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Abstract 
 

Tannery wastewaters contain high levels of organic matter, nitrogenous compounds, sulfides 

and other pollutants. These pollutants can cause undesirable effect on the ecosystem and 

public health.  In Ethiopia most of leather industries discharge their effluent with out any 

treatment to the near by rivers. This creates a serious effect on aquatic biota and surrounding 

environment. To minimize the effects, these pollutants must be eliminated/reduced to the 

acceptable limits during wastewater treatment. Biological treatment methods are both cost 

effective and environmentally sound alternative for the treatments of tannery wastewater than 

physic-chemical methods. 

The objective of this study was to develop laboratory-scale sequencing batch reactor and 

evaluate the biological removal efficiencies of various pollutants from tannery wastewater. 

To achieve this objective, the removal efficiencies of COD and TN were investigated under 

different cycle times in steady-state condition. The removal efficiencies of the sequencing 

batch reactor for carbon, nitrogen, sulfur and phosphorus were also evaluated for a cycle time 

of 8 hours. In addition, the effects of fill time on the overall COD removal efficiencies were 

studied.  

The overall COD removal efficiencies were 71 ± 3.6% at a cycle time of 6-h, 85 ± 1.5% at a 

cycle time of 8-h, 89 ± 1.5 % at a cycle time of 12-h and 92 ± 2.6 % at a cycle time of 24-h. 

The TN removal efficiencies were 33% at a cycle time of 6-h, 39% at a cycle time of 8-h, 

44% at a cycle time of 12-h and 49% at a cycle time of 24-h. The overall COD removal 

efficiencies were 94% for 180-minute fill time, 90% for 83-minute fill time and 85% for 48 

and 39 minutes fill time.  The removal efficiencies at 8 hour cycle were 85% for carbon, 38% 

for total nitrogen, 35% for ammonia-nitrogen (NH4
+-N), and 99.9 % for sulfide, 100% and 

54.3% orthophosphate and total phosphate, respectively.  

In the steady-state condition, the removal efficiencies of COD and TN increased as the cycle 

time (HRT) increased. The removal efficiency of COD increased as the length of feed time 

increased. Thus, the Sequencing batch reactor was found to be efficient for the removal of 

organic matter, sulfide and phosphorous from tanner wastewater.    

 

Keywords: Biological organic matter and sulfide removal, ammonification, nitrification, 

denitrification, sequencing batch reactors, tannery effluents 
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1. INTRODUCTION  

 

Long before the industrial revolution, human activity began to alter the Earth's 

environment. However, only in the past century the scale of such alterations has become 

global in scope. Moreover, the rate of these recent changes is enormously high compared 

with the historical record. Today, at the beginning of the new millennium, it is clear that 

humans are inducing environmental changes in the planet as a whole. In fact, the human 

fingerprint is abundantly seen on the global atmosphere, the oceans, and the land of all 

continents (Miller, 2001; Nebel and Wright, 2000).  

 

Over the past century humans have introduced a large number of chemical substances into 

the environment. Some of them are wastes from industrial and agricultural processes. Some 

have been designed as structural materials and other have been designed to perform various 

functions such as healing the sick or killing pests and weed (Miller, 2001; Adams, 1990; 

Nebel and Wright, 2000). The movement of these chemicals through the environment can 

result in deleterious effects upon ecosystems and human populations, in nearer areas or in 

some cases far away from the points of releases (Andrew, 1986; US EPA, 2004).  

 

Leather tanning has been ranked as one of the most polluting activities.  It also has one of the 

highest toxic intensity per unit of output (Parikh et al., 1995; Ganesh et al., 2005; Lofrano 

et al., 2006: UNEP, 1991; Khan et al., 1999).  The transformation of raw or semi-pickled 

skins in to commercial products requires high water consumption roughly 50-150 liters of 

water and about 130 chemicals are used per one kilogram of converted leather (Infogate/GTZ; 

World Bank, 1998). The main chemicals used in the various processing stages include 

sodium sulfide, lime powder, ammonium sulfate, sodium chloride, sulfuric acid, chromium 

sulfate, sulphonated and sulfated oils, formaldehyde, pigments, dyes and anti-fungus agents 

(ETPI, 1998; World Bank, 1998; IFC, 2007). 

 

In processes of production leather tanneries produce all the three categories of wastes: 

wastewater, solid waste and air emissions (Buljan, 1994; Infogate/GTZ. 2002; UNIDO, 

2000). However, wastewater is by far the most important environmental challenge because 
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the effluent causes very high pollution load. Specifically in terms of chemical oxygen 

demand, biochemical oxygen demand, chromium, sulphide and nitrogenous compounds 

(Bajza and Vrcek, 2001; UNEP, 1991; UNIDO, 1992; Awan et al., 2003). The effluents, 

which are discharged without any pretreatment into water bodies or open land, contaminate 

surface as well as sub-surface water and soils (Khan et al., 1999; Parikh et al., 1995).  

 

In Ethiopia, there are more than 20 tanning industries. Most of them directly discharge their 

wastewater to the surrounding surface water or onto open land with out any types of 

treatment (EPA 2003; Seyoum Leta et al., 2004). The discharge of the effluent to the 

surrounding water bodies affects the water quality and cause reduction and death of aquatic 

fauna and flora.  

 

Today, due to increased pollution as well as elevated public awareness and consequent 

demand for protection of the world’s water resources, different types of treatment 

techniques that remove organic matter and nutrients from wastewater have been developed 

(Nicholas, 1996; UNEP, 1999; US EPA, 2004; Linda and Peter, 1999). These removal 

processes can be grouped into physico-chemical and biological systems. Biological 

processes can be further divided into fixed-film and suspended-growth systems.  

 

In attached growth (or fixed film) processes, the microbial growth occurs on the surface of 

stone or plastic media and the wastewater passes over the media along with air to provide 

oxygen (Benefield and Randall, 1985; Metcalf & Eddy, 2003). In suspended growth 

processes, the microbial growth is suspended in an aerated water mixture where the air is 

pumped in, or the water is agitated sufficiently to allow oxygen transfer (Nicholas, 1996; 

Wiesmann et al., 2007; Grady, 1999). Although both fixed-film and physicochemical 

nutrient removal processes are widely used, suspended-growth systems due to its removal 

of organic matter and  nutrient have received the most attention (Mary et al., 2005; Metcalf 

& Eddy, 2003; Wiesmann et al., 2007).  Suspended growth systems can be operated either 

in a continuous or a semi-continuous operation model (Metcalf & Eddy, 2003; US EPA, 

2004).   
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The main difference between a semi-continuous (Sequencing Batch Reactor) and a typical 

continuous flow system is that SBR combine all of the treatments steps and processes into a 

single basin or tank, whereas conventional facilities rely on multiple basins (Boari, 1997; 

Robert, 2005). However, the SBR technology has proved to be an effective and a viable 

alternative to continuous flow systems for carbon and nutrient removal from domestic and 

industrial wastewaters and it is also effective system in terms of performance (Torrijos and 

Moletta, 1997; Torrijos et al., 2001; Battistioni et al., 2003). This study aims to evaluate 

performance suitability of sequencing batch reactor for the treatment of tannery waste 

water. 
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2. LITERATURE REVIEW 

 

2.1. Tanning process 

 

The process of tanning consists of the transformation of raw hides or skins to leather. The 

skin submitted to different tanning process to eliminate meat, fat and hair in which about 

130 different chemicals used (Sreeram and Ramasami, 2003; Stoop, 2003; Wiegant et al., 

1999). During the tanning process at least 300 kg chemicals (lime, salt etc.) is added per ton 

of hides (FAO, 1996). The tanning process can be partitioned in three main categories; 

beamhouse operation, tanyard operation, and finishing operation including dyeing and 

surface treatment (Lefebvre et al., 2006; ETPI, 1998; UNIDO, 2000; Infogate/GTZ, 2002). 

Each operation consists of a wide range of process. In the beamhouse; the salted skins are 

soaked in pure water for a period of two hours to seven days to humidify them and to 

eliminate salt, blood and dirt. To remove the hair, the skins are immersed for one to nine 

days in a solution of water and lime containing a small quantity of sodium sulphide. The 

next operation is deliming the skins by soaking them in a diluted solution of acid, which 

reduces the swelling caused by lime. The majority of the skins are treated simultaneously 

with enzymes during the bating step. The skin gets softened, relaxed, clean and ready for 

pickling and tanning (Oke et al., 2005; UNIDO, 2000; ETPI, 1998; Infogate/GTZ. 2002).  

 

Pickling and tanning processes convert the protein of the raw hide or skin into a stable 

material, which will not putrefy and is suitable for a wide variety of purposes. The two 

principal processes of tanning are chromium salts tanning, and vegetable tanning (Buljan 

1994; Ockermann and Hansen, 1988; Higham, 1991). The final step is the finishing 

operations which include leveling the colour, covering grain defects, controlling the gloss 

and providing a protective surface with good resistance to water, chemical attack and 

abrasion (Ockermann and Hansen, 1988; Infogate/GTZ, 2002; UNIDO, 2000).  
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2.2. Characteristics of tannery wastewater 

 

Conventional methods of pre-tanning, tanning and post-tanning discharge enormous 

amounts of pollutants together with effluents (ETPI, 1998; UNEP, 1991). Wastewater from 

the beam house processed and associated rinsing may contain hide substance, dirt, blood, or 

drug and therefore have significant loads of organic matter and suspended solids. This stage 

is the most polluting section of tanning process, contributing around 50-55 % of the total 

pollution load of the tanning industry. These effluents typically have high load of organic 

matter, sulfide, total solids and chloride (UNEP, 1991; Infogate/GTZ. 2002; ETPI, 1998; 

FAO, 1996). Cooman et al (2002) also indicated that beamhouse contain high concentration 

of chloride, total solids and sulfide. 

 

Wastewater from tanyard processes, deliming and bating may contain sulfides, ammonium 

salts, and calcium salts and is weakly alkaline. The pickling and chrome tanning effluents 

contain chrome, chlorides and sulphates (UNIDO, 2000). The major pollutants of the post-

tanning are Chrome, salts, dyestuff residues, fat liquoring agents, syntans and other organic 

matter, typically measured by COD (Bajza and Vrcek, 2001; UNIDO, 2000). 

 

Therefore, composite tannery wastewater is characterized by high load of organic matter 

originating from the hides as well as from the added chemical, strong color, turbid, foul 

smelling, high pH, dissolved and suspended solids, organic nitrogen and ammonia (Cooman 

et al., 2002; World Bank. 1998; Boshoff et el., 2004; UNIDO, 2000). In addition it shows 

high concentration of sulfide, sulfate, chloride and chromium (Cooman et al., 2002; Gupta, 

2003; Junior et al., 2006). The characteristics of the different streams of wastewater 

generated during tanning process are indicated in Table 1.   
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Table 1.  Characteristics of tannery wastewater (process-wise) 

Parameters*  Soaking Beamhouse 

operation 

Pickling & 

tanning 

Post-tanning and 

finishing  

Composite 

(including 

washings) 

P
H
 7.5 - 8 8 – 12 2.2 – 4 3.5 – 4.5 7 - 9 

BOD5 1.1 – 2.5 2 - 8 0.4 – 0.8 1 - 2 1 - 3 

COD 3 - 6 3 - 15 1 - 3 2 - 7 2 - 8 

Sulfide - 50 - 200 - - 30 - 150 

Total solids 35 - 55 6 - 20 30 – 60 4 - 10 15 - 25 

Dissolved 

solids 

32 - 48 5 - 15 29 - 58 3.4 - 9 13 - 20 

Suspended 

solids 

3 - 7 3 - 15 1 - 2 0.6 – 1 2 - 5 

Chlorides 15 - 30 3 - 6 15 - 25 0.5 - 1 6 – 9.5 

Total 

chromium 

- - 1.5 - 3 0.03 – 0.06 0.08 – 0.2 

 

*All values are in g/l, except P
H
 

  Source: ETPI, 1998 

2.3. Environmental Impact of tannery wastewater 

 

Leather tanning has been ranked as one of the most polluting activities compared to other 

manufacturing sector activities (Khan et al., 1996). The tanning process is almost wholly a 

wet process that consumes high amounts of water (about 30-40 L of water/kg of hides or 

skin processed) and also generates about 90% of the water as effluent (World Bank, 1998; 

IFC, 2007). Process water consumption, and consequently wastewater effluent discharges, 

varies greatly between tanneries, based on the processes involved, raw materials, and 

products (Wiegant et al., 1999; UNIDO, 2000). Generally, water consumption is greatest in 

the pre-tanning areas, but significant amounts of water are also consumed in the post-

tanning processes (ETPI, 1998). The amount of wastewater generated in each process is 

shown in Table 2.  
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       Table 2. Process-wise wastewater generation of a tanning factory 

Operation Disharged(m
3
/t raw hide) 

Soaking 7 - 9 

Liming 9 - 15 

De-liming , Bating 7 - 11 

Tanning 3 - 5 

Post-tanning 7 - 13 

Finishing 1 - 3 

    

            Source: World Bank, 1998 

 

Thus, effluents discharged from tanneries are voluminous, highly coloured, contain a heavy 

sediment load including toxic metallic compounds, chemicals, biologically oxidizable 

materials and large quantities of putrefying suspended matter and when discharged untreated, 

damages the normal life of the receiving water bodies and land surface (ETPI, 1998; GATT, 

1994; Khan et al., 1999). The lack of effective implementation of legislative control, poor 

processing practices and use of unrefined conventional leather processing methods have 

further aggravated the pollution problem caused by the tanning industry (Khan et al., 1999). 

 

Tannery wastewater release high amount of organic matter to the environments.  Organic 

compounds which are present in these wastes are; polyphenolic compounds, acrylic acids 

condensates, aliphatic ethoxylates, fatty acids, dyes, proteins, soluble carbohydrates 

(Szpryokowicz et al., 1995; Naumczyk et al., 1996).  

 

Organic matter in water bodies can be oxidized by oxygen. Therefore, when released into a 

water body, organic matters consume oxygen and leave the system in an oxygen-deprived 

state. This anoxic conditions lead to low electric potential environment and can change the 

chemistry of the entire system. The loss of oxygen also creates stress on many aquatic 

organisms including fish (UNEP, 1999; Nicholas, 1996; Pittier and Chudoba, 1990).   
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The pH of directly discharged tannery effluent varies from 3.5 to 13.5. The low pH tannery 

effluent causes corrosion of the water-carrying system. A large fluctuation in pH and BOD 

value exerts stress on aquatic environment which may kill some sensitive species of plants 

and animals living there (ETPI, 1998; GATT, 1994; IFC, 2007). 

 

Hydrogen sulfide formed due to the presence of sulfide in the effluent and chromium is highly 

toxic to many forms of life (Cooman et al., 2003; ETPI, 1998).  Research has shown that the 

crop-yield from contaminating agriculture land has been adversely affected and also the food 

is contaminated (Parikh et al., 1995; Khan et al., 1999; Bernel et al., 2006).  

 

Tannery wastewaters, which percolate into ground water for a long period, seriously affect 

the groundwater. Chromium and sulfide from the effluent pollute the groundwater 

permanently and make it unfit for drinking, irrigation and general consumption. A single 

tannery can cause the pollution of groundwater around the radius of 7–8 km (Mondal et al., 

2005). Other negative effects include the loss of land productivity, retardation of the 

germination of plants and seeds (Khan et al., 1999; Bernel et al., 2006). Now a day, there is a 

growing environmental pressure against the leather processing activity because of the rise 

in salinity and heavy metals in the soil and groundwater (Saravanabhavan et al., 2005; 

Bernel et al., 2006). Therefore, to reduce these and any other impact of tannery effluents, 

the tannery wastewater as a whole or individual process streams should be treated. 

 

2.4. Treatment methods of tannery wastewater 

 

Treatment of tannery effluent is a challenge because it is a mixture of biogenic matter of 

hides, inorganic chemicals and a large variety of organic pollutant with large molecular 

weights and complex structures (ESCAP, 1982; Elke, 1996; Thorsten, 1997). There are two 

Different kinds of treatment techniques. These include mechanical, physico-chemical and 

biological treatments (Repsyte and Simutis, 2004; Bashaar 2004; Wiesmann et al., 2007; 

Seabloom and Buchanan; 2005; Linda and Peter, 1999; US EPA, 2004).   
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2.4.1. Physico-chemical treatment 

 

Physico-chemical treatment of tannery effluents consist of coagulation, flocculation, 

sedimentation, filtration, air stripping, chemical precipitation, adsorption, ion exchange, 

electrochemical (electro-oxidation), and chemical oxidation (Ramesh et al., 2007; Kyung-

Sok et al., 2004, 2007; Lofrano et al., 2006; Metes et al., 2004; EPA, 2004; UNEP, 2004; 

Linda & Peter, 1999).  

 

Coagulation-flocculation (CF) has been applied to leather tanning wastewater to reduce 

organic load and suspended solids as well as to remove toxic substances (Ignacio, 1995; 

Ates et al., 1997; Kabdasli et al., 1999; Lofrano, 2006). In addition to coagulation 

chromium can be reduced by chemical precipitation, adsorption, and ion exchange 

(Rapoport et al., 1995; Tobin et al., 1998; Ramesh et al., 2007) 

 

The removal of nitrogen and organic matter from tannery wastewater can be accomplished 

using physical, chemical or a combination of both. Organic matter can be reduced either by 

adding powder activated carbon directly into biological reactor or by advance oxidation 

processes (AOPs) such as UV, ozone (O3), photocatalytic oxidation and their combination 

and Fenton reagent (Schrank, 2004, 2005; Lofrano et al., 2006; Esplugas et al., 2002). The 

available physico-chemical methods for ammonia removal include adsorption, chemical 

precipitation, membrane filtration, reverse osmosis, ion exchange, air stripping, breakpoint 

chlorination and electrochemical oxidation (Metcalf and Eddy, 2004; Seungmoon et al., 

2005; Sarioglu et al., 2005; Metes et al., 2004; Kyung et al., 2004; Lidia et al., 2005). 

 

All the processes which can be used for removal of both organic matter and nitrogen are 

simple in principle; however, they are expensive (high operating and maintenance cost, and 

consumption of chemicals) and also produced harmful products. Now a day, there is a 

growing interest in the development of new technologies and procedures for the purification 

of this waste. Among these procedures, biological methods have been recognized as a 

viable possibility for the degradation of these wastewaters (Delpozo and Diez, 2003).    
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2.4.2. Biological treatment 
 

In the biological method, microorganisms are utilized to treat wastewater because they can 

uptake organic matter and nutrients (nitrogen and phosphorus) for energy source, 

metabolism and for building blocks (cell synthesis) (Pittier and Chudoba, 1990; Wiesmann 

et al., 2007). 

 

2.4.2.1. Biological Removal of Organic matter 

 

Organic pollutants and colloidal organics from wastewater can successfully be removed by 

biological treatments (Benefield and Randall, 1985; Seabloom and Buchanan; 2005).  In 

this treatment technique, micro-organisms utilize the organic matter for metabolism 

processes (Bashaar, 2004; Wiesmann et al., 2007; Seabloom and Buchanan; 2005).   

 

Biodegradation of organic matter during wastewater treatments occur either in the presence 

of oxygen (aerobically) or in anoxic conditions by denitrification (Jeyaseelan, 1997; 

Nicholas, 1996; US EPA, 2004). 

 

The oxidation of soluble organic compounds and solublized biopolymer (proteins, 

carbohydrates, fats or lipids) in aerobic condition may produce carbon dioxide, water and a 

significant amount of sludge. In addition, small amount of ammonia and hydrogen sulfide 

may be formed from sulfur-containing amino acids and heterocyclic compounds. However, 

the oxidation of organic matter in anoxic environment by denitrifaction of nitrate or nitrite 

yields carbon dioxide, water, nitrogen and sludge (Jeyaseelan, 1997; Nicholas, 1996; 

Seabloom and Buchanan, 2005; Boari et al., 1997). 

 

Organic matter removal from strong wastewater such as tannery effluents is clearly favored 

by the combination of processes with and without oxygen (Delpozo and Diez, 2003). Many 

investigators have reported the use of biological treatments, specifically, sequencing batch 

reactors (SBR) in tannery wastewater as an efficient way for the removal of organic matter 
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(Ganesh et al., 2006; Farabegoli et al., 2007; Murta et al., 2002; Carucci et al., 1999; 

Lefebvre et al., 2005).   

 

 

Figure 1. Biochemical degradation of biodegradable organic matter. Left: aerobic 

conditions; Right: anoxic condition( Metcalf and Eddy, 2003).   

 

2.4.2.2. Biological Removal of Nitrogenous compounds  

 

Nitrogen exists in many forms because of the high number of oxidation states it can take. 

Ammonia and organic nitrogen compounds that have an oxidation state of (-3) are the most 

reduced forms of nitrogen. In the opposite extreme, nitrate is the most oxidized form with 

an oxidation number of +5 (Sedlak, 1991). In untreated wastewater, Nitrogen exists in the 

forms of ammonia, nitrite, nitrate and organic nitrogen. Urea, protein and aminacides are 

the major forms of organic nitrogen (Thongnuekhang, 2004; US EPA, 1993; Mary, 2005).  
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Several components in tannery effluent contain nitrogen as part of their chemical structure. 

The most common chemicals are ammonia (from deliming materials) and the nitrogen 

contained in proteinaceous materials (from liming/dehairing operations) (Thorstensen, 

1985; Kabdas, 2003). The discharge of these nitrogen compounds in to the receiving waters 

would lead to several environmental and health risks (Kadlec and Knight, 1996; Mary, 2005; 

Daijun and Willy, 2002).  

 

Ammonia is an essential plant nutrient and, after nitrification to nitrate, cause 

eutrophication, i.e. undesirable growth of aquatic plants and algae (US EPA, 1993). The 

breakdown of these cells when they die can cause a depletion of oxygen in the water (US 

EPA, 1993; Mary, 2005; Sawyer, 1994). Ammonia itself is also toxic to aquatic organisms at 

concentrations as low as 0.03mg/l (Solbe and Shurben, 1989; Sawyer, 1994; US EPA, 

1993). 

 

Nitrate is a primary contaminant in drinking water and can cause a human heath condition 

called Methemoglobinemia or blue baby syndrome (Bouchard, et al., 1992; Horn and 

Golden, 1994; Magaee, 1997; Sedlak, 1991; Kelter et al., 1997). The maximum 

contaminant level (MCL) for nitrate in drinking water is 10.0 mg/L (Bouchard, 1992). In 

addition, high nitrate levels in drinking water could potentially have carcinogenic effects 

through the formation of nitrosamines (Bouchard, 1992; Hantzsche and Finnemore, 1992).  

 

Nitrogen compounds therefore need to be removed from the wastewater. For this removal 

of nitrogen a wide variety of biological and chemical removal systems are available (Henze 

et al., 1995). Biological nitrogen removal is carried out with three successive processes: 

ammonification, nitrification and denitrification (Maynard et al., 1999; Mary; 2005). Figure 

2 shows the interaction between the three processes in what is known as the Nitrogen 

Cycle. 
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Figure 2. Microbial transformation of nitrogen in biological wastewater treatment system 

(Grady et al., 1999)  

 

I. Ammonification 

 

Ammonification is the biochemical degradation of organic nitrogen (in the form of 

proteins) from hides and skins that are present in the wastewater into NH3 or NH4
+
 through 

the process of hydrolysis (Mary; 2005; US EPA, 1993; Hazen and Sawyer, 2006; Rittmann 

and McCarty, 2001). This process enables to remove organic nitrogen from wastewaters 

through hydrolysis to amino acids. The degradation of amino acids leads to liberation of 

ammonia by various mechanisms of ammonification (Mary; 2005; Rheinheimer, 1988). 

These includes hydrolytic, oxidative, reductive and destructive deamination (3, 6) 
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R–NH2 + H2O → R–OH + NH3    (3) 

RCHNH2COOH + H2O → RCOCOOH + 2 (H)  +  NH3  (4) 

RCHNH2COOH  +  2 (H) → RCH2COOH +  NH3   (5) 

RCH2CHNH2COOH → RCH=CHCOOH  +  NH3    (6) 

 

A significant amount of ammonia from ammonification of amino acids is assimilated in 

aerobic treatment processes for growth of bacteria (surplus sludge formation). To eliminate 

ammonia that is not used for cell growth during wastewater treatment, it must first be 

nitrified and then denitrified to molecular nitrogen. 

 

II. Nitrification  

 

Nitrification is the aerobic oxidation of NH3 to NO3
-
. In the process of nitrification, 

ammonia which is either already present in the wastewater or produced through 

ammonification is converted to nitrate. It consists of two sequential steps carried out by two 

phylogenetically unrelated groups of aerobic chemolithoautotrophic bacteria (Pynaert, 

2003; Green et al. 1997; Seitzinger and Giblin, 1996; Rittman and McCarty, 2001; Sawyer 

et al., 1994). 

 

In the first step, ammonia is oxidized to nitrite (equation 7) by one group of autotrophic 

bacteria called nitrosomonas bacteria or Ammonia Oxidizing Bacteria (AOB). They belong 

to the genera Nitrosomonas, Nitrosococcus, Nitrosolobus, Nitrosospira, and Nitrosovibrio 

(Rittman and McCarty, 2001; Van Loosdrecht and Jetten, 1998; Aurelie, 2005). 

 

In the second step, nitrite is oxidized to nitrate (equation 8) by another group of autotrophic 

bacteria called nitrobacteria or Nitrite Oxidizer Bacteria (NOB). These groups of bacteria 

are members of the genera Nitrobacter, Nitrococcus, and Nitrospira (Abeliovich et al., 

1992; Jetten et al., 2001; Metcalf and Eddy 2003). No single known autotrophic bacterium 

is capable of complete oxidation of NH3 to NO3
-
 in a single step (Abeliovich et al., 1992). 

Nitrobacter have a faster growth rate than Nitrosomonos, therefore, once the ammonia is 

converted to nitrite, the conversion to nitrate occurs rapidly(Grady,1980).  
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Figure 3. Nitrification process Left: nitritation; Right:nitratation. (Metcalf and Eddy, 2003) 

 

Environmental requirement of Nitrification 

 

Nitrifiers are difficult to maintain because of their specific environmental requirements. The 

important parameters that must be maintained for optimal performance of the nitrifiers 
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range, presence of ammonia, supply of micronutrients, and suitable hydraulic retention time 

(Rogers, 1983; Sedlak, 1991).  

 

Temperature is a key parameter in the nitrification process, (Grunditz and Dalhammar, 

2001).  The optimum temperature for nitrification to occur ranges between 20-30ºC (Yoo et 

al, 1999; Kadlec and Knight, 1996). In addition, temperature less than 15ºC and above 30ºC 

inhibit nitrification (Kadlec and Knight, 1996). 
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There is a wide range in the reported pH optimum (pH 6.5 to 8.6) (Sedlak, 1991). However, 

it is generally accepted that nitrifiers grow optimally at slightly alkaline pH (7.2-8.2) 

(Sharma and Ahlert, 1977; Grunditz and Dalhammar, 2001). The effects of pH on the 

activity of ammonium oxidizers and nitrite oxidizers are shown in Figure 4. Below P
H 

7.0 

and above pH 9.8 the nitrification rate is less than 50% of the optimum (Rao et al., 1997). 

At a pH below 6.5, no growth of AOB was observed, probably due to the limited NH4
+
-N 

(substrate) availability at this low pH value (Burton and Prosser, 2001). 

 

This optimum pH range is also linked with the pH dependent NH4
+
/NH3 and HNO2/NO2 - 

equilibria, where NH3 and HNO2 can exhibit inhibitory effects starting from a certain pH, 

as explained above. Apart from the influence of pH on chemical equilibria, also pure pH 

effects exist. Below pH 7, the nitrification rate will decrease (Tarre et al., 2004).  

 

 

Figure 4 An effect of PH on the activity of ammonium oxidizers (a) and nitrite oxidizers 

(b), the activity at PH 8.0 was used as the reference acivitity (Grunditz and Dalhammar, 

2001). 

 

Nitrifying bacteria are more sensitive to DO conditions than the majority of heterotroph 

found in activated sludge. Although there is disagreement in the literature as to the 

minimum DO concentration required for nitrification to proceed, it is generally agreed that 

2 to 4.0 mg/l of DO are necessary for optima nitrification rates (Grady, 1999; Barnes and 

Bliss, 1983; Philips et al., 2002) (B). Charley et al." observed that high dissolved oxygen 

concentrations (38 mg/l) are not inhibitory towards nitrifiers following a brief acclimation 
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period. The uncharged nitrogen forms are considered to be the actual substrate/inhibitor for 

ammonium and nitrite oxidation.  

 

The concentrations of NH3 and HNO2 as function of total ammoniacal nitrogen 

(TAN=NH4
+
 + NH3) and total nitrite concentrations (TNO2=NO2

-
 + HNO2) and pH are 

presented in Figure 5. From these, boundary conditions of zones of nitrification inhibition 

were determined (Anthonisen et al., 1976). A range of boundary conditions, depending on 

various operating conditions, delimits each zone. Zone 1 (NH3 > 10–150 mg/LNH3–N) 

marks the inhibition of AOB and NOB by free ammonia, while in zone 2 (0.1–1.0 

mg/lNH3–N < NH3 <10–150 mg/LNH3–N) NH3 only inhibits NOB. Complete nitrification 

is possible in zone 3 (NH3 < 0.1– 1.0 mg/LNH3–N and HNO2 < 0.2–2.8 mg/LHNO2-N). In 

zone 4 NOB are inhibited by free nitrous acid (HNO2 > 0.2–2.8 mg/LHNO2-N). Because 

the concentrations of these two forms depend on the solution pH, NH3 is the main inhibitor 

of nitrification at high pH (>8), whereas HNO2 is the main inhibitor at low pH (<7.5)( 

Anthonisen et al. 1976). 

                   

Figure 5  Relationship between concentrations of ammonia (FA) and nitrous acid (FNA) 

and inhibition to nitrifiers at ambient conditions (Anthonisen et al., 1976). 

The dashed lines mark the lower limit and the solid lines mark the upper limit of the range 

of boundary conditions of zones of nitrification inhibition. 
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III. Denitrification 

 

Denitrification is an anoxic microbial process in which nitrate is converted into N2 in four 

enzymatic steps via the intermediates nitrite (NO2
-
 ), nitric oxide (NO) and nitrous oxide 

(N2O) (eqs.10 and 11; Figure.2) by chemoorganotrophic, lithoautotrophic, and phototrophic 

bacteria (Seitzinger and Giblin, 1998; Jorgensen, 1980; Reyes, 2007; US EPA, 1993) 

 

6(CH2O) + 4NO3- →  6CO2 + 2N2 + 6H2O (10) 

2NO3
- 
→ 2NO2 → 2NO →N2O →N2 (11) 

 

The most common denitrifying bacteria are belonged to genera Proteobacteria, 

Achromobacter, Aerobacter, Flavobacterium, Micrococcus, Proteus, Pseudomonas, 

Alcaligenes, Paracoccus, and Thiobacillus (Grady, 1999; Rittmann and Langeland, 1985). 

The denitrifiers are all facultative aerobes. Facultative aerobes are able to use NO3
-
 and 

NO2
-
 for respiration when O2 becomes limited. When these denitrifying bacteria are located 

in biofilms as opposed to bulk liquid, denitrification is intensified (Rittmann and 

Langeland, 1985). 

 

Like nitrification, denitrification requires specific environmental conditions. The following 

are some of the factors that can affects denitrification. The rates of denitrification are 

highest when the pH ranges from 6-8. However, this process may occur at values lower or 

higher than this range since denitrifiers are not especially pH sensitive (Janson et al., 1994).  

 

The rate of denitrification is also temperature dependent. It was noted that an increase in 

temperature of 10°C caused an increase of the denitrification rate of 1.5-3 times (Wood et 

al., 1999). Low temperatures during the winter months cause denitrification rates to slow 

down. Wood et al. (1999) found that the NO3
-
 removal rate was optimum when the 

temperature reached 30°C. However, when the temperature rose to 38°C, a decrease in the 

removal was evident. This pattern illustrates that microbial growth is enhanced when the 

temperature approaches 30°C and is inhibited when temperatures exceed 30°C (Wood et 

al., 1999). 
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Numerous studies were reported in biological nitrogenous compounds removal from 

wastewater (Keller et al., 1997; Umble and Ketchum, 1997; Furumai et al., 1999; Pastorelli 

et al., 1999; Chang et al., 2000; Seyoum Leta et al., 2004). 

 

2.4.2.3. Biological Phosphorous Removal  

 

Phosphorus can be removed by chemical, biological or the combination of the two methods 

(Metcalf and Eddy 2003). Phosphorus removal by chemical precipitation is at present the 

best known process of those mentioned above and is widely used despite its relatively high 

costs (Saito et al., 2004; Smolders et al., 1994). However, the biological system has been 

considered to be the most effective and ultimate method and most widely adapted in real 

operations of phosphorus removal (Jens et al., 1999; Zubair et al., 2007). Phosphorus is 

removed both under anoxic and aerobic conditions using nitrate or oxygen as electron 

acceptor (Dae et al., 2001; Janssen, 2002). The advantage of anoxic phosphate removal is 

that both the amount of COD and the oxygen required for nutrient removal can be 

significantly reduced, since as stored PHA is used simultaneously for denitrification and 

phosphate uptake (Henze, 2002).  

 

Several research works have been carried out using biological treatments, specifically, 

sequencing batch reactors (SBR) as an efficient way for the removal of phosphorous 

(Umble & Ketchum, 1997; Tilche et al., 1999; Chang et al., 2000;Lee et al., 2001; Obaja et 

al., 2003; Mauro et al, 2001; Cassidy et al., 2005; Lefebvre et el, 2005). 

 

2.4.2.4. Biological sulfide removal 

 

Inorganic sulfides (NaHS or Na2S) and lime treatment are used in the dehairing process. 

The wastewaters discharged from this process can contain dissolved sulfide levels varying 

from 10 to 5,000 mg/L. when this wastewater mixed with other wastes, the pH drops below 

9.0 and at this condition toxic hydrogen sulfide is produced.  In aquatic environment, 
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sulfides reduced from sulfate and originally present in the tannery effluent, can deplete the 

oxygen level of receiving water bodies (Berna et al,. 2007; Kobayashi et al., 1983) 

 

In order to remove sulfide from contaminated gas streams and wastewaters, a number of 

physicochemical methods such as Claus process, Amine process and Lo-cat process have 

been used (Hancock, 1998; Janssen et al., 1995; Sanopoulos and Karabelas, 1997; Tomar 

and Abdullah, 1994). However, biological methods of sulfide removal are widely used due 

to their efficiency (complete removal of sulfide) and economy (Janssen et al., 2001; Gabriel 

et al., 2003).   

 

The oxidations of sulfide to elemental sulfur are carried out by either phototrophic or 

chemolithotrophic sulfide oxidizing bacteria (SOB) (Berna et al., 2007; Kobayashi et al., 

1983 & Henshaw and Zhu, 2001). A number of studies have been conducted to convert 

sulfide to elemental sulfur using chemotrophic bacteria (Nishimura et al., 1997, Chung et 

al., 1997; Oh et al., 1998) and photoautotrophic bacteria (Basu et al., 1996; Kim et al., 

1996). Photosynthetic bacteria are known to be responsible for the formation of the large 

elemental deposits of sulfur found in nature (Roy & Tridinger, 1970). Although numerous 

forms of photosynthetic bacteria exist, only members of the groups of Chromatiaceae 

(purple sulfur bacteria) and Chlorobiaceae (green sulfur bacteria) are commonly known to 

metabolize sulfide (Kobayashi et al., 1983). In anoxic nitrate rich environment two groups 

of bacteria can accomplish the transformation; chemo-organotrophic (heterotrophic) NRB 

and chemolithotrophic nitrate-reducing, sulfer oxidizing bacteria (NR-SOB) (Seyoum Leta 

et al., 2004).  

 

Many researches have been conducted to investigate the biological removal of sulfide from 

different wastewater (Jenneman et al., 1999; Mathioudakis et al., 2005; Telang et al., 1997; 

Chung et al., 1997; Vaiopoulous et al., 2005; Cha et al., 1999). In Ethiopia, Seyoum Leta et 

al., (2004) carried out investigation on the removal of sulfide from tannery effluent.   
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2.4.3. Biological Treatment options 

 

2. 4.3.1. Overview of biological treatment 

 

There are three basic categories of biological treatment: aerobic, anaerobic and anoxic 

(Nicholas, 1996; Grady, 1999). Aerobic biological treatment, which may follow some form 

of pretreatment such as oil removal, involves contacting wastewater with microbes and 

oxygen in a reactor to optimize the growth and efficiency of the biomass (Metcalf & Eddy, 

2003; Nicholas, 1996). Anaerobic (without oxygen) and anoxic (oxygen deficient) 

treatments are similar to aerobic treatment, but use microorganisms that do not require the 

addition of oxygen. These microorganisms use the compounds other than oxygen to 

catalyze the oxidation of biodegradable organics and other contaminants, resulting in 

innocuous by-products (Seabloom and Buchanan; 2005; Bashaar, 2004). The three basic 

categories of biological treatment; anaerobic, anoxic, and aerobic can be run in combination 

or sequences to offer greater levels of treatments (Grady, 1999; Delpozo and Diez, 2003; 

Nicholas, 1996; Wiesmann et al., 2007; Benefield and Randall, 1985).   

 

For the biological removal of nutrients (N and P) and carbonaceous matter and other 

inorganic pollutants, various configurations of biological treatment systems have been 

developed (Seabloom and Buchanan, 2005; Nicholas, 1996; Metcalf & Eddy, 2003). The 

process configurations have relied on the maintenance of high microbial densities in the 

system (Metcalf & Eddy, 2003). The two most common conventional methods used to 

achieve biological treatment are attached growth (biofilm) processes and suspended growth 

processes (Bigornia-Vitale and Wu, 2004; Peter, 2005; Boari, 1997). 

 

2.4.3.2. Attached growth systems 

 

Biofilm processes are among the oldest technical processes in the field of biological 

wastewater treatment. These processes are effective at removing biodegradable organic 

materials from the wastewater (Ganczarczyk, 1983; Junkins, 1983; US EPA, 2004). In 
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attached growth (or fixed film) processes, the microbial growth occurs on the surface of 

stone or plastic media and the wastewater passes over the media along with air to provide 

oxygen (Benefield and Randall, 1985; Metcalf & Eddy, 2003). 

 

The are two basic designs of attached growth systems; trickling filter and rotating 

biological contactor (Pipeline, 2004; Samuelsson, 2005). 

 

2.4.3.3. Biotowers (trickling filters) 

 

Biotowers, or trickling filters consist of a layer of media in a tank on whose surface a mixed 

population of microorganisms is developed as a slime layer. Wastewater flowing into the 

biotower may have gone through an earlier treatment step to remove oil and coarse or 

settleable solids (Che, 2005). Rotary distributor arms or fixed nozzles are used to spray the 

pretreated wastewater over the surface of the media. The water then trickles downward 

through the bed (ETI, 1998). Continuous flow provides the needed contact between the 

microbes and the organics (Che, 2005; Peter, 2005; Thomas, 2005; Boari, 1997). Tricking 

filters show generally less efficient removal of BOD and COD than other technologies 

(Pipeline, 2004). 

 

2.4.3.4. Rotating Biological Contactor (RBC) 

 

Rotating biological contactors a series of closely spaced circular disks are mounted on a 

common shaft and are slowly rotated (Metcalf and Eddy, 2003). The shaft is located either 

just above or just below the water surface. This location allows the surface of the disks to 

be exposed to both air and wastewater while rotating. In rotation, the reactor carries the 

fixed film into the air and oxygen is absorbed. Excess dissolved oxygen mixes with the bulk 

liquid as the contactor surface moves back through the wastewater (Peter, 2005; Thomas, 

2005; Boari, 1997; ASCE, 1977).  
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Capital and installation costs for the RBC system, including an overhead structure, will be 

higher than that for an activated-sludge system of equal capacity and requires high land 

area. If low dissolved oxygen is coupled with available sulfide, the nuisance bacteria 

Beggiatoa may grow on the RBC media (Hitdlebaugh and Miller 1980; Benefield and 

Randall, 1985). 

 

2.4.3.5. Suspended Growth Processes 

 

Similar to the microbial processes in attached growth systems, suspended growth processes 

are designed to remove biodegradable organic material and organic nitrogen.  In suspended 

growth processes, the microbial growth is suspended in an aerated water mixture where the 

air is pumped in, or the water is agitated sufficiently to allow oxygen transfer (Nicholas, 

1996; Wiesmann et al., 2007; Grady, 1999). Suspended growth process units include 

variations of activated sludge and oxidation ditches (Metcalf & Eddy, 2003; Seabloom and 

Buchanan; 2005). 

 

2.4.3.6. Oxidation ditch  

 

This is essentially an extended aeration process. It consists of a ring-shaped channel a bout 

1 to 1.5m deep. An aeration rotor is placed across the ditch to provide aeration and 

recirculation (NRC, 1993; Grady, 1999). The screened wastewater enters the ditch, is 

aerated by the rotor, and circulates. The cycles consist of closing the inlet valve and 

aerating the wastewater, stopping the rotor and letting the content settle, and operating both 

the inlet and outlet valves, thereby allowing the incoming wastewater to displace an equal 

volume of clarified effluent (Boarie et al., 1997; Nicholas, 1996; Wiesmann et al., 2007).  

 

2.4.3.7. The activated sludge process 

 

Since its beginnings in 1914, the activated sludge process developed by Arden and Lockett 

has increasingly gained popularity, and today it is the most widely used biological treatment 

process for both domestic and industrial wastewater (Metcalf & Eddy, 2003). 
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The activated sludge process is a biological process in which the activity of a microbial 

species community under controlled operating conditions permits the biodegradation of 

organic matter and nutrients from wastewater. The community is composed of about 95 % 

bacteria and the other 5 % is protozoa, metazoan, fungi, algae and viruses (Richard, 1989). 

In this process establishing aerobic, anoxic, and anaerobic conditions in a controlled 

manner permits the development of microbial communities capable of executing organic 

matter removal, nitrogen removal (nitrification and denitrification) and phosphorus removal 

(Nicholas, 1996; Wilderer, 2001; US EPA, 2004; Metcalf & Eddy, 2003).  

 

This process utilize either a continuous or semi-continuous (fill and draw) operational 

system. The main difference between a sequencing batch reactor and a typical continuous 

activated sludge system consists of time-sequence rather than space sequence of the process 

phases (US EPA, 2004; Robert et al., 2005).   

 

The continuous biological wastewater treatment systems in use for tannery wastewater are 

either inadequate or less cost–effective due to the large variations in tanning practices and 

the kind of chemicals used in the process (Ketchum, 1997; Ganesh et al., 2005). SBR 

technology has proved to be an effective system and a viable alternative to continuous flow 

systems when nutrient removal, in addition to carbon removal, is important. Because 

enrichment in nitrifiers and denitrifiers and phosphorus removal baceria may take place in 

the same vessel by changing the mixing and aeration conditons and time schedules 

(Wilderer et al., 2001; Artan et al., 1996; Brown and Lester, 1979). 

 

2.4.4. SBR technology 

 

A Sequencing Batch Reactor (SBR) is a wastewater treatment system that is operated in a 

cycle of several stages (Metcalf & Eddy, 2003; Surampalli et al. 1997; Meca and Mata, 

2002). The most common stages are Fill, React, Waste, Settle, and Decant. During the Fill 

stage, part of the liquid volume of the reactor is replaced with fresh wastewater. (This is 

sometimes referred to as semi-batch operation.) Treatment takes place during the React 

stage, which can consist of aerobic, anaerobic or a combination of aerobic, anoxic, and 
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anaerobic conditions, depending on the goals of the system design. Excess biomass is 

removed during the Waste stage. After biomass wasting and settling, clarified wastewater is 

removed from the reactor in the Decant stage and the cycle is repeated. The cycle can be of 

any duration but is often 24 hours for convenience.  

 

Sequencing batch reactor (SBR) operations have been used by many investigators for 

COD/BOD and phosphate removal (Arora et al., 1985; Carucci et al., 1997; Tasli et al., 

1997) and nitrogen remove by nitrification and denitrification in addition to COD and 

phosphate removal (Chang and Hao, 1996; Chang et al., 2000; Umble and Ketc, 1997).  

 

Many applications of the SBR have been reported on different literature. Several 

researchers have reported the success of SBR to remove nitrogen, organic matter and 

phosphorous form tannery wastewater (Farabegoli et al., 2007; Carucci et al., 1999; Ganesh 

et al. 2006; Murta et al., 2002; Lefebvre et al., 2005), swine wastewater (Bicudo et al., 

1999; Kim et al., 2000; Tilche et al., 2000; Kim et al. 2004) and piggery wastewater (Obaja 

et al, 2003; Bortone et al., 1992). Sequencing batch reactor is also efficient for the 

treatments of textile wastewater (Shaw et al., 2000) and abattoir (Cassidy et al., 2005). 

 

Advantages of SBRs 

The SBR technology has gained popularity during the 20
th

 century mainly due to its 

operating advantages and flexibility to treat different kinds of wastewater (Schiegl et al., 

1996; Franta et al., 1997). 

 

The operational flexibility of an SBR allows the control of filamentous bacteria through 

feast/famine cycles. A high substrate concentration may be imposed by a static fill 

operation and the react phase may be followed by an extended phase of starvation which, in 

turn, promotes the enrichment of flock-forming bacteria and the accumulation of 

exopolymers (Liao et al., 2004; Ganesh et al., 2005).  

 

The operation conditions (alternating high/low substrate concentration) induce the selection 

of robust bacteria (Wilderer et al., 2001). The sludge adaptation to variations in the oxygen 

and substrate concentrations, in the course of a cycle and on a long-term basis, renders it 
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capable of maintaining good performance under shock loads (Torrijos et al., 2001; 

Battistioni et al., 2003). 

 

The SBR system provides the flexibility needed to treat a variable wastewater (load and 

composition) by simply adjusting the cycle time (e.g. using the time set aside for the idle 

phase), the duration of each phase or the mixing /aeration pattern during each cycle 

(Torrijos and Moletta, 1997; Meca and Mata, 2002).  The ability to hold contaminants until 

they have been completely degraded makes the system excellent for the treatment of 

hazardous compounds (Kolb and Wildere, 1997). 

 

The capacity to adjust the energy input and the fraction of volume used according to the 

influent loading can result in a reduction in operational costs. In addition, less space is 

required as all operations occur in one basin (Nowak and linder, 2003; Metcalf & Eddy, 

2003).  

 

2.4.4.1. Operational Characteristics in SBR Process.  

 

The SBR operate in a reaped cycles sequentially. A cycle is a group operations or phases 

comprising between the beginning (fill) and the end (draw and idle) of a waste water 

treatment. These cycles are defined by five phases: fill, react, settle, draw and idle. The total 

cycle time (tc) is the sum of all theses phase as presented in equation 12. Some times idle 

phase is not necessary and it is omitted. 

 

                        tC = tF + tR + tS + tD + tI                         eq. (12) 

Where:  tC: total cycle time, h            tR: react time, h    tS: settle time, h 

              tF: fill time, h                          tD: draw time, h      tI: Idle time, h     

In addition the condition applied during react phase can be different depending on the 

performance desired (organic mater, nitrogen or phosphorus removal), So aerobic, anoxic 

or anaerobic   reaction time can be found in the react time.  
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                                            tR= tAE+ tAX + tAN                         eq.  (13)  

Where:  tAN: anaerobic react time, h    tAE: aerobic react time, h    tAX: anoxic react time, h 

The number of cycle (NC) per day is determined through the total cycle time (tC) 

 

                           (NC) = 24/tC                                                                            eq. (14) 

Throughout the cycle, an SBR can operate with different volumes due to the filling and 

draw phases. Then, total reactor volume (VT) can be defined as the maximum working 

volume and filling volume (VF) as the volume of wastewater filled and discharged every 

cycle. The difference between filling volume and total reactor volume is the minimum 

volume (VMIN) i.e., volume that always remains inside the reactor.   

                      VMIN = VT - VF                                                           eq. (15) 

Where:   VT: total reactor volume (L), VF: Filling volume (L)  VMIN: Minimum volume (L) 

 

The definition of hydraulic retention time (HRT) for an SBR is based on the equation of 

continuous system.  

                         HRT = VT/Q                                                   eq.  (16) 

           Where:   HRT: hydraulic retention time      Q: daily wastewater flow rate, L/d 

The flow (Q) in an SBR is defined by the product of filling volume (VF) and number of 

cycle per day (NC).  Therefore,   the HRT can be expressed as follow,    

                                                       HRT = tC           . 1                   eq.  (17) 

                                                                 VF/VT.  24 

               Where: tC: total cycle time, h           VF/VT: exchange ratio.    

 

The solid retention time (SRT) determines the amount of biomass in the SBR, there by 

determining its overall average performance. Thus, solid retention time (SRT) is expressed 

as equation 18 assuming that biomass concentration inside the reactor (X) is practically 

constant during the whole cycle.  

                                SRT = VT. X                                       eq. (18) 

                                           Qw. Xw 

Where: Solid retention time (d)                              QW = waste flow rate (mg/L) 

             XW: waste biomass concentration (mg/L)    VT= total reactor volume (L)  

             X: biomass concentration inside the reactor with full filling (mg/L) 
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3. OBJECIVES 

General objective  

The main objective this study is to set-up a laboratory scale sequencing batch reactor and 

assesses its efficiencies and suitability to remove organic matter, nutrients and toxic 

chemicals from tannery wastewater. 

Specific objectives  

 

� To optimize the cycle length of the treatment process based on its’ COD and TN 

and removal efficiency.  

� To evaluate the effects of feed length on organic matter (COD) removal efficiencies 

of the treatment system. 

� To determine the removal efficiencies of COD, TN, NH4
+
-N, S

-2
, SO4

-2
, 

orthophosphate and total phosphorous from tannery wastewater.  
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4. MATERIAL AND METHOD  
 

 

4.1. Sample and Sampling site  

 

Sample of composite tannery effluents were collected from Modjo and Kolba tannery 

industries, which are found in Modjo town (Fig. 6). Modjo town is located South-East of 

Addis Ababa at 8° 35’ North and 39° 10’ East with an altitude of 1,825 m above sea level 

Modjo tannery has an annual processing capacity of 844, 000 Sheepskins and 1,656,000 

goat skins and discharges 3,500-5,500 m
3
/day effluent into Modjo river (Seyoum Leta et 

al., 2004) 

 

Kolba tannery also located around Modjo town and process about 740,000 kg goat skins, 

1.5 million kg sheep skins and 100,000 kg hides annually and discharges about 400 m
3
/day 

effluents(EPA, 2002). 

 

Figure 6. Map showing disposal site of wastewater from Modjo and Kolba tanneries to 

Modjo River 
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4. 2. Experimental set-up 

 

Laboratory-scale sequencing batch reactor with a working volume of 5L was developed and 

used as shown in Fig. 7. It was complemented by an influent feeding tank (1), vertical 

stirrer (4) with stainless steel paddles and two peristaltic pumps (2, 6), one for feeding, the 

other for drawing off effluent and excess sludge. Sludge was withdrawn directly from 

mixed liquor at the end of the aerobic phase. Influent feed and purified effluent decantation 

were performed from the top. Aeration was provided from the base of the reactor by air 

compressor. The reactor was run at constant temperature of 20
0
C which was controlled by 

water bath. The reactor contents were mixed by means of a stirrer. 

 

 

  1. Influent feeding tank,   2 & 6. Peristaltic pumps    3. Air compressors   

            4. Vertical stirrer             5. SBR reactor 

 

  Figure 7. Schematic diagram of Sequencing Batch Reactor. 
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4.3. Operation of SBR system  

 

The study was conducted over four different operational periods: period I, during start up, 

the reactor was operated in a 24-h cycle mode. Where, 22-h was devoted to the process 

phases (Tp) and the remaining 2-h settle, draw and idle phases (TS + TD + TI= 2-h). The 

anoxic phase was 3-h with 40 minutes wastewater feeding and reactor was aerated for 19-h, 

during the remaining portion of the process phase. The hydraulic retention times (HRT) was 

96 hours. 

 

Period 2, In order to optimize the cycle length, the SBR was operated for one month 

starting from August 2007 to the beginning of September 2007 with different aeration time 

to evaluate the effects on the removal efficiency of COD, TN and NH4
+
-N from the 

influents. The time of operating phases of the cycle was as follows: 2-h for anoxic, 3-h, 5-h, 

9-h and 21-h aeration, 1-h for settling and discharge. The hydraulic retention times (HRT) 

were 24, 32, 48 and 96 hours, respectively.   

 

 

Period 3, to evaluate the reactor performance for the removal of COD, Sulfide, nitrogenous 

compounds and phosphorous, the reactor was operated with 8-h cycle. Where 7 hour was 

devoted in the process phase and the remaining 1 hour for settle, draw and idle phase 

(TS+TD +TI = 1 hour). The anoxic phase was 2 h and remaining 5 h was used in the aerobic 

phase. The hydraulic retention times (HRT) was 32 hours. 

 

At the end of the study, Period 4, feed times of 39, 48, 83 and180 minutes were used to 

evaluate the effect of feed length on COD removal efficiencies. The reactor was operated 

with the same cycle time and hydraulic retention time as period 3. 

 

In all periods, the system was adjusted to a total sludge age of 15 days. The average 

MLVSS concentration maintained in the reactor was 3600mg/L. The corresponding MLSS 

concentration was 4403mg/L.  Experiments were carried out at 20 
0
C and in a pH range of 

8–8.5.A fill volume (VF) of 1.25L was selected, leaving 3.75L for stationary volume (VO) 

and corresponding to Vo/VF = 3. 
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4.4. Analyses. 

 

Samples from the influent, supernatant at the end of anoxic phase and effluent were 

analyzed for Chemical oxygen demand (COD), Total nitrogen (TN), Ammonium-Nitrogen 

(NH4
+
-N), Nitrate-Nitrogen(NO3

-
), Sulphides (S

2-
), Sulphate (SO4

2-
), total phosphorous(TP) 

and orthophosphate (PO4
3-

) colorimetrically using spectrophotometer (DR/2010 HACH, 

Loveland, USA) according to HACH instructions. Total chromium, Mixed Liquor 

suspended solids (MLSS) and Mixed Liquor Volatile suspended solids (MLVSS) were also 

measured according to the methods described in standard methods (APHA, 1998). pH was 

measured using the pH meter (Model HI 9024 HANNA). TDS and Conductivity were 

measured using conductivity meter (CC-401, ELMETRON), and level of dissolved oxygen 

(DO) was measured with oxygen meter (CO-411, ELMETRON). Temperature was 

measured using a hand-held thermometer.  The analysis was made in triplicate for each 

parameter. Removal efficiency was calculated based on the following formula. 

 

% Removal Efficiency = Cinf – Ceff        x 100 

                                              Cinf 

                                            Where, Cinf = Initial parameter concentration 

                                                                                    Ceff = Final parameter concentration 

 

 

 

 

4.5. Statistical Analysis 

 

Statistical analysis was performed with SPSS package release 13.00 for windows, EXCEL 

and Microcal Orgin 6.0 software. Mean, Standard deviation and Analysis of Variance 

(ANOVA) were analyzed using SPSS package. The graphs were drawn using Microsoft 

Excel program and Microcal Origin 6.0 software. The comparison between mean was 

performed at 5% level of significance. 
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4. RESULTS 

 Process Performance of SBR  

 

The results presented in this study were obtained from the Lab. Scale sequencing batch 

reactors.  The value of the important parameters such as COD, TN, NH4
+
-N, S

-2
, SO4

-2
, 

orthophosphate and total phosphorous were determined to evaluate the performance of 

SBR.   

 

        Table 3: Average characteristics of the influent used for the three different studies. 

The concentration of each parameters in the wastewater 

used during; 

 

Parameter 

Start-up of the 

experiments 

Optimization of 

cycle time 

Optimum cycle 

performance 

P
H
 10.54 ± 1.16 11.2 ± 1.2 12.14 ± 0.9 

Orthophosphate, 

mg/l 

14.66 ± 0.66 14.3 ±  6 12.4 ± 1.9 

COD, mg/l 4100.6 ± 188.4 3068.3 ± 548.7 3850 ± 182 

TN, mg/l 350.07 ± 29.2 364 ± 66 340 ± 12.7 

Ammonia, mg/l 175.2 ± 17.8 214 ± 47 152 ± 9.5 

Sulfide, mg/l 284.7 ± 47.4 188.6 ±  28.9 274.8 ± 6.3 

Sulfate, mg/l 566.7± 88.2 850 ±  240 583.7 ± 170 

TDS, mg/l 4633.33 ± 562.85 7935 ±1089 7935 ±1089 

 

 

The mean characteristics of composite raw wastewaters are presented (Table 3). The 

wastewaters were characterized by high alkalinity with a resulting pH value of above 11.0 

due to the various chemicals used in the tanning process.  It was highly polluted with COD 

ranges from 3068.3 to 4100.6 mg/l. The influent had high total nitrogen (TN), NH4
+
-N and 

sulfide values ranging from 340 to 364 mg/l, 152 mg/l to 214mg/l and, 188.6mg/l to 284.7 

mg/l, respectively; likewise, the sulfate and phosphate had concentrations ranging from 

566.7 to 850 mg/l and 12.4 to 14.6 mg/l, respectively.   
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Table 4. The concentration of COD, TN and NH4
+
-N mg/L in the influent and effluent with 

acclimatization day 

 

COD 

(mg/L) 

Total nitrogen  

(mg/L) 

NH4
+
-N  

(mg/L) 
Days 

elapsed 

 
Influent Effluent Influent Effluent Influent Effluent 

18 5000 3050 490 440 260 240 

27 4975 2636 476 420 310 263 

37 5275 2110 452 340 280 218 

48 3850 580 502 336 300 219 

56 4700 376 265 135 225 150 

67 4075 250 258 131 204 102 

74 3950 310 240 117 196 102 

79 2425 242.5 214 83 183 78 

87 2620 260 302 134 215 88 

93 4160 200 441 180 398 147 

 

 

 

 

As shown in the Table 4, the concentration of COD was decreased from 5000 to 3050, from 

4975 to 2636, from 5275to 2100mg/l for 18, 27 and 38
th

 day, respectively. The 

concentration of COD was high during this time. However, it shows drastic reduction after 

48
th

 day of acclimatization. It was observed to decrease from 3850 to 580, 4700 to 376, 

4070 to 250, 3950 to 310, from 4160 to 200mg/l for 48, 56, 67, 74 and 93
th 

day, 

respectively.  

 

Total nitrogen concentration was also reduced from 490 to 440, 476 to 420,   452 to 340, 

502 to 336, 265 to135, 258 to 131, 240 to 117 and 441 to 180mg/l for the  18, 27, 38, 48, 

56, 67, 74 and 93th day, respectively. The effluents TN concentrations were high through 

out 93 days, although there was significant reduction after the 56 day of acclimatization.   
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  Figure 8. Removal efficiencies of COD and TN of the SBR with acclimatization time.  

 

The SBR treatment percent removal efficiencies for total nitrogen and organic matter 

(COD) are shown in Fig. 8. The removal efficiency of COD were 39, 47, 61, 85, 92, 94, 92, 

92, 91 and 94 % for 18, 27, 37, 48, 56, 67, 74, 79,87and 93
th

 day, respectively. The removal 

rate of COD was progressively increased from 39% of 18
th

 day removal efficiency to 85% 

removal in the 48
th

 day. After 48
th

 day the reactor showed stable removal efficiencies 

between 92 – 94 %.     

 

The TN removal efficiencies were 9, 13, 23, 25, 33, 49, 51, 51, 47 and 49 % for 18, 27, 37, 

48, 56, 67, 74, 79,87and 93
th

 day, respectively. The removal rate progressively increased 

from 8% in 18
th

 day removal to 49 % in 67
th

 day removal. Then after the removal rate was 

stable.  

 

 Effects of Cycle time (HRT) on COD, TN and NH4
+
-N Removal 

 

In order to optimize the cycle length, the SBR was operated with different aeration time to 

evaluate the effects on COD, TN and NH4
+
-N removal efficiencies from the influents. In 

this study, several cycle lengths, 6, 8, 12 and 24 h, were tested in a steady state performance 

of SBR. The concentration of COD, TN and NH4
+
-N influent were: 3068.3 ± 548.7, 319 ± 
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319 ± 66.1 and 265 ± 66.9 mg/L, which was equal to volumetric loading rate of 2.3 

kg/m
3
/day, 239 g/m

3
/day and 198 g/m

3
/day, respectively (Table 5). 

 

Table 5: Influent and effluent concentration of COD, TN and NH4
+
-N as a function of time 

Effluent in the different cycle time  

Parameter 

 

Influent 6-h 8-h 

 

12-h 

 

24-h 

 

COD (mg/L) 3068.3 ± 

548.7 

892 ± 

177.2 

458 ± 62.7 331.7 ± 

24.6 

234.2 ± 17.8 

Total  nitrogen(mg/L) 319 ± 66.1 212.6 ± 

39.6 

195 ± 30.6 175  ± 34 163  ± 28 

NH4
+
-N(mg/L) 265 ± 66.9 185.7 ± 

36.1 

163 ± 35.7 149.3 ± 

32.7 

131.3 ± 21.5 

NO3
-
 (mg/L)  18.3  ± 1.5 16 ± 2 11.3 ± 2.8 7.3 ± 0.57 
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Figure 9: The variation of removal efficiencies of COD, TN and NH4
+
-N with length of 

cycle time.  
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Table 6.  Mass of COD and total nitrogen removed per day with different cycle time. 

     COD Total Nitrogen Cycle length 

(hrs) 

HRT 

(day) Mass removed per day (mg/L) Mass removed per day (mg) 

6 24 8705.2 428 

8 32 7830.9 372 

12 48 5473.2 288 

24 96 2834.1 156 

*The mass of COD removed/day in the 6-h cycle= 4×the mass of COD removed/cycle. 

*The mass of COD removed/day in the 8-h cycle = 3×the mass of COD removed /cycle. 

*The mass of COD removed/day in the 8-h cycle = 2×the mass of COD removed /cycle. 

 

 

Generally the COD and TN removal efficiencies were increased with increase cycle time 

(HRT). Fig. 9, Tables 5 and 6, depict the variation of effluent COD and TN concentration 

and their removal efficiency with cycle time in the SBR. COD removal efficiency was 71 % 

at 6-h cycle and COD concentration decreased from 3068.3 ± 548.7 to 892 ± 177.2 mg/l. In 

this cycle, the COD removal rate per day was the 8705.2mg/L. The COD concentration was 

further reduced to 458 ± 62.8mg/l at 8-h cycle time with removal efficiency and COD 

removal rate per day were 85% and 7830.9mg/L, respectively. When cycle time was 12-h, 

the concentration of COD was reduced to 331.7 ± 24.6 mg/l with removal efficiency and 

COD removal rate of 89% and 5473.2mg/L, respectively. Where as when the cycle time 

was 24-h, the COD concentration decreased to 234.2 ± 17.8 mg/L with removal efficiency 

and mass removal rate of 92% and 2834.1mg/l.  

 

This result indicated that the COD removal rate per day was highest in the 6-h and lowest in 

24-h cycle; where as removal efficiencies was lowest in 6-h and highest in 24-h cycle.  The 

6-h cycle showed residual COD of roughly 30 % from the influent, which needs for further 

treatments. On the other hand both the COD removal rate per day and removal efficiencies 

were higher in the 8-h cycle. The average removal efficiency of 8-h cycle was significantly 

greater than 6-h cycle and not significantly different from 12-h cycle (p=0.139). In addition, 

its’ COD removal rate per day was significantly different from 24-h cycle (p=0.025).    
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There was also a variation in TN removal efficiency with cycle time (HRT). As shown in 

the Fig. 9, Tables 5 and 6 the average values of TN in the final effluents at the end of 6-h, 

8-h, 12-h and 24-h cycle were: 212.6 ± 39.6, 195 ± 30.6, 175 ± 34, 163 ± 28mg/L, 

respectively.  TN removal rates per day were also 428, 372, 288 and 156mg/l, respectively. 

The lowest TN removal efficiencies (33%) was obtained at cycle time of 6-h while the 

removal at 8, 12 and 24-h cycle times were 39, 44 and 49%, respectively. The removal 

efficiency of 6-h is much less significantly different than that of 8, 12 and 24-h cycle (p< 

0.001). The 24-h cycle has greater significant removal efficiency than 8-h (p< 0.001) while 

the mass removal rate of 8-h was significantly greater than 24-h (p< 0.001). Ammonium-N 

removal efficiencies were also affected by cycle time (Fig. 10). Minimum NH4
+
-N removal 

efficiency (29%) was obtained at cycle time of 6-h. The removal efficiency obtained at 

cycle time of 8-h was lower (38%).NH4
+
-N removal efficiencies was increased with 

increasing cycle time and resulting in 48 % at 24-h cycle time. 

 

The value of the provisional COD discharge limit of tannery effluent to water body set by 

Ethiopian EPA was 500 mg/l. Fig. 9, Tables 5 and 6, it could be seen that the satisfying 

COD concentration in the effluent quality was observed when cycle time was 8-h (458 ± 

62.7mg/L), when the cycle time was 6-h, COD in the effluent was high (892 ± 177.6mg/L). 

When the cycle time extended to 12 and 24-h the effluent quality were 331.7 ± 42.5 and 

234.2 ± 30.9mg/L, respectively. Although the 12-h and 24-h cycles have good effluent 

quality, the 8-h cycle could be the best cycle time, as cost, time and effluent quality are 

taken into consideration in the treatment process. 
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Process Performance at Optimal cycle time (8hrs) 

 

The average influent concentrations of COD, ammonium-N, total-N, orthophosphate, total 

phosphorous, sulfide and sulfate were 3850 ±182, 152 ± 9.5, 340 ± 12.7, 12.4 ± 3.4, 21.2±3, 

and 274.8±47.4 and 583.7±152 mg/L, respectively.  This was equivalent to the volumetric 

loading rate of 2.89 kg/m3/day, 144.4g/m3/day, 255g/m3/day, 9.3g/m
3
/day, 16.13g/m

3
/day, 

206g/m
3
/day and 437.25g/m

3
/day, respectively. The concentration of total chromium was 

10.2 ± 0.31mg/l.  

 

 Table 7:  Average characteristics of the influent and effluent wastewaters for 8-h cycle 

Parameter Influent 

 

End of anoxic 

 

Effluent  

 

%, Removal 

 

COD (mg/l) 3850 ± 182 1730 ± 121 580 ± 64 85 

TN (mg/l) 340 ± 12.7 255.7 ± 6.7 210.8 ± 10.6 38 

NH4
+
-N (mg/l) 152 ± 9.5 207 ± 9.5 134 ± 11.1 35 

NO3
-
-N (mg/l) - - 10 ± 1.5 - 

Sulfide (mg/l)  274.8 ± 6.3 2.19 ± 1.0 0.15 ± 0.06 99.9 

Sulfate (mg/l)  583.7 ± 170 863.3 ± 70 796.7 ± 52  

Orthophosphate (mg/l)  12.4 ± 1.9 1.13 ± 0.2 0.0  100 

Total Phosphate (mg/l) 21.2 ± 3 12.6 ±1.5  9.7 ± 1.2 54.3 

Total Chromium(mg/l)  10.2 ± 0.31 - 1.319 ± 0.5 87.0 

pH  12.14 ± 0.9  8.17 ± 0.18 7.42± 0.12  

EC , µ s/cm 18250± 

2202 

- 9467±929 - 

TDS (mg/L) 7935 ±1089 - 4086.7±176 - 
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Figure 10: The removal efficiencies of the treatment system: (a) COD, TN and Sulfide 

removal in the anoxic and aerobic phase: (b) orthophosphate and total phosphate in aerobic 

and anoxic: (c) overall removal of COD, TN, S
-2

 and NH4
+
-N 
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As shown in Table 7, the COD and total nitrogen in the supernatants at the end of anoxic 

phase were decreased from 3850 ± 182 to1730 ± 121mg/l and 340 ± 12.7 to 255.7 ± 

6.7mg/l, respectively while ammonium-N increased from152 ± 9.5 to 207 ± 9.5mg/l. This 

increment of ammonium was resulted from the hydrolysis of protein into amino acid by 

hydrolytic micro-organism followed by ammonification of amino acid by acidogenic 

bacteria. The orthophosphate and total phosphate were also decreased from 12.6 ±1.5 to 

1.13 ± 0.2 mg/l and 21.2 ± 3 to12.4 ± 1.9mg/l, respectively. The concentration of sulfide 

decreased from the value of 274.8 ± 6.3 to 2.19 ± 1.0 mg/l while sulfate concentration 

increased from 583.7 ± 170 to 863.3 ± 70 mg/l. The removal efficiency at this stage were 

55% for COD, 25% for TN, 88.5% for orthophosphate, 40.4% for total phosphate  and 

99.2% for sulfide (10).  

 

In the final effluent, the concentration of COD, total nitrogen and total phosphate were 

further decreased to 580 ± 64, 210.8 ± 10.6 and 9.7 ± 1.2mg/l, respectively. The value of 

total chromium decreased form 10.2 ± 0.3mg/l (in the influent) to1.319 ± 0.5mg/ in the final 

effluent.  The sulfate and ammonium-N concentration were decreased from 863.3 ± 70 and 

207 ± 9.5 (in the anoxic phase) to796.7 ± 52 and134 ± 11.1mg/l, respectively. The 

concentration of sulfide and orthophosphate were substantially decreased from 0.15 ± 0.06 

and 0.0 mg/l, respectively. The removal efficiencies in the aerobic phase were 30, 13, 11.5, 

13.9 and 0.7% for COD, total nitrogen, orthophosphate, total phosphorus and sulfide, 

respectively (Fig.12). The overall removal efficiencies of the treatment system were 

achieved to be highest for orthophosphate (100%), sulfide (99.9%), chromium (87.0%) and 

COD (85%) and lower removal efficiencies were obtained for total phosphorus (54.3%), 

ammonium-N (35%) and total nitrogen (38%) (Fig.10). 
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The Effects of feeding time on COD removal  

 

The COD removal efficiency of SBR at different fill time was evaluated and results are 

shown in Table 8 and Fig. 11. The average volumetric loading rate used in this particular 

study was 3.1kg/m
3
/day. 

 

Table 8: The concentration of COD in the influent, end of anoxic and effluent with various 

filling time. 

 

 

In feed I operation, the concentration of COD was decreased from 4183.3 ± 14.5 mg/L to 

1185.3 ± 10.7 mg/L in anoxic phase and again further reduce to 223 ± 35.1 mg/L in the oxic 

phase. In feed II the COD level decreased from 4203.3 ± 12.0 mg/L to 1413 ± 32.8 mg/L 

and then to 420± 24.3 mg/L in the anoxic and the oxic phase, respectively. In the third feed 

operation the COD value was decreased from 4123.3 ± 29.6 mg/L to 1830 ± 25.16 mg/L 

and then to 603 ± 34.8 mg/L. In the final feed operation COD level was decreased from 

4140.3 ± 2.6 mg/L to 1873± 35.3 mg/L in the anoxic and then to 595 ±8.8 mg/L oxic phase.  

 

Feed 

Fill time  

(minute) 

 Influent  

 (mg/L) 

End of anoxic 

    (mg/L) 

Effluent 

(mg/L) 

I 180 4183.3 ± 14.5 1185.3 ±  10.7 223 ± 35.1 

II 83 4203.3 ±  12.0 1413 ±  32.8 420 ± 24.3 

III 48 4123.3 ± 29.6 1830 ± 25.16 603 ± 34.8 

IV 39 4140.3 ±  2.6 1873 ± 35.3 595 ± 8.8 
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Figure.11. The removal of COD in the anoxic phase, oxic phase and the overall removal 

with different feeding time length. 

 

The average  removal efficiencies of this particular study in the  anoxic and aerobic phase 

were: 75 and 81% for feed I, 66 and 73% for feed II, 57 and 67% for feed III and 55 and 

68% for feed IV and the overall removal efficiencies were achieved to be 94, 90, 85 and 

85%, respectively(Fig.13).  The concentration of COD in the final effluent of the F1, F2, F3 

and F4 were: 223 ± 35.1mg/L, 420 ± 24.3mg/L, 603 ± 34.8mg/L and 595 ± 8.8mg/L, 

respectively. The overall removal efficiencies were 94, 90, 85 and 85% for F1, F2, F3 and 

F4, respectively (Fig.11). 
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5. DISCUSSION 
 

This study examined the characteristics of tannery wastewater and evaluated the removal 

efficiencies of organic matter, nitrogenous compounds, sulfide, chromium and phosphate. 

 

The COD removal efficiencies during different fill times (F1, F2, F3 and F4) were achieved to 

be 94, 90, 85 and 85%, respectively (Fig.16). The overall COD removal of F1 was 

significantly greater than F2 (p<0.001) while, the overall COD removal efficiency of F3 was 

significantly less than the removal efficiency of both F1 and F2 (p<0.001). This study 

indicate that the COD removal efficiency in SBR treatment technique increase with 

increasing the feeding time (p<0.001). In the anoxic phase the removal efficiencies were 75, 

66, 57 and 55% for F1, F2, F3 and F4, respectively.  Particularly in the anoxic phase length 

of feed has direct relation with COD removal efficiency (Kennedy et al., 1991; Suthaker et 

al., 1991).  

 

The main reason for this is that in the anoxic condition, simple organic compounds are 

degraded further in to volatile fatty acids by acidogenic bacteria. During acetogenesis, these 

intermediary compounds are converted to acetic acid, hydrogen and carbon dioxide, from 

which methanogenic bacteria produce methane and carbon dioxide as end product (Dolfing 

1988; Mata-Alvarez 2002; Gerardi 2003).  The increase in feed time would cause a 

reduction in total volatile acids (TVA). This reduces the availability of substrate to micro-

organism and cause less accumulation of these acids. This in turn increases reactor 

performance (Angenent and Dague 1995; Bagley and Brodkorb 1999). However, the 

removal efficiency of COD decreases with decrease feeding time. This might be at high 

organic load, the overall growth rate of acidogenic bacteria proceeds faster (10-fold) than 

that of methanogenic bacteria and inhibitory products such as volatile fatty acids and H2 

accumulate in the reactor, this slow down the entire process (Kazuhisa, 1997; Ronnachai et 

al., 2007). 
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There was also a variation of the COD removal efficiencies with cycle time (HRT). The 

removal efficiencies were 71, 85, 89, and 92% for 6, 8, 12 and 24-h, respectively (Fig.9).  

This indicated that the removal efficiencies increased with increasing cycle time. This 

might be due to increasing contact time of the substrate to micro-organism. Similar 

conclusion was also made by Moosavi et al. (2005) 

 

The COD removal efficiencies obtained in 6-h cycle (71%) and 8-h cycle (85%) were 

almost similar to Farabegoli et al. (2007) (67% COD removal from treatment of tannery 

wastewater using laboratory scale 6-h SBR cycle) and Carucci et al. (1999) (84% COD 

removal from tannery wastewater using 8-h SBR cycle, respectively. The removal 

efficiencies obtained in 24-h cycle (93%) is also in agreement with reported by Murta et al. 

(2002) (90% COD removal from tannery wastewater using full scale 24-h cycle SBR and  

Lefebvre et al. (2005) (95% COD removal from tannery soak liquor using 24-h cycle SBR).   

 

However, high removal efficiencies were obtained in Ethiopia by Seyoum Leta et al. (2004) 

98% COD removal and Fantahun Woldesenbet (2005) 98 % COD removal from tannery 

wastewater using continous flow activated sludge anoxic/oxic system. Similar results was 

also reported by Artiga et al. (2005) 97% from tannery wastewater using an innovative 

biofilm suspended biomass hybride membrane bioreactor. 

 

On the other hand, the result obtained in the present study is higher than the removal results 

presented by Hong-Duck Ryu et al. (2007), who reported 75% COD removal from tannery 

wastewater using a biological treatment after Seawater Flocculation and Lefebvrea et al. 

(2006) who reported 78% COD removal using anaerobic digestion of tannery soak liquor 

with an aerobic post-treatment.  

 

The total rate and efficiency of COD removal depend on the loading rate and the hydraulic 

retention time (Ronnachai et al., 2007). Thus, the observed discrepancy in the COD 

removal efficiency with different literature might be due to difference in HRT and organic 

loading used in their treatment systems. 
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The effluent concentration of COD that was obtained at the optimum cycle time was with in 

the provisional discharge limits set by National Environmental Quality Standard for tannery 

effluent (500mg/L).  

 

The total nitrogen (TN) and ammonium nitrogen concentrations in the effluent were 

decreased with increasing cycle time (HRT). The over all total and ammonium-nitrogen 

removal efficiencies were 33, 39, 44 and 49% and 29, 38, 43 and 49% for 6, 8, 12 and 24-h, 

respectively (Fig. 9).  The oxic and anoxic phase removal efficiencies at the optimum cycle 

were 13 and 25 %, respectively (Fig.10). 

 

The reduction of nitrogen in the effluent might be occurred due to the assimilation 

(followed by cell wastage) or the oxidation of ammonium into nitrite and nitrate by 

nitrifying bacteria (Sedlak, 1991; Metcalf & Eddy, 2003).   

 

These removal efficiencies results are much lower than other reports from tannery 

wastewater using the same treatment system: Farabegoli et al (2007) 75% NH4
+
-N removal 

from NH4
+
-N concentration of 95 - 97mg/l at a HRT of 0.8 day and sludge age  20 day with 

organic loading rate of 0.6 – 0.8kg/m
3
/day , Carucci et al (1999)  reported 91% TKN  from 

TKN concentration of 74.1 – 91.8 mg/l at HRT of  0.8 day of  with a loading rate of 

0.8kg/m
3
/day and Ganesh et al. (2006)  reported 78–80% TKN and 83–99% NH4

+
-N 

removal a 12-h SBR cycle with a loading rate of 1.9– 2.1kg/m
3
/day.  

 

The might be attributed partly to the variation of both organic matter and total nitrogen of 

the influents. In addition, the variation of hydraulic retention time (HRT) used in their study 

could be another factor. 

   

High removal efficiencies from tannery wastewater were reported by Seyoum Late et al., 

(2004) (45-95% for ammonium and 82-95% for total nitrogen) and Fantahun Woldesenbet 

(2005) (97 % for TN and 96% for NH4
+
-N) using continuous flow activated sludge 

anoxic/oxic system. This variation might be due to the configuration difference of SBR and 

the continuous system. The continuous system has a separate anoxic and oxic reactor. Thus, 

for a process which includes nitrification, nitrifiers will grow predominantly and remain in 
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the nitrifying reactor, while heterotrophs will grow predominantly and remain in the 

reactors where carbonaceous removal occurs. However, in the SBR system, only one 

reactor is used for the entire treatment process and the mixed liquor contains both 

heterotrophs and autotrophs. This may result in a lower percent of nitrifying biomass 

(Sedlak, 1991).  In addition, the variation of loading rate and HRT used in the study might 

be another reason.  

 

 

The other factors might be associated with inhibition of nitrification by excessive COD 

loading. This can be attributed to the depletion of dissolved oxygen caused by heterotrophic 

organisms which utilized the organic matter present in the wastewater (Barnes and Bliss, 

1983). Although COD levels up to 60-80mg/L can be tolerated by nitrifying bacteria. It has 

been shown that COD levels above 60mg/L can be led to as little as 50% nitrification (Wild 

et al., 1971). This phenomenon was postulated to be due to low levels of dissolved oxygen 

due to autcompetition by heterotrophs, even though dissolved oxygen meters values 

indicated sufficient levels of oxygen were present in the bulk solution (Azevedo et al., 

1995).  

 

The optimum pH and temperature condition for nitrification process is in the rage of 6.5 to 

8.6 and 20-30
0
C respectively (Sharma and Ahlert, 1977; Grunditz and Dalhammar, 2001; 

Yoo et al, 1999). The pH and the temperature of the reactor were 8.17 ± 0.18 pH units and 

23
0
C, respectively. These were in the normal rage of nitrification processes.  

 

The provisional discharge standards for total- N and ammonia-N discharged to water bodies 

were 60 and 30 mg/l, respectively (EEPA, 2003). When the present results of ammonium-N 

and total-N nitrate were compared with provisional discharge limit, both ammonium and 

total-N highly exceed. The Laboratory Scale SBR performance for TN and ammonium 

removal efficiencies was not optimal.  

 

The concentration of orthophosphate and total phosphate were decreased from 12.4 ± 1.9 to 

0.0mg/l and 21.2 ± 3 to 9.7 ± 1.2mg/l, respectively (Table 8). The observed removal 

efficiencies were 100 and 54.3%, respectively (Fig.11).  
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The observed phosphorus removal might be due to the ability of a particular group of 

micro-organisms (Acinetobacter) to take up and store excessive amounts of phosphate. 

These micro-organisms, collectively known as phosphate accumulating organisms (PAO), 

store the phosphate internally as polyphosphate polymers (Dae et al., 2001; Jens et al., 

1999; Che et al., 2000).  

 

Phosphorus can be taken up either under anoxic or aerobic conditions by utilizing nitrates 

or oxygen as final electron acceptor (Dae et al., 2001; Janssen 2002). Thus, the observed 

removal of orthophosphate both in the anoxic phase and aerobic phase of the treatment 

system might be attributed to the simultaneous denitrification and phosphorus uptake by 

denitrifying and phosphorus removing bacteria (DPB) (Jens et al., 1999).  

 

The present result of orthophosphate removal is comparable with the results presented in 

literature using sequencing batch reactor: Mauro et al (2001) reported 86% removal from 

poultry wastewater, Cassidy et al (2005) reported over 98% removal from abattoir 

wastewater, Lefebvre et el(2005 )  reported 93% removal from tannery wastewater,  Obaja 

et al (2003) reported  97.3% removal from piggery wastewater and  Chang et al (1996) and 

Daesung et al (2001)  reported 98% and 100 % removal efficiency, respectively.  

 

The results of orthophosphate obtained in the effluents (0.00 ± 0.00mg/L) and total 

phosphorus (9.7 ±1.2 mg/L ) were compared with the provisional discharge limits values 

(5.0 mg/L for orthophosphate and 10.0 mg/L for total phosphorus) set by National 

Environmental Quality Standard for tannery effluent (EEPA, 2003).  It showed that both the 

concentration of orthophosphate and total phosphate were with in the required level.   

 

 

In the anoxic phase, sulfide concentration was reduced by 99.2% from the influent 

concentration in the meantime sulfate concentration increase from 583.7 ± 152mg/L in the 

influent to 863.3 ± 195 mg/L in the final effluent. In the aerobic phase sulfide concentration 

decreased from 2.22 ± 0.54mg/L to 0.1527 ± 0.1mg/L. This showed that sulfide removal 

was highly occurred in the anoxic phase (Fig. 10, Table 7). 
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In the anoxic condition phototrophic purple  and green sulfur bacteria convert sulfide to 

elemental sulfur, S2O3
2-

 and SO4
2-

(Zehnder, 1988) and in oxygen-limited environment, 

oxidation may proceed only to elemental sulfur. In the presence of light, green and purple 

sulfur bacteria use sulfide as electron donor for cell synthesis during the anoxygenic 

photolithoautotrophic growth process and sulfate is produced as final product (Yang, 1992).  

In this study, in the anoxic phase phototrophic purple and green bacteria might oxidize 

sulfide to sulfate while reducing nitrate and nitrite to nitrogen gas (Sorokin et al., 2003) and 

in oxic phase sulfide oxidized to elemental sulfur to sulfate by chemolithotrophic sulfur-

oxidizing bacteria (SOB)( Milford et al., 2000).  

 

The result of sulfide removal is almost similar with the results presented in literature using 

different biological methods. Chung et al., (1997) reported 99.6% sulfide removal 

efficiencies using biofilters, Vaiopoulous et al., (2005) reported 99.9% sulfide removal 

using anoxic sulfide removal process and cha et al., (1999) reported 100% sulfide removal 

using Thiobacillus novellus in biofilter under mix trophic condition.   

 

The present effluent concentration values of sulfate (863.3 ± 195 mg/L) and sulfide (0.1527 

± 0.1mg/L ) were compared with the provisional discharge limit values (1000.0 mg/L for 

sulfate and 1.0 mg/L for sulfide) set by National Environmental Quality Standard for 

tannery wastewater effluent (EPA, 2003).  The effluent concentration values were by far 

below the standard values, which showed the effectiveness of sequencing batch reactor for 

the treatment of sulfide and sulfate from tannery wastewater. 

 

The level of total chromium in the final effluent was decreased from 10.2 ± 0.31 to 1.319 ± 

0.5 mg/l. The removal efficiency was 87.0 %.  This removal of chromium might be 

occurred due to the precipitation of chromium as chromium hydroxide and/or adsorption on 

the sludge (David et al., 1994). The solubility of chromium in water is highly dependent 

upon pH value (Duan and Gregory, 2003). The maximum chromium removal occurred at 

alkaline range (Ros and Gantar, (1998).  
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Chromium was known to be toxic to biological treatment processes. Specially, the presence 

of chromium inhibites both nitrification and denitrification processes (Mahdavi et al., 2001; 

Sumathi, et al., 2005). However, in the SBR system, both the nitrifying and denitrifying 

bacteria show high tolerance of chromium. The activity of denitrifying bacteria was not 

inhibited up to a chromium concentration of 180 mg/l, while inhibition of nitrifying bacteria 

began at a chromium concentration of 120 mg/l (Farabegol et al., 2004).  

 

The effluent concentration of total chromium was with in the provisional discharge limits 

set by Ethiopian Environmental Protection Authority provisional discharge limit (2mg/L). 
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6.  CONCLUSION AND RECOMMENDATION 
 

6.1. Conclusion 

 

In this study, a lab-scale SBR was used to carry out nitrification, denitrification, chromium, 

sulfide, phosphate and organic matter removal from tannery wastewater. A removal 

efficiency of 85% for COD, 38% for total nitrogen, 35% for ammonium, 100% for 

phosphate and 99.9% were obtained with 8-h cycle. However, higher removal efficiencies 

of COD and TN were obtained with increasing HRT. The removal efficiency of 71, 85, 89 

and 92% for COD and 33, 39, 44 and 49% for TN were recorded for the cycle time of 6-h, 

8-h, 12-h and 24-h, respectively.  In addition, removal of organic matter increases with 

length of feeding time.  COD removal efficiencies of 94, 90 and 85% were obtained for180, 

83 and 48minute feeding time, respectively.  The concentration of COD, NO3
-
, sulfide and 

sulfate in the treated effluent meets the discharge limits fixed by EPA (2003). However, 

total nitrogen (TN) and NH4
+
-N were by far above the discharge limits.     

Generally, it can be concluded that the treatment performance of sequencing batch reactor 

is efficient for the removal of organic matter, sulfide and phosphorous from tannery 

effluent. But it is not efficient for the treatment of total nitrogen and ammonium.  

  

6.2. Recommendation  

 

1. The removal of organic matter (COD) is affected by HRT, Temperature, organic loading 

rate and feeding length. This study showed that COD removal efficiency increases with 

increasing length of feeding time. Therefore, further study should be conducted to identify 

the optimum length of feeding time for efficient removal of COD. 

 

 

2. In this study the concentration of ammonium and total nitrogen in the effluent were 

above the discharge limits set by National Environmental Quality Standard for tannery 

effluent. Therefore, further studies should be conducted to determine the optimum 

condition of total nitrogen and ammonium removal from tannery wastewater.   
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ANNEX I.  Characteristics of wastewater used in the start-up and 

optimization experiment, removal of efficiencies of TN, COD with 

different cycle times.  
 

 

Table1. The concentration of COD, TN and NH4
+
-N mg/L in the influent and effluent with 

acclimatization day 

 

COD 

(mg/L) 

Total nitrogen  

(mg/L) NH4
+
-N (mg/L) 

Days 

elapsed 

 
Influent Effluent Influent Effluent Influent Effluent 

MLSS 

(mg/L) 

MLVSS 

(mg/L) 

18 5000 3050 490 440 260 240 2.836 1.392 

27 4975 2636 476 420 310 263 3.804 2.552 

37 5275 2110 452 340 280 218 4.220 3.408 

48 3850 580 502 336 300 219 4.630 3.683 

56 4700 376 265 135 225 150   

67 4075 250 258 131 204 102 4.360 3.683 

74 3950 310 240 117 196 102 4.380 3.628 

79 2425 242.5 214 83 183 78   

87 2620 260 302 134 215 88 4.410 3.542 

93 4160 200 441 180 398 147 4.300 3.580 

 

 

Table 2. Removal efficiencies of COD with different cycle times 

 

95% Confidence Interval for 

      Mean 

Cycle time 

 

Mean 

 

Std. 

Deviation 

 

Std. 

Error 

 Lower Bound 

 

Upper Bound 

 

Minimum 

 

Maximum 

 

6 71.00 3.606 2.082 62.04 79.96 68 75 

8 84.67 1.528 0.882 80.87 88.46 83 86 

12 88.67 1.528 0.882 84.87 92.46 87 90 

24 92.00 2.646 1.528 85.43 98.57 90 95 

Total 84.08 8.607 2.458 78.61 89.55 68 95 
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 Table 3.   Removal efficiencies of total nitrogen with different cycle length 

  

95% Confidence Interval 

for Mean Cycle 

times (hr) 

 

 

Mean 

 

 

Std. 

Deviation 

Std.  

Error Lower 

Bound

Upper 

Bound

Minimum Maximu

m

6.00 33.0000 2.0000 1.1547 28.0317 37.9683 31.00 35.00

8.00 38.6667 1.5275 .8819 34.8721 42.4612 37.00 40.00

12.00 44.6667 1.5275 .8819 40.8721 48.4612 43.00 46.00

24.00 49.0000 2.0000 1.1547 44.0317 53.9683 47.00 51.00

Total 41.3333 6.4994 1.8762 37.2038 45.4629 31.00 51.00

 

 

   Table 4. Removal Efficiencies of COD with different fill time 

95% Confidence 

Interval for Mean Minimum Maximum  Fill time 

(minute) 

  

Mean 

  

Std. 

Deviation 

  

Std. 

Error 

  
Lower 

Bound 

Upper 

Bound     

71.67 .577 .333 70.23 73.10 71 72 

66.33 1.528 .882 62.54 70.13 65 68 

55.67 .577 .333 54.23 57.10 55 56 

54.67 1.528 .882 50.87 58.46 53 56 

180 

83 

48 

39 

Total 62.08 7.561 2.183 57.28 66.89 53 72 

 

ANNEX II. ANOVA ANLYSES RESULTS 
 
Table 1: One-Way ANOVA for multiple comparisons of COD removal efficiencies in different cycle times 

95% Confidence Interval 

  (I) Time 

  

(J) Time 

  

Mean Difference 

(I-J) 

  

Std. Error 

  

Sig. 

  Lower Bound Upper Bound 

8 -13.7 2.03 0.000 -18.3 -9.0 

12 -17.7 2.03 0.000 -22.3 -13.0 
6 

  

  24 -21.0 2.03 0.000 -25.7 -16.3 

6 13.7 2.03 0.000 9.0 18.3 

12 -4.0 2.03 0.084 -8.7 0.7 
8 

  

  24 -7.3 2.03 0.007 -12.0 -2.7 

6 17.7 2.03 0.000 13.0 22.3 

8 4.0 2.03 0.084 -0.7 8.7 
12 

  

  24 -3.3 2.03 0.139 -8.0 1.3 

6 21.0 2.03 0.000 16.3 25.7 

8 7.3 2.03 0.007 2.7 12.0 
24 

  

  12 3.3 2.03 0.139 -1.3 8.0 

* The mean difference is significant at the .05 level.  
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Table 2: One-Way ANOVA for multiple comparisons of TN removal efficiencies in different cycle times 

95% Confidence Interval 

  

(I) Time 

  

(J) Time 

  

Mean Difference 

(I-J) 

  

Std. 

Error 

  

Sig. 

  
Lower 

Bound 

Upper 

Bound 

8 -5.7 1.5 0.005 -9.0 -2.3 

12 -11.7 1.5 0.000 -15.0 -8.3 
6 

  

  24 -16.0 1.5 0.000 -19.4 -12.6 

6 5.7 1.5 0.005 2.3 9.0 

12 -6.0 1.5 0.003 -9.4 -2.6 
8 

  

  24 -10.3 1.5 0.000 -13.7 -7.0 

6 11.7 1.5 0.000 8.3 15.0 

8 6.0 1.5 0.003 2.6 9.4 
12 

  

  24 -4.3 1.5 0.018 -7.7 -1.0 

6 16.0 1.5 0.000 12.6 19.4 

8 10.3 1.5 0.000 7.0 13.7 
24 

  

  12 4.3 1.5 0.018 1.0 7.7 

* The mean difference is significant at the .05 level. 

 

 

 

Table3: One-Way ANOVA for multiple Comparison of COD removal with Different fill time 

length  

95% Confidence Interval 

  

(I) Filling 

time (minute) 

  

  

(J) Filling 

time (minute) 

  

Mean 

Difference 

(I-J) 

  

Std. 

Error 

  

Sig. 

  
Lower 

Bound 

Upper 

Bound 

48 -0.33 1.05 0.760 -2.76 2.10 

83 -5.00 1.05 0.001 -7.43 -2.57 
39 

   

   180 -9.67 1.05 0.000 -12.10 -7.24 

39 0.33 1.05 0.760 -2.10 2.76 

83 -4.67 1.05 0.002 -7.10 -2.24 
 48 

   

   180 -9.33 1.05 0.000 -11.76 -6.90 

39 5.00 1.05 0.001 2.57 7.43 

48 4.67 1.05 0.002 2.24 7.10 
 83 

   

   180 -4.67 1.05 0.002 -7.10 -2.24 

39 9.67 1.05 0.000 7.24 12.10 

48 9.33 1.05 0.000 6.90 11.76 

 180 

   

   83 4.67 1.05 0.002 2.24 7.10 

* The mean difference is significant at the .05 level. 
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ANNEX III: Pictures of sequencing batch reactor, sample collection 

containers, instruments used in the studies, and impacts of Wastewater on 

receiving water bodies. 

 

1. The picture of sample containers and the sequencing batch reactor 

 

 
(a) Picture of Sample Containers             (b) The picture of sequencing batch reactor 

 

 

 

 

 

 

2. Picture of different instruments used in the measurement of parameters 

 

  
 HACH Spectrophotometer                                          HACH COD Reactor  
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TDS/Conductivity meter                                           pH meter 

 

3. Pictures which show the pollution of river with tannery effluent  

 

   

Fig. 12. Sample of untreated tannery wastewater (I) and Sample of treated tannery 

wastewater (II). 

 
  

 


