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ABSTRACT 
 
Textile industry is faced with serious environmental problems associated with its 

immense wastewater discharge, substantial organic load, extreme alkalinity and heavily 

colored effluent. The overall objective of this study was to evaluate the treatment 

performance of pilot anaerobic/ aerobic treatment bioprocess for the removal of organic 

matter from textile wastewater. This was fed with raw textile wastewater obtained from 

Awassa Textile factory. The system was inoculated with sludge biomass prepared using 

sediment slurry samples from alkaline soda lake, Chitu. The performance  of the system  

was evaluated using COD, BOD5, TN, NH4+-N, NO3-N, SO4 2-, S2-, PO4
3 - and pH 

concentrations. Color removal was monitored using spectral analysis of the influent and 

effluent samples. The system was operated at four different organic loading rates (OLR) 

(1.8, 1.5, 1.0 and 0.5 Kg/ m3day).  

 

Results indicated that the system was able to achieve 86.8, 90.3, 91.5 and 88.47 % 

removal of COD and 87.1, 90.11, 92, and 87.08 % removal of BOD5 at 1.8, 1.5, 1.0 and 

0.5 Kg/m3day of OLRs, respectively. In addition, TN removal efficiencies were also 

found to vary from 58.2, 60, 62 and 53.2 % at 1.8, 1.5, 1.0 and 0.5 Kg/m3day of OLRs, 

respectively. Maximum removal efficiencies were recorded at the third experimental feed 

(OLR of 1.0 Kg/m3.day) where COD, BOD5 and TN concentrations decreased from 

3140, 957 and 41.33 mg/l to nearly 264, 76, 15.7mg/l, respectively. The increased 

removal efficiency was found to be highly related to the increase in biomass of the 

system. The significance of the anaerobic period was apparent in COD removal and more 

than about 70% of COD was removed in anaerobic phase. The UV-Visible spectrum of 

influents and effluents showed remarkable changes confirming the changes in structure of 

parent dyes. The ammonium nitrogen concentration was increased following anaerobic 

treatment and reduced after the aerobic basin. The variations in the concentration of 

ammonium nitrogen after anaerobic treatment and in the effluent together with the shift 

in spectral analysis provide an indirect evidence of the biodegradation of dye components 

in the wastewater. The results of this study showed the potential application of the system 

using alkaline sludge biomass for the treatment of dye containing textile wastewater. 
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1. INTRODUCTION 

 
In pursuit of a better life, industrialization is growing day by day leaving behind the 

pollutants in our environment. Environmental pollution is an inevitable consequence of 

economic development and people’s desire to improve their quality of life (Kumar, 

2000). Accelerated water quality change due to industrial pollution is one of the major 

environmental concerns through out the world (Karen and Michael, 1994).  
 

Wastewater generated from industrial activities is the main threat to the surface and 

ground water qualities. The textile industry is one of the largest producers of wastewater 

that contains high concentrations of inorganic and organic chemicals and is highly 

colored from the residual dyestuffs. It is characterized by high values of BOD (500-6000 

mg/l), COD (1000-12,000 mg/l), a highly fluctuating  pH (7-11), and strong color (50-

2500 Pt-Co units1)  (ISPCH, 1995; Manu and Chaudhari, 2002; Al- Kdas et al., 2004; 

Solmaz et al., 2006). Thus, considering the volume generated and the number of 

chemicals released through the wastewaters, the textile industry represents one of the 

main contributors to the severe pollution problems worldwide (Sen and Demirer, 2003; 

Dos Santos, 2005). 
 

The textile industry is the largest manufacturing industry in Ethiopia. There are more than 

fourteen major state-owned and private textile and garment factories.  But it is reported 

that they don’t have any effluent treatment plants. They directly discharge untreated 

colored and toxic effluent into the nearby rivers, lakes, and streams (Dierig, 1999). All 

organic and inorganic chemicals released in water are much higher than allowable limits 

and cause serious impacts on the receiving environment (EPA, 2003). Generally, this 

wastewater has serious negative impact not only on underground, surface water bodies 

and land in the surrounding area but also has an adverse effect on the aquatic ecological 

system (Zinabu Gebre- Mariam and Zerihun Desta, 2002). 

                                                 
1 The color unit Pt–Co is based on the APHA recommended standard of 1 color unit being equal to 1 mg/l 
platinum as chloroplatinate ion.  
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The spectrum of methods for treatment of textile wastewaters is extremely broad 

(Fitzgerald and Bishop, 1995; Ramalho, 2005). Though, various physico- chemical 

treatment methods are used to treat textile wastewater (Contrerasa et al., 2003), 

biological treatment systems are required so as to meet the standard discharge limits, with 

a primary objective of removing the major pollutants such as organic matter, color and 

nutrients (Carliell, 1993;Contrerasa et al., 2003). 
 

In general, lots of biological systems with different configurations have been used to 

remove organic constituents, especially dyes in case of textile effluents. So far the 

treatment of textile wastewaters has been based mainly on aerobic biological processes, 

which consist of conventional and extended activated sludge systems. However, aerobic 

processes are ineffective in degrading azo dyes, which are the largest group of synthetic 

colorants (60–70%). Highly electrophilic azo bonds can be cleaved under anaerobic 

conditions, and the aromatic amines produced from this cleavage can be removed in 

aerobic environments. Recently, research results have shown that synthetic and simulated 

wastewaters containing dyes and other additives can be treated effectively in anaerobic-

aerobic environment (Isik and Sponza, 2004). But much of this work has been done with 

single model compounds. Industrial textile wastewater presents the additional complexity 

of dealing with unknown quantities and varieties of many kinds of dyes and other organic 

constituents which may affect the efficiency of the biodegradation (Bisschops and 

Spanjers, 2003).Therefore, in this study; the efficiency of anaerobic-aerobic bioprocess to 

treat the actual wastewater was investigated.  
 

Objectives of the study 
 
 
The overall objective of this study was to investigate the treatablity of textile wastewater 

for organic matter and nutrient using anaerobic aerobic bioprocess. 

 

 Specific objectives 

 

1. To evaluate the treatability of an actual textile wastewater in anaerobic-aerobic 

bioprocess. 
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2. To determine the treatment performance of the anaerobic-aerobic bioprocess for 

the removal of dyes and related organic matter and nutrients in the influent.  

3. To study the microbial dynamics in the system. 

4. To optimize the treatment process. 
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2.  LITERATURE REVIEW  

 

2.1 Composition of Textile Wastewater 
 

Textile processing industry is basically a water intensive sector, which can use 60-400 

liter of water to produce one Kilogram of fabric (PRG, 1998; CPP, 2002; Libra and 

Sosath, 2003). The nature of the processing operations exerts a strong influence on the 

water consumption and wastewater generation, and potential impacts due to the different 

characteristics associated with these effluents (ISPCH 1995; Yusuff and Sonibare, 2004). 

Consequently, a typical textile-processing unit generates various types of wastewater, 

which differs in magnitude and quality (CPP, 2002). 

   

Wet processing technique in a textile industry, which results in effluent production, is 

categorized into five stages. These are sizing, fabric preparation, dyeing, printing and 

finishing (Table 1). These stages involve treating grey or greige goods with chemical 

baths that often require additional washing, rinsing and drying steps and consume huge 

amount of water (ISPCH, 1995; Mesfin Legesse and Tassisa Kaba, 2004). 
 

Sizing: In this process, the wrap threads are coated with size to facilitate weaving.  Sizes 

are organic compounds such as starch or starch-derivatives, cellulose-derivatives, 

polyacrylates and polyvinyl alcohol (PVA). The compound is then dried on the threads 

and remains a part of the cloth until it is removed in the subsequent processes. The grey 

goods usually prepared contain about 10-15 % of sizing materials (Carliell, 1993; Mesfin 

Legesse and Tassisa Kaba, 2004). 
 

Fabric preparation: desizng, scouring, bleaching and mercerizing are typical preparation 

treatments designed to alter the fabric chemically or physically (Mesfin Legesse and 

Tassisa Kaba, 2004). 

 

 Desizing, involves the removal of size from the cotton fabric using enzymes, acid 

or alkali. Thus, desizing effluent generally has a high organic load and is 
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characterized by high chemical oxygen demand (COD), biological oxygen 

demand (BOD), total suspended solid (TSS) and total dissolved solid (TDS) 

values (Carliell, 1993; Yusuff and Sonibare, 2004). This is due to the presence of 

physically removed un-reacted size (starch), un-reacted enzymatic desizers, and 

the water-soluble organic reaction-products of enzymatic desizer and sizing 

material (starch) (CPP, 2002; Yusuff and Sonibare, 2004).  
 

Scouring, Subsequent to desizing, any remaining natural impurities (i.e. organic 

components other than cellulose) are scoured from the fabric by a process of 

prolonged boiling in alkaline solutions. Wastewater from this process usually 

contains sodium hydroxide and different kinds of anionic detergents (Carliell, 

1993; CPP, 2002). It is characterized by a high COD and pH values, and a strong 

yellow-brown color (Carliell, 1993; CPP, 2002; Yusuff and Sonibare, 2004). 

Generally scouring and desizing steps are major contributors to the organic load 

in textile effluents (Delee et al., 1998). 
 

Bleaching, is used to improve the whiteness of the textile fabric and can be 

achieved using either hydrogen peroxide or sodium hypochlorite (Carliell, 1993). 

The wastewater from bleaching process is low in BOD and COD, but high in 

TDS. Moreover, it may contain the colored impurities, removed from the fabric 

and is alkaline in nature (CPP, 2002).  
 

Mercerizing, is the treatment of cellulosic fibers with a concentrated solution of 

sodium hydroxide (Carliell, 1993). This process is optional and is carried out 

only, where the desired finished quality so demands (CPP, 2002). Mercerizing 

effluent is characterized by high pH values (Yusuff and Sonibare, 2004). 

  

Dyeing, is used to add color and intricacy to textiles and increase product value. In this 

wet processing technique, a wide range of dye classes (direct, fiber reactive, sulphur and 

vat dyes) are used (Mesfin Legesse and Tassisa Kaba, 2004).Generally, the wastewater is 

strongly colored and has a high temperature, BOD, COD, and TDS values. Some of the 
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dyes also contribute to the complexes of toxic metals, like chromium and copper (CPP, 

2002; Yusuff and Sonibare, 2004).  

 

Table 1. Major pollutant types in textile wastewaters and their origin (Delee et al., 1998). 
 
Pollutants Major Chemical Types Main processes of Origin 
Organic 

load 

Starches, enzymes, fats, greases, 

waxes, surfactants 

Desizing, scouring, washing 

Acetic acid Dyeing 

Color Dyes, scoured cotton impurities Dyeing, scouring, 

Nutrients 

(N,P) 

Ammonium salts, urea, phosphate  

based buffers and sequestrants 

Dyeing 

pH and salt 

effects 

NaOH, mineral/ organic acids, sodium 

chloride, silicate, sulphate, carbonate 

Scouring, desizing, bleaching, 

mercerizing, dyeing 

Sulphur Sulphate,sulphide and hydrosulphite 

salts 

Dyeing 

Toxicants Heavy metals, reducing agents 

(eg.sulphide),oxidizing agents 

(eg.chlorite,peroxide,dichromate, 

persulphate),biocides,quaternary 

ammonium salts 

Desizing, bleaching, dyeing, 

finishing 

Refractory 

organics 

Surfactants, dyes, resins, synthetic 

sizes (eg.PVA),chlorinated organic 

compounds, carrier organic solvents 

Scouring,desizing,bleaching,dyeing, 

washing, finishing 

 

 

Printing,wastewater from this source contains dyes, pigments and auxiliary chemicals. 

Commonly used auxiliary chemicals include binders, thickeners, urea, sodium 

bicarbonate and ammonium hydroxide. This wastewater is generally high in COD, TDS 

and TSS. It is highly colored, slightly alkaline and has oily appearance (CPP, 2002; 

Yusuff and Sonibare, 2004). 
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Finishing, refers to any processes used to improve the quality of the fabric after dyeing 

(Carliell, 1993; Mesfin Legesse and Tassisa Kaba, 2004). Almost all the finishing 

processes consume extensive energy but their contribution towards wastewater 

generation is not significant (CPP, 2002). 
 

All this indicate that, textile wastewaters are characterized by high volumes and 

extremely variable composition, which can include dyes, organic matter, salts and toxic 

substances. The variability arises, both from the diversity of the types of industrial 

processes employed and the immense range of chemicals and materials used within each 

category of the processes (Isik and Sponza, 2004). Typically, the wastewater from a 

textile industry is characterized by high values of BOD (500-6000 mg/L), COD (1000-

12,000 mg/L), a highly fluctuating pH (7-9), and strong color (50-2500 Pt-Co units)  

(ISPCH, 1995; Al- Kdas et al., 2004; Solmaz et al., 2006).Thus, considering both the 

volume generated and the effluent composition, the textile industry wastewater is rated as 

the most polluting among all industrial sectors (Sen and Demirer, 2003; Dos Santos, 

2005). 

 

2.1.1 Dyes in Textile Effluents 
 

Ever since the beginning of mankind, people have been using colorants for painting and 

dyeing of their surroundings, their skins and their clothes. The first evidence of the use of 

colorant materials by man goes as far as 15000-9000 BC (Tan, 2001). Up to the end of 

the nineteenth century natural dyes, obtained mainly from plants (roots, stems, leaves, 

flowers, fruits, seeds and lichens) and animal sources were the main colorants available 

for textile dyeing procedures (Tan, 2001; Van der Zee, 2002; Ramalho, 2005).  
 

Synthetic dye manufacturing were started in 1856 when William Henry Perkin 

synthesized the first dye, Mauve (aniline purple, Tyrian purple), accidentally from coal in 

an attempt to synthesize quinine (Tan, 2001; Van der Zee, 2002). This is the beginning of 

a chemical industry producing approximately 700,000 tons of colorants on yearly basis 

131 years later (Zollinger, 1987). 
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Generally, dyes are compounds that absorb light with wavelengths in the visible range 

(350 to 700 nm) (Van der Zee, 2002). The major structural element responsible for light 

absorption in dye molecules is the chromophore group, i.e. a delocalised electron system 

with conjugated double bonds. The absorption of UV/Visible radiation by an organic 

molecule is associated with electronic transitions between molecular orbital (Ramalho, 

2005). 
 

Dyes contain two groups: the chromophore and the auxochrome. The chromophore is a 

group of atoms, which controls the color of the dye, and is usually an electron-

withdrawing group. The most important chromophores are -N=N-, -C=C-, -C=N-, -C=O, 

-NO2 and -NO groups. The auxochrome is an electron-donating substituent that can 

intensify the color of the chromophore and provides solubility and adherence of the dye 

to the fiber. The most important auxochromes are -NH2, -NR2, -NHR, -COOH, -SO3H, -

OH and -OCH3 groups (Dos Santos, 2005; Ramalho, 2005; Zille, 2005).  Together, the 

dye molecule is often described as a chromogen (Wallace, 2001). The absorption and 

reflection of visible and UV radiation is ultimately responsible for the observed color of 

the dye (Table 2) (Zollinger, 1991). 
 

Table 2. Regions of the electromagnetic spectrum and relationship between wavelength 

and color (Dos Santos, 2005). 
 

Electromagnetic Region Wave length (nm) Color perception 

Ultraviolet < 350 Nd 

 

 

 

 

Visible light 

350-400 Nd 

400-435 Violet 

435-480 Blue 

480-490 Greenish- blue 

490-500 Bluish - green 

500- 560 Green 

560-580 Yellowish-green 

580-595 Yellow 
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595-605 Orange 

605-750 Red 

750-780 Nd 

Infrared 780 Nd 

Nd is not detected by the eye 
 

Dyes are classified according to their application and chemical structure. Based on the 

chemical structure or chromophore, 20-30 different dye groups can be identified. Azo 

(monoazo, disazo, triazo, polyazo), anthraquinone, phthalocyanine and triarylmethane 

dyes are quantitatively the most important chromophores (Dos Santos, 2005) (Fig.1). 

  

 
       Azo                   Anthraquinone               Phthalocyanine                Triarylmethane 
 
Fig.1.The most important Chromophores. 
 
 
On the other hand, the vast array of commercial colorants is classified in terms of color 

and application method in the Color Index (C.I.) (Van der Zee, 2002). Each dye is 

assigned to a C.I. generic name determined by its application and color. The Color Index 

discerns 15 different application classes: acid, reactive, metal complex, direct, basic, 

mordant, azoic and ingrain, disperse, pigment, vat, and sulphur (Ramlho, 2005; Zille, 

2005). Overlaps of the two classifications are possible e.g. azo dyes may belong to one of 

the above classes. 
 

In these classes Azo dyes are the largest and most important chemical class of synthetic 

dyes (Carliell, 1993; Couto and Toca-Herrera, 2006). These dyes are stable, low cost, 

easy to synthesize, used to color several materials like: textile, leather, plastic, food, and 

allow a great variety of colors and shades (Wallace, 2001; Ramalho, 2005). Generally, 
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these dyes contain between one and three azo linkages, linking phenyl and/or naphthyl 

rings that are usually substituted with some combination of functional groups including: 

amino, chloro, hydroxy, methyl, nitro and sulphonate groups (Bell and Buckley, 2003) 
 

The large variety of these dyes used in an attempt to make more attractive popular shades 

of fabrics renders the wastewater discharged very complex (Mathur et al., 2005).  

Additionally, these dyes are often recalcitrant to biodegradation in natural environments 

and conventional treatment plants, because of the limited metabolic potential of the 

microbial populations (Sharma et al., 2004). Thus, textile dye effluents are intricate in 

nature, containing a wide variety of dyes, natural impurities extracted from the fibers and 

other products such as dispersants, leveling agents, acids, alkalis, salts and some times 

heavy metals (Couto and Toca-Herrera, 2006). Largely, the effluent that contains these 

dyes is highly colored with high BOD and COD; it has a high conductivity and is alkaline 

in nature (Van der Zee, 2002; Couto and Toca-Herrera, 2006).  

 

2.1.2 Production and Discharge Statistics of Dyes 
 
  
These days, more than 100,000 commercially produced dyes are available and in each 

year, almost one million tons of dyes are produced in the world (Meyer, 1981; Zollinger, 

1987; Cao et al., 1999). Approximately, two thirds of the total production of dyes is 

consumed by textile industries (Lourenço et al., 2001). The azo dyes, the largest and most 

versatile class of dyes, represent about 70% of all organic dyes used by the textile 

industry (Zollinger, 1987; Gonçalves et al., 2000; Stolz, 2001; Van der Zee, 2002). 

Therefore, it can be expected that, azo dyes constitute the vast majority of the dyes 

discharged from textile-processing industries (Van der Zee, 2002). 
 
During textile processing, inefficiencies in dyeing result in large amounts of the dyestuff 

being directly lost to the wastewater, which ultimately finds its way into the environment 

(Lourenço et al., 2001; McMullan et al., 2001; Melgoza et al., 2004). Dyes are generally, 

present in these effluents in concentrations of 10–50 mg/l. Thus, the concentration and 

volume of dye house effluent discharged from textile industries every day often exceed 
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the assimilative capacity of receiving water bodies, resulting considerable environmental 

problems (Carliell, 1993; Armagan et al., 2003). Accordingly, effluent from dye bath and 

rinsing steps represent the most colored fraction of textile wastewaters (Dos Santos, 

2005). Color is usually noticeable at concentrations above 1 mg/l (Gonçalves  et al., 

2000). 
 
Soares et al. (2006) noted that, the color of textile effluents is usually subject to daily and 

seasonal variations dictated by the production routine. So, the residual color present in 

textile effluent is dependent on the class of dye, depth of shade required and application 

procedure used (McMullan et al., 2001; Zille et al., 2004). The reported quantity of dye 

lost in the discharged effluent is estimated to be around 5–20% for acid dyes, 10% for 

disperse dyes and 5–30% for direct dyes (Carliell, 1993; Gonçalves et al., 2000; 

McMullan  et al., 2001). 

 

2.2 Environmental Impact of Textile Wastewater  
 
The world’s ever increasing population and progressive adoption of an industrial based 

lifestyle has inevitably led to an increased anthropogenic impact on the biosphere.  The 

discharge of industrial waste residues into the environment poisons, damages and/or 

affect one or more species in the environment, with resultant changes in the ecological 

balance (Asamudo et al., 2005). These days, deterioration of water quality because of 

pollution problems from industrial discharges, is becoming the major environmental 

concerns through out the world (Karen and Michael, 1994; Zinabu Gebre- Mariam and 

Zerihun Desta, 2002). Like wise industrial and chemical pollution constitute the third 

major problem in Ethiopia, next to land degradation and problem of urban sanitation, and 

it is now one of the great environmental concerns in the country. The effects of industrial 

activities on the environment in the country are becoming evident through the pollution 

of water bodies and human habitat in the major cities, rivers and lakes (Dierig, 1999).  
 
Industrial effluents and domestic sewage contribute large quantities of nutrients and toxic 

substances that have a number of adverse effects on the water bodies and the biota 

(Zinabu Gebre- Mariam and Zerihun Desta, 2002).The textile industry is one of the 
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largest producers of wastewater (Karen and Michael, 1994). These effluents are entering 

the environment in a quantity or concentration or under conditions that may have an 

immediate or long-term harmful effect on the environment or its biological diversity (Shu 

et al., 2005). Its chemical intensive nature, applied at different processes, has caused 

environmental impacts at every stage in the life cycle of textiles (Karen and Michael, 

1994). Hence, every process and operation within a textile processing plant has an 

environmental aspect that should be considered (Yusuff and Sonibare, 2004). 
 

An estimated 90 percent of wastewater in developing countries is still discharged directly 

to rivers and streams without any waste processing treatment or after retention period of 

some hours in stabilization pond (Shu et al., 2005). Likewise, in Ethiopia most of the 

textile factories have no effluent treatment plants. Untreated colored and toxic effluents 

are directly discharged into the nearby rivers, lakes, and streams (Dierig, 1999). All 

organic and inorganic chemicals released in the water are much higher than allowable 

limits (EPA, 2003). It has an extreme harmful effect to aquatic flora, fauna and to human 

beings through food chains (Zinabu Gebre- Mariam and Zerihun Desta, 2002). 
 

The environmental problems associated with textile activities mainly arise from the 

extensive use of organic dyes with complex and highly varied chemical structures 

(Bla´nquez et al., 2006). Dyes contributed to overall toxicity at all process stages. Even if 

dyes constitute a small fraction of the total liquid effluent, they contribute a high 

proportion of total contaminants. Many of them carry toxic or even carcinogenic 

compounds with long turn over times in humans and animals (Yusuff and Sonibare, 

2004). 
 
The potential toxic effects to the environment and humans, resulting form the exposure to 

dyes and dye metabolites, is well documented (Wallace, 2001; Van der Zee, 2002). 

Numerous researches, investigated the toxicity of dyestuffs. This toxicity (i.e.  mortality, 

genotoxicity,  mutagenicity  and  carcinogenicity)  studies  diverge  from  tests  on 

aquatic  organisms (fish, algae, bacteria, etc.) to that of mammals (Van der Zee, 2002; 

Ramalho, 2005; Hsing et al., 2006). In humans, acute sensitization reactions to dyestuffs 

often occur. Especially some disperse dyestuffs have been found to cause allergic 
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reactions, i.e. eczema or contact dermatitis (Van der Zee, 2002; Ramalho, 2005; Hsing  et 

al., 2006). 
 

Azo dyes in purified form are seldom  directly  mutagenic  or  carcinogenic,  except  for  

some  azo  dyes  with  free  amino  groups. However, reduction of azo dyes, i.e. cleavage  

of  the  dyes  azo  linkage(s),  leads  to  formation  of aromatic  amines. And several 

aromatic amines are known mutagens and carcinogens (Kirby et al., 2000; Khehra et al., 

2005). The mutagenic activity of aromatic amines is strongly related to molecular 

structure, among which amino substituted, fat soluble, and benzidine azo dyes were 

considered as potentially mutagenic (Tan, 2001; Ramalho, 2005). Benzidine is known to 

be carcinogenic to a variety of mammalian species, including humans. Laboratory tests 

on rats indicated that two benzidine dyes (Direct Blue 6 and Direct Black 38), have been 

found a potent carcinogens that hepatocellular carcinomas and neoplastic liver nodules 

occurred after only 13 weeks of exposure (IARC, 1982). 
 
On the other hand, as  dyes  are  designed  to  be chemically  and photolytically  stable,  

they  are  highly  persistent  in  natural  environments.  The release of dyes may therefore 

present an ecotoxic hazard and introduce the potential danger of bioaccumulation that 

may eventually affect man by transport through the food chain (Tan, 2001; Van der Zee, 

2002; Dos Santos, 2005; Zille, 2005; Somasiri et al., 2006). 
 

The presence of even small amount of dye in water (10–20 mg/l) is highly visible, and 

causes aesthetic deterioration as well as obstructs the penetration of dissolved oxygen and 

sun light into natural water bodies. The reduction of dissolved oxygen and sunlight 

penetration into natural water bodies seriously affects photosynthetic activity, causes fish 

kills and destruction of other aquatic organisms (Cunningham and Saigo, 2001; 

Mahmoud et al., 2007). Therefore, Color is the first contaminant to be recognized in the 

dyeing effluents and has to be removed before discharging into the water stream (Mohan 

and Karthikeyan, 2004). 
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Moreover, textile industries generate wastewater containing heavy metal contaminants, 

such as chromium, arsenic, cadmium, mercury, copper, lead and zinc that are complexed 

with dyes (Karen and Michael, 1994, Masud et al., 2001; Zinabu Gebre-Mariam and 

Zerihun Desta, 2002; Asamudo et al., 2005). The presence of heavy metals in the effluent 

has a cumulative effect, and higher possibilities for entering into the food chain (Shu et 

al., 2005).  
 
Thus, effluents that emanate from the production process of textiles, if not treated and / 

properly disposed, can cause serious environmental pollution, sometimes to levels that 

can threaten human health, livestock, wildlife, aquatic lives and indeed the entire 

ecosystem. 

 

2.3 Treatment of Textile Wastewater 
 
The variety of raw materials, chemicals, processes and also technologic variations 

applied to the processes cause complex and dynamic structure of environmental impact of 

textile industry. These dynamic structures affect the treatablity and the applied treatment 

technologies (Sapci and Ustun, 2003). The concentrations of pollutants in textile 

wastewater vary depending upon the wastewater management practices and amount of 

water used in the production (Pala, 2001). Therefore, it is of overriding significance to 

implement an appropriate treatment processes. 
 
The spectrum of methods for treatment of textile wastewaters is extremely broad 

(Fitzgerald and Bishop, 1995; Ramalho, 2005). Currently, various chemical, physical and 

biological treatment methods are used. Biological and chemical methods involve the 

destruction of pollutants, whilst physical methods usually transfer the pollutant from one 

phase to another (Ramalho, 2005). Since textile effluents are complex, several factors 

such as dye type, wastewater composition, dose and costs of required chemicals, 

operation costs (energy and material), environmental fate and handling costs of generated 

waste products determine the technical and economic feasibility of each treatment option 

(Van der Zee, 2002). 
 



  15

 2.3.1 Physico- Chemical Methods        

 
The major physico-chemical methods involve physical and/or chemical processes for the 

removal of organics and color from textile wastewaters.  The physico-chemical processes 

in use include coagulation, precipitation, flotation, adsorption, ion exchange, ion pair 

extraction, electrolysis, and chemical oxidation using chlorine and derivatives, hydrogen 

peroxide, ozone or acidified potassium dichromate (Zille, 2005). Oxidative degradation 

by chlorine and ozone are the most common chemical processes. However, because of 

the release of toxic organo-chlorinated compounds, the use of chlorination is becoming 

less frequent. In order to increase the color removal from the textile wastewater, chemical 

oxidation is sometimes coupled with UV light exposure (Edwards, 2000). However, 

photocatalytic processes are limited to post treatment units because of the low penetration 

of UV radiation in highly colored wastewaters (Vandevivere et al., 1998). 
 
Other commonly used physico-chemical technologies, such as membrane filtration or 

activated carbon adsorption, are expensive and commercially unattractive (Arslan and 

Akmehmet, 2001). Low-cost adsorbents such as peat, wood chips, fly ash, and brown 

coal can be used but the surface charge of the adsorbent and pH play a crucial role in the 

color removal efficiency (Ramalho, 2005; Zille, 2005). Many of these technologies are 

cost prohibitive and are not viable options for treating large waste streams (Robinson et 

al., 2001; Wallace, 2001). 
 

2.3.2 Biological Methods 
 
The fate of environmental pollutants is largely determined by abiotic processes, such as 

photo-oxidation, and by the metabolic activities of microorganisms. Since catabolic 

enzymes are more or less specific, they can act on more than their natural substrate. This 

can explain why the majority of xenobiotic substances are subject to fortuitous 

metabolism (co-metabolism) (Knackmuss, 1996; Ramalho, 2005; Somasiri et al., 2006). 

Several groups of researchers explored these microbial capacities, which provide low cost 

and effective means for the treatment of textile wastewaters. These biological processes 

include bacterial and fungal biosorption and biodegradation in aerobic, anaerobic, anoxic 
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or combined anaerobic/aerobic treatment processes (Tan, 2001; Wallace, 2001; Van der 

Zee, 2002; Dos Santos, 2005; Ramalho, 2005; Zille, 2005). 

 

2.3.2.1 Aerobic Treatment 
 
Conventional activated sludge treatment of wastes is often an effective and economically 

viable system for reducing organic pollutants in wastewater. Different researches were 

conducted to assess the viability of activated sludge to treat textile effluents (Pagga and 

Brown, 1986; Shaul et al., 1991; Zissi et al., 1997). However, they found that most of the 

treatment plants were not effective. The reason behind is that, aerobic microbes cannot 

reduce dye linkages (Example. azo). Their ability to destroy dye chromogens is less than 

the anaerobic ones. On the other hand, aerobic sludges have been successfully used to 

stabilize dye metabolites (Brown and Hamburger, 1987; Stolz, 2001; Dos Santos, 2005).  
 
Reductions in COD content of dye wastewaters following aerobic treatment are well 

documented, but do not always correlate with decolorization. Degradation of non-dye 

molecules in the dye solution may be responsible for this reduction, as destruction of the 

chromogen is not generally observed (Pagga and Brown, 1986; Loyd, 1992; Zissi et al., 

1997). Eighty-seven dyestuffs were tested in short-term aerobic biodegradation tests by 

Pagga & Brown (1986) of which, only about 44 of them were found to acquire different 

rate of COD and color removal. In many dyestuffs, a substantial color removal was 

observed which might be attributed to the elimination of the dyes by adsorption. The 

results of static test with activated sludge also indicated that only 13% of dyestuffs were 

decolorized by biodegradation while 23% was removed by adsorption. 

 

In some studies, aerobic color removal of certain dyes (particularly of azo groups) was 

achieved in the presence of additional energy and carbon source. Since the supply of this 

additional substrate could have easily led to the formation of anaerobic microniches, 

which cannot exclude the occurrence of anaerobic azo dye reduction (Zissi et al., 1997). 

Similarly, the degradation of azo dyes was also observed in aerobic biofilm reactors, 
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which can be associated with the presence of anaerobic microniches in the biofilm (Jiang 

and Bishop, 1994). 

 

2.3.2.2 Anaerobic Treatment 
 
Anaerobic biodegradation is the microbial degradation of organic substances in the 

absence of free oxygen (O2). Degradation processes in anaerobic systems depend on 

alternative acceptors such as sulphate, nitrate or carbonate yielding,  hydrogen sulfide 

(H2S), molecular nitrogen (N2) and/or ammonia (NH3) and methane (CH4), respectively 

(Zille, 2005). Anaerobic treatment of textile wastewaters mainly refers to color removal 

(Dos Santos, 2005). This is also referred as dye reduction, in which literature mostly 

covers the biochemistry of azo dye reduction. Dissolved oxygen is repeatedly considered 

as inhibitor of the dye bio-reduction process, since both molecules act as electron 

acceptors and oxygen is a much stronger oxidant. This is, apparently, the reason why azo 

dyes are more readily reduced under anaerobiosis (Bell and Buckley, 2003; Ramalho et 

al., 2004a).  
 
Anaerobic degradation of complex, particulate organic material has been described as 

multi-step processes of reaction. Under anaerobic conditions, azo dyes are readily 

decolorized as a result of the reductive transformation of the azo group. Because of this 

reduction processes two aromatic amines, recalcitrant under anaerobic conditions, are 

formed (Fig. 2). These aromatic amines do not absorb light in the visible spectrum. As a 

result, azo dye reduction represents a decolorization process (Tan, 2001). 

   

 

 

 

 

 

 

 Fig. 2. Anaerobic azo dye reduction.        

 

     
 (R1-N=N-R2) + 2e-+ 2H+     R1-HN-NH-R2 
                                                            (Hydroazo intermidate) 
 
 
    (R1-HN-NH-R2)+ 2e- + 2H+  R1-NH2 + R2- NH2 

(Reductive cleavage of the azo bond)
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The anaerobic decolorization of azo dyes was first investigated using intestinal anaerobic 

bacteria. Later, these compounds were found to become readily decolorized with various 

other anaerobic cultures (Brown and Laboureur, 1983; Carliell, 1993; McMullan et al., 

2001). The exact mechanism of the anaerobic azo dye reduction is not clearly understood. 

Therefore, the term azo dye reduction may involve different mechanisms or locations like 

enzymatic, non-enzymatic, mediated, intracellular, extracellular and various 

combinations of these mechanisms and locations (Carliell, 1993; Van der Zee, 2002; Dos 

Santos, 2005).  

 

The anaerobic reduction of textile effluents and different dyes mainly of azo groups to 

simpler compounds has been well researched. In studies conducted by Loyd (1992) and 

Ganesh (1992), the anaerobic reduction of textile mill effluents and the azo dyes, 

Reactive Black 5 and Navy 106, were investigated, respectively. In both cases, laboratory 

scale anaerobic reactors were used for dye degradation. The results of Loyd and Ganesh 

showed high decolorization of textile effluents with poor Total Organic Carbon (TOC) 

and nitrogen removals. The average total nitrogen (TN) reduction was only 48%. 

Similarly, Sen and Demirer (2003) investigated the anaerobic treatability of a real cotton 

textile wastewater in a fluidized bed reactor (FBR). Their results also indicated the 

maximum COD, BOD5 and color removals were 82%, 94% and 59%, respectively, for 

Hydraulic Retention Time (HRT) of around 24 hours and Organic Loading Rate (OLR) 

of 3 kg COD/m3.day.  
 
A precondition for the reduction of azo dyes is the presence and availability of a co-

substrate (Wallace, 2001), because it acts as an electron donor for the azo dye reduction. 

Many different co-substrates were found to suite as electron donor, like glucose (Carliell, 

1993), hydrolyzed starch (Willetts et al., 2000), yeast extract (Nigam et al., 1996), and a 

mixture of acetate, butyrate and propionate (Van der Zee, 2002). Moreover, the rate of 

azo-reduction process depends on its chemical structure and compounds that facilitate the 

transport of electrons, like mediators (Tan, 2001; Van der Zee, 2002; Dos Santos, 2005). 

The reduction of azo dyes proceeds better under anaerobic thermophilic conditions than 

under mesophilic conditions, although the thermophilic process seems to be less stable 

compared to the mesophilic process (Willetts et al., 2000; Dos Santos, 2005). 
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As it is stated in the above literatures, anaerobic systems could reduce the color intensity 

more satisfactorily than the aerobic processes. However, further degradation of the 

intermediates, which are recalcitrant under anaerobic conditions, is readily achieved 

under aerobic conditions. This necessitates the construction of anaerobic-aerobic 

treatment system to achieve not only decolorization but also mineralization of dyes 

(Kapdan et al., 2000; Rajaguru et al., 2000; Tan, 2001; Isik and Sponza, 2004). 

 

2.3.2.3 Anaerobic-Aerobic Treatment 
 
 
Anaerobic consortia are generally unable to further stabilize the dye metabolites but most 

of the aromatic amines are readily biodegraded under aerobic conditions (Brown and 

Hamburger, 1987; Loyd, 1992; Tan, 2001). Therefore, it would seem advantageous to 

follow anaerobic treatment processes with aerobic treatment step. As mentioned 

previously, aerobic organisms can oxidize aromatic ring compounds to simpler 

molecules. A substantial amount of research has been conducted on anaerobic-aerobic 

(ANA-AER) treatment systems used for degrading textile wastewaters (Brown and 

Hamburger, 1987; Loyd, 1992; Fitzgerald and Bishop, 1995; An et al., 1996; O’Neill et 

al., 2000a; Rajaguru et al., 2000; Tan, 2001; Isik and Sponza, 2004). 

 

According to Loyd (1992) ANA-AER step-treatment on the two textile effluents showed 

a high decolorization in the anaerobic phase with little TOC, BOD5, or COD removal. In 

the same study, Loyd also stated that anaerobic-aerobic treatment provided a final color 

reduction of 88%, significantly greater than the 29% color reduction provided by aerobic 

treatment. Similar results for TOC and COD were observed: 82% and 77% removal 

efficiency with anaerobic-aerobic treatment were obtained, respectively while 74% and 

38% removal efficiency were obtained with aerobic treatment alone. 
 
O’Neill et al. (2000a) also conducted a study on reactive azo dye Procion Red H-E7B. 

Their research investigated the degradation of Procion Red H-E7B in an ANA-AER 

treatment system comprised of a lab-scale UASB (Upflow Anaerobic Sludge Blanket) 

reactor and an activated sludge tank. The authors observed an increase TON levels after 
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anaerobic treatment followed by a subsequent decrease after aerobic treatment. Based on 

these findings, they concluded that Procion Red H-E7B could be qualitatively shown to 

degrade to aromatic amine derivatives after anaerobic treatment with subsequent 

oxidation of these derivatives following aerobic treatment. Their results indicated that the 

transformation of all the dyes to intermediates was readily achieved via anaerobic 

reduction, and was assumed to be the result of azo bond cleavage. Complete 

mineralization was not observed, however, COD and color removals were greatest. COD 

removal was variable depending on the dye, but reductions were seen in both the 

anaerobic and aerobic phases. Aerobic oxidation of dye intermediates was necessary to 

decrease COD levels to an acceptable range. 
 
An et al. (1996) investigated two phase anaerobic- aerobic treatment to treat dyeing 

wastewater. Anaerobic pre-treatment was conducted in an UASB reactor (4.5 liters) 

followed by activated sludge tank (5 liters). The results showed that COD and color were 

removed by more than 83% and 90% at a COD loading rate of 5.3 kg COD/m3day, 

respectively. They also stated that, the anaerobic stage of the ANA-AER system removes 

both color and COD. In addition, it also improves biodegradability of dyes for further 

aerobic treatment. 
 

The other removal process of aromatic amines is via autoxidation. It is a process in which 

oxygen reacts via free radical mechanisms with the aromatic compound to form 

polymeric compounds. The aromatic amines are probably more susceptible to these kinds 

of reactions than any other aromatic compounds. Insoluble and non-biodegradable 

polymeric autoxidation products can easily be removed from the wastewater (Tan, 2001). 

 

On the other hand, Seyoum Leta (2004) also used anoxic-oxic bioprocess system at a 

pilot plant level to treat a composite tannery wastewater and obtained 98 % removal 

efficiencies of COD and total nitrogen. This system was used by Fantahun Woldesenbet 

(2005) for the treatment of abattoir wastewater and achieved total COD and nitrogen 

removal efficiencies of 98 % and 97 %, respectively. The sludge source in these studies 

was obtained from tannery effluent treatment plants (Ethiopia tannery wastewater 

treatment plant and Kaliti wastewater treatment pond system). This system was also 
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tested at the lab- scale using alkaline sludge biomass from lake Chitu by Tesfaye Minuta 

(2006). The results of his finding showed COD, BOD and TN were removed by 97.1%, 

97.3%and 96.6%, respectively. Therefore, in this study pilot anaerobic-aerobic 

wastewater treatment plant, which was prepared based on an activated sludge model 

designed by Seyoum Leta et al. (2004), was used and the source of biomass was alkaline 

sediment from Lake Chitu 
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3. MATERIALS AND METHODS 

3.1 Samples and Sampling Site 
 
Samples of composite textile wastewater were collected from Awassa textile factory, 

which is located at around 275 Km south of Addis Ababa. It is one of the largest textile 

factory in the country with a capacity of 24,288 spindles, 124 shuttle rapier looms and a 

finishing plant with a capacity to dye, print and finish 36.1 million square meters of 

fabric per annum (Zerihun Desta, 1997).The factory is designed to produce various kinds 

of woven fabrics from 100% cotton as well as to finish polyster-cotton blended and 100% 

polyster fabrics (Mesfin Legesse and Tassisa Kaba, 2004).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .3. Map showing the location of sampling site (Not to scale). 
 

Awassa textile factory is one of the factories operating in the vicinity of lake Awassa, and 

discharges about 1200 m3 of liquid waste every day into the nearby Shallo swamp that 

eventually ends up into lake Awassa (Zerihun Desta, 1997, Zinabu Gebre- Mariam and 
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Zerihun Desta, 2002). The swamp is the source of Tikur Wuha, the only river that flows 

into lake Awassa (Zinabu Gebre- Mariam and Zerihun Desta, 2002).  
 

The wastewater samples collected (from the out let of the factory) were fed into 

anaerobic-aerobic wastewater pilot treatment plant prepared based on an activated sludge 

model designed by Seyoum leta et al. (2004) at the premise of the Faculty of Science, 

Addis Ababa University. 

 

3.2 Experimental Design and Setup 
 

The pilot anaerobic-aerobic treatment plant as shown in Fig. 4 was used in this study. The 

system comprises an influent collection tank, anaerobic reactor of 20 liters working 

volume, and aerobic reactor of 40 liters working volume and a sedimentation tank 

(clarifier) that are connected in series. A peristaltic pump (PD 5206, Heidolph, Germany) 

was used to connect the first two systems while gravitational pull system was the driving 

force from the anaerobic to the oxic and then to the clarifier. The reactors were agitated 

using a vertical stirrer. The sludge from the clarifier was recycled to the anaerobic tank 

manually. The system was operated at room temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Schematic diagram of anaerobic-aerobic pilot treatment plant.    
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3.3 Source of Sludge 
 
Alkaline sediment slurry samples were collected from Lake Chitu in sterile sampling 

plastic bottles .The crater lake, Chitu is situated within the Ethiopian Rift Valley at an 

altitude of 1600 m above sea level. It is the smallest of all known alkaline soda lakes 

found in the country. It looks green because of a huge amount of algal population mainly 

of Spirulina spp. It is a closed basin with no obvious surface out flow with a moderate 

maximum depth of 21 m and covers diameter of about 0.8 km2(Elizabeth Kebede et al., 

1994).  

 

The lake water is alkaline, having an average alkalinity of 581 meql/1 and pH value of 

10.2. The alkalinity is attributed to the high content of sodium carbonate (Elizabeth 

Kebede et al., 1994). The rationale behind using this inoculum for treatment of textile 

effluent is that the pH of textile wastewater is similar to that of alkaline soda lakes and 

assumes the presence of microorganisms that are tolerant to the high pH values of this 

effluent and have the potential to remove organic matter. Each of the anerobic and oxic 

reactors were initially seeded with a 5-liter sample from Chitu lake as a starter inoculum 

of microorganisms and substrate to activate the process. 

 3.4 Operational parameters 
 

The pilot wastewater treatment plant was operated in such a way that the influent from 

the feeding tank was pumped to the anaerobic reactor at certain specified loading rates for 

each feed. The experiment was conducted in four successive feeds at room temperature. 

And the data were collected once in every ten days for each feed. The operational 

parameters during the four experimental feeds are listed in Table 3. 

 

Table 3. Experimental operational parameters. 

Parameter Experimental Feeds 

COD OLR (Kg/m3.day) 1.8 1.5 1 0.5 

MLSS (g/l) 2.05 2.77  3.3 2.61   

MLVSS (g/l) 1.57 2.3 2.7 2.01  
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3.5 Analyses 
 
Wastewater samples (influent and effluent) were analyzed for Chemical oxygen demand 

(COD), Total nitrogen (TN), Nitrate-Nitrogen (NO3--N), Ammonium-Nitrogen (NH4+-

N), Phosphate (PO4
3-), Sulphides (S2-) and Sulphate (SO4 2-) colorimetrically using 

spectrophotometer (DR/2010 HACH, Loveland, USA) according to HACH instructions. 

Biological oxygen demand (BOD5), Mixed Liquor suspended solids (MLSS) and Mixed 

Liquor Volatile suspended solids (MLVSS) were also measured based on the methods 

described in standard methods (APHA, 1998). Starch concentration was analyzed using 

standard enzymatic assays. The Phenol sulfuric acid assay was used to determine the 

concentration of sugar from both influent and effluent samples following Hall 

(2003).Analyses were generally made in triplicate for each parameter. Removal 

efficiency of the above parameters was calculated based on the following formula. 

 

% Removal Efficiency = Cinf – Ceff        x 100 

                                           Cinf 

                                            Where, Cinf = Initial parameter concentration 

                                                                                    Ceff = Final parameter concentration 
 
 
Total dissolved solids (TDS) and Electrical conductivity (EC) were measured using 

conductivity meter (CO 150, USA). Temperature was measured using a hand-held 

thermometer. A portable pH meter (Model HI 9024 HANNA) was used to determine pH.  
 

The sludge microorganisms were observed using epifluorescence microscope (Olympus 

BX51, Japan) attached to a CCD digital camera. Analysis Docu software (CC12, 

Germany) was used for image acquisition of the microbial consortia. Moreover, the 

sludge samples were taken from both anaerobic and oxic reactors of the pilot plant and 

serially diluted in 0.085% sterilized saline solution up to 10-7 and a 100 micro-liter of the 

suspension was spread on to agar medium for the growth and enumeration of the 

microbial colonies. Two sets of medium were prepared for this purpose. The first set was 

standard medium containing nutrient agar and the second was prepared using textile 

wastewater without nutrient broth. The pH of the medium was adjusted to 10.3 by using 
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sodium carbonate after autoclaving at 1210C for 15 minutes. The inoculated plates were 

incubated at 300C for 3-7 days and their abundance in the system was estimated as colony 

forming units per ml (cfu/ml). Moreover, 35 randomly selected colonies were cultivated 

on Starch Agar Medium (Table 4). The pH of the medium was also adjusted to 10.3 using 

sodium carbonate after autoclaving at 1210C for 15 minutes. The surface of the starch-

agar plate was flooded with Gram's iodine solution. Colonies were evaluated as positive 

(+) for the presence of clear zone around the colonies indicating the starch has been used 

and negative (-) for the absence of clear zone (blue black around colonies). 
 

Table.4 Components of Starch Agar Medium. 

 

Component  Amount (g/l) 

Peptone 2.5 

Yeast extract 2.1 

Soluble starch 5 

MgSO4.7H2O 0.2 

CaCl2.H2O 0.2 

K2HPO4 1 

NaCl 5 

Agar 15 

 

Aliquot of cell free supernatant color from influent and effluent samples were measured 

spectrophotomtrically. The supernatant liquor was filtered through syringe filter with (0.2 

micro-meter) membrane filters to prevent any cell that form scattering of the spectrum. 

For this purpose, liquid samples were centrifuged at 4,500 rpm for 30 minute and diluted 

using phosphate buffer 8.66g/l of Na2HPO4 and Na2H2PO4.2 H2O to effectively prevent 

autoxidation. Influent and effluent samples were scanned in the range of 200-800 nm 

using Spectronic Genesys 2pc spectrophotometer (Shimazdu, Japan) to observe the 

spectral shifts caused by biotransformation of dye components of the wastewater.  
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3.6 Data Analysis 
 
 
The data collected on different parameters were subjected to mean (average) value and 

drawing graph using Microsoft Excel program and Microcal Origin 6.0 software. 
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4. RESULTS AND DISCUSSION 
 

4.1 Process performance of the pilot plant 
 

All results in this study were obtained from a pilot anaerobic- aerobic treatment plant 

treating textile effluent. The process performance of the pilot plant was monitored 

regularly in four experimental feeds for the parameters such as COD, BOD5, TN, NH4
+-

N, NO3-N, SO4
2-, S2-, PO4

3- TDS, EC, and pH. Average influent and effluent 

characteristics of the wastewater samples at different organic loading rates are illustrated 

in Table 5. On average, the influent wastewater had COD that ranged from 3440 mg/l to 

3118.70 mg/l, BOD5 from 972 mg/l to 926 mg/l and total nitrogen from 78 mg/l to 41.33 

mg/l. The raw wastewater samples were characterized by a high alkalinity with pH values 

ranging from 11 to 10.01 due to the processing chemicals added in stages like scouring 

and mercerizing.  
 

Table 5. Characteristics of the influent and effluent wastewaters for the four experimental 

feeds (concentrations are in mg/l, except for pH and conductivity).  
 

Parameter 
(mg/l) 

Feed I  
(1.8 Kg/ m3 day) 

Feed II  
(1.5 Kg/ m3day) 

Feed III  
(1 Kg/ m3 day) 

Feed IV  
(0.5 Kg/ m3day) 

Influent  Effluent Influent Effluent Influent Effluent Influent Effluent 
pH 10.6 9.4 10.6 9.88 10.01 9.33 11 10.17 

COD 3216±11.2 423±5.7 3118.7±18.7 301±3.22 3140±8.2 264±6.06 3440±4.7 
396.5± 

5.7 
BOD5 965±8.4 124±2.08 920±8.4 91±4.6 957±17.7 76±2 972±10.4 125.5±2.3 

S-2 1.1±0.001 0.1±0.01 0.7±0.006 0.05±0.005 0.5±0.003 0.06±0.02 0.49±0.01 
0.09±0.00

1 
NO3-N 2.1±0.05 21.8±0.9 2.1± 0.2 10.6±1.2 2.03± 0.04 10.2±0.9 2.13± 0.2 36. 7±1.9 
NH4-N 6.5±0.3 2.3±0.06 5.4 ±0.3 1.7±0.1 4.9±0. 5 1.3±0.02 6.7±1.03 2.9±0.09 
TN 64. 7±4.1 27±2.5 64.3±6.1 25. 7±3.7 41.33±1.8 15.7±1.2 78± 6.8 36.5±1.4 
SO4 2- 10.7±1.1 3.5±0.4 17.7±0.7 3.1±0.1 13.3±2.1 2.6±0.2 2±0.04 0.4±0.09 
PO4

3- 8.8±1.09 1.7±0.08 8.3±0.3 2.2±0.2 10.5±1.4 1.1±0.06 18.1±1.2 2.6±0.04 

TDS 1008.7±7.4 357±4.9 1219.7±10.2 333.2±2.5 2627±3.5 271±6.8 1857±5.8 
341.5±  

8.7 
EC  
(μ s/cm) 

1706.3±21.
2 640±19.2 2155.3±4.2 

630.56±1. 
5 

4451.67±10
.3 

485.33 
±12.5 3090±8 597.2± 93 
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As can be seen from Table 5, effluent COD and BOD5 concentrations were in the range 

of 423- 264  mg/l and 125.5 - 91mg/l, respectively. Likewise, the effluent total nitrogen 

and ammonium nitrogen concentrations were varied between 36.5 -16.7 mg/l and 2.9-1.3 

mg/l, respectively. 

 

4.1.1 Effect of OLR on COD and BOD removal performance  
 

One of the most important operational parameter in wastewater treatment systems is 

organic loading rate (OLR). Thus the pilot ANA-AER treatment plant, used in this study, 

was operated at four different OLRs in order to determine the optimum OLR for the 

highest organic matter removal. Effluent concentrations of COD, BOD5, TN, NH4
+-N, 

SO4 2-, S2-, TDS, EC, and pH were determined for each OLRs.  
 

Generally the COD and BOD removal efficiencies were increased gradually from OLR of 

0.5 Kg/ m3day to 1.5 Kg/ m3day and decreased at OLR of 1.8 Kg/ m3day. Table 5, Fig.5 

and Fig.6 depict the variation of effluent COD and BOD5 concentration and their removal 

efficiency with organic loading rates in the pilot ANA-AER treatment plant. COD was 

reduced by a total of 88.5 % at OLR of 0.5 Kg/ m3day with 71.4 % occurring in the 

anaerobic step (Fig. 5). When OLR was 1 Kg/ m3day, the COD concentration was 

reduced from 3140 mg/l to 843mg/l with 73.2 % COD removal efficiency in anaerobic 

step. The overall COD removal efficiency was 91.5 %. Similar results were observed 

when the organic loading rate was increased to 1.5 Kg/ m3day.  In this case, COD 

concentration was decreased from 3118.7 mg/l to 1001 mg/l in the anaerobic phase 

resulting in 67.9 % COD removal efficiency. Due to the contribution of the aerobic phase 

further decrease in COD concentration was obtained with a value of 301mg/l and 90.3 % 

removal efficiency. Whereas when the OLR was 1.8 Kg/ m3 day COD concentration was 

reduced from 3216 mg/l to 1029 mg/l at the anaerobic step. The final concentration was 

423 mg/l with 86.8 % COD removal efficiency. Therefore, the highest COD removal was 

obtained at OLR of 1Kg/ m3 day. Generally, two steps COD removal was observed in 

ANA-AER system which might be attributed to the formation of certain non-anaerobic 

degradable byproducts which were degraded later in the aerobic environment. 
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Fig.5. Percentage COD removal by the anaerobic reactor, aerobic stage and overall for 

each organic loading rate. 
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Fig.6. COD and BOD5 removal efficiencies of the pilot plant. 
 

The BOD5 removal efficiency of the system showed the same pattern with COD removal. 

As seen from Fig.6, at organic loading rate of 0.5 Kg/ m3 day effluent BOD5 

concentration was 125.5 mg/l with 87.1% removal efficiency. The BOD5 removal was 

also increased to 92.1 % when the OLR was 1 Kg/ m3 day and did not vary considerably 

at OLR of 1.5 Kg/ m3 day, 90.1 %. On the other hand, further increase in the OLR to 1.8 
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Kg/ m3 day resulted in increased effluent BOD5 concentration and decreased its removal 

efficiency. As seen from Table 5 and Fig.6 effluent BOD5 concentration was 124 mg/l 

with 87.2% removal efficiency.  
 

As indicated in the above results the COD and BOD5, which are commonly used to 

characterize the utilizable carbon and/or organic load on such wastes, showed a 

significant decrease in the effluents. This increased performance might be due to the 

versatility and concerted action of microbial consortia in different reactors via metabolic 

processes of bio-transformation, decolorization, mineralization and the overall 

assimilation of carbon and energy sources. A similar conclusion was also made by 

Pansuwan et al. (1999) and Isik and Sponza (2004). They noted that the rate of COD, 

BOD5 and color removal efficiencies appeared to be directly related to the level of 

metabolic activity of the sludge organisms. Moreover, in this study COD removals at 

different OLRs indicated that the anaerobic process is very important and contributes to 

about 70% of COD removal (Fig.5). This observation was in agreement with the results 

from the studies of Carliell (1993); An et al. (1996); Öztekyn (2004) and Khehra et al. 

(2005). Their study revealed that most of the COD removal process is accounted to the 

anaerobic reactor. 
 

The removal efficiencies for such parameters in this study were comparable with the 

result obtained by An et al. (1996) (83% COD removal from treatment of dying 

wastewater) and O’Neil et al. (2000b) (88% and 99% removal for COD and BOD5, 

respectively, from the treatment of simulated textile wastewater) using UASB reactor 

followed by activated sludge tank. Khehra et al. (2005) has also obtained COD removal 

of 95% in a simulated wastewater using laboratory scale anoxic up flow fixed-film 

column reactor (UFCR) and a continuously stirred aerobic reactor (CSAR). Further, in a 

study conducted by Isik and Sponza (2004) 80% COD removal was reported for the 

treatment of a cotton processing effluent in an anaerobic-aerobic bioprocess. 
 

Lower removal efficiencies of COD and BOD found in this study at the first experimental 

feed might correspond to acclimation, low nitrogen to support biomass (due to low OLR) 

and long sludge ages recommended for such types of strong wastewaters (Wallace, 2001;  
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Ammary, 2004). The other possible explanation for the decrease in removal performance 

at lower OLR might be due to the low synthesis of unique reduced enzyme cofactors by 

methanogenic and acetogenic bacteria in anaerobic cultures (Stolz, 2001; Bell and 

Buckley, 2003; Frank et al., 2005). Providing an optimum growth condition for 

methanogens is critical for organic matter removal. Therefore, COD and BOD5 removal 

rates are sensitive to the amount of available substrate in an anaerobic system as well as 

the loading rate, since catabolism of this substrate is responsible for the production of 

reduced enzyme cofactors (Sen and Demirer, 2003 ; Baban et al., 2004). On the other 

hand, the removal efficiencies were reduced when OLR was increased (1.8 Kg/ m3 day, 

higher OLR in this study). This is probably because of the physiologic inhibition of 

sludge microbes at high organic load (sources). 

 

4.1.2 Biodegradability 
 
The major organic compounds in the textile processing wastewater are dyes, starch 

(added in the process of sizing) and scoured natural impurities present in the gray fabric 

(cellulose). These constituents in dyeing wastewater are easy to be broken down. 

Moreover, macromolecules are decomposed or turned into smaller organic molecules 

through chain cutoff, leading to the increase in biotreatablity of the dye containing 

effluent (Carliell, 1993). A ratio of BOD5 and COD in wastewater is normally used to 

express the biodegradability of the wastewater. Generally, wastewater is considered 

biodegradable when the BOD5/COD ratio is above 0.25. If the ratio is less than 0.25, the 

wastewater is difficult to be biodegraded (An et al., 1996; Chun and Yizhong, 1999). 
 

In this study, the BOD5/COD ratio was used to investigate the biodegradability of textile 

wastewater using ANA-AER system. Table 6 depicts the changes in BOD5/COD ratio of 

influent, anaerobic stream in ANA-AER system with different OLRs. Across the four 

feeds the influent BOD5/COD ratio were followed similar trend, which was more than 

0.25.  
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Table 6. The BOD5/COD ratio of the influent and effluent at four feeds. 
 

Feeds BOD5/COD ratio 

Influent Anaerobic step 

I 0.3 0.34

II 0.29 0.35

III 0.3 0.37

IV 0.28 0.34

 

As seen in Table 6, in the first experimental feed the BOD5/COD ratio was increased 

from about 0.3 in the influent to 0.34 after anaerobic step. Similar results were obtained 

for the rest of the three feeds. This indicates the improved treatablity of the wastewater 

under aerobic conditions. One of the most reasonable explanations for this improvement 

is that the anaerobic process apparently changed the molecular structure of the dyes and 

other organic constituents into different fragments, which could be readily degradable 

under aerobic conditions. Therefore, the anaerobic stage of ANA-AER bioprocess used in 

this study plays an essential role to improve biodegradability in terms of BOD5/COD 

ratios.  
 

The findings of An et al. (1996) and Isik and Sponza (2004) support this in that, 

improvements in the biodegradability of textile wastewater was achieved when the 

BOD5/COD of the wastewater was increased following anaerobic treatment. As a result, 

better decolorization and COD removal was achieved in the anaerobic-aerobic 

configuration than in solely aerobic system.  

 

4.1.3 Effect of OLR on Total nitrogen removal performance  
 
 
Removal of total nitrogen (TN) and production of ammonium nitrogen following 

anaerobic treatment for the four experimental feeds was indicated in Fig.7. There was 

also a variation in TN removal efficiency with OLR. The average total nitrogen initially 

found in the influent was 64.7 mg/l, 64.3 mg/l, 41.33 mg/l and 78 mg/l for OLRs of 1.8, 
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1.5, 1 and 0.5 Kg/ m3day, respectively. The maximum TN removal efficiency (62 %) was 

obtained at the OLR of 1 Kg/ m3.day while the removal at 1.8, 1.5 and 0.5 Kg/ m3day 

were 58.2%, 60%, and 53.2%, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7. Total nitrogen removal efficiency of the pilot plant. 

 

In the meantime following anaerobic phase, the concentration of ammonium nitrogen was 

increased to 13.7 mg/l, 12.4 mg/l, 11.08 mg/l, and 14.3 mg/l in the respective OLRs 

(Fig.8). Wallace (2001) also observed a similar increase in the concentration of 

ammonium nitrogen in the same system. Nonetheless the ammonium nitrogen was 

subsequently reduced following aerobic treatment in ANA/AER bioprocess. The effluent 

ammonium nitrogen concentration was 2.33 mg/l, 1.7 mg/l, 1.32 mg/l and 2.89 mg/l, 

respectively, in the four feeds (Fig.8).  
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Fig. 8. Ammonium nitrogen in the influent, anaerobic reactor and effluent. 

 

The increased amount of ammonium nitrogen in the anaerobic samples may be attributed 

partly to ammonification and hydrolysis processes that convert some of the total nitrogen 

into ammonium nitrogen. At the same time nitrate nitrogen concentration was increased 

to 21.8, 10.6, 10.2 and 36. 7 mg/l in the effluent of the first, second, third and fourth 

experimental feeds, respectively (Table 5). This shows the oxidation of ammonium 

nitrogen into nitrite and nitrate nitrogen by nitrifiers in the aerobic reactor.  
 

In this study, although the dye formulations in the mill wastewater were not known, 

aromatic amines might present in the structure of dyes. These could be indicated by the 

shift in UV spectral peaks that resulted in color disappearance (mentioned in section 

4.1.4) and the associated reduction of TN and concomitant release of ammonium nitrogen 

in the anaerobic reactor. Delee et al. (1998) also indicated, “The formation of ammonium 

nitrogen in the anaerobic stage can be interpreted as indirect evidence for the formation 

of aromatic amines”.  
 

The results of this study also revealed the presence of additional COD removal in the 

aerobic phase which might be accounted to the removal of aromatic amines. For example, 

in the third experimental feed (OLR of 1 Kg/ m3 day), the COD concentration was 
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reduced by 73.2 % in anaerobic step and subsequent aerobic treatment removed an 

additional 18.4 % COD, thought to be due to the removal of aromatic amines, making the 

overall COD removal 91.5 % (Fig.5). In line with this different researches showed that 

additional COD removal in the aerobic basin (Field et al., 1995; O’Neill et al., 2000a), 

evaluation of UV spectra (Frank et al., 2005) and reduction of ammonium nitrogen 

concentration between the effluent of anaerobic reactor and the effluent of anaerobic–

aerobic reactor (Wallace, 2001) provide indirect measurement for the removal of 

aromatic amines. However, these results reveal some gaps for further investigation, with 

respect to the detection and quantification of the formed aromatic amines and their 

metabolites in this system. 
 
Similar results of total nitrogen removal were reported by Wallace (2001) in the 

treatment of wastewater from textile mills using laboratory acclimated sludge in the same 

system. His test results showed reduction of influent total nitrogen by 57%. Similarly, 

results from a study by Pansuwan et al. (1999) indicated improved removal efficiency of 

95.3% with the sludge from the treatment plants of dye houses. This discrepancy in 

removal efficiencies might be associated with the composition of sludge microorganisms, 

strength of the wastewater and variation in sludge ages. 

 

4.1.4 Color removal in anaerobic-aerobic bioprocess 
 
The degradation of dyes present in the wastewater for color removal was monitored by 

scanning the absorbance at wavelengths ranging from 200-800nm. Absorbance spectra of 

the influent and effluent samples for the third operational feed are shown in Fig.9. The 

UV-Visible spectra of the influent feed (Fig. 10a)  resulted from the mixture of dye types 

in the wastewater, showed maximum absorbance at 580nm and also showed peak in the 

UV region at 286nm (Fig. 9a). In general compounds that absorb light in the visible 

region contain at least one chromophore group. For instance, azo compounds with -N=N-

chromophore group are usually intensely colored because of the -N=N- linkage that 

brings the two aromatic rings into conjugation. This provides an extended system of 

delocalized electrons and allows absorption of light in the visible region (Solomons, 

1996). 
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 Fig. 9. UV-visible scans of the influent (a) and Effluent (b). 

 

 The treatment of this influent resulted in the shifting of absorption peaks at 283nm and 

complete disappearance of peak at 580nm rendering the feed solution colorless. After 

bio-treatment, the wastewater was decolorized as evident by the decrease in absorbance 

at 580 nm (λmax of the wastewater). Additionally, the peak of the parent dye mixture 

totally disappeared in the output of the bioreactor (Fig.9b and Fig.10b). Therefore, the 

observed spectral shift from the wavelength of absorbance maxima suggests the bio-

transformation of the dye into other metabolic products by consortia of sludge organisms. 
 

Further results of spectral analysis in this study might be associated with the COD 

reduction. According to An et al. (1996) and Isik and Sponza (2004) color removal was 

closely related to the rate of COD removal efficiency in the anaerobic phase. From 

profiles of COD and dye concentration in the anaerobic reactor, Meyer (1981) and 

Carliell (1993) also revealed that the rate of decolorization was faster than the rate of 

degradation of the organic matter used as the carbon source. 

 

 

 



  38

        
(a) (b) 

 
Fig.10. Sample of untreated textile wastewater (a) and sample of treated wastewater (b). 
 

4.2 Process stability of the bio process/ pH and measurements of biomass  
 

The measurements of biomass in two reactors and pH were used to monitor the stability 

of the bioprocesss. The biomass was measured as total suspended solids (TSS) and 

volatile suspended solids (VSS) in the anaerobic reactor and mixed liquor suspended 

solids and mixed liquor volatile suspended solids (MLVSS) in the oxic one. Table 7 

shows the pH profile during the experimental period. As indicated in Table 7 pH values 

were ranged from 10.01 to 11 and 9.35 to 10.17 in the influent and effluent samples, 

respectively.  
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Table 7. pH of influent, anaerobic reactor and effluent across the four phases. 
 

Experimental 
Feeds 

Influent  Anaerobic Effluent  

1.8 10.59 9. 9 9.82 
1.5 10.6 9.94 9.88 
1 10.01 9. 62 9. 35 

0.5 11 10.3 10.17 
 

A slight drop in pH values were observed in anaerobic reactor, with each subsequent 

increase in the organic loading rate. This could be attributed to the production of volatile 

acids resulted from the degradation of sugars present in the influent feed. Here high 

molecular weight organic contents might be converted to low molecular weight organic 

acids and consequently to carbon (IV) oxide. The carbon (IV) oxide also dissolved in 

water to give trioxocarbonate (IV) acid (H2CO3). Further this might be happened because 

of the formation of CO2 or loss of CO2 from sodium carbonate. Sen and Demirer (2003) 

also observed a slight decrease in effluent pH values (around 9) following anaerobic 

treatment of textile wastewater in a fluidized bed reactor (FBR).  
 

Although several studies noted the optimum pH interval of anaerobic treatment for COD 

and color removal is in the range of 6.5<pH<9.5 (Livernoche et al., 1983; Pansuwan et 

al., 1999; Sen and Demirer, 2003; Ong et al., 2005; Abraham Mebrat, 2006; Alaton et al., 

2006; Somasiri et al., 2006), the present study revealed the occurrence of COD and color 

removal at pH values between 9. 62 and 10.3 (Table 7.).  
 

Few researchers also used inoculum seed from alkaline sediments for the degradation of 

cotton based textile effluents (Carliell, 1993; Ramlho et al., 2004b). Ramlho et al. 

(2004b) investigated the influence of pH on color and COD removal efficiency. Their 

research examined the treatablity of textile wastewaters in a continuous anaerobic/aerobic 

system using thermo-alkalophilic Bacillus spp. Their results showed color removal 

efficiencies didn’t change significantly within the tested pH range (between 8 and 11) but 

for COD, maximum removal efficiencies were obtained in the range of 9 and 10.  
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The quantity and activity of microorganisms in a bioreactor are two critical parameters 

which determine the reactor’s performance in wastewater treatment (Hong, 2004). The 

standard method of determining the biomass quantity is to measure the TSS or VSS (Ali 

et al., 1985). In numerous studies, the measure of VSS in the anaerobic reactor was taken 

as an indication of the increase in biomass concentration (O'Neill et al., 2000b; Bell and 

Buckley, 2003; Isik and Sponza, 2004). 

 

 In this study the VSS present inside the anaerobic reactor was increased in the second 

and third feeds (Table 8). This phenomenon was related to the production of bacterial 

biomass with the corresponding utilization of the wastewater as carbon as well as 

nitrogen and energy sources. In general greater COD, BOD and TN removal efficiencies 

were associated with the large amount of VSS produced during this experiment (at OLR 

of 1 and 1.5 Kg/ m3day). However, when the organic loading rate was increased to 1.8 

Kg/ m3day, the bacterial biomass was decreased (as indicated by the values of VSS), with 

the corresponding decrease in the COD, BOD, and TN removal efficiencies of the pilot 

treatment plant.  

 

Table 8. TSS and VSS values of the anaerobic reactor. 
 

Parameter Experimental Feeds 

CODOLR (Kg/m3.day) 1.80 1.50 1.00 0.50 

TSS (g/l) 2.53 3.08 3.70 2.98 

VSS (g/l) 2.08 2.60 3.16 2.37 

 

As indicated in Table 3, when the pilot plant was operated at OLR of 1.8 Kg COD/ 

m3day the MLSS and MLVSS were 2.05 and 1.57 g/l, respectively. With an organic 

loading rate of 0.5 Kg COD/ m3day, the biomass in the reactor was 2.01 g/l and was 

increased to 2.77 g/l for OLR of 1Kg COD/ m3day. As a result, the COD, BOD and TN 

removal efficiencies in the system were increased compared to the first and second feeds 

due to the increase in activated sludge. In this study the observed maximum removal 

efficiency was matched with the increase in the MLVSS (Table 3) of the system. This is 
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because; the MLVSS in activated sludge is proportional to the active microbial biomass 

in the system (Metcalf and Eddy, 2003; Sidat et al., 1998).  

4.3 Growth, Enumeration and Distribution of Microorganisms 
 

The effectiveness of treatment systems depends upon the survival and adaptability of 

microorganisms during the treatment processes (McMullan et al., 2001; Stolz, 2001). 

Thus, plate count of microbes was used to quantify the number of living cells in 

bioreactors as that of biomass measurements. However, microbes cultivated in nutrient 

agar may underestimate the active cells due to medium selectivity or overestimate them 

due to growth of inactive cells within the reactor on the nutrient agar (Hong, 2004). 

Therefore, in this study two sets of medium were used for the growth and enumeration of 

microbial colonies. The first set was textile wastewater agar medium prepared using 

textile wastewater as a sole source of carbon and nitrogen and the second set was nutrient 

agar medium. The number of cells grown on textile wastewater agar medium using 

anaerobic and oxic sludges was 5.84× 107 cfu/ml and 1.54 × 107 cfu/ml, respectively. 
 

The number of cells in the oxic reactor was by far lower than that of anaerobic ones. 

Reduction in cell growth may result from the limited metabolic potential of aerobic 

microbial populations to degrade the dye components of the wastewater or the absence of 

enough carbon and energy source to support growth. The toxicity of dye components of 

the wastewater through the inhibition of metabolic activities may have contributed to the 

decrease in number. It was concluded from several studies that some dyes may be slowly 

degraded by aerobic microbial populations. However, the toxicity of the persistent dyes 

may decrease the overall mineralization of organic compounds by causing a reduction in 

concentration and species diversity of microbial communities, unless these dyes are 

rapidly degraded by anaerobic populations (Carliell, 1993; Sharma et al., 2004). The 

other reason might be prior exposure to the degradation intermediates of the anaerobic 

reactor may cause a reduced metabolic activity of organisms present in the aerobic 

reactor.  
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On the other hand, previous exposure of anaerobic microbial populations to dye 

components of the wastewater improved the ability of the microorganisms to degrade that 

dye by stimulating production of an inducible dye reducing enzymes. These compounds 

could, therefore, be utilized as sources of carbon and energy by wastewater 

microorganisms (Spain and Van Veld, 1983; Carliell, 1993). 
 

The number of anaerobic and oxic microbial population grown on nutrient agar was 3.65 

× 107 and 0.53× 107 cfu /ml, respectively. The number of cells on the nutrient agar was 

lower than that of the media containing textile wastewater. This might be due to the 

preference of the biomass in both reactors for organic carbon in the wastewater than that 

of the carbon sources in the nutrient agar. Moreover, the wastewater might contain wide 

range of carbon sources that support more growth. 
 
The plate culture study also demonstrated the presence of diverse groups of 

microorganisms in the sludge biomass. Different groups of actinomycetes were also 

observed. The diversity was higher in nutrient agar plates than that of plates containing 

textile wastewater. This may be related to the growth of inactive groups of microbes on 

the nutrient agar. Based on colony characteristics on nutrient agar, bacterial isolates 

exhibited circular and irregular colony morphology with red, yellow, white, light yellow, 

pink, colorless and orange coloration (Fig. 13). 
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Fig.11. Plate pictures showing the diverse group of microorganisms with different colony 

properties. 

 

The sludge microorganisms were also observed through epifluorescence microscope 

(Fig.12 and 13). These figures showed increased abundance, size and distribution pattern 

of microorganisms in the reactors. Initially at lower organic loading rate, the bacteria 

were developed in small chains and distributed scarcely. As the time goes they were 

grown and became larger and dense. It was observed that, their density was higher in the 

anaerobic reactor. Most of them were spherical shaped (Cocci and Diplococci) and 

motile. These organisms can be considered as metabolically active based on their growth 

observed under epifluorescence microscope. A firm, dense microbial floc formation was 

also observed. It is important in biological wastewater treatment as it enhances gravity 

settling (sludge settling) to produce clear effluent. Thus, bacterial growth and floc 

structure control effluent quality (source). 
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                                                                  (a) 

     
                           (b)                                                                       (c) 

Fig. 12. Epifluorescent Microscopy detection of sludge organisms in anaerobic reactor of 

the pilot treatment plant: anaerobic sludge (a) and anaerobic sludge organisms (b and c).  
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                                                            a) 

     
                b)                                                                           c ) 

Fig. 13. Epifluorescent Microscopy detection of sludge organisms in oxic reactor of the 

pilot treatment plant: activated sludge (a), and activated sludge organisms (b and c).  
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 Screening of isolated microorganisms for Starch hydrolysis 
 
Separate colonies of the predominant types of bacteria from appropriate petridishes were 

isolated on nutrient agar medium. The isolates were purified by re-streaking on agar 

plates of the same media. The ability of these isolates to grow on soluble starch 

containing medium (Table 4) and/or to hydrolyze it was assessed using iodine test. Starch 

hydrolysis was indicated by a clear unstained zone within the bacterial colony when 

treated with iodine solution (Fig. 14). 
 

Results indicated that 11 colonies from 35 were found positive (+) for starch hydrolysis 

test indicating their capacity to utilize starch as carbon source. These results were 

correlated well with the reduced concentration of starch in the effluent. In the first 

experimental feed the concentration of starch in the influent (4972 mg/l) was reduced to 

345.51mg/l, reducing sugar concentration was also reduced from 41.25mg/l to 5.35 mg/l 

in the influent and effluent samples, respectively. Therefore, this could be associated with 

the capacity of sludge microorganisms to utilize starch as carbon and energy source. 

 
Table 9. Results of Starch hydrolysis test. 
 
 

Starch hydrolysis test result No. isolates 
No.of strains positive(+) 11 
No.of strains negative(-) 24 
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Fig.14. Plate pictures showing clear zone around the colonies in starch hydrolysis test.   
 
 
 
 
 



  48

5.  CONCLUSION AND RECOMMENDATIONS 
 

5.1 Conclusion 
 
Anaerobic-aerobic pilot treatment plant was operated with textile wastewater in order to 

remove organic substances and color at different organic loading rates. Sediment sludge 

biomass from alkaline soda lake, Chitu, was used as a seed inoculum. In light of the 

experimental results, the pilot anaerobic-aerobic treatment system has performed at a 

high level of efficiency. In the experiment, COD, BOD5 and TN removal efficiencies 

were found to be between 91.5-86.8 %, 92-87.1% and 62-53.2%, respectively. Maximum 

removal efficiencies were recorded at the third experimental feed (OLR of 1.0 Kg/m3day) 

where COD, BOD5 and TN concentrations decreased from 3140, 957 and 41.33 mg/l to 

nearly 264, 76, 15.7mg/l, respectively. Based on analysis of UV spectra and absorbance 

profiles, a decrease in absorbance at the characteristic wavelength of the influent was 

observed in treated samples. The removal efficiencies were positively related to the 

increase in the measurements of biomass.  
 

The anaerobic reactor of the system removed most of the influent COD and improved 

treatability by raising the BOD5/COD ratios. The aerobic stage compensated slight 

reduction percentage of COD removal by the anaerobic reactor when the loading rates 

were high. In this study, indirect measurements were used to indicate the formation and 

removal of aromatic amines in the treatment process. However, the results possibly reveal 

some gaps with respect to the detection and quantification of aromatic amines and their 

metabolites that needs investigation in the future. 
 

The ability of microorganisms to degrade and metabolize a wide variety of compounds 

has been recognized and exploited in various biotreatment processes. In this study an 

attempt was made to isolate diverse groups of microorganisms capable of using the 

wastewater as sole carbon and nitrogen sources. These microorganisms adapted to the 

new environment and likely that they could contribute in modifying this environment 

through their growth and function. Thus, the effluent-adapted isolates may be better 

candidates for potential bioremediative uses in the future. 
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5.2 Recommendations  

 
• This research result is not exhaustive with respect to the fate of amines. The many 

uncertainties about the aerobic fate of aromatic amines reveal the need to obtain 

better insight in the matter. Therefore future research should focus on (i) the detection 

of aromatic amines and their degradation products, and (ii) assessment of the degree 

of mineralization. 

 

• The results of this study showed the potential application of the system using alkaline 

sludge biomass as an alternative for the treatment of dye containing textile 

wastewater. In view of the above conclusions, promising results were obtained for the 

removal of organic matter and color associated with dyes. This indicates the potential 

of indigenous alkaliphilic sludge organisms to be used for bioremedative purposes. 

Therefore, additional detailed studies are needed to characterize and identify the 

isolates from this work for further applications. 
 

• Most microorganisms in nature are not culturable due to unknown nutritional 

requirements or long durations required to grow. Culture dependent techniques are 

used to isolate only cultivable subset of consortia of organisms present within the 

sample. In this regard there could be a chance of losing group of organisms efficient 

in bioremediation. Therefore, characterization and enumeration of such organisms 

using molecular techniques is of great significance. 
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