and bioaugmented (5 days,) activated sludge 

systems were significantly different from each other. Tan et al. (2009) isolated a salt-

tolerant bacterium (Exiguobacterium sp) capable of effectively decolorizing azo dyes. 

This strain showed a high decolorization potential under high salt conditions. Even 

optimum salt concentration for growth and maximum decolorization of X-3B azo dye was 

15% (w/v). Yu-yu et al. (2010) constructed genetically engineered salt tolerant bacteria 

and compared its degradation potential with Escherichia coli BL21 for five different azo 

dyes. The results showed that salt tolerant and decolorization ability of genetically 

engineered bacteria was better than Escherichia coli BL21. For maximum biodegradation 

of Acid Red B, optimum salinity was 10%. Shotland (2009) tested the ability of 

Staphylococcus cohnii and Staphylococcus aureus bacteria to decolorize azo dyes under 

different salt conditions. The results showed that both bacteria were able to completely 

decolorize the azo dye (methyl red) while Staphylococcus aureus was somewhat faster. 

Both Staphylococcus cohnii and Staphylococcus aureus showed high resistance up to 15% 

NaCl.  

2.2.5.6. Biodegradation of true textile effluent 

 Color removal from the true textile wastewater is difficult as compared to 

synthetic dye solution because of presence of other contaminants such as salts, sizing 

agents along with azo dyes (Calliell et al., 1994; Manu and Chauhari, 2003). In spite of 
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this, a number of scientists have documented good color removal efficiency by microbes. 

Microbes have a good potential to decolorize true textile effluent (Resmi and Abraham, 

2004; Machado et al., 2006). Asgher et al. (2010) tested the locally isolated white rot 

fungus Ganoderma Lucidum IBL-05 for decolorization of original textile industry 

effluents of Arzoo, Ayesha, Ittehad, Crescent and Magna textile industries of Faisalabad 

were collected having colors maroon, yellow, green, navy blue and yellowish, 

respectively. Maximum decolorization (49.5 %) was observed in the case of the Arzoo 

textile industry (ART) effluent on the 10th day of incubation. But under optimized 

conditions rate of decorlorization was 95% within only 2 days.  Tamboli et al., (2010) 

assessed the potential of single (Sphingobacterium sp. ATM, Bacillus odyssey SUK3, and 

Pseudomonas desmolyticum NCIM 2112) and consortium to decolorize textile effluent. In 

case of textile effluent, highest color removal was observed for consortium IV 

(Sphingobacterium sp. ATM, Bacillus odyssey SUK3, and a Pseudomonas desmolyticum 

NCIM 2112) which was followed by consortium II (Sphingobacterium sp. ATM and 

Bacillus odyssey SUK3) which was in turn followed by Sphingobacterium sp. ATM. 

According to Telke et al. (2010), Pseudomonas sp. SU-EBT it is a useful strain for the 

development of effluent treatment methods in textile processing industries because it 

showed 90% decolorization of textile industry effluent in 60 h. The optimum pH and 

temperature for the decolorization was 8.0 and 40°C, respectively. According to Jin et al. 

(2007), strain Aspergillus fumigatus XC6 had a good potential to remove dye from true 

textile wastewater. They observed that strain decolorized dyes effluent over a pH range 

3.0–8.0 with the dyes as sole carbon and nitrogen sources. However, with additional N 

and C sources, strain decolorized the effluent completely at the faster rate. Whit rot 

fungus, Pleurotus flabellatus decolorized real textile wastewater at a hydraulic retention 

time of 25 h. Absorbance of effluent from reactor was 0.1 while absorbance of inlet 

wastewater was 0.3 indicating a significant decrease in absorbance. Melgoza et al. (2004) 

collected real textile effluent from a textile industry that uses mainly reactive azo dyes 

with a very high solubility in water.  Decolorization times were 45, 56 and 68 h for the 

initial concentrations of 1/3, 2/3 and direct wastewater, respectively. For these times, color 

removal efficiency varied from 95 to 98%. Quality of treated effluent was suitable for its 

industrial reuse. Pourbabaee et al. (2006) documented a 60% color removal by Bacillus 
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sp. from real textile wastewater (3 diluted) in just 30 h at 32°C in the presence of both 

glucose (10 g L-1) and yeast extract (5g L-1) where only 10% decolorizaton occurred in the 

absence of any additional source. 95, 98, 98, 100 and 100% decolorization of real 

wastewater was observed after 4, 5, 6, 10 and 12 days respectively. When glucose and 

yeast extract alone were added in real wastewater was less than glucose+yeast extract. 

They noted a decrease in COD and increase in BOD with time. With treated effluent just 

10% inhibition of germination of Triticum boeoticum seeds was recorded while 100% 

inhibition was noted with application of untreated effluent. Thus, Bacillus reduced the 

toxic effect of effluent on germination of seeds of Triticum boeoticum.  Yang et al., 

(2009) reported a biodegradation of dyes in real textile wastewater in continuous biofilm 

reactor using bacteria-fungi consortium.  They collected three batches of wastewater of 

different colors (dark blue, dark green and dark brown) from textile manufacturing plant 

in Xinxiang. They observed that system could remove COD and color at high efficiencies. 

About 69-90% COD and 78.9-89% color was removed by the consortium with a hydraulic 

retention time of just 12 h at 28°C with feeding rate of 3.6 liters per day. Georgiou and 

Aivasdis (2006) treated textile wastewater by means of bacteria immobilized on porous 

carrier in fluidized bed reactor. Acetic acid solution enriched with nutrients was used as 

both a source of an external substrate for the growth of methanogenic bacteria as well as a 

pH-regulator. Three months after start up period, synthetic waster water was replaced by 

real textile effluent with excellent results. In the start of addition of textile effluent rate of 

color removal was less and was attributed to toxic and inhibitory effects of certain 

compounds of the textile wastewater on the microbes. They found full decolorization of 

real textile wastewater at a hydraulic residence time of 6 h after acclimation period of 15 

days. Further, activated sludge treatment (aerobic bacteria) also proved very effective for 

biodegradation. Potential of white rot fungus, Trametes versicolor to decolorize true 

textile effluent was studied in a continuous process (Blanquez et al., 2008). Continuous 

treatment to textile wastewater was applied for 15 days in the pilot-scale bioreactor with 

hydraulic retention time of 48 h. Maximum color reduction was 60% and obtained 

between 4 and 6 days of continuous treatment while it reduced to 40% after the 15 days. 

They stated that that decrease in color percentage may be due to a huge bacterial 

contamination of the feeding tank detected after day 10. Pleurotus flabellatus also had a 
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good potential to decolorize true textile effluent (Nilsson et al., 2006). They grew 

Pleurotus flabellatus on luffa sponge packed in a continuous reactor to treat the textile 

wastewater. They found decrease in absorbance of effluent from 0.3 to 0.1 (hydraulic 

retention time of 25 h) at 584 nm, indicating a significant reduction in color. 
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CHAPTER 3 

 MATERIAL AND METHODS 

           A series of experiments were conducted under laboratory conditions to study the 

potential of bacteria isolated from textile wastewater for decolorizing texturally different 

azo dyes used in the textile printing industry.  

3.1. Collection of Samples  

 Water samples were collected from Paharang drain near Bawa Chak, Faisalabad, 

Pakistan. Samples were collected from the wastewater stream from different locations. 

Sampling sites were selected on the basis of the outlet of different textile processing units 

(Table 3.1). The collected samples (approximately one liter) were brought to laboratory in 

polythene bags, labeled with identification number and stored in the refrigerator at 4 oC. 

These samples were analyzed for electrical conductivity (EC), total soluble salts (TSS) 

and pH before isolation of bacteria. 

3.1.1. Electrical conductivity (EC) 

Electrical conductivity (EC) of the collected samples was determined in order to assess the 

presence of total soluble salts in the wastewater discharged by different textile processing 

units. The EC was recorded by using Beckman Solu-Bridge Model SD-26 conductivity 

meter.   The Electrical conductivity (EC) was converted into total soluble salts (meq L-1) 

by following the method described by U.S. Salinity Laboratory Staff (1954).  

3.1.2. pH  

Since different types of dyes either acidic or basic (in addition to salts) are used by the 

textile industry, so pH of each sample of wastewater was determined to know the acidic or 

basic nature of the dye-contaminated wastewaters. The pH was measured with the help of 

Jenway pH meter (Model 671 P).  
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Table: 3.1 Samples of wastewater collected from different textile units and their  

                representative identification number 

Sr.No                       Samples Name Sample Identification 

Number 

1 Nishat Textile  N 

2  Jaugar Peocessing   J 

3 Mubarak Textile M 

4 Crescent Textile and Processing C 

5 Dawood Processing  D 

6 Arif  Processing  A 

7 Bawa Sam  B 

8 Mubarak Processing  MP 

9 Siddique Processing S 

10 Zafar Fabric Textile and Processing Z 

11 Ahsan Habib Processing  AH 

12 Qadafi Textile Q 

13 Ashraf Textile As 

14 Kohinoor Textile K 

15 Arshad and Fatima Noor Textile A and N 
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3.2.1. Isolation of azo dye degrading bacteria  

  Several strains of bacteria were isolated through enrichment technique by using 

Reactive Black 5 azo dye as the source of carbon and nitrogen in the mineral salt medium. 

The composition of mineral salt medium (MSM) of pH 7.2±0.02 used for the isolation of 

bacteria was (g L-1): NaCl (1.0), CaCl2·2H2O (0.1), MgSO4·7H2O (0.5), KH2PO4 (1.0), 

and Na2HPO4 (1.0), yeast extract (4.0) and agar (for solid medium only) 15. Dilution plate 

technique was employed to obtain pure culture of bacterial strains.  

 Bacterial strains were isolated from different wastewater samples of textile 

industry by using them as inocula. The 100 mg L-1 broth MSM was taken into conical 

flasks (250 mL), and spiked with Reactive Black 5 (100 mg L-1) as the sole source of 

carbon and nitrogen. The mixture was inoculated with 5 mL of wastewater. The flasks 

were incubated at 30°C for 5-6 days under static conditions. After  incubation,  cell  

suspensions  from  each  flask were  plated  onto MSM agar medium  and  incubated  at 

30°C for 24 h. Microbial  colonies  that  appeared on  the agar  medium  were  

resuspended  into  the  flasks containing  fresh MSM  broth  spiked  with  the  Reactive  

Black-5  dye. After an incubation of 5-6 days at 30°C, the cell suspensions were once 

again plated onto the agar medium. About 240 actively growing colonies on the medium 

were selected from different wastewater samples. They were purified by streaking twice 

on agar medium. The purified cultures were preserved in refrigerator for subsequent 

studies. 

3.2.2. Preparation of inocula  

 Liquid broth was prepared by following the MSM composition described by 

Khalid et al (2008a).  The pH of the broth was adjusted to 7 by using the 0.1N HCl or 

0.1N NaOH. The 100 mL of broth in 250 mL conical flask were inoculated with the 

respective isolated strains. Inoculated flasks were incubated under static conditions for 

period of 48 h at 30 oC. After 48 h of incubation, optical density of 0.6±0.01 was achieved 

at 590 nm wavelength, using OD meter to maintain a uniform cell density. One mL of 

inocula was added in 10 mL medium. 
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3.2.3. Screening of the azo dye degrading bacteria 

 Screening  was  done  to  single  out  the  efficient  bacterial  strains  capable  of 

decolorizing  Reactive Black 5  azo  dye using modified MSM in a triplicate study. For 

this purpose, liquid MSM medium was prepared and the dye was spiked at the rate of 100 

mg L-1. The medium was inoculated with the respective inocula (240 isolates) and 

incubated at 30oC for 48 h.  After  48 h,  the  medium  was  centrifuged  at  10000  rpm  

for 10  min.  Then decolorization was determined with the help of spectrophotometer at 

597 nm. Also uninoculated blanks were run to determine abiotic decolorization. Percent 

decolorization was calculated and the five best isolates exhibiting maximum 

decolorization ability was selected for further experimentation.  

 The five most effective bacterial isolates (N7, N11, M8, B5 and A16) were further 

examined for their decolorization potentials in glass test tubes. Ten milliliters of the 

sterilized MSM broth containing Reactive Black 5 at the concentration of 100 mg L-1 was 

added to the autoclaved test tubes supplemented with yeast extract (4 g L-1) as a co-

substrate. The medium was inoculated with the respective bacterial strains by adding 

inocula of uniform cell density. The test tubes were tightly sealed to provide reduced 

conditions. The tubes were incubated at 30°C under static conditions. Uninoculated MSM 

containing azo dye in the test tubes was also incubated under similar conditions to check 

abiotic decolorization of the dye. The decolorization was measured at 597 nm by 

spectrophotometer as described by Khalid et al. (2008a).  

3.3. Optimization of environmental factors  

        Various factors were optimized to achieve the highest decolorization rate of Reactive 

black-5 by the selected isolates of bacteria. All the experiments were conducted in 

triplicate. Preliminary studies were conducted to select the standard conditions such as 

substrate concentration (100), pH (7), temperature (30 oC) and static incubation. 

3.3.1. Azo dye concentration  

 Five levels (50, 100, 150, 200 and 250 mg L-1) of Reactive Black-5 azo dye were 

used to find the best concentration for maximum decolorization.  The inoculum was added 
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to the medium (10 mL) at inoculum: broth ratio of 1: 50. Incubation temperature was 

35oC. Decolorization was determined by taking 1.5 mL aliquots periodically from 

different test tubes and centrifuging the solutions at 10,000 rpm for 10 min to remove the 

cells. The absorbance of the supernatants was measured at the λmax 597 nm, for Reactive 

Black-5 by using spectrophotometer. Uninoculated blank were run to check the abiotic 

decolorization.  Each dye level was replicated thrice. 

3.3.2 Carbon source  

 In  order  to  assess  the effects  of  different  carbon  sources  on  bacterial 

decolorization, four carbon  sources, namely glucose, maltose, mannitol and yeast extract 

were used at the rate of 4 g L-1. The MSM spiked with Reactive Black-5 at the 

concentration of 100 mg L-1 was used. Incubation temperature was 35oC. Decolorization 

was determined by using the protocol as described above. The experiment was conducted 

in three replications.  

3.3.3. pH  

 Effect of different pH ranging from 5 to 9 was examined on the decolorization 

efficiency of the selected five bacterial isolates. MSM that was enriched with Reactive 

Black-5 at the concentration of 100 mg L-1 was used. Incubation temperature was 

maintained at 35oC. The pH was adjusted by using 0.01 M HCl or 0.01 M NaOH 

solutions.   

3.3.4. Temperature 

 Decolorization of Reactive Black-5 by the selected bacterial isolates was studied at 

different temperatures such as 25, 30, 35, 40 and 45oC. Medium used for this purpose was 

mineral salt media (MSM), which was enriched with Reactive Black-5 at the 

concentration of 100 mg L-1. pH of the MSM was maintained at 7. Decolorization was 

determined as described above.  
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3.3.5. Rate of decolorization of different dyes 

 The decolorization rate was determined by using MSM broth containing 100 mg L-

1 of azo dye. All the five selected isolates were used. The following dyes were used 

individually as well as in mixture. 

          Reactive dyes 

 Reactive Black B               λmax     597 nm 

 Reactive Golden Ovifix      λmax     460 nm   

 Reactive Blue BRS             λmax     597 nm 

    

 Disperse dyes 

 Blue 28LN                           λmax     480 nm 

 Golden G4                           λmax      450 nm 

 Navy Disperse                     λmax      430 nm 

            Direct dye  

 Deazo Black                        λmax     597 nm 

 When the dyes were used in combination, the total concentration of the mixture 

was 100 mg L-1. The degradation was examined after 2, 4, 6, 8, 12, 16, 20 and 24 h. pH of 

the medium was maintained at 7.0. The decolorization of each dye was determined at 

maximum absorption wave length as given above. Three replications were used in each 

case.  

3.3.6. Decolorization of mixture of azo dyes 

 Different combinations of various types of dyes were used for testing potential of 

the selected bacteria to decolorize the mixture of dyes in the liquid medium. 
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i)   Two reactive dyes (Reactive Black 5, Reactive Ovifix) plus one disperse       

                    dye (Disperse 28LN) 

ii) Two disperse dyes (Disperse 28LN, Disperse Golden G4) plus one reactive dye 

(Reactive Black 5) 

iii) Two disperse dyes (Disperse 28LN, Disperse Golden G4) plus two reactive dyes 

(Reactive Black-5, Reactive Ovifix) 

iv) Three disperse dyes (Disperse 28LN, Disperse Golden G4, Disperse Navy) plus 

three reactive dyes (Reactive Black-B, Reactive Ovifix, Reactive BRS) 

The disperse dyes were first dissolved in small volume of ethanol (95%) and then diluted 

into sterilized distilled water. Nine mL of the sterilized MSM were taken and spiked with 

each dye. Final concentration of the mixture of dyes in the medium was 100 mg L-1. All 

the dyes in mixture were added in equal proportion. The medium was inoculated with the 

respective bacterial strains by adding inocula of uniform cell density (OD 0.6).  The 

medium to inoculum ratio (v/v) was 50:1. The glass test tubes were tightly sealed and 

were incubated statically at 35°C.  Uninoculated test tubes with MSM containing azo dye 

plus yeast extract were also incubated under similar conditions to check abiotic 

decolorization of dye. Three replicate test tubes were used for each strain per dye mixture. 

The absorbance of the supernatants was measured at 480 nm by spectrophotometer as 

described in the previous sections. 

3.4. Decolorization of azo dyes under saline conditions 

 The selected bacterial species N7 and N11 were examined for their decolorization 

potential in 10 mL glass test tubes  at varying salinity levels ranging from 0 to 60 g L−1 of 

NaCl. Nine mL of sterilized MSM containing 100 mg dye L−1 were added to 10 mL 

autoclaved glass test tubes. Dyes Reactive Black 5, Disperse 28LN-81, and Direct Deazo 

Black were dissolved in distilled water.  Disperse dye was first dissolved in small volume 

of methanol (99.9%) and then diluted into sterilized distilled water. The dye solutions 

were then inoculated with the respective bacterial strains by adding inocula of uniform 

cell density (0.6±0.01 optical density [OD] at 590 nm). The medium to inoculum ratio 
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(v/v) was 50:1. The test tubes were tightly sealed and were incubated under static 

conditions at 35°C. Uninoculated test tubes with MSM and each dye were incubated under 

similar conditions as a control to check for abiotic decolorization. Three replicate test 

tubes were used for each strain per dye. Decolorization was determined by taking 1.5mL 

aliquots periodically from different test tubes alternately and centrifuging the solutions at 

10,000 rpm for 10 min to remove the cells. The absorbance of the supernatants was 

measured at the λmax for each dye using a spectrophotometer. 

3.5. The Regressional study of decolorization 

The regressional study of decolorization reactions by the most effective bacterial strains 

N7 and N11 were determined by using different concentration of three types of azo dyes 

including Reactive Black 5, Disperse 28LN and Direct Deazo Black. The kinetics was 

calculated by plotting the rate of decolorization [V] in milligrams per h by strains N7 and 

N11 and [salt] where concentrations of salt [NaCl] were in grams per liter. The activity 

was assayed at salt concentrations ranging between 5 and 60 g NaCl L−1.  

3.6. Bioaugmentation of azo dyes 

 Five samples having high dye color were collected from the textile industries 

outlets. These industrial units include Nishat textile, Qadafi textile, Kohinoor textile, 

Ashraf textile and Arshad and Noor Fatima textile mills. Two bacterial strains (N7 and 

N11) were assessed for their ability to decolorize textile dyes after augmentation. Before 

conducting the augmentation studies, λmax was determined for each type of sample by 

running these samples on spectrophotometer and by varying wavelengths (maximum 

absorbance). The λmax observed for the Nishat textile, Qadafi textile, Kohinoor textile, 

Ashraf textile and Arshad and Noor Fatima textile was 575, 490, 450, 425 and 570 nm, 

respectively.  

 Two experiments of augmentation were conducted with the selected strains. In 1st 

experiment, 10 mL of the colored samples were taken in glass test tubes and inoculated 

with 200 μL of the selected bacterial culture (0.6 OD) and rate of decolorization was 

studied after 2, 4, 6, 8, 12, 16, 20 and 24 h by using spectrophotometer. In the 2nd study, 

10 mL of the colored samples were taken in glass test tubes and supplemented with 
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Reactive Black 5, Disperse 28LN and Direct Deazo Black at concentration of 100 mg L-1. 

The inoculum was added at the rate of 200 μL per 10 mL medium.  The rate of 

decolorization was studied after 2, 4, 6, 8, 12, 16, 20 and 24 hours by using 

spectrophotometer. The experiment was performed with three replications for each 

treatment. Results are presented as the average of three replications at each interval. 

3.7. Identification of the most effective bacterial strains 

 The most effective strains, N7 and N11 were identified by 16S rRNA technique. 

To identify the strains, nearly complete 16S rRNA gene was amplified by the PCR as 

described by Ahmed et al. (2007), using forward and reverse primers: 9F (5'-

GAGTTTGATCCTGGCTCAG-3') and 1510R (5'–GGCTACCTTGTTACGA-3'). PCR 

products were purified using PCR purification kit and sequenced using the BigDyeTM 

Terminator Cycle Sequencing Kits following the manufacturer’s (Applied Biosystems) 

protocols using ABI PRISM® 3730 XL Genetic Analyzer.  

The BioEdit (Hall 1999) software package was used to obtain the consensus sequence. 

Sequences of closely related type strains used for constructing the phylogenetic tree were 

selected and retrieved from the NCBI (National Center for Biotechnology Information) 

and DDBJ (DNA Data Bank of Japan) databases by BLAST searches for bacteria. The 

alignment and editing was performed using CLUSTAL X (version 1.8msw; Thompson et 

al., 1997) and BioEdit (Hall 1999) packages. Ambiguous positions and gaps were 

excluded during calculations. Phylogenetic and molecular evolutionary analyses were 

conducted using MEGA version 4 (Tamura, Dudley, Nei, and Kumar 2007). The stability 

of the relationship was assessed by bootstrap analysis (Felsentein 2005), by performing 

1,000 re-sampling for the tree topology of the neighbour-joining data.  

3.8. Statistical analysis 

 Data were entered in a Microsoft® Excel 2007 spreadsheet, and means and 

standard deviations were calculated. ANOVA was performed and LSD values at P< 0.05 

were calculated using the MSTATC software (Michigan State University, USA). 
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CHAPTER 4 

RESULTS 

Several dye-polluted wastewater samples were collected from different textile 

processing units situated in Faisalabad district of Punjab, Pakistan and then analyzed for 

pH and total soluble salts. Bacteria capable of decolorizing textile dyes were isolated from 

these wastewater samples, using Reactive Black-5 azo dye as a source of carbon and 

nitrogen in the mineral salt medium. The most efficient dye decolorizing bacteria were 

screened in the liquid media containing 100 mg L-1 Reactive Black-5 azo dye. Various 

factors like substrate (dye) concentration, carbon sources, temperature and pH were 

optimized to accelerate the process of dye degradation by the selected strains of bacteria. 

Effect of varying concentration of azo dye and salt on the bio-decolorization efficiency 

was investigated and rate of reactions were calculated. The bioaugmentation potential of 

two effective strains such as N7 and N11 for decolorizing dyes was also studied in real 

textile effluents as well as in different mixtures of dyes. The results are explained in the 

following sections. 

4.1. Analysis of dye-polluted wastewater samples 

Since dyes and other salts are used in huge amounts by textile industry during 

dyeing process, so pH and total soluble salts were analyzed to determine the nature of 

textile effluents. 

4.1.1. pH of the textile effluents 

A wide variation in pH of different textile effluents was observed (Table 4.1). A 

pH of 12.4 was detected in the wastewater sample of Mubarak Processing, and thus it was 

highly alkaline in nature. Similarly, pH was >10 in the case of Arif and Dawood 

Processing units. A pH range of 9.30 to 9.90 was observed in the effluents of Mubarak 

Textile and Ahsan Habib. The pH was >8.0 but <9.0 in six textile units, namely Nishat 

Textile, Bawa Sam, Crescent Textile and Processing, Siddique Processing, Qadafi Textile, 

Arshad textile and Fatima Noor Textile. In wastewater samples of four textile units such 

as Jaugar Processing, Kohinoor, Suprem Textile and Processing and Ashraf Textile, pH 
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ranged between7.23 to 7.93. A slightly acidic pH i.e. (6.76 ) was observed only in the 

water sample of Zafar Fabric Textile and Processing. This data imply that wastewater of 

textile processing units could vary substantially in its pH, which could also affect the 

removal of dye contaminants in the wastewater by the given microbial culture. 

4.1.2. TSS in the textile effluents 

Table 4.1 also represents total soluble salts present in the different wastewater 

samples of textiles processing units. Maximum TSS (150 meq L-1) were found in the 

sample of Nishat textile, and it was followed by Ahsan Habib (108 meq L-1). In five other 

samples (Bawa Sam, Dawood Processing, Mubarak Textile, Qadafi Textile and Kohinoor 

Textile), the TSS were > 80 meq L-1. TSS were up to 76.2 meq L-1 in nine water samples 

of textile units, and the lowest TSS i.e. 52.8 meq L-1 were detected in the effluent of 

Crescent Textile and Processing. It is very likely that the TSS contents in the wastewater 

of textile industry may depend on the type of process going on at the time of sampling.    

4.2. Isolation and screening of azo dye decolorizing bacteria 

 All of the 240 bacterial isolates from the enrichment culture were screened for 

their efficiency to remove azo dyes from spiked broth. The bacterial isolates were 

categorized into three groups. The results are summarized in Table 4.2. Bacterial isolates 

showed variable potential to decolorize 100 mgL-1Reactive Black-5 in broth medium. 

Only 5-12 percent isolates were able to decolorize the dye more than 75% in 24 h as 

compared to abiotic control. The majority of these isolate showed medium potential of 

decolorization of the dye, which ranged between 50 to 75% as compared to control. 

 Figure 4.1 shows that the most efficient bacterial isolate had excellent potential to 

degrade Reactive Black-5 and percent decolorization ranged from 91 to 100. The most 

efficient bacterial isolate in decolorizing the Reactive Black-5 was N7 that completely 

removed dye color. It was followed by 96% decolorization by N11. Next effective strains 

in descending order were Mub8 and A16. The strain B5 was the least efficient 

decolorizing strain. Based on these results, the most efficient isolates exhibiting the 

highest potential of decolorization in 24 h were selected for further experiments. The 

selected isolates were N7, N11, M8, A16 and B5. 
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 Table 4.1. Total soluble salts (TSS) and pH of different textile wastewater samples 

contaminated with dyes  

Sr. No. Sampling Site pH TSS (me L-1)

1. Nishat Textile 8.80 150 

2. Arif Processing  10.2 76.2 

3. Bawa Sam 8.03 80.4 

4. Crescent Textile and Processing 8.02 52.8 

5. Dawood Processing 10.7 88.7 

6. Jaugar Processing 7.23 59.1 

7. Mubarak Textile 9.90 83.5 

8. Mubarak Processing 12.4 57.8 

9. Siddique Processing 8.16 60.4 

10. Zafar Fabric Textile  and Processing 6.76 60.1 

11 Ahsan Habib 9.30 108 

12. Qadafi Textile 8.02 90.6 

13. Kohinoor Textile 7.55 82.2 

14. Ashraf Textile 7.93 66.2 

15. 

16. 

Arshad and Fatima Noor Textile 

Supreme Textile and Processing  

8.10 

7.33 

56.2 

59.1 
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4.3. Optimization of factors for accelerated decolorization of azo dyes by selected 

bacterial isolates 

Five selected strains of bacteria (N7, N11, M8, B5 and A16) were further investigated  for  

the  optimization  of  various  incubation/ environmental  conditions  for decolorizing  the  

azo dye  in  liquid medium. Optimization factors include various levels (50, 100, 150, 200 

and 250 mg L-1 of an azo dye Reactive Black-5, different co-substrates/ carbon sources 

(yeast extract, maltose, glucose, and mannitol), pH (5 to 9), temperature (25 to 45 oC) and 

decolorization by the selected isolates over a period of time. 

 4.3.1. Substrate/ dye concentration   

  The dye concentrations significantly affected the decolorization potential of 

bacteria. It is very clear from Fig. 4.3.1 that decolorization of Reactive Black-5 by all the 

strains increased sharply when the dye concentration increased from 50 mg L-1 to 100 mg 

L-1. Maximum decolorization was observed at 100 mg L-1 of substrate concentration. 

Then, the rate of decolorization was reduced with the increase in dye concentration. A 

variation in decolorization rate by different strains of bacteria was also observed. Strain 

N7 showed the highest decolorization at all dye concentration and complete color removal 

of 100 mg dye L-1 was observed after 24 h. The rate of decolorization by strain N11 was 

almost comparable with that of N7 at all tested concentration of dye. Other three strains 

such as M8, A16 and B5 were relatively less efficient to remove color of the dye at 

different dye concentration compared to N7 and N11. However, like N7 and N11, they 

also showed maximum decolorization of the dye at 100 mg L-1 dye concentrations. The 

rate of decolorization by these three strains was also lower at other dye concentrations 

such as 50, 150, 200 and 250 mg dye L-1. In general, strain B5 was least effective to 

decolorize Reactive Black-5 and observed 35, 71, 43, 31 and 20% decolorization at all 

concentrations of the dye.  
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Table: 4.2. Decolorization of Reactive Black-5 azo dye by bacterial isolates originated 

from different textile wastewater samples   

 Isolates Percent of isolates exhibiting azo dye decolorization 

High  

decolorization  

(>75%) 

Medium  

decolorization  

(50-75%) 

Low  

decolorization 

(< 50%) 

A1 – A 20     5 35 60 

AH1- AH 20     - 25 75 

B 1 – B 20     5 75 20 

C 1 – C 20     - 90 10 

D 1 – D 20     

Su 1-Su-20 

- 

- 

35 

65 

65 

35 

J1 – J 20     - 90 10 

M1 – M 20   5 40 55 

MP1 – MP 20   - 65 35 

S 1 – S 20     - 70 30 

N7 – N11   10 80 10 

Z 1 – Z 20    - 45 55 
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Fig.4.1. Decolorization of Reactive Black-5 azo dye in liquid medium by the               

selected bacterial isolates (LSD = 3.42 at P < 0.05).The data are mean of three 

replicates.  
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Fig.4.3.1. Effect of substrate (Reactive Black-5) concentration on decolorization of   

Reactive Black-5 by the selected bacterial strains (LSD = 3.2 at P <  0.05).The data 

are mean of three replicates. 
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4.3.2. Co-substrates/ carbon sources 

 The data regarding the effect of different carbon sources such as yeast extract, maltose, 

mannitol and glucose on decolorization of Reactive Black-5 azo dye by bacterial isolates 

are presented in Fig. 4.3.2. Maximum decolorization of Reactive Black-5 by the selected 

five strains of bacteria was observed when yeast extract at the rate of 4 g L-1 medium was 

applied to the liquid medium containing 100 mg L-1 dye. Decolorization ranged between 

70 to 100% in 24 h. Once again, strain N7 showed the most promising results and 

completely removed color of the dye in the presence of yeast extract in liquid medium. 

Next effective strain was N11. However, decolorization rate by all the tested strains 

reduced drastically when other carbon sources such as mannitol, glucose and maltose were 

applied as co-substrates. The decolorization of the dye was 15 to 25 % in the broth 

medium supplemented with glucose while it ranged 13 to 22 % when mannitol was used 

as a co-substrate. However, rate of decolorization by all the tested strains was lowest 

when maltose was supplied as a carbon source. Maximum decolorization of up to 9% was 

observed in the presence of maltose. In general, strain N7 performed best at all carbon 

sources, however, significant difference with other strains was observed only in the 

presence of yeast extract. 

 4.3.3. pH  

 Effects of different levels of pH on decolorization of Reactive Black-5 azo dye by 

the selected strains of bacteria are presented in Fig. 4.3.3. It is evident from the results that 

the slected strains of bacteria were able to decolorize the dye over a wide range of pH. 

However, maximum decolorization by all the tested strains was recorded at pH 7.  

Decolorization of the dye ranged from 78 to 100 % at this pH. A gradual increase in 

decolorization was observed as the pH increased from 5 to 7. However, relatively a rapid 

decrease in decolorization was found when pH was increased from 7 to 9. Overall, 

decolorization ranged from 58 to 75% at pH 5, 64 to 85% at pH 6, 80 to 100% at pH 7, 40 

to 70% at pH 8 and 25 to 55% at pH 9. The strain N7 was the most efficient in 

decolorizing Reactive Black-5 at all levels of pH, followed by strain N11. Decolorization 

rate of both strains was markedly different from that of M8, A16 and B5 strains at all pH 

levels. In general, pH 7 favored all tested strains to decolorize the dye. 
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Fig: 4.3.2. Effect of co-substrates/ carbon sources on decolorization of Reactive   

Black-5 by the selected bacterial strains. (LSD = 2.966 at p < 0.05). The data are 

mean of three replicates. 
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4.3.4. Temperature 

Incubation temperature ranging from 25 to 45 oC was used to find out optimal temperature 

for the decolorization of azo dyes by the selected strains of bacteria in liquid medium. It 

was observed that an increase in the temperature from 25 to 35 oC had positive effect on 

the decolorization of Reactive Black-5 (Fig. 4.3.4). There was a gradual increase in the 

decolorization of dye by all the strains with the increase in temperature. Optimal 

temperature to decolorize Reactive Black-5 azo dye for all the tested strains was 35 oC. 

However, decolorization rate in all strains dropped sharply as the temperature inecreased 

from 35 to 40 oC.  After that, there was a gradual decrease in the decolorization of dye as 

the temperature increased from 40 to 45 oC. Overall, strain N7 performed best at all tested 

temperatures and differed markedly from other strains in terms of decolorization of azo 

dye. In general, a similar trend was observed in case of temperature regarding the 

decolorization potential of different bacterial strains as it was observed in case of other 

environmental factors.    

4.4. Rate of decolorization of azo dyes by selected strains of bacteria 

Five efficient strains of bacteria were further tested for their potential to degrade 

different types of dyes, including reactive, disperse and direct dyes over a period of time. 

Further, they were also evaluated to degrade mixture of different types of dyes in liquid 

media over a period of time. The results are discussed in the following sections.     

4.4.1. Decolorization of reactive dyes 

 The rate of decolorization of different reactive dyes by selected strains of bacteria 

was examined in liquid media under static conditions.  

4.4.1.1. Decolorization of Reactive Black-5 

Figure 4.4.1.1 revealed that bacterial strain N7 was the most effective strain in 

decolorizing Reactive Black-5 azo dye and caused 72, 95 and 100% decolorization in 2, 4 

and 6 h, respectively. Almost similar trend was observed in case of strain N11 that was 

able to completely remove 100 mg dye L-1 in 6 h under static conditions. Rate of 

decolorization was relatively slower in strains M8, A16 and B5 compared to N7 and N11. 
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Strain M8 was able to decolorize about 93% dye in 6 h and 100% in 8 h.  It was followed 

by the strain A16 which caused 88% decolorization in 6 h while it could decolorize 100% 

dye in 8 h.Strain B5 was found to be the least efficient decolorizer of the dye among the 

tested strains. Overall, a sharp increase in the decolorization of Reactive Black-5 by all 

tested strains was observed in first 2 h and then there was a gradual increase in the rate of 

decolorization. However, a complete removal of 100 mg dye L-1 was achieved in 6-8 h 

under static conditions.   

4.4.1.3. Decolorization of Reactive BRS 

As observed in case of other reactive dyes, N7 was found to be very effective strain for 

the decolorization of dye Reactive BRS and complete decolorization of 100 mg dye L-1 

occurred within 8 h (Fig. 4.4.1.3). A significant removal of the dye color was also 

observed after 2 (66%), 4 (78%) and 6 h (87%).  Strains N11 was able to decolorize about 

64, 75, 85 and 97% dye in 2, 4, 6 and 8 h, respectively. Unlike strain N7, N11 caused 

complete color removal of Reactive BRS after 12 h incubation. Similarly, strain M8 was 

capable of decolorizing completely 100 mg L-1 of Reactive BRS in 12 h under static 

conditions. In 8 h, up to 92% decolorization was observed in case of strain M8. 

Decolorization rate was relatively slower in strains A16 and B5 as compared to N7, N11 

and M8. Strain A16 and B5 was able to decolorize about 94 and 88% dye in 12 h and 

100% decolorization was achieved in 16 h (data not shown). Negligible decolorization of 

the dye occurred abiotically 
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Fig.4.3.3. Effect of different levels of pH on decolorization of Reactive Black-5 by the 

selected bacterial strains ((LSD = 3.971 at P < 0.05). The data are mean of three 

replicates. 
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Fig.4.3.4. Effect of incubation temperature on decolorization of Reactive Black-5 by    

the selected bacterial strains (LSD = 3.765 at P < 0.05). The data are mean of three 

replicates.  
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Fig.4.4.1.1. Rate of decolorization of Reactive Black-5 by selected strains of bacteria 

(LSD = 3.231 at P < 0.05. The data are mean of three replicates. 
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Fig.4.4.1.2. Rate of decolorization of Reactive Ovifix by selected strains of bacteria    

(LSD = 3.084 at P < 0.05). The data are mean of three replicates. 
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Fig.4.4.1.3.Rate of decolorization of Reactive BRS by selected strains of bacteria 

(LSD = 3.895 at P ≤ 0.05). The data are mean of three replicates.  
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4.4.2. Decolorization of disperse dyes 

Like reactive dyes, the rate of decolorization of three disperse dyes was studied in 

liquid medium. 

4.4.2.1. Disperse 28LN 

 Bacterial strain N7 was found to be highly effective strain to decolorize Disperse 

28LN dye in liquid medium under static conditions (Fig. 4.4.2.1). Maximum 

decolorization of 100% was achieved by strain N7 in 8 h while the rate of decolorization 

after 2, 4 and 6 h was 56, 70 and 88%, respectively. The similar trend was followed by 

N11 but it was comparatively slower than N7 and attained 100% removal of color after 12 

h. The rate of decolorization of remaining three bacterial isolates (M8, A16 and B5) after 

2 h was 42, 35 and 28%, respectively.  Among these strains, M8 achieved 100% 

decolorization after 16 h while A16 and B5 showed 88 and 80% decolorization after 16 h. 

There was negligible decolorization in abiotic control. 

4.4.2.2. Disperse Golden G4 

In the case of Disperse dye Golden G4, rate of decolorization was more slower 

than the Disperse 28 LN, and again strain N7 caused accelerated decolorization of this dye 

as compared to other tested strains (Fig. 4.4.2.2). Strain N7 caused 100% decolorization 

after 12 h. The complete decolorization in N11 was achieved after 16 h. The other two 

strains (M8 and A16) achieved 90 and 75% decolorization after 16 h and complete 

decolorization was observed after 20 h. The rate of decolorization by all strains N7, N11, 

M8 and A16 enhanced as the incubation time increased from 2-8 h. Strain B5  

demonstrated a lag phase in which no decolorization was observed for the first 2 h. 

Thereafter, decolorization ranged from 26 to 67% when the dye containing medium was 

incubated for 4-16 h. While the rates of decolorization in N11, M8 and A16 were 47, 38 

and 25% after 2, 4 and 6 h, respectively. There was a sharp increase in the rate of 

decolorization and achieved 70, 55 and 48% decolorization in 8 h. Disperse Navy dye in 

8, 12 and 16 h, respectively. About 97% decolorization was achieved by strain M8 after 

20 h. The other two strains (A16 and B5) achieved 97 and 85% decolorization after 20 h 

and complete decolorization was recorded after 24 h. Strain B5  demonstrated a lag phase 
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of 4 h and then up to 56% decolorization was observed in 20 h. There was no 

decolorization in abiotic control. 

4.4.2.3. Disperse Navy 

Two strains N7 and N11 showed the similar trend of decolorization and achieved 

100% removal of color after 20 h (Fig. 4.4.2.3). Bacterial strain N7 caused color removal 

of Disperse Navy dye up to 78, 89 and 97% in 8, 12 and 16 h while N11 decolorized 75, 

86 and 95%. 

4.4.3. Decolorization of direct dyes 

 4.4.3.1. Deazo Black (direct dye) 

The pattern of rate of decolorization of direct dye Deazo Black was similar as observed in 

case of Reactive Black-5. Strains N7 and N11 were the most effective for decolorization 

of direct dye Deazo Black with complete decolorization occurring in 6 h (Fig. 4.4.3.1). 

Next effective strain, M8 achieved complete decolorization of Deazo Black after 8 h. The 

decolorization of Deazo Black by the other strains such as A16 and B5 ranged from 100 to 

92% within 12 h. Strain M8 was able to decolorize about 93% dye in 6 h and 100% in 8 h. 

The similar trend of decolorization was followed by the strain A16 which caused 84% 

decolorization in 6 h and achieved complete decolorization in 12 h. The bacterial strain B5 

was   less efficient decolorizer of the dye among the tested strains. Negligible 

decolorization of the dye occurred abiotically. 

4.4. 4. Decolorization of different mixtures of dyes 

 Various combinations of different types of dyes were used to test the potential of 

selected strains of bacteria to decolorize mixture of dyes in liquid media over a period of 

time. The results are described in the following subsections.   
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4.4.2.1. Rate of decolorization of Disperse 28LN dye by the selected strains of 

bacteria (LSD = 3.977 at P ≤ 0.05). The data are mean of three replicates. 

  

 

 

 



56 

 

 

0
10
20
30
40
50
60
70
80
90

100

0 2 4 6 8 12 16

Time(h)

D
e

c
o

lo
ri

za
ti

o
n 

(%
)

C N7 N11 M8 A16 B5

4.4.2.2. Rate of decolorization of Disperse Golden G4 by the selected strains of 

bacteria (LSD = 3.058 at P ≤ 0.05. The data are mean of three replicates. 
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4.4.2.3. Rate of decolorization of Disperse Navy by the selected strains of bacteria 

(LSD = 2.47 at P ≤ 0.05). The data are mean of three replicates. 
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4.4.3.1. Rate of decolorization of Deazo Black (direct dye) by the selected strains of     

bacteria (LSD = 2.249 at P ≤ 0.05). The data are mean of three replicates. 
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 4.4.4.1. Mixture of three reactive dyes 

The data regarding rate of degradation of a mixture of three reactive dyes 

(Reactive Black-5, Reactive Golden Ovifix and Reactive BRS) by selected strains of 

bacteria are presented in Fig. 4.4.4.1. Like individual dyes, bacterial strains N7 and N11 

were also very effective in decolorization of mixture of three reactive dyes. Both stains 

caused 100% degradation in 12 h of incubation under the static conditions at the 100 mg 

L-1 of dyes mixture concentration. Rate of decolorization of N7 and N11 after 2 h was 65 

and 63%, respectively. The decolorization caused by M8, A16 and B5 after 12 h was 92, 

85 and 75%, respectively. Similarly, these strains M8, A16 and B5 were capable of 

removing 50, 40 and 28% color of the dyes mixture in 2 h and caused 100% 

decolorization in 12-16 h. A16 and B5 strains had not much difference in the rate of 

decolorization, but once again, strain B5 was least effective to decolorize the dyes mixture 

and only 70% color removal was attained in 12 h incubation.  

4.4.4.2. Mixture of three disperse dyes  

The data revealed that the rate of decolorization of a mixture of three disperse dyes 

such as Disperse 28LN, Golden G4 and Navy was different with different strains of 

bacteria (Fig. 4.4.4.2). Strain N7 was the most effective bacterium to decolorize a mixture 

of three dyes. A decolorization of 46% was observed in case of strain N7 after 2 h while 

the strain N11 showed 42% decolorization. The complete removal of the dyes mixture 

occurred in 20 h incubation in both strains N7 and N11. Strain M8 was capable of 

removing 28% color of the mixture of dyes in 2 h and caused 97% decolorization in 12 h. 

Strain A16 showed 76% decolorization after 12 h and followed a complete disappearance 

of color after 24 h. A16 and B5 strains could not decolorize dyes mixture in first 4 and 6 h 

respectively. However, these strains were able to decolorize 80 and 56% dyes mixture in 

20 h.   

4.4.4.3. Mixture of one disperse and two reactive dyes  

The data regarding the rate of decolorization of a mixture of two reactive dyes 

(Reactive Black-5 and Reactive Ovifix) and one disperse dye (Disperse 28LN) are 

presented in Fig. 4.4.4.3. Like individual dyes, strain N7 was once again the most 



60 

effective bacterium to decolorize a mixture of these three dyes. A rapid decolorization 

(58%) by N7 was observed in first 2 h while complete removal of the dye occurred in 12 h 

incubation. Similarly, strain N11 was capable of removing 53% color of the dye in 2 h and 

caused 100% decolorization in 12 h as observed in case of strain N7. Both strains had 

almost similar rate of decolorization of this mixture of three dyes. The rate of 

decolorization of the mixture of dyes was slow in case of strain M8, A16 and B5 and 

about 53, 42 and 24% decolorization was observed after 2 h, respectively. Strain M8 was 

able to remove 94% color of the dyes mixture in liquid medium in 12 h while 77% color 

removal was achieved by strain A16 in 12 h. Once again, strain B5 was the least effective 

to decolorize the dyes mixture and only 58% color removal was attained in 12 h of 

incubation.   

4.4.4.4. Mixture of one reactive and two disperse dyes  

Five potential strains capable of degrading individual dyes were also able to decolorize a 

mixture of three dyes comprised of Reactive Black-5, Disperse 28LN and Disperse 

Golden G4 in liquid media (Fig. 4.4.4.4). Strains N7 and N11 showed 94 and 91% 

decolorization of the mixture in 12 h, respectively and complete decolorization was 

recorded after 16 h. However, strain M8 caused 91% decolorization after 16 h but was 

able to remove the color of dyes mixture completely in 20 h. Other two strains (A16 and 

B5) showed a lag phase as decolorization started after 2 and 4 h, respectively. Then these 

strains decolorized the mixture of dyes ranging from 27 to 68% and 21 to 46%, in a period 

of 2-20 h and 4-20 h respectively.  
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4.4.4.1. Rate of decolorization of a mixture of three reactive dyes by the selected 

strains of bacteria (LSD = 2.667 at P ≤ 0.05). The data are mean of three replicates. 
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Fig.  4.4.4.2. Rate of decolorization of a mixture of three disperse dyes by the selected 

strains of bacteria LSD = 2.687 at P ≤ 0.05). The data are mean of three replicates. 
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Fig. 4.4.4.3. Rate of decolorization of a mixture of three dyes (two reactive and one 

disperse) in liquid medium by selected strains of bacteria (LSD = 2.198 at P ≤ 0.05). 

The data are mean of three replicates. 
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Fig.  4.4.4.4. Rate of decolorization of a mixture of three dyes (two disperse and one 

reactive) in liquid medium by selected strains of bacteria (LSD = 1.654 at P ≤ 0.05). 

The data are mean of three replicates.  
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Fig.  4.4.4.5. Rate of decolorization of a mixture of four dyes (two disperse and two 

reactive) in liquid medium by selected strains of bacteria (LSD = 2.022 at P ≤ 0.05). 

The data are mean of three replicates.  
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Fig.4.4.4.6. Rate of decolorization of a mixture of six dyes (three disperse and three 

reactive) in liquid medium by selected strains of bacteria (LSD = 2.156 at P ≤ 0.05). 

The data are mean of three replicates. 
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4.4.4.5. Mixture of two reactive and two disperse dyes  

The data regarding the rate of decolorization of a mixture of two reactive dyes 

(Reactive Black-5 and Reactive Ovifix) and two disperse dyes (Disperse 28LN and 

Golden G4) are presented in Fig. 4.4.4.5. Once again, strain N7 was the most effective 

bacterium to decolorize a mixture of two reactive and two disperse dyes. A rapid 

decolorization (40%) by N7 was observed in first 2 h while complete removal of the dyes 

mixture occurred in 16 h incubation. Similarly, strain N11 was capable of removing 37% 

color of the dyes mixture in 2 h and caused 100% decolorization in 20 h. The rate of 

decolorization of the mixture of dyes was much slower in case of strain M8 compared to 

N7 and N11. A lag phase of 2 h was also observed in strain M8. The lag phase prolonged 

to 4 h in strain A16 and B5. The decolorization of the dyes mixture was only 20 and 10% 

after 6 h, respectively.  So these strains (A16 and B5) were the least effective to 

decolorize the dyes mixture and up to 39% and 29% color removal was attained in 20 h of 

incubation.   

4.4.4.6.   Mixture of three reactive and three disperse dyes  

Figure 4.4.4.6 represents the rate of decolorization of six dyes including three dyes from 

reactive group (Reactive Black-5, Reactive Ovifix and Reactive BRS) and three disperse 

dyes (Disperse 28LN, Golden G4 and Navy). The presence of more different types of dyes 

affected the rate of decolorization by bacterial strains and a relatively slower degradation 

was observed in a mixture of six dyes. Complete color removal of the dyes mixture was 

attained in 24 h by two strains N7 and N11. However, up to 98% decolorization occurred 

in 20 h. It was followed by strain M8 which caused 81 and 91% decolorization of the 

mixture in 20 and 24 h, respectively. In case of strain A16, no decolorization occurred in 

first 8 h while a maximum decolorization of 37% was recorded after 24 h. However, strain 

B5 was unable to decolorize the dyes mixture in first 12 h but later a decolorization of 16, 

19 and 25% was observed after 16, 20 and 24 h, respectively. Bioaugmentation potential 

of the selected bacterial strains (N7 and N11) was tested under controlled conditions. For 

this purpose, textile effluents contaminated with dyes were collected and inocula were 

applied to decolorize the dyes present in these effluents. Moreover, these effluents were 
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concentrated by adding some selected dyes and then decolorization by augmenting 

bacterial strains was examined. The results are presented in the following sections. 

4.5. Effect of salt (NaCl) on decolorization of azo dyes by selected bacterial strains 

Salt such as NaCl is also used by textile industry during dyeing process. So effect 

of different concentrations (5 to 60 g L-1) of NaCl was studied on the efficiency of 

selected strains of bacteria to decolorize azo dyes in the liquid medium. The results are 

described in the following subsections.  

4.5.1. Decolorization of Reactive Black-5 by strain N7 at different salinity levels  

The bacterial strain N7 showed rapid decolorization of azo dye Reactive Black-5 

in the liquid medium containing NaCl at concentrations ranging from 5 to 40 g L−1 (Fig. 

4.5.1). At 5 g NaCl L-1, about 69% decolorization was achieved in just 2 h; however, 

complete decolorization of Reactive Black-5 was observed in 6 h. Similarly, complete 

removal of 100 mg dye L-1 was observed in 6 h at salinity level of 10 g L-1. At 20 g NaCl 

L-1, although 100% decolorization was achieved in 8 h but about 99% decolorization was 

recorded after 6 h. At 30 g NaCl L−1, complete decolorization was achieved after 8 h. As 

salt concentration increased up to 40 g L-1, the rate of decolorization decreased for the first 

6 h, however, 100% decolorization was attained after 8 h as obtained at 30 g NaCl L-1. At 

50 g NaCl L-1, maximum decolorization up to 44% was observed after 12 h. The strain N7 

showed a lag phase of 4 h at 60 g NaCl L−1 in decolorization, after which about 19% 

decolorization was observed after 12 h, however, 88.4% decolorization was recorded after 

24 h (data not shown). 

4.5.2. Decolorization of Reactive Black-5 by strain N11 at different salinity levels  

Bacterial strain N11 was also able to decolorize Reactive Black-5 azo dye in the 

liquid medium at different salinity levels (Fig. 4.5.2). Decolorization rate was decreased 

with the increase in salt concentration. At 5 g NaCl L-1, about 68% dye decolorization was 

observed after 2 h incubation while its further incubation up to 6 h completely decolorized 

the Reactive Black-5 azo dye. Similarly under salt concentration of 10 g NaCl L-1, a 

complete decolorization occurred in 6 h incubation. Further increase in salt concentration 
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from 20 to 30 g NaCl L-1 prolonged the decolorization time and complete removal of color 

was observed after 8 h. The 100 % decolorization was observed after 12 h when the 

concentration of the salt was 40 g NaCl L-1. However in case of 50 and 60 g NaCl L-1, 

only 42 and 16 % decolorization of Reactive Black-5, respectively was observed. Overall 

decolorization rate was high in first 2 h of incubation when salt concentration of 50 g 

NaCl L-1 was used but in case of 60 g NaCl L-1, a lag phase of 4 h was observed for 

decolorization.  

4.5.3. Rate of decolorization of Reactive Black-5 and [NaCl]  

An inverse linear relationship was found between the rate of degradation of Reactive 

Black-5 by both the strains N7 and N11 and [NaCl] (Fig. 4.5.3). The rate of degradation 

of Reactive Black-5 was 17 mg h-1 at the salt concentrations of 5 and 10 g NaCl L-1.  The 

results implies that decolorization of the dye was concentration dependent and a linear 

reciprocal relationship (R2=0.96–0.92) was observed between the rate of decolorization 

[V] and concentration of the salt over a range of 5–60 g NaCl L−1. The decolorization 

reaction kinetics with respect to [NaCl] were more linear in the case of strain N7 

(R2=0.96) than N11 (R2=0.92).  

4.5.4. Decolorization of Disperse 28LN by strain N7 at different salinity levels  

Degradation of the Disperse dye 28LN was also studied with strain N7 under 

different salt concentration. In case of this dye, rate of decolorization was slower than that 

observed in case of reactive dyes (Fig. 4.5.4). Complete decolorization of the dye by N7 

was achieved between 8 to 16 h when salt concentration varied between 5-40 g NaCl L-1. 

Maximum time of 16 h was taken for complete decolorization at 40 g NaCl L-1. Whereas 

in case of 50 and 60 g NaCl L-1 maximum decolorization was 35.3 and 16.4% 

respectively, after 16 h incubation. At 5 g NaCl L-1, complete decolorization was observed 

after 8 h while 12 h were taken at 10, 20 and 30 g NaCl L-1 concentration of salt. Almost 

50 % of the Disperse dye 28 LN was degraded in first 2 h of incubation with salt 

concentration ranging from 5 g NaCl L-1 to 30 g NaCl L-1. While at salt concentration of 

60 g NaCl L-1 degradation of the Disperse dye 28 LN started after 8 h incubation. Rate of 

dye degradation was much slower at 60 g NaCl L-1 compared to other salt concentrations.  
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Fig.4.5.1. Decolorization of Reactive Black-5 by bacterial strain N7 at different 

salinity levels (LSD = 1.399 at P ≤ 0.05). The data are mean of three replicates. 
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Fig.4.5.2. Decolorization of Reactive Black-5 by bacterial strain N11 at different 

salinity levels (LSD = 2.048 at P ≤ 0.05). The data are mean of three replicates.  
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Fig.4.5.3. Regression relationship between the rate of decolorization [V] of Reactive 

Black-5 azo dye in mg h-1 and salt concentration [NaCl] in g L-1 (mean of three 

replicates) 
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4.5.5. Decolorization of Disperse 28LN by strain N11 at different salinity levels  

The decolorization efficiency of strain N11 was also tested at different NaCl 

concentrations.The data illustrated in Fig.4.5.5. show that the strain N11 was less efficient 

than N7 in decolorization of the Disperse dye 28 LN dye.  About 46 to 53% dye was 

degraded in 2 h under salt concentration of 5 to 30 g NaCl L−1. At salt concentration of 40 

to 50 g L-1 decolorization of the dye was up to 32% after 2 h incubation. About 99 and 

97% decolorization of dye Disperse 28 LN was attained after 8 h when the salt 

concentration was 5 g NaCl L−1 and 10 g NaCl L−1 respectively. Where as it was 90% with 

the salt concentration of 20 g NaCl L−1. When concentration of the salt increased to 60 g 

NaCl L−1 medium, a lag phase of 8 h was observed in dye degradation and only 11% 

decolorization was achieved at this salt concentration after 16 h.  
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Fig. 4.5.4. Decolorization of Disperse 28LN by bacterial strain N7 at different salinity 

levels (LSD = 1.069 at P ≤ 0.05). The data are mean of three replicates. 
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Fig.4.5.5. Decolorizationof Disperse 28LN by bacterial strain N11 at different salinity 

levels (LSD = 1.581 at P ≤ 0.05). The data are mean of three replicates. 
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4.5.6. Relationship between rate of decolorization of Disperse 28LN and [NaCl]  

The strain N7 was more efficient than the N11 strain to degrade the Disperse dye 

28 LN (Fig. 4.5.6). Maximum rate of decolorization (mg h-1) of the dye was observed at 

salt concentration of 5 to 10 g NaCl L-1. There was a gradual decline in degradation up to 

40 g NaCl L-1. However, a sharp decrease in degradation was noted from 50 to 60 g NaCl 

L-1. Minimum degradation of the Disperse dye was occurred at salt concentration of 60 g 

NaCl L-1. A linear reciprocal relationship (R2 = 0.84-0.86) for N7 and N11 was observed 

between the rate of decolorization [V] and salt concentration. The R2 values revealed 

almost similar behavior of both the strains to remove disperse 28 LN dye under different 

salt concentrations. 

4.5.7. Decolorization of Diazo Black (direct azo dye) by strain N7 at different 

salinity levels  

Figure 4.5.7 shows decolorization of a direct dye by bacterial strain N7 in liquid medium 

at different concentrations of NaCl under static conditions. Fastest decolorization was 

recorded at 5 and 10 g NaCl L-1 salt concentration. At these salt concentrations, 100% 

decolorization was observed after 6 h. However, up to 93 and 91% decolorization was 

noted after 4 h incubation at 5 and 10 g NaCl L-1 respectively. At 20 to 30 g NaCl L-1, 

time required for complete decolorization was 8 h but up to 96 % decolorization was 

found after 6 h of incubation. At 40 g NaCl L-1, a complete decolorization of Diazo Black 

was observed after 12 h. Maximum decolorization of Diazo Black direct dye after 12 h in 

the presence of salt concentrations of 50 and 60 g NaCl L-1 was 38 and 20%, respectively. 

Strain N7 showed a lag phase of 6 h at 60 g NaCl L−1 in decolorization, after which a 

complete decolorization was achieved within 24 h (data not shown). 

4.5.8. Decolorization of Diazo Black (direct azo dye) by strain N11 at different 

salinity levels  

 Diazo Black decolorization was also studied with strain N11 (Fig. 4.5.8). It was found that 

N11 was slightly less effective than the strain N7. At salt concentration of 5 to 10 g NaCl 

L−1, 100 % decolorization of the direct azo dye by N11 was observed after 6 h of 

incubation. But the decolorization rate after 2 h was 69 and 68% respectively, which was 
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less than that caused by N7 under similar conditions. After 4 h, 91% dye decolorization 

was recorded at 5 g NaCl L-1 whereas at 10 g NaCl L−1 it was 89%. While with salt 

concentration of 20 and 30 g NaCl L−1, decolorization was 95 and 91% after 6 h 

respectively, whereas 96% decolorization was observed at 40 g NaCl L−1 salt concentration 

after 8 h incubation. Decolorization was lower at higher salt concentrations i.e. 50 and 60 g 

NaCl L−1 where it was 35 and 18% respectively, after 12 h. A lag phase of 6 h was found 

with the strain N11 at 60 g NaCl L−1 liquid medium.  

4.5.9. Relationship between rate of decolorization of Diazo Black (direct azo dye) and  

[NaCl] 

Regression revealed that decolorization pattern of Diazo Black was almost similar 

for both strains N7 and N11 (Fig. 4.5.9). Maximum decolorization rate (16.3 mg h-1) was 

observed at 5 to 10 g NaCl L-1 salt concentration. There was a gradual decline in 

degradation up to 40 g NaCl L-1. However, a decrease in degradation was noted at 50 to 60 

g NaCl L-1. Minimum degradation of the Diazo Black was occurred at salt concentration of 

60 g NaCl L-1. At 40 g NaCl L-1 salt concentration, decolorization rate was 11 mg h-1 with 

N7 while it was 12.5 mg h-1 with strain N11. At 50 g NaCl L-1 degradation rate was 2.5 and 

2 mg h-1 with strain N7 and N11 respectively. Overall, there was a linear reciprocal 

relationship between the decolorization rate of the direct dye and [salt].  R2 values of 0. 94 

and 0.91 respectively were obtained for N7 and N11 when rate of decolorization was 

regressed against salt concentration.  
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Fig. 4.5.6. Regression relationship between the rate of decolorization [V] of Disperse 

28LN dye in mg h-1 and salt concentration [NaCl] in gm L-1(mean of three replicates) 
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Fig 4.5.7. Decolorization of Diazo Black (direct azo dye) by bacterial strain N7 at 

different salinity levels (LSD = 1.493 at P ≤ 0.05). The data are mean of three 

replicates.  
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Fig. 4.5.8. Decolorization of Diazo Black (direct azo dye) by bacterial strain N11 at 

different salinity levels (LSD = 1.673 at P ≤ 0.05). The data are mean oree replicates.  
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Fig.4.5.9. Regression relationship between the rate of decolorization [V] of Diazo 

Black dye in mg h-1  and salt concentration [NaCl] in g L-1(mean of three replicates) 
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Fig.4.5.9a. Change in color of Direct dye (Diazo Black) by N7 and N11 over the 

period of 24 h. 
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4.6. Decolorization of azo dyes through bioaugmentation with selected strains of    

             bacteria 

 Bioaugmentation potential of the selected bacterial strains (N7 and N11) was 

tested under controlled conditions. For this purpose, textile effluents contaminated with 

dyes were collected and inocula were applied to decolorize the dyes present in these 

effluents. Moreover, these effluents were concentrated by adding some selected dyes and 

then decolorization by augmenting bacterial strains was examined. The resulted are 

presented in the following sections.  

4.6.1. Decolorization of dye-contaminated effluents of Nishat Textile  

The selected bacterial strains N7 and N11 were able to decolorize real dyes present 

in Nashat textile effluents (Fig. 4.6.1). The complete color removal of the dyes in effluents 

occurred after 6 h. After 2 h, about 88% decolorization in the effluent was observed by 

strain N7, however, up to 98% decolorization was observed just after 4 h incubation. In 

case of strain N11, up to 84 and 95% color removal in Nishat textile effluents was 

observed after 2 and 4 h, respectively. This strain was also able to decolorize real dyes in 

effluents in 6 h of incubation. Howver, very little decolorization occurred in case of non-

augmented effluents and a maximum color removal of 18% was obtained after 8 h.  

4.6.2. Decolorization of dye-contaminated effluents of Qadafi Textile  

It is evident from Fig. 4.6.2 that both the strains N7 and N11 were effective to remove 

color of dyes present in effluents of Qadafi Textile. Almost similar trend was observed 

regarding decolorization of these real dyes and strain N7 completely decolorized the dyes 

in effluents after 6 h. In 2 and 4 h, 86 and 97% color was removed by N7, respectively. In 

case of bacterial strain N11, the rate of decolorization was slightly lower than N7 and 83 

and 94% decolorization was recorded after 2 and 4 h, respectively. However like strain 

N7, this strain was also able to decolorize the dyes completely in 6 h. Only 11% 

decolorization could be observed in case of uninoculated textile effluents.    
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Fig.  4.6.1. Decolorization of dye effluents of Nishat Textile Mills through 

bioaugmentation with bacterial strains N7 and N11 (LSD = 1.278 at P ≤ 0.05). The 

data are mean of three replicates. 
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Fig.  4.6.1a. Change in the color of effluents of Nishat , Qazafi and Kohinoor textiles 

through bioaugmentation with bacterial strains N7 and N11 
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Fig. 4.6.2. Decolorization of dye effluents of Qadafi Textile through bioaugmentation 

with bacterial strains N7 and N11 (LSD = 1.209 at P ≤ 0.05). The data are mean of 

three replicates. 
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4.6.3. Decolorization of dye-contaminated effluents of Kohinoor Textile  

The Kohinoor Textile effluents were decolorized in a short time when augmented 

with the selected strains of bacteria (Fig. 4.6.3). Complete decolorization of the dyes in 

effluents by strain N7 was observed only in 4 h. Up to 91% color removal was obtained 

only in 2 h. Strain N11 showed complete decolorization in 6 h but it was able to 

decolorize about 94% dyes in the effluents in 4 h. The rate of decolorization was very 

much slow in case of uninoculated effluents and a decolorization of 6, 9 and 13.5 was 

observed after 2, 4 and 6 h, respectively. 

4.6.4. Decolorization of dye-contaminated effluents of Ashraf Textile  

The rate of decolorization in the effluents of Ashraf Textile was very much similar to that 

Kohinoor Textile effluent. The time required for complete decolorization of the dyes in 

effluents of Ashraf Textile was 4 h in case of bioaugmentation with strain N7 and 6 h with 

strain N11 (Fig. 4.6.4). Up to 15 % decolorization was observed in non-augmented 

effluents.  

4.6.5. Decolorization of dye-contaminated effluents of Arshad and Noor Fatima 

Textile  

It was observed that the bacterial strain N7 caused 100% decolorization of dyes in 

effluents within 4 h while the same target was achieved by N11 in 6 h (Fig. 4.6.5). After 2 

h, up to 84% decolorization was observed upon bioaugmentation. In case of non-

augmented effluents, decolorization was not significant in first 2 h as only 7% color 

removal was observed. After 8 h, about 17% color removal in effluents was recorded in 

case of uninocualted effluent. 

4.6.6. Decolorization of dye-contaminated effluents of Nishat Textile spiked with 

Reactive Black-5 azo dye 

The real textile effluents of Nishat textile were further spiked with 100 mg L-1 of 

Reactive Black-5 azo dye. These concentrated effluents were examined for decolorization 

by using two strains N7 and N11 as bioaugmentation agents. The results showed that 

decolorization by strain N7 was faster and completely decolorized the dyes in effluents in 
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6 h (Fig. 4.6.6). Up to 98% decolorization by N7 was observed only in 4 h. Strain N11 

caused 84, 95 and 100% decolorization of the effluents in 2, 4 and 6 h, respectively. When 

there is no bioaugmentation, the rate of decolorization was 10% in 2 h and 17% in 6 h.   

4.6.7. Decolorization of dye-contaminated effluents of Qadafi Textile spiked with 

Reactive Black-5 azo dye 

 In the case of colored effluents of Qadafi textile amended with Reactive Black-5, 

bacterial strains N7 and N11 decolorized these colorants completely in 6 h (Fig. 4.6.7). In 

case of strain N7, 74% decolorization was achieved in just 2 h while 90% decolorization 

was observed after 4 h. However, decolorization was 87% after 4 h in case of strain N11. 

As observed previously, only up to 15% color removal was attained in 6 h in case of non-

augmented effluents.  

4.6.8. Decolorization of dye-contaminated effluents of Kohinoor Textile spiked with 

Reactive Black-5 azo dye 

It is clear from Fig. 4.6.8 that the strain N7 efficiently decolorized dyes in effluents 

of Kohinoor textile concentrated with Reactive Black-5 and completely removed color in 

just 4 h incubation. After 2 h, 79% decolorization was observed in case of strain N7. 

Strain N11 was able to completely decolorize the same in 6 h, although 95% 

decolorization was achieved in 4 h. When none of the bacterial cells were augmented into 

the colored samples of Kohinoor textile, the rate of decolorization by indigenous 

microorganisms was 13, 17 and 21% after 2, 4 and 6 h, respectively. 

4.6.9. Decolorization of dye-contaminated effluents of Nishat Textile spiked with 

Disperse 28LN dye 

The decolorization rate was comparatively lower than those achieved using the 

reactive dye by the augmentation strategy (Fig. 4.6.9). Strains N7 and N11 could 

decolorize the color in effluents in 8 h. But the rate of decolorization was faster in case of 

strain N7 in early 6 h than N11. The uninoculated control at similar condition showed 

18% decolorization 
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Fig.  4.6.3. Decolorization of dye effluents of Kohinoor Textile through 

bioaugmentation with bacterial strains N7 and N11 ((LSD =1.676 at P ≤ 0.05). The 

data are mean of three replicates. 
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Fig.  4.6.4. Decolorization of dye effluents of Ashraf Textile through bioaugmentation 

with bacterial strains N7 and N11 (LSD = 1.598 at P ≤ 0.05). The data are mean of 

three replicates. 
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Fig. 4.6.5. Decolorization of dye effluents of Arshad and Noor Fatima Textile 

through bioaugmentation with bacterial strains N7 and N11 (LSD = 1.982 at P ≤ 

0.05). The data are mean of three replicates. 
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Fig. 4.6.6. Decolorization of dye-contaminated effluents of Nishat Textile spiked with 

Reactive Black-5 azo dye using bioaugmentation (LSD = 2.077 at P ≤ 0.05). The data 

are mean of three replicates. 

 

   

 



93 

 

 

 

Fig. 4.6.7. Decolorization of dye-contaminated effluents of Qadafi Textile spiked with   

Reactive Black-5 azo dye using bioaugmentationb ((LSD = 2.077 at P ≤ 0.05). The 

data are mean of three replicate. 

 

 

 



94 

 

 

 

Fig.  4.6.7a. Change in the color of the Reactive Black 5 dye contaminated effluents 

of Qadafi Textile through bioaugmentation with bacterial strains N7 and N11 
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4.6.10. Decolorization of dye-contaminated effluents of Qadafi Textile spiked with 

Disperse 28LN dye 

In case of Qadafi textile effluents amended with disperse dye, the rate of decolorization 

was slow and complete decolorization on bioaugmentation was achieved in 12 h (Fig. 

4.6.10). The decolorization rate of the effluents by augmentation of N7 was71, 79, 88 and 

97% after 2, 4, 6 and 8 h. Strain N11 also followed the same pattern but with relative less 

efficiency than the strain N11. However, only up to 18% decolorization was recorded in 

case of uninoculated containing indigenous microflora only.  

4.6.11. Decolorization of dye-contaminated effluents of Kohinoor Textile spiked with 

Disperse 28LN dye 

When the disperse dye was mixed in Kohinoor textile effluents, decolorization by strain 

N7 was 77, 85 and 95% after 2, 4 and 6 h, respectively (Fig. 4.6.11). Complete 

decolorization was achieved in 8 h by the strain N7. Like strain N7, N11 also completely 

decolorized color of the effluents in 8 h. Decolorization caused by indigenous 

microorganisms only was 14% after 8 h.  

4.6.12. Decolorization of dye-contaminated effluents of Nishat Textile spiked with 

direct dye Deazo Black 

In case of Nishat textile effluents amended with direct dye Deazo Black, both 

strains of bacteria when augmented performed better than disperse dyes treated effluent 

and once again were able to decolorize the dyes in effluents in 6 h (Fig. 4.6.12). As 

observed previously, strain N7 showed better performance in initial 4 h and caused up to 

94% decolorization compared to 90% decolorization by strain N11. The uninnoculated 

control containing direct dye showed about 18% decolorization after 6 h.   
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Fig. 4.6.8. Decolorization of dye-contaminated effluents of Kohinoor Textile       

Spiked with Reactive Black-5 azo dye using bioaugmentation ((LSD= 1.614 at P ≤ 

0.05). The data are mean of three replicates. 
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Fig. 4.6.9. Decolorization of dye-contaminated effluents of Nishat Textile spiked with 

Disperse 28LN dye using bioaugmentation ((LSD = 4.267 at P ≤ 0.05). The 

data are mean of three replicates. 
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Fig.  4.6.10. Decolorization of dye-contaminated effluents of Qadafi Textile spiked   

with Disperse 28LN dye using bioaugmentation (LSD =1.216 at P ≤ 0.05). The 

data are mean of three replicates.   
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Fig.  4.6.11. Decolorization of dye-contaminated effluents of Kohinoor Textile with 

Disperse 28LN dye using bioaugmentation ((LSD = 1.179 at P ≤ 0.05). The 

data are mean of three replicates.  
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Fig. 4.6.12. Decolorization of dye-contaminated effluents of Nishat Textile spiked  

                    with direct dye Deazo Black using bioaugmentation(LSD =1.613 at P ≤  

                    0.05). the data are mean of three replicates.   
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4.6.13. Decolorization of dye-contaminated effluents of Qadafi Textile spiked with 

direct dye Deazo Black 

As evident from Fig. 4.6.13 that the same trend for decolorization of Qadafi textile 

effluents spiked with direct dye upon bioaugmentation was observed as shown in Nishat 

textile effluents. After bioaugmentation with strain N7 and N11, complete decolorization 

was observed after 6 h. Similarly, rate of decolorization was almost the same as in case of 

Nishat textile effluents and maximum decolorization after 6 h was about 15% by 

indigenous microorganisms only.   

4.6.14. Decolorization of dye-contaminated effluents of Kohinoor Textile spiked with 

direct dye Deazo Black 

The selected strains N7 and N11 caused 100% decolorization in 6 h on 

bioaugmentation when direct dye was used to spike effluents (Fig. 4.6.14). About 81% 

color removal after 2 h was recorded when strain N7 was used as a bioaugmentation 

agent. In 4 h, 97% decolorization by N7 was achieved, with complete color removal in 6 

h. Similarly, complete color removal in case of strain N11 was observed after 6 h. Only 

16% color removal was observed after 6 h by the indigenous microorganisms. 
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Fig.  4.6.13. Decolorization of dye-contaminated effluents of Qadafi Textile spiked 

with direct dye Deazo Black using bioaugmentation (LSD = 1.082 at P ≤ 

0.05).The data are mean of three replicates. 
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Fig. 4.6.14 Decolorization of dye-contaminated effluents of Kohinoor Textile spiked  

                  with direct dye Deazo Black using bioaugmentation((LSD = 2.196 at P ≤       

                   0.05).  The data are mean of three replicates. 
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4.7. Identification of selected bacterial strains 

 Two effective strains of bacteria such as N7 and N11 were identified by using 16S rRNA 

technique. Strain N7 was identified as Klebsiella oxytoca, 98.2% similarity with previously known 

strain (Fig. 4.7a). Strain N11 was identified as Acinetobacter calcoaceticus, 99.9% similarity with 

previously known strain (Fig. 4.7b). 

Phylogenetic tree (Fig. 4.7a) showed inter-relationship of N7 with closely related species 

of the genera Citrobacter, Enterobacter, Klebsiella, Erwinia and other related genera inferred 

from 16S rRNA sequences. Tree was generated using the Maximum Parsimony method and was 

rooted by using Erwinia tasmaniensis (CU468135) as an out group. Bootstrap values (more than 

50%), expressed as percentage of 1000 replications, are indicated at the nodes. Accession number 

of each type strain is shown in parentheses. 

Phylogenetic tree (Fig. 4.7b) showed inter-relationship of N11 with closely related species 

of the genus Acinetobacter and other related genera inferred from 16S rRNA sequences. Tree was 

generated using the Neighbor-Joining method and was rooted by using Alkanindiges illinoisensis 

(AF513979) as an out group. Bootstrap values (more than 50%), expressed as percentage of 1000 

replications, are indicated at the nodes.  
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 Raoultella ornithinolytica JCM 6096T/AJ251467

 Raoultella terrigena ATCC 33257T/Y17658

 Klebsiella oxytoca JCM 1665T/AB004754

 Yokenella regensburgei GTC 1377T/AB273739 

 Kluyvera cryocrescens ATCC 33435T/AF310218

 Enterobacter aerogenes NCTC 10006T/AJ251468

 Citrobacter freundii DSM 30039T/AJ233408

 Citrobacter braakii CDC 080‐58T/AF025368

 Citrobacter murliniae CDC 2970‐59T/AF025369

 Citrobacter werkmanii CDC 0876‐58T/AF025373

 Enterobacter amnigenus JCM 1237T/AB004749 

 Enterobacter nimipressuralis LMG 10245T/Z96077

 Enterobacter kobei CIP 105566T/AJ508301

 Citrobacter farmeri CDC 2991‐81T/AF025371

 N7

 Citrobacter gillenii CDC 4693‐86T/AF025367

 Buttiauxella izardii DSM 9397T/AJ233404 

 Buttiauxella gaviniae DSM 9393T/AJ233403 

 Buttiauxella noackiae DSM 9401T/AJ233405

Buttiauxella warmboldiae DSM 9404T/AJ233406

 Enterobacter cancerogenus LMG 2693T/Z96078

 Escherichia vulneris ATCC 33821T/AF530476

 Erwinia aphidicola DSM 19347T/AB273744

 Leclercia adecarboxylata GTC 1267T/AB273740

 Enterobacter ludwigii DSM 16688T/AJ853891

 Enterobacter cloacae subsp. dissolvens LMG 2683T/Z96079

 Enterobacter cloacae subsp. cloacae ATCC 13047T/AJ251469

 Klebsiella variicola F2R9T/AJ783916

 Klebsiella pneumoniae subsp. rhinoscleromatis ATCC 13884T/Y17657

 Klebsiella pneumoniae subsp. pneumoniae JCM 1662T/AB004753

 Erwinia tasmaniensis Et1/99T/CU468135

39 
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Fig. 4.7b. Phylogenetic tree showing inter‐relationship of N11 with closely related species of the genera 

 Acinetobacter tandoii 4N13T/AF509830 

 Acinetobacter parvus LUH4616T/AJ293691 

 Acinetobacter tjernbergiae 7N16T/AF509825

 Acinetobacter gyllenbergii 1271T/AJ293694 

 Acinetobacter schindleri LUH5832T/AJ278311 

 Acinetobacter bouvetii 4B02T/AF509827

 Acinetobacter johnsonii DSM 6963T/X81663 

 Acinetobacter haemolyticus DSM 6962T/X81662 

 Acinetobacter beijerinckii 58aT/AJ626712

 Acinetobacter lwoffii DSM 2403T/X81665 

 Acinetobacter brisouii 5YN5‐8T/DQ832256 

 N11

 Acinetobacter calcoaceticus DSM 30006T/X81661 

 Acinetobacter ursingii LUH 3792T/AJ275038

 Acinetobacter bereziniae ATCC 17924T/Z93443 

 Acinetobacter guillouiae ATCC 11171T/X81659

 Acinetobacter junii LMG 998T/AM410704

 Acinetobacter baumannii DSM 30007T/X81660 

 Acinetobacter gerneri 9A01T/AF509829

 Acinetobacter radioresistens DSM 6976T/X81666

 Acinetobacter venetianus RAG‐1T/AJ295007

 Acinetobacter towneri AB1110T/AF509823

 Acinetobacter baylyi B2T/AF509820

 Acinetobacter soli B1T/EU290155

Paraperlucidibaca baekdonensis RL‐2T/GU731671

Perlucidibaca piscinae IMCC1704T/DQ664237

 Moraxella cuniculi CCUG 2154T/AF005188

 Moraxella caviae CCUG 355T/AF005187

 Moraxella lacunata ATCC 17967T/AF005160

 Moraxella catarrhalis ATCC 25238T/U10876

 Moraxella nonliquefaciens NCTC 7784/AF005172

 Alkanindiges illinoisensis MVAB Hex1T/AF513979 
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CHAPTER 5 

DISCUSSION 

The release of colored wastewater into water streams by textile industry represents 

a serious situation for environmental and public health. This wastewater contains 

substantial amounts of azo dyes which are used in huge amounts by textile and dye-stuff 

industries because of their ease in synthesis and being low cost compared to natural dyes. 

This environment related problem becomes more aggravated in the regions (such as 

Faisalabad) where a big number of such industrial units are operating. The wastewater 

released by the textile processing units is being mostly used for irrigation purposes. Thus, 

contaminants are not only having chances to get in the food chain through uptake by the 

agriculture produce but also human beings get exposed directly to the contaminants and 

may suffer from various health problems. This situation warrants the development of a 

cost effective strategy to remove the contaminants from the industrial wastewater to 

minimize the risk of environmental threat. Among the various options, bioremediation has 

been claimed as one of the most economical and environmental friendly strategies to 

remove dye contaminants from wastewater when applied in combination with other 

physico-chemical methods.  

In this study, a series of large number of trials were conducted to isolate and 

identify bacterial strains capable of removing the mixture of dyes from this real industrial 

wastewater. For this purpose, wastewater samples were collected from the outlets of a 

number of textile industrial units and analyzed for color intensity, pH and total soluble 

salts (TSS). Substantial variation in color, pH and TSS were found in different samples 

which may imply that the composition and the quantities of azo dyes in the wastewater of 

textile processing units depend upon the nature of process being going on at that time. So, 

quality of wastewater with respect to the dye and other contaminants could vary 

substantially from time to time. This situation warrants that for microbial removal of azo 

dye contaminants in wastewater, the bioaugmentation could be done with the culture 

which has a wide spectrum ability to degrade various kinds of dyes as well as could 

tolerate the various composition of wastewater.  
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In this study, isolation of bacteria was carried out from dye-contaminated 

wastewater of textile industry by using Reactive Black-5 as the sole source of C and N. 

The results demonstrated that the bacterial strains isolated through enrichment of liquid 

media with this dye were capable of decolorizing Reactive Black-5 azo dye under static 

conditions but with highly variable potential. Out of 240 isolates, only 2 % were able to 

remove >75% color of the azo dye, 60% strains showed 51 to 75% decolorization while 

remaining 38% isolates were less efficient in decolorizing Reactive Black-5 azo dye. 

Various researchers have also reported a highly variable potential of different strains of 

bacteria to decolorize different azo dyes (Blumel and Stolz, 2003; Nakanishi et al., 2001; 

Maier et al., 2004; Chen et al., 2005; Nachiyar and Rajkumar, 2005; Khalid et al, 2008 

a,b).   

On the basis of decolorizing potential, five of the most efficient bacterial isolates 

were selected for subsequent studies and their effectiveness was once again confirmed in 

the liquid medium. It was found that the bacterial strain N7 (Klebsiella oxytoca) was the 

most efficient and completely removed 100 mg L-1 of Reactive Black-5 in 6 h. This may 

imply that certain bacteria can be effectively used for the removal of Reactive Black-5 

from textile industrial effluent. Other researchers have also reported the high potential of 

some bacteria to decolorize test azo dyes (Chen et al., 2011). Since the incubation was 

carried out under the static conditions continuously, it is highly likely that azoreductase 

was the key enzyme which decolorized the Reactive Black-5.  Azoreductase is reported to 

be the key enzyme expressed in azo-dye-degrading bacteria and catalyses the reductive 

cleavage of the azo bond. Azoreductase activity had been identified in several species of 

bacteria, such as Caulobacter subvibrioides strain C7-D, Xenophilus azovorans KF46F, 

Pigmentiphaga kullae K24, Enterobacter agglomerans, Enterococcus faecalis, 

P.aeruginosa, Staphylococcus aureus and Shewanella putrefaciens Pseudomonas luteola, 

Aeromonas hydrophila and P. hauseri), (Mazumder et al., 1999; Blumel et al., 2002; 

Blumel and Stolz, 2003; Moutaouakkil et al,. 2003b; Chen et al., 2004, 2005; Nachiyar 

and Rajkumar , 2005; Khalid et al., 2008a; Hsueh and Chen, 2007, 2008; Hsueh et al. 

2009; Zhang et al., 2010; Chen et al., 2010; Chen et al., 2011.). It has also been reported 

that anaerobic reduction of azo linkages (–N=N–) is considered as the first step in azo dye 

biodegradation, in which colorless aromatic amines are formed. A two-stage anaerobic 
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system (Firmino et al., 2010) and redox mediators (Costa et al., 2010) have been proposed 

to apply for enhancement of anaerobic decolorization. Afterwards, an aerobic process is 

generally followed for further degradation of the intermediates produced in anaerobic 

stage (Panswad et al., 2001). Initial decolorization of azo dyes is known to involve a 

reductive process and is thus facilitated by anaerobic, static culture conditions (Chang and 

Lin 2001; Junnarkar et al. 2006; Kalme et al. 2007). This study also demonstrated that the 

selected bacterial strains were capable of removing the color of azo dyes from liquid 

medium in test tubes, which suggests the accumulation of redox active enzymes or 

biochemical substances that were released into the medium during growth of the bacterial 

cells. This has been observed previously (Isik and Sponza, 2003, 2004). 

It was further noted that the decolorization of Reactive Black-5 was concentration 

dependent and maximum biodecolorization by all the five bacterial strains was observed 

at 100 mg dye L-1 liquid medium when yeast extract was applied at the rate of 0.4% as a 

co-substrate. Decolorization rate of all the five strains reduced when the concentration of 

dyes was either less or more than 100 mg L-1 liquid medium. Relatively low rate of 

decolorization of the dyes at the concentration less than 100 mg L-1 might be due to the 

fact that the enzymatic system involved in this reaction remained unsaturated at this 

substrate level or bacterial growth was not optimum at this level. On the other hand 

decrease in decolorization at high substrate concentration might be due to the toxic effect 

of the dye against the bacterial growth or enzymatic activity responsible for the 

degradation of the dye. Previous investigations have showed that the dye concentration 

does affect the rate of biodegradation of dyes and the optimum dye level could also vary 

from species to species, and in general higher color removal efficiencies have been 

observed at medium dye concentrations (Rajaguru et al., 2000; Kapdan and Oztekin, 

2003; Sponza and Isik, 2005; Khalid et a l., 2008 a, b). Moreover, some azo dyes contain 

one or more sulphonic-acid groups on aromatic rings, which can act as a deterrent to 

inhibit the growth of microorganisms (Chen et al., 2003). Another reason of the toxicity at 

higher concentration could be the presence of heavy metals (metal-complex dyes) and/or 

the presence of non-hydrolyzed reactive groups in case of reactive dyes (Sponza and Isik, 

2005).  
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In this study, different carbon sources including yeast extract, mannitol, maltose 

and glucose were investigated for their impact on the decolorization of Reactive Black-5 

by the selected bacterial culture. Among these, only yeast extract supported the 

biodegradation reaction while mannitol, maltose and glucose suppressed the reaction of 

decolorization by the inocula. This might be due to enhanced enzymatic activity in the 

presence of yeast extract while the other three carbon sources might have negative impact 

on the enzymatic system involved in the reaction. It is also very likely that addition of 

mannitol, maltose and glucose might have switched away inoculum from the target 

substrate (Reactive Black-5). Guo et al. (2008) reported that bacterial strains grew well 

and completely decolorized K-2BP when yeast extract or peptone was present in the 

medium; however, glucose, glycerol, sucrose, lactose and starch resulted in lower rates of 

growth and decolorization of these dyes. Other researchers also have reported the 

maximum decolorization of azo dyes in presence of yeast extract by the bacteria they used 

(Hu, 1998; Moosvi et al., 2005). In literature the effect of glucose on decolorization and 

degradation of azo dyes by bacterial strains is controversial because some scientists 

(Carliell et al., 1998; Ambrosio and Takaki, 2004) reported positive effect of glucose on 

the decolorization while other group of scientists (Chung et al., 1978; Chen et al., 2003) 

had opposite opinion. The negative effect of glucose on anoxic decolorization has been 

attributed either to a decrease in pH due to acid formation, or to catabolic repression 

(Chen et al., 2003). It is also very likely that the positive or negative effect of glucose on 

the decolorization of azo dyes by microbial culture may depend on the concentration of 

glucose used to amend the media. 

Another limiting factor for microbial activities and azo dye decolorization is the 

pH of medium. Optimum pH varies among microbial strains and type of azo dye. 

Generally bacterial strains perform well in alkaline pH while fungal strains prefer acidic 

pH. In our study it was noticed that an increase in pH from 5 to 8 significantly enhanced 

the rate of decolorization. However, decolorization rate was the highest between 7-8 pH. 

Beyond pH 8, a decrease in decolorization by all selected bacterial strains (N7, N11, M8, 

A16 and B5) was observed. The pH 7 was proved to be the best pH for all selected 

isolates and decolorization up to 100% was observed in case of N7 and N11 at this pH. So 

from this study it could be concluded that the neutral pH supported bacterial activity to 
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decolorize Reactive Black-5 in liquid medium. Textile effluent has alkaline pH due to 

substantial presence of salts during dying process. High pH level of textile effluents is one 

of problems in their biological treatment. Therefore tolerance to high pH is important to 

make this technology valuable. Prasad et al. (2011) reported that Bacillus endophyticus 

VITABR13 strain can effectively decolorize azo dyes over a wide range of pH (6-9). 

However, optimum pH for growth and decolorization was found to be 8 because 

maximum decolorization (90%) was recorded at this pH.  It is also likely that pH might 

also have effect the enzymatic activity involved in decolorization of dye, in addition to the 

cellular growth of inocula.  

Incubation temperature is also one of the most important parameters of bio 

treatment of wastewater, as it determines the growth rate of inocula and has the impact on 

specific enzymatic activity. Decolorization of Reactive Black-5 by the selected isolates 

was investigated over a temperature range of 25–45 °C. Increase in temperature from 25 

to 35 °C caused increase in decolorization. Similarly further rise in temperature from 35°C 

to onward had negative effect on decolorization of Reactive Black-5. Decrease in 

decolorization at higher temperature may be due to the thermal deactivation of the enzyme 

responsible for decolorization. It is very likely that all selected isolates were mesophilic 

bacteria because they all showed better decolorization in the temperature range of 25 to 

35°C. Previously, Guo et al. (2008) reported optimum range of temperature of 28 to 35°C 

for the decolorization of dye contaminated by the inocula. The percentage of 

decolorization reached the highest value of 98% at 30°C. Over a range of 20–45°C, the 

specific decolorization rate increased as the temperature rose. The mesophilic range is 

traditionally used (Varel et al., 1980) since it is generally thought that maintaining high 

temperature would be uneconomical, while degradation within the psychrophilic range is 

too slow. Fortunately, a wide range of bacteria degrade organic pollutants efficiently in 

mesophilic range. 

One of the primary objectives of the study was to isolate efficient dye degrading 

bacterial strains, so these two strains (N7 and N11) were screened due to their highest 

decolorization potential among various isolates. These strains might have carried an 

efficient decolorizing enzymatic system of different dyes. So, these strains could achieve 
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complete decolorization in earlier time. Other three selected strains were able to 

decolorize the dye but taking more time (36-48 h).  These two strains N7 and N11 might 

carry efficient decolorizing enzymatic system so reach the higher level earlier in time. N7 

and N11 showed constant behavior for all the dyes this could be very helpful to develop a 

bioremediation strategy where wide variety of industrial use dyes released in to 

wastewater streams. 

     One of the bacterial strains, N7 isolated from Nishat Textile effluents was capable of 

completely decolorizing all the three test dyes (100 mg dye L−1) in just 8-12 h of static 

incubation or a mixture (25 mg L−1 each) of the four dyes (two reactive and two disperse) 

in 20 h as well as mixture of 6 dyes (three reactive and three disperse). Furthermore, this 

bacterium was able to completely decolorize a mixture of two reactive dyes and one 

disperse dye in 16 h,  and of two disperse and one reactive dye within 20 h . This implies 

that the strain N7 carries an efficient broad spectrum enzymatic system for the cleavage of 

azo bonds which caused rapid decolorization of higher concentrations of different azo 

dyes under static conditions. The findings suggest that the strain N7 could potentially be 

useful for the treatment of wastewaters contaminated with a variety of azo dyes. Chemical 

structure of azo dyes also affects their biodegradability by the inocula (Junnarkar et al., 

2006. Ramya et al., 2007; Suzuki et al., 2001; Hsueh and Chen, 2007; 2008; Hsueh et al. 

(2009). The variation in biodegradation could be function of basic skeleton of amino, 

carboxyl, hydroxyl and the sulfo group (Chen et al., 2011). The structure exhibiting the 

strongest electron withdrawing capability are subjected to degrade quickly while azo dyes 

having electron-releasing groups e.g., amino, hydroxyl group are more recalcitrant against 

biodegradation (Chen et al., 2011). In addition, if sulfo or carboxyl group was ortho to azo 

bond, the decolorization rate would significantly decrease compared to the para 

substituent to azo bond (Hsueh and Chen, 2007). Similarly, other researchers have 

reported complete decolorization of AR- 88 (20 mg L−1) in 20 h (Khera et al. 2005), 

Direct Blue-6 (100 mg L−1) in 72 h, DR-81 in 35 h (Junnarkar et al. 2006), RB-5 (200 mg 

L−1) in 24 h (Lucas et al. 2006), 50% decolorization of DO-3 (200 mg L−1) in 120 h (Zhao 

and Hardin 2007), and 90% of Fast Acid Red GR in 12 h (Xu et al. 2005), achieved by 

either pure cultures or consortia.  Decolorization of mixtures of azo dyes as achieved in 

this study with single strains has not been reported in the literature. 
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In addition to azo dye residues, substantial quantities of salts are present in 

wastewater of textile processing and dye-stuff manufacture industries. Various salts are 

added in dye bath to improve dying efficiency. For example, NaNO3/NaCl is added in dye 

bath to improve fixation of dyes on textile fibres while NaSO4
-2 is added for adjustment of 

ionic strength of dye baths. About 40-100 gL-1 NaNO3 is used in textile processing 

(Carliell et al., 1998). Although the selected bacterial isolates had potential for 

bioremediation of dye polluted wastewater, but the use of high concentrations of salt 

during dyeing process in textile industry complicates the management of textile 

wastewater. High amount of salts (up to 10 g L-1 NaCl or Na2SO4) has been detected in 

dye containing wastewater (Salah Uddin et al., 2007). This problem could be resolved by 

using salt-tolerant microorganisms. Many microbial species are able to decolorize some 

azo dyes anaerobically within a certain limit of salts. In our study, it was observed that the 

two bacterial strains N7 and N11 were able to decolorize different dyes in liquid media 

containing NaCl concentrations as high as 60 g L−1, implying that these strains could 

effectively tolerate high salt stress. In general, rate of decolorization was relatively slow at 

high salt concentration. The bacterial isolates N7 and N11 rapidly decolorized dye 

Reactive Black-5 in the medium containing NaCl at concentrations ranging from 5 to 30 g 

L−1 after 8 h. In the case of disperse 28LN dye; decolorization at this concentration was 

achieved after 12 h with N7 and after 16 h with N11. Similarly N7 and N11 showed 

complete decolorization of Direct Deazo Black after 8 and 12 h. It was previously 

reported that salt-tolerant microorganisms could keep high efficiency even under high-salt 

conditions, because they had capacity to produce and accumulate some substances to 

resist exterior pressure (Bremer and Kramer, 2000; Khalid et al., 2008 b). Many microbial 

species are able to decolorize some azo dyes anaerobically within a certain limit of salts 

however most of them are unable to decolorize azo dyes in high salinity conditions. 

Recently, Tan et al. (2009a) reported a salt-tolerant strain Exiguobacterium sp. TL which 

showed ability of decolorizing several azo dyes efficiently under high salt conditions.  

These strains N7 and N11 were more efficient in decolorizing three  selected azo 

dyes (Reactive Black-5, Disperse 28 LN and Direct Deazo Black)  at dye concentration of 

100 mg L−1 and 5–30 g L−1 of NaCl. Above these concentrations, there was a strong 

negative impact of NaCl on the decolorization of the test dye. The inhibition of growth 
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and degradation activity at very high salt concentrations is in agreement with other studies 

showing negative effects of salinity on the growth of bacteria in highly saline wastewaters 

(Karigi and Dincer 1998; Panswad and Anan 1999; Khalid et al., 2008).  

Regressional analysis revealed that the decolorization of the dye was concentration 

dependent and a linear reciprocal relationship was observed between the rate of 

decolorization [V] and concentration of the salt over arrange of 5–60 g NaCl l−1. The 

decolorization reaction regresses with respect to NaCl was more linear in the case of strain 

N7 (R2=0.96) and N11 (R2=0.92)   in case of Reactive Black-5 and Direct Deazo Black, 

(N7, R2=0.94; N11, R2=0.92) than that calculated in the case of Disperse 28 LN (N7, 

R2=0.86; N11, R2=0.84). 

       The selected bacterial cells were also effective for bioaugmentation into real textile 

wastewater. Textile wastewaters with different colors were collected from the wastewater 

outlet and then bioaugmentation potential of two efficient strains was tested. These strains 

have the potential to decolorize the colored water sample of the textile industries and also 

have the ability to decolorize the effluents containing structurally different dyes at the 

variable rates. Colored samples of Nishat textile, Qadafi textile, Kohinoor textile, Ashraf 

textile and Arshad and Noor Fatima textile were subjected to complete decolorization in 

response to bioaugmentation by N7 (Klebsiella oxytoca) and N11 (Acinetobacter 

calcoaceticus) within 4-6 h. These bacterial strains also performed decolorization within 

the same time period after the addition of dye at the rate of 100 mg L-1. It is highly likely 

that effective bacterial cultures may be augmented to enhance azo dye degradation in 

wastewater ponds. The bacterial ability to efficiently utilize the azo dyes as a carbon and 

nitrogen source provides a favorable environment to ensure long-term survival of the 

bacteria in wastewater streams that contain adequate levels of azo dyes to support 

bacterial growth. No such studies have been reported in the literature. 

The present study reports accelerated in vitro decolorization of three structurally 

different azo dyes by the highly efficient bacterial cultures in liquid media. Some strains 

completely decolorized individual dyes in liquid medium in a very short time span of 6 -

12 h in the case of reactive group, 12-20 h in case of disperse dyes and  8 h in the case of 

direct dye. These strains have the potential to decolorize the colored water sample of 
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textile industries and also have the ability to decolorize the effluents by the addition of 

structurally different azo dyes at the variable rates. These bacterial species could be used 

for bioremediation of dye-polluted waters or could be used in bioreactors to treat textile 

effluents.  
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CHAPTER 6 

SUMMARY 

Azo dyes are xenobiotics and bio-recalcitrant contaminants released to the environment 

during processing in textile, food, paper-making, and cosmetic industries, and, thus 

contaminated wastewater needs to be treated before its discharging into surrounding 

environment. This study was undertaken to evaluate the potential of selected bacteria to 

decolorize and remove azo dye contaminants from the wastewater of textile industry. The 

salient findings are summarized below. 

 Wastewater samples were collected from the outlets of various textile industries of 

Faisalabad, Pakistan and analyzed for color intensities, pH, and TSS. There were 

great variations in pH and total soluble salts, and dyes contents in the wastewater 

samples. 

 Two hundered and forty isolates of bacteria were isolated using Reactive Black-5 

azo dye as sole source of C and N, from the collected wastewater samples and 

screened for their potential to decolorize the Reactive Black-5 in liquid medium. 

Out of 240 isolates, five most effective dye decolorizing isolates (N7, N11, A 16, 

M 8, and B 5) were selected for subsequent studies.  

   Dye concentration of 100 mgL-1, 0.4% yeast extract, neutral pH, (7), and 

incubation temperature of 35oC were found optimum conditions for accelerated 

decolorization of Reactive Black 5. Among the selected strain, N7 was found the 

best decolorizer and it was followed by N11.  

 Rate of degradation of different group of azo dyes was determined individually 

and in mixture. Reactive group of azo dyes showed complete removal of color 

with 6-12 h and N 7 was most efficient decolorizer. 

 Disperse group of dyes took 8-20 h for removal of color by the selected bacterial 

isolates. 

 Direct dye showed complete decolorization within 8 h by selected bacteria.  
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  Different combination of reactive and disperse dyes were decolorized at different 

rate with in 12-24 h. 

 As the complexity in structure increases in case of mixed dyes, the rate of 

decolorization reduced. 

 In both cases of individual dye or the mixure of dyes, bacterial strain N7 proved 

the most efficient decolorizer of all group of dyes and N11 was next to it. 

 Bacterial isolate N7 and N11 achieved complete decolorization of Reactive Black 

5 in 8h, of disperse dye in 12-16 h and of Direct dye in 8-12 h at salt (NaCl) 

concentration 5 to 30 gL-1.  

 Regressional analysis revealed that the rate of decolorization [V] mg h-1 and 

salinity level [Salt gL-1] had an inverse linear relationship.  

  N7 and N11were able to decolorize the real color effluents of Nishat and Qadafi 

in 6 h and of Kohinoor. Ashraf and Arshad and Fatima Noor textile in 4-6 h.  

 When Reactive Black 5 (100 mgL-1)  was spiked in real colored effluents of  

Nishat Qadafi  and  Kohinoor textile, once again N7 and N11 achieved complete 

removal of color in 6 h. 

 The real color effluents of Nishat, Qadafi and Kohinoor spiked with of Disperse 

28LN, bacterial isolate (N7 and N11) carried 100% decolorization in 8-12 h by 

N7 and N11. 

 Real color effulents of the textile units (Nishat, Qadafi  and  Kohinoor) spiked    

             with Direct Deazo Black were  also decolorized   in 6 h by N7 and N11.   

   Most effective strains (N7 and N11) were identified by 16S rRNA technique as 

Klebsiella oxytoca (NCCP232) and Acinetobacter calcoaceticus (NCCP233) 

respectively.  
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     CONCLUDING REMARKS AND FUTURE PROSPECTIVE 

The release of azo dyes in wastewater of textile processing units warrants that such 

wastewater must be properly treated before releasing into the environments. One of the 

viable approaches is the removal of the azodyes contaminants through biodegradation. 

Soil microorganisms, particularly bacteria carry a lot of potential to degrade azodyes and 

could be used to develop a biotreatment system (bioreactor) for addressing the problem of 

azo dyes in the wastewater. In this dissertation, for the first time a variety of azo dyes 

individually and in the various combination mixtures were subject to decolorization by the 

selected bacterial strains. Two strains N7 (Klebsiella oxytoca and N 11 (Acinetobacter 

calcoaceticus) showed the highly broad spectrum ability to decolorize the variety of 

azodyes not only self synthesized mixture but also in real wastewaters of different textile 

industries, even in the presence of high amount of salts. This may imply that the use of 

such bacterial isolates in biotreatment (bioreactors) could be highly useful to reduce the 

threat posed by the azo dye contaminants in the wastewater of textile processing industry. 

Intensive future efforts should be focused in utilizing these “dye degrading bugs” for the 

development of biotreatment strategy for textile industrial effluents. 

                  Once the enzymetic system in relavent genes are unambiguously identified and 

characterize, then a enzyme mounted biofertilizers should be developed for use in system 

to remove dyes from the wastewater.Moreover, bacterial cell biomass could be mounted 

on the filters or on the aliginate beads which could also be employed in waste water 

treatment system. Another option could be elimination of contaminants through 

biosorption.Similarly a set up in collaboration with engineers to employ physical, 

chemical and biological strategies simltaneously should be designed to remove the 

contaminants from waste water before its discharge into environments. 

 

 

 



119 

 

LITERATURE CITED 

Abo-Farha, S.  A. 2010. Photocatalytic Degradation of monoazo and diazo dyes in 

wastewater on nanometer-sized TiO2. J. Ame. Sci. 6: 130-142. 

Adedayo, O., S. Javadpour, C. Taylor, W. A. Anderson and M. Moo-Young. 2004. 

Decolourization and detoxification of Methyl Red by aerobic bacteria from a 

wastewater treatment plant. World J. Microbiol. Biotechnol. 20: 545-550. 

Ahmed, I., A. Yokotaand and T. Fujiwara. 2007. A novel highly boron-tolerant bacterium, 

Bacillus boroniphilus sp. nov., isolated from soil that requires boron for its growth. 

Extremophiles. 11: 217–224. 

Alaton, A., I. A. Balcioglu, and D. W. Bahnemann. 2002. Advanced Oxidation of a 

Reactive Dyebath Effluent: Comparison of O3, H2O2/UV-C and TiO2/UV-A 

Processes. Wat. Res. 36: 1143-1154. 

Ali, N., A. Hameed and S. Ahmed. 2008.  Decolorization of structurally different textile 

dyes by Aspergillus niger SA1. World J. Microbiol. Biotechnol. 24: 1067-1072. 

Alinsafi, A., F. Evenou and E. M. Abdulkarim. 2007. Treatment of textile industry 

wastewater by supported photocatalysis. Dyes Pigm. 74: 439-445. 

Ambrosio, S. T. and G. M. C. Takaki. 2004. Decolorization of Reactive Azo dyes by                 

Cunninghamella Elegans UCP 542 under Co-metabolic Conditions. Biores. 

Technol. 91: 69-75.  

Anjaneyulu, Y., N. S. Chary and S. S. D. Raj. 2005. Decolourization of industrial 

effluents-available methods and emerging technologies – a review. Rev. Environ. 

Sci. Biotechnol. 4: 245-273. 

Arslan-Alaton, I. 2007. Degradation of a commercial textile biocide with advanced 

oxidation processes and ozone. J. Environ. Manage. 82: 145-154. 



120 

Asad, S., M. A. Amoozegar, A. A. Pourbabaee, M. N. Sarbolouki and S. M. M. 

Dastgheib. 2007. Decolorization of textile azo dyes by newly isolated halophilic 

and halotolerant bacteria. Bioresour. Technol. 98: 2082-2088. 

Asgher, M., S. A. H. Shah, M. Ali and R. L. Legge. 2006. Decolorization of Some 

Reactive Textile Dyes by White Rot Fungi Isolated in Pakistan. World J. 

Microbiol. Biotechnol. 22: 89-93. 

Asgher, M., N. Sadia and H. N. Bhatti. 2010. Decolorization of Dye-Containing Textile 

Industry Effluents Using Ganoderma Lucidum IBL-05 in Still Cultures.  Wat. 

Environ. Res. 82: 357-361. 

Ayed, L., A. Madhi, A. Cheref and A. Bakhrouf. 2011. Decolorization and degradation of 

azo dye Methyl Red by an isolated Sphingomonas paucimobilis: Biotoxicity and 

metabolites characterization. DES. 40: 1-6. 

Balan, D. S. L., and R. T .R. Monteiro. 2001. Decolorization of textile indigo dye by 

lignolytic fungi. J. Biotechnol. 89: 141-145. 

Banat, I. M., P. Nigam, D. Singh and R. Marchant. 1996. Microbial decolorization of 

textile-dye containing effluents. Bioresour. Technol. 58: 217-227. 

Ben-Mansour, H., R. Mosrati, D. Corroler, K. Ghedira, D. Barillier and L. Chekir. 2009. 

In vitro mutagenicity of Acid Violet 7 and its degradation products by 

Pseudomonas putida mt-2: correlation with chemical structures. Environ. Toxicol. 

Phamacol. 27: 231-236. 

Bhatti, H. N., N. Akram and M. Asgher. 2008. Optimization of Culture Conditions for 

Enhanced Decolorization of Cibacron Red FN-2BL 

by Schizophyllum commune IBL-6. Appl. Biochem. Biotechnol. 149: 255-264.  

Blanquez, P., M. Sarra and T. Vicent. 2008. Development of a continuous process to adapt 

the textile wastewater treatment by fungi to industrial conditions, Process 

Biochem. 43: 1-7. 



121 

Blumel, S. and A. Stolz. 2003. Cloning and characterization of the gene coding for the               

aerobic azoreductase from Pigmentiphaga kullae K24. Appl. Microbiol. 

Biotechnol. 62: 186-190.  

Blumel, S., H. J. Knackmuss and A. Stolz. 2002. Molecular cloning and characterization 

of the gene coding for the aerobic azoreductase from Xenophilus azovorans 

KF46F. Appl. Env. Microbiol. 68:3948-3955.  

Blumel, S., M. Contzen and M. Lutz, 1998. Isolation of a bacterial strain with the ability 

to utilize the sulfonated azo compound 4-carboxy-40- sulfoazobenzene as the sole 

source of carbon and energy. Appl. Microbiol. Biotechnol. 64:2315-2317. 

Boer, C. G., L. Obici, C. G. M. de Souza and R. M. Peralta. 2004. Decolorization of 

synthetic dyes by solid state cultures of Lentinula (Lentinus) edodes producing 

manganese peroxidase as the main ligninolytic enzyme. Bioresour. Technol. 94: 

107-112. 

Bozal, N., M. J. Montes, E. Tudela, F. Jimenez, and J. Guinea. 2002. Shewanella 

frigidimarina and Shewanella livingstonensis sp. nov. isolated from Antarctic 

coastal areas. Int. J. Syst. Evol. Microbiol. 52:195-205. 

Carliell, C. M., S. J. Barcaly, C. Shaw, A. D. Wheatly and C. A. Buckley. 1998. The 

effect of salts used in textile dyeing on microbial decolorization of a reactive azo 

dye. Environ. Technol. 19: 1133-1137. 

Carliell, C. M., S. J. Barclay, N. Naidoo, 1994. Anaerobic decolorisation of reactive dyes 

in conventional sewage treatment processes. Wat. S. A. 20: 341-344. 

Carriere, J., D. Mourato D and D. Jones. 1993. Answers to textile wastewater problems: 

membrane bioreactor systems. In: Proceedings of the international conference and 

exhibition, AATCC Book of Papers, Montreal. 

Chang, J. and T. Kuo. 2000.  Kinetics of bacterial decolorization of azo dye with 

Escherichia coli NO3. Bioresour. Technol. 75:107-111. 



122 

Chang, J. S. and Y. C. Lin. 2001. Decolorization kinetics of recombinant E. coli strain 

harboring azo dye decolorization determinants for Rhodococcus sp. Biotechnol. 

Lett. 23: 631-636. 

Chang, J. S., B. Y. Chen and Y. C. Lin. 2004. Stimulation of bacterial decolorization of an 

azo dye by extracellular metabolites from Escherichia coli strain NO3. Bioresour. 

Technol. 91: 243-248. 

Chang, J. S., C. Chou, S. Y. Chen. 2001. Decolorization of azo dyes with immobilized 

Pseudomonas luteola. Process Biochem. 36: 757-763. 

Chang, J. S., T. S. Kuo, Y. P. Chao, J. Y. Ho and P. J. Lin. 2000. Azo dye decolorization 

with a mutant Escherichia coli strain. Biotechnol. Lett. 22: 807-812. 

Chen B., M. Zhang, C. Chang, Y. Ding, W. Chen and C. Hsueh. 2011. Deciphering azo 

dye decolorization characteristics by indigenous Proteus hauseri: Chemical 

structure. J. Tai. Inst. Chemic. Engin. 42: 327-333.  

Chen, B. Y., M. M. Zhang, C. T. Chang, Y. T. Ding, K. L. Lin, C. S. Chiou, C. C. Hsueh,  

and H. Z. Xu. 2010. Assessment upon azo dye decolorization and bioelectricity 

generation by Proteus hauseri. Bioresour. Technol. 101: 4737-4741.  

Chen, B. Y., S. Y. Chen, M. Y. Lin, J. S. Chang. 2006. Exploring bioaugmentation 

strategies for azodye decolorization using a mixed consortium of Pseudomonas 

luteola and Escherichia coli. Process Biochem. 41: 1574-1581. 

Chen, H. Z., R. F. Wang and C. E. Cerniglia. 2004. Molecular cloning, overexpression,                  

purification, and characterization of an aerobic FMN-dependent azoreductase                     

from Enterococcus faecalis. Protein Expr Purif. 34:302-310. 

Chen, H. Z., S. L. Hopper and C. E. Cerniglia. 2005. Biochemical and molecular                      

characterization of an azoreductase from Staphylococcus aureus, a tetrameric                      

NADPH-dependent flavoprotein. Microbiol. 151: 1433-1441. 

Chen, K. C., J. Y. Wu, D. J. Liou and S. J. Hwang. 2003. Decolorization of textile dyes by 

newly isolated bacterial strains. J. Biotechnol. 101: 57-68. 



123 

Chen, K. C., W. T. Huang, Y. J. Wu and J. Y. Houng. 1999. Microbial decolorization of 

azo dyes by Proteus mirabilis. J. Industr. Microbiol. Biotechnol. 23: 686-690. 

Chung, K. T., G. E. Fulk and M. Egan. 1978. Reduction of Azo dyes by intestinal                      

anaerobes. Appl. Env. Microbiol. 35: 558-562. 

Cooper, P. 1993. Removing color from dyehouse wastewaters – a critical review of 

technology available. J. Soc. Dyers Color. 109: 97-100. 

Costa, M. C., S. Mota, R. F. Nascimento and A. B. dos Santos. 2010. Anthraquinone-2,6-                    

disulfonate (AQDS) as a catalyst to enhance the reductive decolourisation of the 

azo dyes Reactive Red 2 and Congo Red under anaerobic conditions. Bioresource 

Technol. 101: 105-110. 

Dave, S. R. and R. H. Dave. 2009. Isolation and characterization of Bacillus thuringiensis 

for Acid red 119 dye decolourization. Bioresour. Technol. 100: 249-253. 

Deng, D., J. Guo, G. Zeng and G. Sun. 2008. Decolorization of anthraquinone, 

triphenylmethane and azo dyes by a new isolated Bacillus cereus strain DC11. Int. 

Biodeter. Biodegr. 62: 263-269. 

Desai, C., R. Y. Parikh, T. Vaishnav, Y. S. Shouche and D. Madamwar. 2009. Tracking 

the influence of long-term chromium pollution on soil bacterial community 

structures by comparative analysis of 16S rRNA gene phylotypes. Res. Microbiol. 

160: 1-9. 

Ding, X., Z. Luo, L. Xia, B. Gao, Y. Sun and Y. Zhang. 2008. Improving the insecticidal 

activity by expression of a recombinant cry1Ac gene with chitinase-encoding gene 

in acrystalliferousBacillus thuringiensis, Curr. Microbiol. 56: 442-447. 

Diniz, P. E., A. T. Lopes and A. R. Lino. 2002. Anaerobic reduction of a sulfonated azo 

dye Congo Red by sulphate reducing bacteria. Appl. Biochem. Biotechnol. 97: 

147-163. 

Dong, X. L., J. T. Zhou and Y. Liu. 2003. Peptone-induced biodecolorization of reactive 

brilliant blue by Rhodocyclus gelatinosus XL-1. Process Biochem. 39: 89-94. 



124 

dos Santos A. B., F. J. Cervantes and J. B. van Lier. 2007. Review paper on current 

technologies for decolourisation of textile wastewaters perspectives for anaerobic 

biotechnology. Bioresour. Technol. 98: 2369-2385. 

dos Santos, A. B. 2005. Reductive decolourisation of dyes by thermophilic anaerobic 

granular sludge. Ph.D. Thesis. Wageningen University, Wageningen, The 

Netherlands. 

Dubrow, S. F., G. D. Boardman and D. L. Michelsen. 1996. Chemical pretreatment and 

aerobicanaerobic degradation of textile dye wastewater. In: Reife A, H. S Freeman 

(eds) Environmental chemistry of dyes and pigments. Wiley, New York. 

Eichlerova, I., L Homolka and F. Nerud. 2006. Ability of industrial dyes decolorization 

and ligninolytic enzymes production by different Pleurotus species with special 

attention on Pleurotus calyptratus, strain CCBAS 461. Process Biochem. 41: 941-

946. 

Eichlerova, I., L. Homolka, L. Lisa and F. Nerud. 2005. Orange G and Remazol Brilliant 

Blue R decolorization by white rot fungi Dichomitus squalens, Ischnoderma 

resinosum and Pleurotus calyptratus. Chemosphere. 60: 398-404. 

Ekici, P., G. Leupold and H. Parlar. 2001. Degradability of selected azo dye metabolites in 

activated sludge systems. Chemosphere. 44: 721-728. 

Encinas-Yocupicio A. A., E. Razo-Flores, F. Sanchez-Diaz, A. B. dos Santos , J. A. Field 

and F. J. Cervantes. 2006. Catalytic effects of different redox mediators on the 

reductive decolorization of azo dyes. Water Sci. Technol. 54: 165-170. 

EPA, 1997. EPA, Profile of the Textile Industry, Environmental Protection Agency, 

Washington, USA (1997). 

Erkurt, E. A., A. Unyayar and H. Kumbur. 2007. Decolorization of synthetic dyes by 

white rot fungi, involving laccase enzyme in the process. Process Biochem. 42: 

1429-1435. 



125 

Ertugrul, S., N. O. San and G. Dönmez. 2009. Treatment of dye (Remazol Blue) and 

heavy metals using yeast cells with the purpose of managing polluted textile 

wastewaters. Ecol. Eng. 35: 128-134. 

Fan, L., S. Zhu, D. Liu and J. Ni. 2009. Decolorization of 1-amino-4-

bromoanthraquinone-2- sulfonic acid by a newly isolated strain of Sphingomonas 

herbicidovorans. Int. Biodeter. Biodegr. 63: 88-92. 

Felsenstein, J. 2005. PHYLIP (Phylogeny Inference Package) version 3.6. Distributed by 

the author. Department of GenomeSciences, University of Washington, Seattle. 

Firmino, P. I. M., M. E. R. da Silva, F. J. Cervantes and A. B. dos Santos. 2010. Colour  

removal of dyes from synthetic and real textile wastewaters in one- and two stage 

anaerobic systems. Bioresour. Technol. 101: 7773-7779. 

Ganesh, R., G. D. Boardman and D. Michelson. 1994. Fate of azo dyes in sludges. Wat. 

Res. 28: 1367-1376. 

Georgiou, D. and A. Aivasidis. 2006. Decoloration of textile wastewater by means of a 

fluidizedbed loop reactor and immobilized anaerobic bacteria. J. Hazard. Mat. 135: 

372-377. 

Georgiou, D., C. Metallinou, A. Aivasidis, E. Voudrias and K. Gimouhopoulos. 2004. 

Decolorization of azo-reactive dyes and cotton–textile wastewater using anaerobic 

digestion and acetate-consuming bacteria. Biochem. Eng. J. 19: 75-79.  

Ghodake, G., S. Jadhav, V. Dawkar and S. Govindwar. 2009. Biodegradation of diazo dye 

Direct brown MR by Acinetobacter calcoaceticus NCIM 2890. Int. Biodeter. 

Biodegr. 63:433-439. 

Golab, V., A. Vinder and M. Simonic. 2005. Efficiency of the coagulation/flocculation 

method for the treatment of dye bath effluent. Dyes Pigm. 67: 93-97. 

Gottlieb, A., C. Shaw, A. Smith, A. Wheatley and S. Forsythe. 2003. The toxicity of 

textile reactive azo dyes after hydrolysis and decolourisation. J. Biotechnol. 10: 

49-56. 



126 

Greaves, A. J., D. A. S. Phillips and J. A. Taylor. 2006. Correlation between the 

Bioelimination of Anionic Dyes by an Activated Sewage Sludge with Molecular 

Structure. Part 1: Literature Review. J. Soc. Dyers Colour. 115: 363-369. 

Griebler, C., M. Safinowski, A. Vieth, H. H. Richnow and R. U. Meckenstock. 2004. 

Combined application of stable carbon isotope analysis and specific metabolites 

determination for assessing in situ degradation of aromatic hydrocarbons in a tar 

oil contaminated aquifer. Environ. Sci. Technol. 38: 617-631. 

Guo, J. B., J. T. Zhou, D. Wang, C. P. Tian, P. Wang, M. S. Uddin and H. Yu. 2007. 

Biocatalyst effects of immobilized anthraquinone on the anaerobic reduction of 

azo dyes by the salt-tolerant bacteria. Water Research. 41: 426-432. 

Guo, J., J. Zhou, D. Wang, C. Tian, P. M. Wang and S. Uddin. 2008. A novel moderately 

halophilic bacterium for decolorizing azo dye under high salt condition. Biodegr. 

19:15-19. 

Guo, J., J. Zhou, D. Wang, J. Wang, H. Yu and Z. Song. 2005. Decolorization of dye 

wastewater with high salt concentration by the Acclimatized salt-tolerant cultures. 

J. Environ. Sci. 17: 984-988. 

 Guo, J., L. Kang, X. Wang and J. Yang. 2010. Decolorization and Degradation of Azo 

Dyes by Redox Mediator System with Bacteria. In. Kostianoy B. D. A. G. (eds.). 

The handbook of environmental chemistry. Volume 9/2010, 85-

100, DOI: 10.1007/698_2009_46 

Hall, T. A. 1999. BioEdit: a user-friendly biological sequence alignement editor and 

analysis programfor. Nucleic Acids Symp. Series 41: 95-98. 

Hao, O. J., H. Kim and P. C. Chiang. 2000. Decolourization of wastewater. Crit. Rev. 

Environ. Sci. Technol. 30: 449-505. 

Harazono, K., Y. Watanabe and K. Nakamura. 2003. Decolorization of azo dye by the 

white-rot basidiomycete Phanerochaete sordida and by its manganese peroxidase. 

J. Biosc. Bioeng. 95: 455-495. 



127 

Haug, W., A. Schmidt, B. Nortermann, D. C. Hempel, A. Stolz, and H. J. Knackmuss. 

1991. Mineralization of the sulfonated azo dye mordant yellow 3 by a 6-

aminonaphthalene-2-sulfonate-degrading bacterial consortium. Appl. Environ. 

Microbiol. 57: 31-44. 

Heider, J. and G. Fuchs. 1997. Anaerobic metabolism of aromatic compounds. Eur. J. 

Biochem. 243: 577-596. 

Hsueh, C. C. and B. Y. Chen. 2007. Comparative study on reaction selectivity of azo dye 

decolorization by Pseudomonas luteola, J. Hazard. Mat. 141: 842-849. 

Hsueh, C., B. Chen and C. Yen. 2009. Understanding effects of chemical structure on azo 

dye decolorization characteristics by Aeromonas hydrophila. J. Hazardous Mat. 

167: 995-1001. 

Hu, T. L. 1996. Removal of reactive dyes from aqueous solutions by different bacterial 

genera. Wat. Sci. Technol. 34: 89-95. 

Hu, T. L. 1998. Degradation of azo dye RP2B by Pseudomonas luteola. Wat. Sci.Technol. 

38: 299-306.  

 Isik, M. and D. T. Sponza. 2003. Effect of oxygen on decolorization of azo dyes by 

Escherichia coli and Pseudomonas sp. and fate of aromatic amines. Process 

Biochem. 38: 1183-1192. 

Isik, M. and D. T. Sponza. 2004. Decolorization of azo dyes under batch anaerobic and 

sequential anaerobic/aerobic conditions. J. Environ. Sci. Health. 39: 1107-1127. 

Ivanova, E. P., T. Sawabe, N. M. Gorshkova, V. I. Svetashev, V. V. Mikhailov, D. V. 

Nicolau and R. Christen. 2001. Shewanella japonica sp. nov. Int. J. Syst. Evol. 

Microbiol. 51: 1027-1033. 

Jadhav, J. P., D. C. Kalyani, A. A. Telke, S. S. Phugare and S. P. Govindwar.  2010. 

Evaluation of the efficacy of a bacterial consortium for the removal of color, 

reduction of heavy metals, and toxicity from textile dye effluent. Bioresour. 

Technol. 101: 165-173. 



128 

Jadhav, J. P., G. K. Parshetti, S. D. Kalme and S. P. Govindwar. 2007. Decolourization of 

azo dye methyl red by Saccharomyces cerevisiae MTCC-463. Chemosphere. 68: 

394-400. 

Jin, X., G. Liu, Z. Xu and W. Tao. 2007. Decolourisation of a Dye Industry Effluent by 

Aspergillus fumigatus XC6. Appl. Microbiol. Biotechnol. 74: 239-243.  

Joe, M. H., S. Y. Lim, D. H. Kim and I. S. Lee. 2008. Decolorization of reactive dyes by 

Clostridium bifermentans SL186 isolated from contaminated soil. World J. 

Microbiol. Biotechnol. 24: 2221-2226. 

Joshi, T., L. Iyengar, K. Singh and S. Garg. 2008. Isolation, identification and application 

of novel  bacterial consortium TJ-1 for the decolourization of structurally different 

azo dyes. Bioresour. Technol. 99: 7115-7121. 

Junnarkar, N., J. D. Murty, N. S. Bhatt and D. Madamwar. 2006. Decolorization of diazo 

dye Direct Red 81 by a novel bacterial consortium. World J. Microbiol. 

Biotechnol. 22: 163-168. 

Kalme, S. D., G. K. Parshetti, S. U. Jadhav and S. P. Govindwar. 2007. Biodegradation of 

benzidine based dye Direct Blue-6 by Pseudomonas desmolyticum NCIM 2112. 

Bioresour. Technol. 98: 1405-1410. 

 Kalme, S. D., G. K. Parshetti, S. U. Jadhav and S. P. Govindwar. 2007. Biodegradation of 

benzidine based dye Direct Blue-6 by Pseudomonas desmolyticum NCIM 2112. 

Bioresour. Technol. 98: 1405-1410. 

Kalyani, D. C., A. A. Telke, R. S. Dhanve and J. P. Jadhav. 2009. Ecofriendly 

biodegradation and detoxification of Reactive Red 2 textile dye by newly isolated 

Pseudomonas sp. SUK1. J. Hazard Mat. 163: 735-742. 

Kalyani, D. C., P. S. Patil, J. P. Jadhav and S. P. Govindwar. 2008. Biodegradation of 

reactive textile dye Red BLI by an isolated bacterium Pseudomonas sp. SUK1. 

Bioresour. Technol. 99: 4635-4841. 



129 

Kapdan, I. K. and R. Oztekin. 2003. Decolorization of textile dyestuff Reactive Orange 16 

in fed-batch reactor under anaerobic condition. Enz. Microb. Technol. 33: 231-

235. 

 Kapdan, I. K., and S. Alparslan. 2005. Application of anaerobic–aerobic sequential 

system to real textile wastewater for color and COD removal. Enzyme Microb. 

Technol. 36: 273-279. 

Kapdan, I. K., F. Kargi, G. McMullan and R. Marchant. 2000. Decolorization of textile 

dye stuffs by a mixed bacterial consortium. Biotechnol. Lett. 22: 1179-1181. 

Karigi, F. and A. R. Dincer. 1998. Saline wastewater treatment by halophile-supplemented 

activated sludge culture in an aerated rotating biodisc contactor. Enzy. Microb. 

Technol. 122: 427-433. 

Keck, A., J. Rau, T. Reemtsma, R. Mattes, A. Stolz and J. Klein. 2002. Identification of 

quinoide redox mediators that are formed during the degradation of naphthalene-2-

sulfonate by Sphingomonas xenophaga BN6. Appl. Environ. Microbiol. 68: 4341-

4349. 

 Khalid, A., M. Arshad and D. E. Crowley. 2008. Decolorization of azo dyes by 

Shewanella sp. under saline conditions. Appl. Microbiol. Biotechnol. 79: 1053-

1059. 

Khalid, A., M. Arshad and D. E. Crowley. 2009. Biodegradation potential of pure and 

mixed bacterial cultures for removal of 4-nitroaniline from textile dye wastewater. 

Wat. Res. 43: 1110-1116. 

Khalid, A., M. Arshad, D. E. Crowley. 2008.  Accelerated decolorization of structurally 

different azo dyes by newly isolated bacterial strains. Appl. Microbiol. Biotechnol. 

78: 361-369. 

Khan, S. A. M. Hamayun, A. L. Khan, B. Ahmad, S. Ahmed and I. Lee. 2009. Influence 

of pH, temperature and glucose on biodegradation of 4-aminophenol by a novel 

bacterial strain, Pseudomonas sp. ST-4. Afr. J. Biotechnol. 8: 3827-3831. 



130 

 Khehra, M. S., H. S. Saini, D. K. Sharma, B. S. Chadha and S. S. Chimni. 2005. 

Decolorization of various azo dyes by bacterial consortia. Dyes Pigm. 67: 55-61. 

Kim, S. Y., J. Y. An and B. W. Kim. 2008. The effects of reductant and carbon source on 

the microbial decolorization of azo dyes in an anaerobic sludge process. Dye 

Pigm. 76: 256-263. 

Kodam, K. M., I. Soojhawon, P. D. Lokhande and K. R. Gawai. 2005. Microbial 

Decolorization of Reactive Azo Dyes under Aerobic Conditions. World J. 

Microbiol. Biotechnol. 21: 367-370. 

Kolekar, Y. M., S. P. Pawar, K. R. Gawai, P. D. Lokhande, Y. S. Shouche and K. M. 

Kodam. 2008. decolorization and degradation of Disperse Blue 79 and Acid 

Orange 10, by Bacillus fusiformis KMK5 isolated from the textile dye 

contaminated soil. Bioresour. Technol. 99: 8999-9003. 

Kudlich, M., A. Keck, J. Klein and A. Stolz. 1997. Localization of the enzyme system 

involved in anaerobic reduction of azo dyes by Sphingomonas sp. strain BN6 and 

effect of artificial redox mediators on the rate of azo dye reduction. Appl. Env. 

Microbiol. 63: 3691-3694. 

Kumar, K., M. G. Dastidar and T. R. Sreekrishnan. 2009. Effect of Process Parameters on 

Aerobic Decolourization of Reactive Azo Dye using Mixed Culture. World Acad. 

Sci., Engin. Technol.. 58: 962-965. 

Kumar, K., S. S. Devi and K. Krishnamurthi. 2006. Decolorisation, biodegradation and 

detoxification of benzidine based azo dye. Bioresour. Technol. 97: 407-413. 

Lin, J., X. Zhang, Z. Li and L. Lei. 2010. Biodegradation of Reactive blue 13 in a two-

stage anaerobic/aerobic fluidized beds system with a Pseudomonas sp. isolate. 

Bioresour. Technol. 110: 34-40. 

Liu, G., J. Zhou, J. Wang, Z. Song and Y. Qv, 2006. Bacterial decolorization of azo dyes 

by Rhodopseudomonas palustris, World J. Microbiol. Biotechnol. 22: 1069-1074.  



131 

Mabrouk M. E. M and H. Y. Yousef. 2008. Decolorization of Fast Red by Bacillus 

subtilis HM. J. Appl. Sci. Res. 4: 262-268. 

Machado, K. M. G., L. C. A. Compart, R. O. Morais, L. H. Rosa and M. H. Santos. 2006.  

Biodegradation of reactive textile dyes by basidomycetous fungi from Brazilian 

ecosystems. Braz. J. Microbiol. 37:  481-487.  

Maier, J., A. Kandelbauer, A. Erlacher, A. Cavaco-Paulo and G. M. Gubitz. 2004. A new                

alkalithermostable azo reductase from Bacillus sp. Strain SF. Appl. Env. 

Microbiol. 70: 837- 844. 

Manu, B and S. Chauhari. 2003. Decolorization of indigo and azo dyes in semicontinuous 

reactors with long hydraulic retention time. Process. Biochem. 38: 1213-1221. 

Mazumder, R., J. R. Logan, A. T. Mikell and S. W. Hooper. 1999. Characteristics and                    

purification of an oxygen insensitive azoreductase from Caulobacter subvibrioides 

strain C7-D. J. Indus. Microbiol. Biotechnol. 23: 476-483. 

McMullan, G., C. Meehan, A. Conneely, N. Kirby, T. Robinson, P. Nigam, I. M. Banat, 

R. Marchant and W. F. Smyth. 2001. Microbial decolourisation and degradation of 

textile dyes. Appl. Microbiol. Biotechnol. 56: 81-87. 

Melgoza, R. M., A. Cruz and G. Buitron. 2004. Anaerobic/Aerobic Treatment of 

Colorants Present in Textile Effluents. Water Sci. Technol. 50: 149-155. 

Mohan, S. V., S. V. Ramanajah and P. N. Sarma. 2008. Biosorption of direct azo dye from 

aqueous phase onto Spirogyra sp. IO2: evaluation of kinetics and mechanistic 

aspects. Biochem. Eng. J. 38: 61-69. 

Mohanty, S., N. Dafale and N. Rao. 2006. Microbial decolorization of reactive black-5 in 

a two-stage anaerobic–aerobic reactor using acclimatized activated textile 

sludge. Biodegradation. 17: 403-413. 

Moosvi, S., H. Keharia and D. Madamawar. 2005. Decolorization of textile dye Reactive 

Violet 5 by a newly isolated bacterial consortium RVM11.1. World J. Microbiol. 

Biotechnol. 21: 667-672. 



132 

Moosvi, S., H. Keharia, D. Madamawar. 2005. Decolorization of textile dye reactive 

violet by a newly isolated bacterial consortium. RVM 11.1. World J. Microbiol. 

Biotechnol. 21: 667-672. 

 Moosvi, S., X. Kher and D. Madamwar. 2007. Isolation, characterization and 

decolorization of textile dyes by a mixed bacterial consortium JW-2. Dyes Pigm. 

74: 723-729. 

Morawski, B., Z. Lin, P. Cirino, H. Joo, G. Bandara and F. H. Arnold. 2000. Functional 

expression of horseradish peroxidase in Saccharomyces cerevisiae and Pichia 

pastoris. Protein Eng. 13: 377-384. 

Moutaouakkil, A., Y. Zeroual, F. Z. Dzayri, M. Talbi, K. Lee and M. Blaghen. 2003.               

Purification and partial characterization of azoreductase from Enterobacer 

agglomerans. Arch. Biochem. Biophys. 413: 139-146. 

Myslak, Z. W. and H. M. Bolt. 1998. Occupational exposure to azo dyes and risk of 

bladder cancer. Zbl.  Arbeitsmed. 38: 310-321. 

Nachiyar, C. V and G. S. Rajkumar. 2004. Mechanism of navitan fast blue S5R 

degradation by pseudomonas aeruginosa. Chemosphere. 57: 165-169. 

Nachiyar, C. V. and G. S. Rajkumar. 2005. Purification and characterization of an Oxygen 

insensitive azoreductase from Pseudomonas aeruginosa. Enz. Microb. Technol. 

36: 503-509. 

Nachiyar, C.V. and G. S. Rajkumar. 2003. Degradation of tannery and textile dye, Navitan 

Fast Blue S5R by Pseudomonas aeruginosa. World J. Microbiol. Biotechnol. 19: 

609-614. 

Nilsson, I., A. Miller, B. Mattiasson, M. S. T. Rubindamayugi and U. Welander. 2006. 

Decolorization of synthetic and real textile wastewater by the use of white-rot 

fungi. Enzyme Microbial. Technol. 38: 94-100. 



133 

Nosheen, S., R. Nawaz, M. Arshad and A. Jamil. 2010. Accelerated Biodecolorization of 

Reactive Dyes with Added Nitrogen and Carbon Sources. Int. J. Agri. Biol. 12: 

426-430. 

O’Neill, C., F. R. Hawks and D. L. Hawks. 1999. Colour in textile effluents-sources, 

measurement, discharge consents and simulation: a review. J. Chem. Technol. 

Biotechnol. 74: 1009-1018. 

Ollgaard, H., L. Frost, J. Galster and O. C. Hensen. 1999. Survey of Azocolorants on 

Denmark: Milgoproject 509. Danish Environmental Protection Agency. 

 Oxspring, D. A., G. McMullan, W. F. Smyth and R. Marchant. 1996. Decolorization and 

metabolism of the reactive textile dye Remazol-Black-B by an immobilized 

microbial consortium. Biotechnol. Lett. 18: 527-530. 

Ozturk, A and M. I. Abdullah. 2006.  Toxicological effect of indole and its azo dye 

derivatives on some microorganisms under aerobic conditions. Sci. Total Environ. 

358: 137-42. 

Pandey, A., P. Singh and L. Iyengar. 2007. Bacterial decolorization and degradation of 

azo dyes. Int. Biodeter. Biodegr. 59: 73-84. 

Pandey, A., P. Singh, and L. Iyengar. 2007. Bacterial decolourisation and degradation of 

azo dyes. Int. Biodeterior. Biodegrad. 59: 73-84. 

Panswad, T and C. Anan. 1999. Impact of high chloride wastewater on an 

anaerobic/anoxic/ aerobic process with and without inoculation of chloride 

acclimated seeds. Wat. Res. 33: 1165-1172. 

Panswad, T, and C. Anan. 1999. Impact of high chloride wastewater on an 

anaerobic/anoxic/aerobic rocess with and without inoculation of chloride 

acclimated seeds. Wat. Res. 33: 1165-1172  

Panswad, T., K Iamsamer, and J Anotai. 2001. Decolorization of azo-reactive dye by                     

polyphosphate- and glycogen-accumulating organisms in an anaerobic- aerobic 

sequencing batch reactor. Bioresource. Technol.76: 151-159. 



134 

Parshetti, G., S. Kalme, G. Saratale and S. Govindwar. 2006. Biodegradation of Malachite 

Green by Kocuria rosea MTCC 1532.  Acta Chim. Slov. 53: 492-498. 

Pearce, C. I., J. R. Lloyd and J. T. Guthrie. 2003. The removal of colour from textile 

wastewater using whole bacterial cells: a review. Dyes Pigm. 58: 179-196. 

Pearce, C. I., R. Christie, C. Boothman, H. Von Canstein, J. T. Guthrie and J. R. Lloyd. 

2006. Reactive azo dye reduction by Shewanella strain J18 143. Biotechnol. 

Bioeng. 95: 692-703. 

Peyton, B. M., T. Wilson and D. R. Yonge. 2002. Kinetics of phenol biodegradation in 

high salt solutions. Water Res. 36: 4811-4820. 

Pourbabaee, A. A., F. Malekzadeh, M. N. Sarbolouki and F. Najafi. 2006. Aerobic 

decolorization and detoxification of a disperse dye in textile effluent by a new 

isolate of Bacillus sp. J. Biotechnol. Bioeng. 93: 631-635. 

Prasad, A.  K. Venkata and B. Rao .2011.  Pysico chemical analysis of textile effluent and 

decolorization of textile azo dyes by Bacillus endophyticus strain VITABR 13. 

IIOAB J. 2: 55-62. 

 Rafii, F. and C. E. Cerniglia. 1995. Reduction of azo dyes and nitroaromatic compounds 

by bacterial enzymes from the human intestinal tract. Env. Health Persp. 103: 17-

19. 

Rajaguru, P., K. Kalaiselvi, M. Palanivel and V. Subburam. 2000. Biodegradation of azo                     

dyes in a sequential anaerobic–aerobic system. Appl. Microbiol. Biotechnol. 54: 

268-273. 

Rajaguru, P., K. Kalaiselvi, M. Palanivel and V. Subburam. 2000. Biodegradation of azo                     

dyes in a sequential anaerobic–aerobic system. Appl. Microbiol. Biotechnol. 54: 

268-273. 

Ramalho, P. A., M. H. Cardoso, A. Cavaco-Paulo and M. T. Ramalho. 2004. 

Characterization of azo reduction activity in a novel ascomycete yeast strain. 

 Appl.  Environ.  Microbiol. 70: 2279-2288.  



135 

Rao, N. N., G. Bose, P. Khare and S. N. Kaul. 2006. Fenton and electro-Fenton methods 

for oxidation of H-acid and Reactive Black 5. J. Environ. Eng. 132: 367-376. 

Resmi, S. and T. Abraham. 2004. Bioremediation of textile azo dyes by aerobic bacterial 

consortium. Biodegradation 15: 275-280. 

Revankar, M. S. and S. S. Lele. 2007. Synthetic dye decolourization by white rot fungus, 

Ganoderma sp. WR-1. Bioresour. Technol. 98: 775-780. 

Robinson, I. M., G. Mcmullan and P. Nigam. 2001. Remediation of dyes in textile 

effluent: a critical review on current treatment technologies. Bioresour. Technol. 

77: 247-255. 

Sandhya, S., S. Padmavathy, K. Swaminathan, Y. V. Subrahmanyam and S. N. Kaul. 

2005. Microaerophilic–aerobic sequential batch reactor for treatment of azo dyes 

containing simulated wastewater. Process Biochem. 40: 885-890. 

Sani, R. K. and U. C. Banerjee. 2009. Decolorization of triphenylmethane dyes and textile 

and dye-stuff effluent by Kurthia sp. Enzy. Microb. Technol. 24: 433-437. 

Saraswathi, K. and S. Balakumar. 2009. Biodecolourization of azodye (pigmented red 

208) Bacillus firmus AND Bacillus laterosporus. J. Biosci. Tech. 1: 1-7. 

Saratale, R. G., G. D. Saratale, J. S. Chang and S. P. Govindwar. 2009. Decolorization and 

biodegradation of textile dye Navy blue HER by Trichosporon beigelii NCIM-

3326. J. Hazard. Mat. 166: 1421-1428.  

Saxe, J. P., B. L. Lubenow, P. C. Chiu, C. P. Huang and D. K. Cha. 2006. Enhanced 

biodegradation of azo dyes using an integrated elemental iron-activated sludge 

system: I, Evaluation of system performance. Water Environ. Res. 78: 19-25. 

Selvam, K., K. Swaminathan and K. S. Chae. 2003. Microbial decolorization of azo dyes 

and dye industry effluent by Fomes lividus. World J. Microbiol. Biotechnol. 19: 

591-593. 



136 

Senan, R. C., and T. E. Abraham. 2004. Bioremediation of textile azo dyes by aerobic 

bacterial consortium. Biodegradation. 15: 275-280. 

Shaffiqu, T. S., J. J. Roy, R. A. Nair and T. E. Abraham. 2002. Degradation of textile dyes 

mediated by plant peroxidases. Appl. Biochem. Biotechnol. 102-103: 315-326. 

Shotland, Y., L. Bielenki, C. Dlugy, D. Tavor, and A. Wolfson. 2009. Decolorization of 

the azo dye Methyl Red in high salinity environment. Ann. Meet. Exhib. p. 71. 

Silveira, E., P. P. Marques and S. S. Silva. 2009. Selection of Pseudomonas for industrial 

textile dyes decolourization. Int. Biodeter. Biodegr. 63: 230-235. 

Souza, S. M. de A. G. U. de, K. A. S. Bonilla and A.  A. U. de Souza. 2010. Removal of 

COD and color from hydrolyzed textile azo dye by combined ozonation and 

biological treatment. J. Hazard. Mat. 179: 35-42. 

Sponza, D.T., Is-ik, M., 2005. Reactor performances and fate of aromatic amines through 

decolorization of Direct Black 38 dye under anaerobic/aerobic sequentials. Process 

Biochem. 40 (1), 35–44. 

Stolz, A. 2001. Basic and applied aspects in the microbial degradation of azo dyes. Appl. 

Microbiol. Biotechnol. 56: 69-80 

Supaka, N. K. Juntongjin, S. Damronglerd, M. L. Delia and P. Strehaiano. 2004. 

Microbial decolorization of reactive azo dyes in a sequential anaerobic–aerobic 

system. J. Chem. Eng. 99: 169-176. 

Suzuki, T., S. Timofei, L. Kurunczi, U. Dietze and G. Schüürmann. 2000. Correlation of 

aerobic biodegradability of sulfonated azodyes with chemical 

structure. Chemosphere. 45: 1-9.  

Tamboli, D. P., S. S. Gomare, S. S. Kalme, U. U. Jadhav and S. P. Govindwar. 2010. 

Degradation of Orange 3R, mixture of dyes and textile effluent and production of 

polyhydroxyalkanoates from biomass obtained after degradation. Int. Biodeterior. 

Biodeg. 64: 755-763. 



137 

Tamura, K., J. Dudley, M. Nei andS. Kumar. 2007. MEGA4: Molecular Evolutionary 

Genetics Analysis (MEGA) software version 4.0. Mol. BioL. Evolu. 24: 1596-

1599. 

Tan, N. C. G. 2000. Integrated and sequential anaerobic-aerobic biodegradation of azo 

dyes. Ph.D. Thesis, Agri-technology and Food Sciences, Sub-department of 

environmental technology, Wageningen University, Wageningen, The 

Netherlands. 

Tan, N. C. G., A. Borger, P. Slender, A. V. Svitelskaya, G. Lettinga and J. A. Field. 2000. 

Degradation of azo dye Mordant Yellow 10 in a sequential anaerobic and 

bioaugmented aerobic bioreactor. Wat. Sci. Technol. 42: 337-344. 

Tan, N. C. G., F. X. Prenafeta-Boldú, J. Opsteeg, G. Lettinga and J. A. Field. 1999. 

Biodegradation of azo dyes in cocultures of anaerobic granular sludge with aerobic 

aromatic amine degrading enrichment cultures. Appl. Microbiol. Biotechnol. 51: 

65-871.  

Tan, L., Y. Qu, J. Zhou, A. Li and M. Gou. 2009. Identification and characteristics of a 

novel salt-tolerant Exiguobacterium sp. for azo dyes decolorization. Appl. 

Biochem. Biotechnol. 159: 728-738. 

Telke, A. A., S. M. Joshi, S. U. Jadhav, D. P. Tamboli and S. P. Govindwar. 2010. 

Decolorization and detoxification of Congo red and textile industry effluent by an 

isolated bacterium Pseudomonas sp. SU-EBT. Earth Environ. Sci. 21: 283-296. 

Thompson, J. D., T. J. Gibson, F. Plewniak, F. Jeanmougin and D. G. Higgins. 1997. The 

CLUSTAL X windows interface: flexiblestrategies for multiple sequence 

alignment aided by quality analysis tools. Nucleic Acids Res. 24: 4876-4882. 

Tony, B. D., D. Goyal and S. Khanna. 2009. Decolorization of Textile Azo Dyes by 

Aerobic Bacterial Consortium. Int. Biodeter. Biodegr. 63: 462.-469. 



138 

Tony, B. D., D. Goyal and S. Khanna. 2009. Decolorization of textile azo dyes by 

aerobic bacterialconsortium. Int.Biodeterioration Biodeg. 63: 62-469.  

 

Uddin, M. S., J. Zhou, Y. Qu, J. Guo, P. Wang and L. Zhao. 2007. Biodecolorization of 

azo dye Acid Red B under high salinity condition. Bull. Environ. Contam. 

Toxicol. 79: 440-444. 

Umbuzeiro, G.A., H. S. Freeman, S. H. Warren, D. P. Oliveira, Y. Terao, T. Watanabe 

and L. D. Claxton. 2005. The contribution of azo dyes in the mutagenic activity of 

the Cristais river. Chemosphere. 60: 55-64. 

Unyayar, A., M. A. Mazmanci, H. Atacag, E. A. Erkurt and G. Coral. 2005. A Drimaren 

Blue X3LR dye decolorizing enzyme from Funalia trogii one step isolation and 

identification. Enzyme Microb. Technol. 36: 10-16. 

van der Wal, A.,  W. Norde, A. J. B. Zehnder and J. Lyklema.  Determination of the total 

charge in the cell walls of gram-positive bacteria. Colloids Surf. B. 

Biointerfaces. 9: 81–100 

van der Zee F. P. and S. Villaverde. 2005. Combined anaerobic aerobic treatment of azo 

dyes a short review of bioreactor studies. Wat. Res. 39:1425–1440. 

Van der Zee, F. P., R. H. M. Bouwman, D. P. B. T. B. Strik, G. Lettinga and J. A. Field. 

2001. Application of redox mediators to accelerate the transformation of reactive 

azo dyes in anaerobic bioreactors. Biotechnol. Bioeng. 75: 691-701.  

Vandevivere, P. C., R. Bianchi and W. Verstraete. 1998. Review: treatment and reuse of 

wastewater from the textile wet-processing industry: review of emerging 

technologies. J. Chem. Technol. Biotechnol. 72: 289-302. 

Varel, V. H., A. G. Hashimoto and Y. R. Chen. 1980. Effect of temperature and retention                       

time on methane production from beef cattle waste. Appl. and Env. Microbiol. 40: 

217–222. 



139 

Verma, P and D. Madamwar. 2003. Decolourization of synthetic dyes by a newly isolated 

strain of Serratia marcescens. World J. Microbiol. Biotechnol. 19: 615-618. 

Verma, P. and D. Madamwar. 2005. Decolorization of azo dyes using Basidiomycete 

strain PV 002. World J. Microbiol. Biotechnol. 21: 481-485. 

Wang, A., J. Qu, H. Liu and J Ge. 2004. Degradation of azo dye Acid Red 14 in aqueous 

solution by electrokinetic and electooxidation process. Chemosphere. 55: 1189-

1196. 

Wang, H., J. Q. Su and W. X. Zheng. 2009. Bacterial decolourization and degradation of 

the reactive dye reactive red 180 by Citrobacter sp. CK3. Int. J. Biodeter. Biodegr. 

63: 395-399. 

Wang, H., J. Q. Su and X. W. Zheng. 2009. Bacterial decolourization and degradation of 

the reactive dye reactive red 180 by Citrobacter sp. CK3. Int. J. Biodeter. Biodegr. 

63: 395-399. 

Wang, X., X. Cheng, D. Sun and Q. Hong. 2008. Biodecolorization and partial 

mineralization of Reactive black 5 by a strain of Rhodopseudomonas palustris. J. 

Env. Sci. 20: 1218-1225. 

Wesenberg. D., I. Kyriakides and N. Agathos. 2003. White-rot fungi and their enzymes 

for the treatment of industrial dye effluents. Biotechnol. Adv. 22: 161-187. 

Willmott, N., J. Guthrie and G. Nelson. 1998. The biotechnology approach to color 

removal from textile effluent. J. Soc. Dye Colour. 114: 38-41. 

Wong, P. K., P. Y. Yuen. 1996. Decolorization and biodegradation of methyl red by 

Klebsiella pneumoniae RS-13. Wat. Res. 30: 1736-1744. 

Wu, J., K. S. Kim, N. C. Sung, C. H. Kim and Y. C. Lee. 2009. Isolation and 

characterization ofShewanella oneidensis WL-7 capable of decolorizing azo dye 

Reactive Black 5. J. Gen. Appl. Microbiol. 55: 51-55. 



140 

Xiao, X., P. Wang, X. Zeng, D. H. Bartlett, F. Wang. 2007. Shewanella psychrophila sp. 

nov. and Shewanella piezotolerans sp. nov., isolated from west Pacific deep-sea 

sediment. Int. J. Syst. Evol. Microbiol. 57: 60–65. 

Xingzu, W., C. Xiang, S. Dezhi and Q Hong. 2008. Biodecolorization and partial 

mineralization of Reactive Black 5 by a strain of Rhodopseudomonas palustris. J. 

Environ. Sci. 20: 1218-1225. 

Xu M, J. Guo, Y. Cen, X. Zhong, W. Cao and G. Sun. 2005. Shewanella decolorationis sp. 

nov., a dye-decolorizing bacterium isolated from activated sludge of a wastewater 

treatment plant. Int .J. Syst. Evol. Microbiol. 55: 363-368. 

Xu, M. Y., J. Guo and G. P. Sun. 2007. Biodegradation of textile azo dye by Shewanella 

decoloration S12 under microaerophilic conditions. Appl. Microbiol. Biotechnol. 

76: 719-726. 

Yang S. H , J. H. Lee, J. S. Ryu, C. Kato, S. J. Kim. 2007. Shewanella donghaensis sp. 

nov., a psychrophilic, piezosensitive bacterium producing high levels of 

polyunsaturated fatty acid, isolated from deep-sea sediments. Int. J. Syst. Evol. 

Microbiol. 57: 208-212. 

Yang, X. B. Lu, J. Chen and R. Sun. 2009. Treatment of wastewater containing azo dye 

reactive brilliant red X-3B using sequential ozonation and upflow biological 

aerated filter process, J. Hazard. Mat. 161: 241–245. 

Yatman, H. C., A. Akyol and M. Bayramoglu. 2004. Kinetics of photocatalytic 

decolorization of an azo reactive dye in aqueous ZnO suspensions. Ind. Eng. 

Chem. Res. 43: 6035–6039. 

Yoo, E. S., J. Libra and U. Wiesmannn. 2000. Reduction of azo dyes by Desulfovibrio 

desulfuricans. Water Sci Technol 41:15–22. 

Yu-yu, W., Z. Chun-xiao, G. U. O. Jian-bo1,Y. Jing-liang, L. Jing, K. Li1,W. Xiao-lei 

andY. Qian-qian. 2010. Characteristic study on azo dyes degradation by salt-

tolerant genetically engineered bacteria. J. Hebei Uni. Sci. Technol.25: 21-29 



141 

Zhang, M. M., W. M. Chen, B. Y. Chen, C. T. Chang, C. C. Hsueh, Y. T. Ding, K. L.  

Lin, and H.Z. Xu. 2010. Comparative study on characteristics of azo dye 

decolorization by Indigenous Decolorizers. Bioresour. Technol. 101: 2651-2656.  

Zhao X. and I. R. Hardin. 2007. HPLC and spectrophotometric analysis of biodegradation 

of azodyes by Pleurotus ostreatus. Dyes and Pigm. 73: 322-325. 

Zhao, X. Q., L.Y. Yang, Y. Zy N. Peng, Lin Xiaod. Yin and B. Qin. 2008. 

Characterization of depth-related microbial communities in lake sediment by 

denaturing gradient gel electrophoresis of amplified 16S rRNA fragments. J. Env. 

Sci. 20: 224-230. 

Zhou, J. T., Y. L. Xu, Y. Y. Qu and L. Tan. 2010.  Decolorization of brilliant scarlet GR 

enhanced by bioaugmentation and redox mediators under high-salt conditions. 

Bioresour. Technol. 101:586–591.  


	Accelerated biodegradation of azo dyes by bacteria
	corct abstract
	corrected thes new

