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Abstract 

Evaluation of the Treatability and Biogas Production Potential of Chrome Line Tannery 

Effluent before and after Chrome Recovery in Anaerobic Sequential Batch Reactor 

Alemu Bejiga, 2014 

Direct discharge of tannery effluent to the surrounding water bodies affects the water 

quality and further causes reduction and death of aquatic fauna and flora. The effect can 

be minimized by treatment of tannery effluent prior to discharge to the environment. 

Biological treatment method is cost effective and environmentally friendly than physico-

chemical treatment method. The objective of this study was to develop a laboratory scale 

anaerobic sequence batch reactor and evaluate the treatment efficiency and biogas 

production potential of chrome tanning effluent at mesophilic (370C±2) system. The study 

was conducted at five treatments (wastewater containing different concentration of 

chrome). The treatments (T-1 to T-5) contain chrome concentrations (Cr3+) 185mg/l, 

120mg/l, 14mg/l and 6.85mg/l for T-1, T-2, T-3, T-4, and T-5 respectively. The hydraulic 

retention time of all treatments was three days and five days, the organic loading rate 

was wide-ranging between 1.49 kg COD/m3/day for T-1 to 1.32 kg COD/m3/day forT-5 

throughout the study. The removal efficiency of TS and VS of all treatments were in the 

range of 52-69% and 58-81%, respectively. The removal efficiency of COD,BOD,TN, 

NO3
-, S-2, SO4

-2, PO4
3- and Cr3+ of all treatments were in the range of 42-62%,41-71%, 

31-43%, 31-49%, 40-71%, 41-64%, 48-74% and 30-61% respectively. Chrome recovery 

was achieved up to 96.3%. The maximum value of biogas at five days hydraulic retention 

time for (T-1 to T-5), (0.0089, 0.0097, 0.012, 0.027 and 0.034 m3 biogas/kg VS 

respectively) with methane content 21.1%, 22.7%, 37%, 51.3% and 54.7% was obtained 

after steady stable state condition. Hence, pretreated chrome tanning effluent with Cr 

(III) of 6.85mg/l was a potential feedstock for ASBR. 

 Key words: Anaerobic sequential batch reactor, Chrome Tanning Effluent, Biogas  
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1. INTRODUCTION 

1.1 Background and Justification  

One of the main strategic tools for the sustainable development of society all over the 

world is production of energy from renewable sources which is environmentally friendly.  

It is essential to ensure clean energy and sustainable economic development in any 

country. Production of renewable energy from renewable sources has many benefits that 

lead to environmentally friendly sustainable forms of energy (Omer, 2010). The use of 

fossil fuels is economically essential for electricity production, transportation, plastics 

and chemicals manufacturing, heating, and many other purposes. Though, the extraction 

and processing of fossil fuels, in addition to their use, have intense impacts on the 

environment and natural resources. The environmental problems with fossil fuels that 

control most of our attention today include acid deposition, urban air pollution, climate 

change and global warming including changing greenhouse effect. To protect the 

environment for now and future generation and also to keep up the socioeconomic, 

growth energy related carbon emission have to be firmly reduced (Herzog et al., 2001). 

To accomplish this goal society should change the use of global energy production and 

consumption for example using alternative energy sources such as biomass from 

industrial effluents which can be used as an important alternative to fossil fuel which is 

unavoidable by product of industrial activities (Hussain et al., 2005). Accordingly, the 

challenge of energy for sustainable development requires continuous effort on the part of 

international organizations, national governments, the energy community, civil society, 

non-governmental sector (Lund & Mathiesen, 2009). 
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Even if there are remarkable growth and expansion in industrial output which provided 

jobs and income, goods and services, and opportunities to improve the standard of living 

for millions of people in many countries, the environment is highly affected by solid and 

liquid wastes that originate from industries, such as from tanning processes (Amare 

Gessesse et al., 2011). 

Ethiopia gives great emphasis for the transformation and industrial strategic development 

plan to improve export led products to join the international market in a large scale. 

According to EEPA, (2003) this strategy promotes capital saving and labor intensive 

industrial development policy using coordinated approach of supply chain management 

to encourage the production of value added products. Ethiopia has a major comparative 

advantage in the raw materials needed for the manufacturing of semi-finished and 

finished leather; this makes it the largest livestock production in Africa and the 10th 

largest in the world (Kiruthu, 2002). Due to this the leather sector is the largest 

component of Ethiopia’s export earnings. However, leather sector is highly growing in 

Ethiopia most of them discharge their effluent partially or without any treatment to the 

streams and nearby rivers (EEPA, 2003; Seyoum Leta et al., 2004). This consequence 

creates an environment to have a negative impact on aquatic biota public health and all 

biota and fauna of the surrounding. To minimize the consequence, these pollutants must 

be eliminated or treated before discharge to the acceptable limits through proper effluent 

treatment. In order to make chrome tanning effluent environmentally safe, and also to 

avoid its toxicity from the environment recycling or recovery methods by means of 

chrome precipitation with the total chromium removal is an effective way. Since cost is a 

major issue, economically reasonable price and alternative techniques of discharging 
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tannery effluent should be used in order to eliminate or to at least reduce these huge 

environmental loads. Basically, it underlines the skills and technologies needed in 

planning, design, construction and management of sustainable environments which meet 

changing environmental, socio-cultural, technological and economic needs. These are 

fundamental criteria in order to provide a full understanding of sustainability 

implications. 

One of the many economically as well as environmentally friendly suggested strategies is 

to design procedures that can change hazardous tannery waste products to useful biomass 

resources which are used for renewable energy production (WEO, 1995). For instance, 

the conversion of tannery effluent and other tannery waste to renewable energy can 

simply be done through anaerobic digestion (WEO, 1995). This method can significantly 

reduce hazardous organic carbon from effluent discharge to gaseous form such as 

methane and carbon dioxide (WEO, 1995). This method can further be used as renewable 

energy source and it can also be used as useful organic manure for farming purposes and 

make it perfect for countries like Ethiopia that are very dependent on 

agriculture. Consequently, changing environmental pollutants and waste materials to 

beneficial environmental resources such as biogas is one way of saving the planet 

through the use of safe renewable resources (UNEP, 1991). 

Using anaerobic sequential batch reactor for treatment of tannery effluent is also used as 

renewable sources for energy production which has benefits that lead to environmentally 

friendly sustainable forms of energy (Omer, 2010). Anaerobic sequential batch reactor is 

a biological process which is used for industrial effluent treatment facilities for sludge 

degradation and stabilization, by a syndicate of microorganisms working synergistically 
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(Joshua et al., 2008). Practically, microbial anaerobic conversion of biomass to methane 

is a process for effective waste treatment, biological fertilizer and sustainable energy 

production. 

1.2 Statement of the problem 

Currently in Ethiopia there are about twenty six tanneries. Most of those tanneries were 

partially or do not treated their effluent before discharging to the nearby rivers (Seyoum 

Leta, 2004). This causes different problems due to high toxicity levels which accelerates 

water quality changes to occur. Wastewater from leather tanning process affects land 

surface, surface water and ground water (UNEP, 1991). The effects on surface water 

include rapid deterioration of physical, chemical and biological qualities (oxygen 

depletion and eutrophication), destruction on soil structure and acceleration of soil 

erosion are impacts on land surface whereas, leaching of wastewater chemicals is a 

principal effect on the ground water (UNEP, 1991). Direct discharge of the tannery 

effluent to the surrounding water bodies affects water quality and further causes reduction 

and death of aquatic fauna and flora (EEPA. 1993). 

Different studies were conducted at laboratory scale to evaluate the biogas production 

potential and treatment efficiency of composite tannery wastewater and general line 

wastewater using two stage anaerobic sequential batch reactors. Both studies were 

obtained a good indication to use tannery wastewater as a feedstock for anaerobic 

sequential batch reactors to yield biogas energy. However, the treatability and biogas 

production potential of chrome line tannery effluents and the effect of chromium on 

quantity as well as quality of biogas production in anaerobic sequential batch reactors is 
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not investigated. Therefore, this study was evaluated the treatability and biogas 

production potential of chrome line tannery effluents both before and after chrome was 

recovered by using anaerobic sequential batch reactors. 

1.3 Objectives 

1.3.1 General objective 

The General objective of this study is to evaluate the treatment efficiency and biogas 

production potential of chrome line tannery effluent in anaerobic sequencing batch 

reactor both before chrome recovery, after chrome is partially recovered and entirely 

recovered.  

1.3.2 Specific Objective  

The specific objectives of this study are:  

 To characterize chrome tanning effluent for selected parameters (TS, VS, S2-, 

SO4
2-, NO3

-, PO4
3-, Cr3+, PO4

3-, TN, OC, NH4
+, COD and BOD).  

 To evaluate and optimize the treatment performance and biogas production of 

ASBR 

  To study the effect of lime on chrome removal  

 To study the effect of pH, OLR and HRT on the performance of the treatments  

 To evaluate the effect of chrome concentration on the production of biogas and 

treatment performance of ASBR 
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1.3.3 Significance of the Study 

The importance of this laboratory scale study is; to generate renewable energy from 

chrome tanning wastewater and reduce the concentration of discharge pollutants thus 

providing both local and global environmental benefits and also to investigate chrome 

recovery by means of chrome precipitation.  

At a larger scale this methodology can also be applied to other industries other than 

tannery industry. That’s why; the use of ASBR can further be used for other environment 

related future potential scenarios for a more sustainable treatment and clean water 

development system. The outcome obtained from the study can be used by environmental 

scientists, Ministry of Environment and Forest, tanneries, and other stakeholders for 

environmental pollution control and renewable energy production from industry wastes. 

Also researchers can use the results from this study for further investigation to overcome 

the pollution consequence of tanneries. 

 

 

 

 

 

 

 



M.Sc Thesis (June, 2014)  7 
 

2. LITERATURE REVIEW 

2.1Leather Industry 

The leather industry in Ethiopia is capable with rich raw materials in terms of quality and 

quantity (MoARD, 2007). Ethiopia has nearly 30 million of cattle, 20 million of sheep 

and about 15 million of goats, which ranks as 7th in cattle, 12th in sheep and 5th in goat 

population in the world (LIDI, 2010). Sheep skins from the highland of Ethiopia which 

has fine quality in terms of size, thickness, flexibility strength and texture comprise about 

70% of national sheep skin production. The goat skins which are classified as Nap-

genuine are thick, and flexible with clean inner surface. Leather industry has gained high 

socio-economic relevance and contributed significant economic growth by providing 

intensive job opportunities. Nowadays, the industry ranks second in the export trade in 

terms of foreign exchange earnings of the Ethiopian country (MoARD, 2007).The main 

reason for the development and growth of the leather industry in the country is due to its 

large animal population. Ethiopia plays a major role in a total global availability of raw 

hides and skins which are the basic raw material for the leather manufacturing (UNEP, 

1991).   

Currently, there are twenty six tanneries and leather manufacturing sectors with more 

than five thousand employee producing semi processed and finished leather products for 

local and export (LIDI, 2010). The annual padding capacity of these tanneries is 2.3 

million pieces for hide and 44.3 million pieces for skins (LIDI, 2010). Leather industry 

performs an environmentally important activity by giving a new life to the left over of the 

meat industry. The transformation of this by-product is, however, potentially pollution 
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intensive. Tanning process is widely perceived as a consumer of natural resources like 

water and other chemicals which in turn generate effluent containing heavy metals, toxic 

chemicals, chloride, lime with high dissolved and suspended solids and other pollutants 

(Durai et al., 2011). In tanning process hide and skins passes through many liquors, each 

quite different in chemical composition and playing its part in the conversion of unstable 

fibrous nature protein into a relatively stable non-putrescible leather. Annually, the recent 

global processing capacity of tanneries are 9 x 109 kg of hides and skins and 

approximately 30-40 m3 of water are used per ton of hide processed (LIDI, 2010). Hence 

it is estimated that 30-40 x 1010 liters of liquid effluent is generated from tanneries 

(Thanikaivelan et al., 2004). This gives rise to two major problems for the leather 

industry: the availability of good quality water and also the treatment of such large 

quantities of effluent.  

2.2 Types of Tanning in Leather Industry  

Mainly there are two types of tanning based on different tanning agents these are 

vegetable and chrome tanning. 

 Vegetable tanning involves the use of extracts from the bark of various trees as the 

tanning agent. Soles of shoes have been traditionally vegetable tanned; however, since 

the introduction of synthetic materials for shoe soles, vegetable tanning has been further 

decreased in importance.  

Chrome tanning is the most tanning process which produces leather better suited for 

certain applications, particularly for the upper parts of boots and shoes, and requires less 

processing time than traditional vegetable tanning. No two tanneries are identical; each 
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has its unique characteristics and sub processes; some perform only the semi-finished 

processes and ship their goods to another tannery to complete the processing. A 

chromium sulfate solution is added to the drum and the hides with chrome solution are 

mixed for periods of up to 24 hours. After chrome tanning, all hides have a characteristic 

of blue color caused by the chrome tanning solution (Rajamanickam, 2000).  

2.3 Property of Chromium in Chrome Tanning Effluent and its 

Environmental Consequences 

Chrome tanning process is one of the major contributors of Cr pollution to the nearby 

water bodies (Palmer and Wittbrodt, 1991). Tannery effluent is characterized by being 

strongly alkaline with a high salt content, one of which is chromium (Bajza and Vreck, 

2001). Currently from chrome tanning only 50 - 60 % of chromium applied is taken by 

the leather and remain is discharged as chrome liquor or effluent (Rajamanickam, 2000). 

This chromium was produced during the tanning operation.  

Trivalent chromium is mainly found in effluent generated from the chrome tanning 

process; it occurs as part of the re-tanning process. This chrome is discharged from 

processes in solution form; however, when it is mixed with tannery effluent of other 

processes, which have proteins, the reaction is very fast. When this trivalent is change it 

becomes hexavalent chromium in tannery effluent (Van der Perk, 2013). Dichromates 

from those wastes are toxic to aquatic life such as fish since they swiftly penetrate cell 

walls. They are mostly absorbed through the gills system and the effect is accumulated in 

their body (Van der Perk, 2013). 
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Even if Cr (III) salts are used during the tanning process, under certain prevailing 

conditions, the Cr (III) can be changed into Cr (VI) (Cooman et al., 2003; Daijun & 

Willy, 2002). Moreover, the conversion of Cr (VI) to Cr (III) occurs readily by a variety 

of reducing agents in water and soil. Cr (VI) is known human carcinogen, where as Cr 

(III) is less toxic. Chromate is toxic to both plants and animals and strong oxidizing agent 

and corrosive in nature (USPHS, 1997) 

Cr (VI) compounds present in the pollutions are responsible for the majority of the health 

problems. It also causes surface and underground water to be polluted (Van der Perk, 

2013). When effluents of chromium is enters to soils it affects plant growth, it is non-

essential for microorganisms and other life forms and  in excess amounts it exerts toxic 

effect on them after cellular uptake (Singanan et al., 2007).  

The concentration of chromium in natural water is commonly ranges from 0.1-0.6 μg/mL 

(Van der Perk, 2013). The acceptable amount of Chromium by WHO standard is 0.05 

mg/L in drinking water and 0.2mg/L in river water. For EEPA standard the acceptable 

amount of chromium in industrial effluent is 2 mg/L. According to USPHS, (1997) 

average daily intake of 50-200 μg/day of Cr (III) is safe and adequate for adults. In a safe 

way Cr (III) is an essential nutrient, required for normal energy metabolisms in animals 

(Van der Perk, 2013). But the consumption of contaminated fish, other foodstuffs and 

drinking water could increase the daily intake levels far beyond those recommended 

levels.  

Taking small amounts of Cr(III) and Cr(VI)
 
forms is generally not harm, though taking 

above recommended levels can result in adverse health effects including gastro-intestinal 
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irritation, stomach ulcers, heart burning, respiratory tract infection, sever cough, fever 

and loss of eyesight. Others like lung cancer and kidney failure were the reported causes 

of death in many cases (USPHS, 1997, Infogate/GTZ, 2002, and Van der Perk, 2013).  

Up take of Cr by agronomic plants at about 5 to 100 μg/g available in the soil is toxic to it 

(Van der Perk, 2013). Plants take up Cr (VI) better than Cr (III); whilst Cr (VI) is more 

toxic than Cr (III). Plant growth with low levels of Cr is indicated that Cr is not an 

essential component of plant nutrition (Huffman and Allaway, 1973 and Guilizzoni et al., 

1984). High amount of chromium apply to the plant soil the growing media is brought 

poor quality and poor growth of the seedlings (Mehari Alebachew, 2006). 

2.4 Leather Manufacturing Process and its Environmental Performance 

Leather manufacturing is a general term for the several processing steps involved in 

converting animal hides or skins into finished leather. Chrome tanning is the major 

leather production in Ethiopia. Trimming, soaking, liming, fleshing, unhairing, deliming 

and bating processes are referred as the beam house operations. Further processes like 

pickling, tanning, samming, splitting and shaving are referred to as tanyard operations. 

Retanning, dyeing and fat-liquoring processes constitute post tanning operations. 

Finishing processes include setting, dyeing, and conditioning; staking, toggling and 

buffing (UNEP, 2003). 

The major inputs such as water, chemicals in each sectional operation starting from 

soaking, liming, fleshing, deliming, pickling and vegetable/chromium tanning, till 

finishing are shown as a part in the process. The mode of operation and equipment used 

such as pits, paddle, drums, and type of machine operations are also indicated as a part in 
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the process flow diagram in figure. The waste discharges from each sectional operation 

such as effluent, fleshing, waste trimmings and the major constituents in the effluent in 

terms of TDS, COD, and BOD are the output of the tannery process.                                                                                                                                                                                                                                                         

2.5 Effluent Generation from Tanneries and its Characteristics 

Since tanning processes are a wet process, water plays a vital role in tannery operations. 

About 30-40 liter of water is used for processing one kilogram of raw hide/skin into 

finished leather (Info gate/GTZ, 2002). Most of the traditional tanneries store water in 

open cement lined pits and ground level tanks. Water from these storage tanks would be 

pumped directly to the process areas. 

In most developing countries like Ethiopia, tannery effluents are discharged into the 

nearby rivers, inland surface waters or brought onto the land with agricultural usable 

water (Seyoum Leta, 2004).  

The high concentration of chromium, salt and hydrogen sulphide in tannery effluent 

affects the quality of water and may cause bad taste and odor (EEPA, 1991). Suspended 

matter (lime, hair, fleshing, etc.) makes the surface water turbid and settles ultimately on 

the bottom (UNEP, 2003). Both processes create unfavorable conditions for aquatic life. 

Discharge of properly untreated tannery effluents into the sewer system causes deposition 

of calcium carbonate and choking of the sewer (WHO, 2006). In developed countries the 

tannery effluent is treated intensively before it is discharged into surface water. As a 

result of effluent purification the chromium and BOD levels of the purified water is 
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relatively low. The sludge in the waste water systems has to be brought to special 

dumping grounds because of its high amount of chromium content (UNEP, 1991). The 

sensitivity to chromium of different species of aquatic organisms varies greatly. 

Hexavalent chromium is a strong oxidizing agent, and therefore more toxic than trivalent 

chromium and also deactivates cellular proteins (WHO, 2006). 

Lethal levels for fish range from 17mg/l to 118 mg/l and 0.05 mg/l for invertebrates, and 

0.032 to 6.4 mg/l for algae (Somers, 1974).The concentration apparently safe for fish is 

moderately high, but a recommended maximum concentration of 0.05 mg/l (WHO, 

2006). Inside the tannery, chromium should be handled with care, since exposure to 

elevated concentrations of chromium in the air (> 0.1 mg/m3) may lead to lung cancer 

(Parsons,1974).The tanning process involves an important consumption of water and 

generates a complex pollution consisting of a mixture of organic and inorganic 

substances that rather difficult to treat. A large amount of Chemicals is used to convert 

raw cattle hides, goat and sheep skins in to leather. The chemical reagents consumption is 

very high.  

The volume of effluent and its characteristics vary from tannery to tannery. They may 

also vary within the same tannery from time to time. The effluent from beam house 

process such as soaking, liming and deliming are highly alkaline, containing 

decomposing organic matter, hair, lime, sulphide and organic nitrogen with high BOD 

and COD (Seyoum Leta, 2004). The effluent from tanning process such as pickling and 

chrome tanning are acidic and colored (Kabdasli et al., 1993). The characteristics of the 

effluents are also vary depending upon the size of the tannery, chemicals used for the 
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specific process, amount of water used and type of final product produced by a tannery 

(Seyoum Leta, 2004). 

It has been revealed that beam house processes and tanning processes contribute 80–90% 

of the total pollution load that includes biological oxygen demand (BOD), chemical 

oxygen demand (COD), total solids (TS), total dissolved solids (TDS), chromium (Cr), 

sulphides (S2−), sludge, etc (UNEP, 1991). Conventional methods of pre-tanning, tanning 

and post-tanning discharge enormous amounts of pollutants together with effluents 

(ETPI, 1998; UNEP, 1991). Effluent 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 and these effluents typically have high load of organic matter, sulfide, total 

solids and chloride indicated that beam house contain high concentration of chloride, 

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

1996). 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 COD 

(Bajza & Vrcek, 2001). Therefore, tannery effluent is characterized by high load of 

organic matter originating from the skin and hides as well as from the added chemical, 

strong color, turbid, foul smelling, high pH, dissolved and suspended solids, organic 

nitrogen and ammonia (World Bank. 1998). Additionally it shows that high concentration 

of sulfide, sulfate, chloride and chromium in tannery effluent (Costa & Klein, 2006). 
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2.6 Environmental Impact of Tannery Effluent 

Among various environmental pollutants of wastewater released from different 

industries, tannery effluent is the major challenging and devastating pollutant. Leather 

industry is one of the most harmful to the environment for being responsible for extreme 

pollution of water resources (UNEP, 1991). Environmental pollution problem arises from 

discharges of untreated tannery effluents which causes high level pollution due to high 

toxicity of chromium and sulfides (Seyoum Leta et al., 2004). 

It could be agreed that the leather industry performs an environmentally important 

activity by giving a new life to the left over of the meat industry. The transformation of 

this by-product is, however, potentially pollution intensive and tanning is widely 

perceived as a consumer of natural resources. The quantities and qualities of emission 

and waste produced by tanneries depend up on the type of leather processed, the source 

of hides and skins, and the technique applied (Cotance, 2002). 

The addition of organic molecule to water typically increases BOD5 by increasing rates 

of biological/chemical decomposition. Depletion of oxygen level caused by waste with 

high BOD5 can produce both acute (killing) and chronic (e.g. reduced growth, fecundity 

and disease resistance) impacts in aquatic biota (Allison, 1996). Tannery effluent is also 

characterized by being strongly alkaline with a high salt content, one of which is 

chromium (Bajza and Vreck, 2001). Organic and inorganic forms of nitrogen may cause 

euthrophication (i.e. high productivity of algae) problem in nitrogen limited fresh water 

lakes, in estuarine and coastal waters (Yabfang et al., 2009).  
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These net effects reduce the aesthetic appearance, recreational use and reuse of the water. 

The sulfide content of tannery effluent results from the use of sodium sulfide, sodium 

hydrosulfide and the breakdown of hair in the unhairing process (Yabfang et al., 

2009).When the pH of the effluent falls below 9.5 hydrogen sulfide is evolved from the 

effluent, the lower the pH the greater the fate of evolution. This creates unpleasant smell 

(even in small quantity), smell of rotten egg, and cause toxicity too for many forms of life 

(Buljan et al., 1994; López‐Camelo et al., 2005).  Hydrogen sulfide gas is also fairly 

soluble, and when dissolved by condensation weak acids can be formed, which can cause 

structural problem by corrosion. Sulfate is produced by the use of sulfuric acid, or 

through using products with high sodium sulfate content. 

The sulfate is broken down by anaerobic bacteria to produce sulfide and odor. Soluble 

sulfate in the tannery effluent also causes a problem by increasing total salt concentration 

in the surface water and ground water (Zupančič & Jemec, 2010). Furthermore; the 

untreated discharge of tannery effluent in addition to polluting the receiving streams, it 

allowed to percolate into the ground for long periods and affects the ground water bodies 

of the surrounding locality to certain radius Mondal et al., (2005) showed that a single 

tannery effluent can cause pollution of ground water about a radius of 7 and 8 Km. This 

makes the surrounding water source unsuitable for drinking, irrigation and for general 

consumption. 

2.7 Treatment Methods of Tannery Effluent 

The pollution of water surface by industrial effluents especially process industries is a 

serious problem in most countries. This problem requires a greater attention for the 
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scientific community to investigate the solution. The treatment of contaminated tannery 

effluent by means of biological and phisico-chemical has been widely implemented from 

classical urban to industrial effluent. From economic and operational points of view, 

biological treatment has proved to be an environmentally friendly, a healthy and more 

energy efficient for treating biodegradable wastewater only if good process control could 

be maintained (Grady et al., 1999).  

2.7.1 Physico-chemical Treatment 

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

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

and chemical oxidation (Lofrano et al., 2006).  

2.7.2 Chrome Recovery by Means of Chemical Precipitation  

Chromium recovery using chemical precipitation techniques are implemented not only 

for environmental protection purposes but mainly for economic reasons. In principle, 

these indirect systems were based on the precipitation of chrome containing effluents 

with alkalis (Prakash N. B., 2013). Common precipitation agents include MgO, Ca 

(OH)2, Soda, NaOH and others. After settling, thickening and dewatering of the chrome 

oxide suspension, the filter cake is dissolved in sulphuric acid. After modifying the 

basicity, the basic chromium sulphate solution can be reused for tanning by recycling into 

the tanning process and by replacing 20-35% of the "fresh" added chrome tanning salt. It 

is to be noted that recovery/recycling techniques differ in terms of the precipitating 

alkalis, flocculation temperatures, settling and dewatering conditions used as well as the 

manner of handling and reusing the filter cake (Arumugam, 1976). 
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The principle of this method is based on recovering the chrome from floats containing 

residual chrome by means of precipitation, separation and subsequent re dissolution in 

acid for reuse. The base used to precipitate the chrome can vary (Prakash, 2013). 

Two principal options offer themselves: 

Option I 

In this option rapid precipitation with strong alkaline bases such as sodium hydroxide or 

sodium carbonate which enhances coagulation with polyelectrolyte, after that thickening 

and dewatering the voluminous sludge by filtration is ended.  

Option II: The slow precipitation method is done by using magnesium oxide and then 

settling of the suspension, decantation of the supernatant (no need for a filter press) and 

subsequent acidification of the relatively dense precipitate (Arumugam, 1976). 

2.8 Biological Treatment 

Biological treatment is the treatment methods in which the removal of contaminants is 

achieved by biological activity. Biological treatment is used primarily to remove the 

biodegradable organic substances (colloidal or dissolved) from effluent (Angelidaki, 

1997). 

Basically, these pollutants are converted into gases that can escape to the atmosphere and 

into biological cell tissue that can be removed by settling. Biological treatment is also 

used to remove nutrients (nitrogen & phosphorus) from effluents (Metcalf and Eddy, 

2003). With proper environmental control, effluents can be treated biologically in most 

cases. Biological treatment methods use microorganisms, mostly bacteria, in the 
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biochemical decomposition of effluents to stable end products (Vasudevan & Ravindran, 

2007). More microorganisms, or sludge, are formed and a portion of the waste is 

converted to carbon dioxide, water and other end products (Angelidaki, 1997). 

Biological treatment methods include: Activated sludge system, Constructed Soil Filter, 

Advanced Oxidation Process, Aerated lagoon, Aerobic granular reactor, Aerobic 

treatment system, Bioreactor, Constructed Wetland and Sequencing Batch Reactor 

(Metcalf and Eddy, 2003). 

2.9 ASBR Technology and its Process Description  

Anaerobic sequential batch reactors as a new high rate anaerobic process was introduced 

(Dague et al., 1992). Anaerobic sequential batch reactors (ASBR) technology is 

considered as an alternative to the biological activated-sludge process for the removal of 

nutrient from industrial effluent. This configuration has a higher flexibility and 

controllability allowing more rapid adjustment to changing influent characteristics 

(Baetens, 2000). Furthermore ASBR contrast to activated sludge system needs lower 

investment and frequent cost because secondary settling tanks and sludge return systems 

are not required (pellizzi, 1981). 

ASBR process involves repetition of cycles which includes four discrete steps: feed, 

react, settle and decant. The cycles should be as frequent as possible in order to complete 

each of the four stages without intervene idle time (Sarti et al., 2007). 

The feed step involves the addition of substrate to the reactor or digester. In order to 

increase the concentration of substrate continuous mixing during feeding should be 

advised. While the concentration increases rapidly, metabolic rates increase to their 
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highest values. Factors which determine the feed volume are; HRT, organic loading rate, 

and characteristics of settling sludge (Sung & Dague, 1995; Chaisri et al., 2007).  

The react step is mainly important in the conversion of substrate to biogas energy 

(Chynoweth et al., 2001). The time required for the react step depends on some 

parameters, such as substrate characteristics and strength, effluent quality, biomass 

concentration, and temperature of the waste (Sung & Dague, 1995; Deublein & 

Steinhauser, 2011)).  

Throughout the settle step, mixing is closed or shut off to allow settled biomass solids 

separation. The reactor itself also acts as the clarifier. Depending on the biomass 

settleability, the time required for clarification will vary (Elesiniotis & Oldham, 1994). 

The concentration of mixed liquor suspended solids (MLSS) in the reactor is an 

important variable affecting the settling rapidity of the biomass and also the ability to 

achieve a clear supernatant for discharge as effluent. An important variable is the specific 

process loading rate (food: microorganism ratio, F: M) (Ghosh, 1991).  

The decant step takes place after sufficient solids separation has occurred. The decant 

volume is usually equal to the volume fed during the earlier feed step. The time required 

for the decant step is governed by the total volume to be decanted during each cycle and 

the decanting rate. Once the decant step is completed, the reactor is ready to be fed 

another batch of substrate (Sagagi et al., 2009). Then the influent is introduced to the 

reactor at the highest possible rate, and mixing is begun. No discharge from the reactor 

occurs until the react and settling cycles have been completed. Of course, to accomplish 
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sporadic feeding and decanting, the reactor must be prepared with a rigid floating cover 

or flexible membrane (Sung & Dague, 1995). 

The treatment cycle can be adjusted to undertake anaerobic conditions in order to achieve 

biological nutrient removal, including nitrification, de nitrification, and some phosphorus 

removal. 

 

Figure 1 Anaerobic pathway of complex organic matter degradation.(Smith, 2009) 

In most cases biomass is made up of large organic compounds. In order for the 

microorganisms in anaerobic digesters to access the chemical energy potential of the 

organic material, the organic matter macromolecular chains must first be broken down 
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into their smaller constituent parts. These constituent parts or monomers such as sugars 

are readily available to microorganisms for further processing (Ramasamy, 1998). The 

process of breaking these chains and dissolving the smaller molecules into solution is 

called hydrolysis. Therefore hydrolysis of high molecular weight molecules is the 

necessary first step in anaerobic digestion (Vasudevan & Ravindran, 2007). It may be 

enhanced by mechanical, thermal or chemical pretreatment of the waste. 

2.9.1 Single Stage in ASBR 

All digestion occurs in one reactor vessel in Single stage ASBR. Where as in two stages 

ASBR the method consists of several reactors; often the organic acid forming stage of the 

anaerobic digestion process (Acidogenesis and Acetogenesisis) separated from the 

methane forming stage (methanogenesis). Some two stage systems also use a preliminary 

aerobic stage to raise the temperature and increase the degradation of the organic 

material. Single stage or conventional one-phase processes is increasing stability of the 

process, smaller and cost efficient process configurations, more reliable for cellulose-

poor kitchen waste, reliable design (with biomass retention) for C/N < 20 and also its 

design flexibility (Wang et al., 2003 ). 

2.9.2 Factors that Affect ASBR 

Optimum environmental conditions are essential for successful operation of anaerobic 

digestion like all biological processes. Microbial metabolism processes depend on many 

parameters; therefore these parameters must be considered and carefully controlled in 

practice. Furthermore, the environmental requirements of acidogenic bacteria differ from 

requirements of methanogenic archaea (Yu et al., 2001). Mainly, these organisms have 
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much longer regeneration time, much slower growth and are more sensitive to 

environmental conditions then other bacteria present in the mixed culture. However, there 

are some exceptions to the case: 

 With cellulose containing substrates (which are slowly degradable) the hydrolysis 

stage is the limiting one and needs prior attention for proper digestion. 

 With protein rich substrates the pH optimum is equal in all anaerobic process 

stages therefore a single digester is sufficient for good performance. 

 With fat rich substrates, the hydrolysis rate is increasing with better 

emulsification, so that acetogenesis is limiting. Therefore a thermophilic process 

is advised. 

In target to provide optimum conditions for each group of microorganisms, a proper stage 

process of waste degradation has been developed. 

In biological anaerobic digestion systems a characteristic event can be observed. Some 

substances which are necessary for microbial growth in small concentrations inhibit the 

digestion at higher concentrations (Vijayaraghavan & Murthy, 1997). Similar effect can 

have high concentration of total volatile fatty acids (tVFA’s). Even though, they represent 

the very substrate that methanogenic archaea feed upon the concentrations over10 000 

mgL-1 may have an inhibitory effect on digestion (Mrafkova et al., 2003). 
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Table 1 Inhibiting concentrations of some heavy metals (Mrafkova et al., 2003). 

 

 

Substance  

 

Minimum amount 

required as trace 

element (mg/L) 

 

Inhibiting concentration 

(mg/l)  

 

 

Toxic 

concentratio

n (mg/l)  

 

Cd  Not available  70-600  200-600  

Cu  Not available  5-300  170-300  

Cr  0.005-50  28-300  500  

Zn  Not available  3-400  250-600  

Pb  0.02-200  8-340  340  

Ni  0.005-0.5  10-300  30-1000  

Mn  0.005-50  1500  Not available  

   

Heavy metals exert some important roles in biochemical reactions (such as the aerobic 

and anaerobic digestion processes of biomass) being essential to the growth and 

development of microorganisms, plant and animals. Depending on their concentrations 

they can be inhibitory, or even toxic in biochemical reactions (Oleszkiewicz and Sharma 

1990; Giotta et al., 2006; Sengor et al., 2009). In a trace level they are required for the 

activation and/or functioning of many enzymes and co-enzymes during anaerobic 

digestion (Mata-Alvarez et al., 2000; Bayer et al., 2007; Cirne et al., 2007). The 

importance is mostly due to the chemical binding of heavy metals to the enzymes and 

microorganisms (Brady et al.,1994), and also resulting in the disruption of enzyme 
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structure and activities (Li and Fang 2007; Wani et al., 2012). At high concentrations, 

they can form unspecific compounds, creating cytotoxic effects (Kavamura & Esposito, 

2010) and altering the optimum biochemistry and performance of the processes. The 

toxicity of heavy metal such as chromium towards anaerobic digestion is independent of 

total metal concentration in the digester but depends on the concentration of free metal 

species in the sludge (Tiwari et al., 2006; Guertin et al., 2004). Tanneries are used 

chromium salts such as chromium sulphate which is Cr(III) after stability for tanning 

processes as a tanning agent due to its cost effectiveness  The Cr (III) dosage of 5 mg/l 

reduced overall volatile fatty acid and alcohol generation, degree of acidification, 

conversions of lactose, lipid and protein, and total biogas production, with the exception 

of accumulation of hydrogen and propionate (Pathe et al., 1995). At dosages exceeding 5 

mg/l, Cr (III) had a severe inhibition on the acidogenesis. The chromium (III) showed to 

be toxic in the concentration beyond 12 mg/l in the presence of N-NH4
+.Inhibition of 

methanogenesis by trivalent chromium and ammonia showed that a concentration of 

4000 mg/l of N-NH4
+ and 12 mg/l of Cr3+ caused a 50% reduction in aceticlastic 

methanogenic activity of an anaerobic sludge (Soubes et al., 1994). Addition of 

chromium (III) only at 5-mg/l dosage, the relative biogas production was greater than 

100%; as Cr over 5 mg/l was added, there was a gradually increasing inhibition 

(Lin,1992). For chrome tanning wastewater in which chrome precipitation and 

pretreatment is not done, influent chromium (III) concentration even up to 140 mg/l did 

not show to be toxic because the chromium removal remained more or less constant after 

anaerobic digestion (Soubes et al., 1994). 
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3 MATERIALS AND METHODS 

3.1 Experimental Design of ASBR 

The study was conducted at mesophilic(370C±2) temperature at five different chrome 

concentration treatments. The treatments were labeled as T-1(Cr3+ 185mg/l) with full 

chrome content, T-2(Cr3+ 120mg/l), T-3(Cr3+ 60mg/l), T-4 (Cr3+ 14mg/l) and T-5(Cr3+ 

6.85mg/l). Each treatment had a total liquid volume of 1.0 L with the same loading rates. 

In the experiment, each treatment was run in triplicate.  

The reactors were sealed properly to avoid any leakage. The temperature of the setup was 

kept constant in water bath while the follow up and data collections were done regularly. 

The amount of biogas (volume in ml) yielded was collected and measured at three days 

and five days interval while biogas quality (%methane) was measured once a week.  

3.2 Experimental Set Up of ASBR 

Anaerobic sequential batch reactor (ASBR) set up was arranged in the Laboratory of 

Center for Environmental Science; Addis Ababa University. Amber bottles of 1.0 L 

holding capacity was used for total treatment volume. 

The bottles were covered by rubber stopper having three hoses at the top and sealed with 

gas kit maker to make oxygen free environment inside the digester. Anaerobic condition 

was created. The three hoses on the top of the amber bottles have different purposes. The 
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first hose was stretched up to the bottom of the solution enabling feeding of all the 

solution. This hose had one valve outside the digester, it was opened when the sample 

was feed and it were directly connected to the pump driver PD 5206 during the time of 

filling. The second hose was stretched up to the middle of the solution enabling decanting 

of the effluent. The hose had one valve outside the digester, it was opened when the 

sample was decanted and it were directly connected to the pump driver PD 5206 during 

the time of decant. After it was decanted it was disconnected from the pump driver PD 

5206.While the third hose was above the solution and was used to channel the produced 

gas from the digester for biogas measurement during the ASBR. At the top (end) of the 

second hose, there was a plastic bag which was used to collect the produced biogas and it 

has two valves, they were close only for the period of measuring the biogas which was 

produced during three days and five days.  
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Figure 2 Schematic diagram of laboratorial single stage of ASBR (Adapted from Dugba 

and Zhang, 1999)  

1. Storage tanker of the influent, 2. Pump drivers, 3. Stoppers 

4. A 1L of polyethylene bottle or glass of anaerobic digestion 

5. Bio gas collector or measuring of bio gas, 6. Storage tanker of the effluent 

The different line shows different plastic pipes which transport the influents and 

effluents. 

3.3 Operation of the ASBR 

About three months were required to accomplish the study. The startup period, the time 

assigns for accumulation of biomass of the ASBR was operated for one month. During 

this period the digester were operated in hydraulic retention time (HRT) of three days 

(72hr) cycle mode, while sixty eight hrs was given for the reaction phase and three hrs 

gave for settle. Anaerobic environment was made by using inoculums during start up 

period. After having a good biomass settling the supernatant was decanted from the upper 

most of the reactor for thirty min by the help of pump drivers PD 5206 with the speed of 

606 rpm. Batch feeding was carried out mechanically through the top of the reactor at the 

beginning of the next cycle for thirty min by the same speed the substrate was decanted. 

The sum of all phases was represented as total cycle (Tc). 

TC = TF + TR + TS + TD …………………………………………………………………………………………. (8) 

Where, TC = total cycle time                                       TF = total fill time  
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             TR = total react time                                       TS = total settled time  

                                                                                     TD = total decant time 

During the second phase the ASBR was operated for two months. The hydraulic retention 

time (HRT) was five days (120hr) cycle mode. From the total cycle time 118hrs was 

given for the reaction period, 1hr for settled and the remaining one hour was for fill and 

decants the same as in the first phase. In this phase the settling time was short due to high 

accumulation of biomass in the digester. The fill and decant was performed by pump 

drivers PD 5206 with the speed of 606 rpm the same as the first phase. The same as to the 

first phase thirty min by the same speed the substrate was decanted. 

 

Figure 3 The operation of ASBR at mesophilic temprature   

3.4 Determination of Quantity and Quality of Produced Biogas  

The produced biogas quantity (volume) was determined by using the syringe method 

when the supernatant was manually decanted and at the starting of the next cycle. The 
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produced biogas was measured directly by measuring the volume of the gas collector bag. 

First, the biogas produced in the gas collector bag was disconnected from the digesters 

and transferred to other empty gas collector bag; this was performed by 100 ml glass 

syringe. The total volume of the produced biogas was equivalent to gas transfer to the 

empty gas collector bag. Quality of biogas (percent of methane) was measured by biogas 

analyzer weakly until the gas produced was stable. The plastic bag which was filled by 

the biogas during measuring the volume was directly connected to the calibrated biogas 

analyzer and the percent of methane was displayed on the analyzer. 

3.5 Sample Collection and Sampling Frequency 

Tannery effluent samples used for the study were collected from ELICO, Awash Tannery 

by using different size anaerobic plastic bags every seven days for three months. The 

samples were collected from chrome line tannery effluent during it was entered in to 

chrome liquor storage tank. 

3.5.1 Sample Preparation 

The samples was prepared depend on the chromium concentration presented in the 

sample, before chrome was recovered (Cr3+ of 185mg/l) with full chrome content, after 

chrome was partially recovered (Cr3+ of 120mg/l), (Cr3+ of 60mg/l), (Cr3+ of 14mg/l) 

and after chrome almost entirely recovered (Cr3+ of 6.85mg/l). About 500 ml inoculums 

were taken from operating biogas plant at College of Natural Science: AAU. The 

inoculums were prepared in the ratio of 1:4 for two times batch feedings.  The prepared 

samples and inoculums used for the study were transported to the Centre for 
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Environmental Sciences, Addis Ababa University and stored in the refrigerator at 40c 

until added to the digester for treatment and biogas production. 

3.5.2 Chrome Recovery  

The spent chrome liquor was collected and it was taken into the precipitation tank while 

filtering with wedge wire screen, then 1.5g Ca (OH)2 per 1 litter of spent chrome for 

basification was added and thoroughly mixed for one hour, than the supernatant was 

taken for anaerobic digestion to produce biogas and for further treatment. The 

precipitated liquor was taken into the dissolution tank then 1.2g H2SO4 was added for 

every 1.5g of Ca (OH)2 through gravitational little by little and then the recovered 

chrome was collected and the percentage of chrome oxide and basicity was checked by 

using chemical analysis.  

   
                 a                                                b                                                    c 

Figure 4 (a) Chrome liquor storage tank (b) Chrome precipitation and settling tank (c) 

After chrome recovery supernatant storage tank  
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 3.6 Sample Analysis  

Samples of tannery wastewater before and after chrome was recovered were analyzed at 

least once a week or once a new sample was brought. The sample analyses were done at 

different laboratories. Accordingly, BOD, COD, OC, TN, NO3, NH4
+-N, S-2, PO4

3- and 

SO4
-2, for tannery wastewater before and after ASBR were characterized at ELICO, 

Awash Tannery laboratory as follows; Chemical Oxygen Demand (COD), Nitrate-

Nitrogen (NO-3-N), Ammonium-Nitrogen (NH4+-N), Sulphides (S-2), and Sulphate (SO4-

2) were determined colorimetrically using spectrophotometer (DR/2010 HACH, 

Loveland, USA) according to HACH instructions and biogas produced, methane content 

and pH were measured in research laboratory at Center for the Environmental Science; 

AAU. The total nitrogen, total solids and volatile solids determination of the feedstock 

and the effluent of each digester were done at the laboratory of ELICO, Awash Tannery 

laboratory. The procedures followed and instruments used to analyze TS, VS, TN 

parameters and biogas quantity and its quality determination were shown as follows. 

The total solids of the samples were determined by using procedures as follows, the 

crucibles were dried at 1050C for one hour in the hot air oven and cooled in desiccators. 

The dried crucible was weighed and stored in desiccators until ready for use. Fresh 

collected tannery effluent before and after chrome recovery was added in dry crucibles 

and weighed using analytical balance. About five gram of each samples were taken and 

weighed carefully in triplicate. The weighed samples were then evaporated on a water 

bath. The evaporated tannery effluent before and after chrome recovery put for at least 

one hour in the oven at 1050C. Desiccators were used for cooling the sample to at room 
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temperature without absorbing moisture.  Lastly, the cooled sample was weighed until a 

constant weight is obtained.The percentage of the total solids of the sample was 

calculated as follow 

Ts % = (C – A)/ (B – A) × 100 …………………………………………………  (1) 

                  

  Where, A = Weight of crucible, B = Weight of fresh sample + crucible  

               C = Weight of dried sample + crucible  

            % TS = Percent of total solid (APHA, 1999)  

The total solids (TS) of the oven dried sample was changed to char by combusting it 

using hot plate for about fifteen to thirty minutes and ignited using muffle furnace at 

5500C for five hours to determine the volatile solid content of the feedstock sample. The 

volatile solids in percent was then determined as follow; 

% VS = (D – A)/ (C – A) × 100 …………………………………………… (2)           

Where.  A = Weight of crucible, C = Weight of dried sample + crucible  

               D = Weight of sample after furnace + crucible 

              % Vs = Percent of Volatile solid (APHA, 1999) 
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One gram of dried sample of tannery effluent before and after chrome recovery and the 

effluent of all the digesters after completion of biogas production were taken and placed 

in a digestion tube and 15 ml of concentrated sulfuric acid (H2SO4) was added. Ten gram 

of potassium sulfate was added to the tube as a catalyst to raise the boiling point of 

sulfuric acid to the optimum digestion temperature (370C) was placed in block heater to 

be heated at 370C for 90 minutes. Sodium hydroxide was then added to the digestate in 

order to change ammonium ions to ammonia, and the total available nitrogen was 

separated by distilling the ammonia and collecting the distillate in 0.18 N (normal) H2SO4 

solutions. The amount of nitrogen in the condensate was determined by titrating ammonia 

with a standard solution of 0.1 N NaOH in the presence of methyl red indicator in 0.1 N 

H2SO4 solutions (APHA 20e 4500 NB, 1999). Finally, the amount of nitrogen in the 

sample was calculated using Kjeldahl method.   

%N in the feedstock = (VA – VB) X N X 0.014X [100/ W] X MCF ………………  (4)                                                                                   

Where; VA = Volume in ml of standard acid used for sample titration, VB = Volume in 

ml of standard acid used for blank titration, N = Normality of standard acid used for 

titration, W = Air dry weight of sample in gram and MCF = Moisture correction fraction 

The percentage composition of carbon in the sample was calculated as follows:  

%Carbon = (%VS/1.8) × 100   (Adams & Asano, 1951) …………………………… (5)  

The produced biogas quantity (volume) was determined by using the syringe method 

when the supernatant was manually decanted and at the starting of the next cycle. The 
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produced biogas was measured directly by measuring the volume of the gas collector bag. 

First, the biogas produced in the gas collector bag was disconnected from the digesters 

and transferred to other empty gas collector bag; this was performed by 100 ml glass 

syringe. The total volume of the produced biogas was equivalent to gas transfer to the 

empty gas collector bag. Quality of biogas (percent of methane) was measured by biogas 

analyzer weakly until the gas produced was stable. The plastic bag which was filled by 

the biogas during measuring the volume was directly connected to the calibrated biogas 

analyzer and the percent of methane was displayed on the analyzer.      

3.7 Data Analysis 

Essential data for the study were collected from the initial point of the research through 

observation and experiments that was under taken.For the comparison and report of 

Physico-chemical parameters of feedstock substrate, quantity and quality of biogas and 

average values of the triplicate data used. The collected data was entered into Microsoft 

Office Excel 2010, comparison and discussion using charts, line graphs was analyzed. 
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4. RESULTS AND DISCUSSION 

4.1 Treatment Performance of ASBR  

4.1.1 Characteristics of the Feedstock/ Influent 

Table 2 Characteristics of chrome tanning wastewater prior to ASBR 

 

As it was shown in Table 2, the average triplicate values of moisture content, total solids, 

volatile solids, total nitrogen, organic carbon and carbon to nitrogen ratio of chrome 

Parameters Average triplicate values of chrome 

tanning wastewater/influent 

Moisture content (%) 92.70 ±0.46 

TS (%) 7.30 ±0.46 

VS (%) 72.15 ±1.3 

Ash content (%) 27.85 ±1.3 

OC (%) 40.08 ±0.03 

BOD (mg/l) 910 ±17.3 

TN (mg/l) 1420 ±0.13 

COD (mg/l) 2970.15 ±63.50 

PH 4.63 ±0.51 

NO3
- (mg/l) 118.21 ±16 

NH4-N (mg/l) 250.55 ±26.5 

PO4
3-(mg/l) 7.97 ±0.3 

S2- (mg/l) 156.53 ±11.5 

SO4
2- (mg/l) 385.66 ±9.45 

 Cr(III) (mg/l) 185.16 ±1.15 
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tanning effluent were 92.70%, 7.3%, 72.13%, 1.42%, 40.08% and 28.23% respectively. 

The chemical characteristics of chrome tanning effluent prior to any treatment for 

selected parameters such as COD, BOD, PO4
3-, NH4-N, SO4

-2,  S-2, Cr3+ and NO3
- was 

analyzed and their triplicate average values were 2970.15mg/l, 969mg/l, 7.97mg/l, 

250.55mg/l, 385.66mg/l, 156.53mg/l, 185.16mg/l and 118.21mg/l respectively. 

The high amount (2970.15mg/l and 969mg/l) obtained for COD and BOD respectively, 

were an indication of the samples used from chrome tanning wastewater had organic 

materials which was used for microorganisms as a food during anaerobic sequential batch 

reactions 

As it was seen from Table 2 the concentration of chromium was high 185.16mg/l. The 

obtained value was indicated that, even if there was a good amount of organic materials 

digested by microorganisms the anaerobic process was highly affected by high amount of 

chrome concentration. This was due to microorganisms was inhibited by heavy metals 

such as chromium, which was the same to the reports of (Sengor et al., 2009).        

The obtained value for TS (7.30%) was almost the same to the ranges (Jurgen et al., 

2009; Schmidt et al., 2013; Iyagba et al., 2009), 8-10% and slightly greater than the 

suggested value of TS for ASBR which is in the range of 1-4 % (Khan, 2001). It was 

indicated that chrome tanning wastewater were appropriate for anaerobic sequential batch 

reactors. The VS were the decomposable organic materials, which was used for further 

digestion by microorganism during anaerobic digestion. The VS percentage values of 

chrome tanning wastewater were almost the same to the VS ranges (Zolar et al., 1998), 

which are (60 – 87)% and slightly less than to 86.73% the values reported (Li et al., 

2011) . In general the obtained value for VS was indicated that the chrome tanning 

wastewater was fit for biological anaerobic sequential batch reactors.  
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Other important parameters to assess biogas production potential were C: N ratio.  It is 

most preferable in the range of (20-30):1, the value recommended by Braun, (2002) for 

optimal biogas production. The obtained value was indicated that the samples used as a 

feedstock were appropriate for anaerobic digestion to yield high amount within a good 

quality of biogas. It is also very close to the value recommended by Schnurer and Jarvis, 

(2010), which is in the range between 15 and 25 depend on the character of the substrate 

and its anaerobic digestion condition. In general the average value of carbon to nitrogen 

ratio obtained from chrome tanning wastewater was indicated that it was appropriate as a 

feedstock for ASBR to yield biogas energy.  

The analyzed value of COD, BOD, PO4
3-, NH4-N, SO4

-2, S-2, Cr3+ and NO3
- was indicated 

that chrome tanning wastewater has high amount of pollutants. 

4.1.2 Average Characteristics of Effluent after ASBR 

The average values of the important parameters such as COD, BOD, TN, NH4-N, NO3
-

SO4
2-, S2-, Cr3+ and PO4

3-
  were determined to evaluate the performance of ASBR at 

different organic loading rates and hydraulic retention time for each treatments and also 

at a controlled temperature mesophilic (370C ±2) system. Table 3 was shown the average 

triplicate values of pollutants at different hydraulic retention time for each treatment with 

respect to organic loading rates in mesophilic (370C ±2) system.  
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Table 3 Influent and effluent characteristics in mesophilic (370C) system at different 

HRT for each treatment before and after ASBR 

Para
meter
s 

 
Influen
t 

 
Effluent Characteristics at Different HRT & OLR (kg/m3/Day 
for T-1toT-5 were 1.49,1.46,1.44,1.38 and 1.34 respectively) 

HRT T-1 
 

T-2 
 

T-3 
 

T-4 
 

T-5 
 

 
SO4

2- 

(mg/l) 

 
 

385.6±
9.45 

3 Days 231.4±0.7 
 

214.04±41 
 

183.9±82 158.12±9  146.6±6 
 

5 Days 229.01 
±14 

204.4 ±19 177.40±4
2 

150.4±7.
0 

138.84±
4.1 

PO4
3- 

(mg/l) 

 

7.97±0.
3 

3 Days  4.46 
±0.11 

 3.91±0.3 3.14±0.4 2.56 ±30 2.31±0.2 

5 Days 4.14 ±0.71 3.66±0.2 2.84±0.3 2.47±0.7 
 
 

1.07±0.6 

Cr3+ 

(mg/l) 

 

185.16
±1.15 

3 Days  116.55 
±14 
 

73.2 ±7.5 34.2 ±3.7 7.24 ±1.6  3.08 
±0.4 
 

5 Days 112.9 
±11.6 

69.6 ±5.1 30.6 ±2.9 6.16 
±0.91 

2.69 
±0.45 

NH4-
N 
(mg/l) 

 

250.55 
±26.5 

3 Days 197.5 ±14 190.7 ±9 187.5 ±8 170.6±4 172.5 ±6 

5 Days 192.5 ±11 185.6±7 182.5±5 170.9±13 165.8 
±9.7 

S2- 

(mg/l) 

 

156.53 
±11 

3 Days  95.94 ±11  88.92 ±7  74.8 ±5 
 

63.65±6 53.04±4 

5 Days 93.60 ±9.1 79.56±6 63.96 ±7 51.48±4 45.24±2 

TN 

(mg/l) 

 

1420 
±0.13 

3 Days 981 ±19.6 921±16.3 882 ±9.3 851 ±6.2 824 ±3.3 

5 Days 952 ±11.8 910 ±7.5 874 ±6.4 833 ±4.1 810 ±1.9 

COD 
(mg/l) 

 

2970.5 
±163.5 

3 Days 1712.6±96 1619.5±78
.4 

1440.3±6
1 

1219± 57 1017.2±
16 

5 Days 1710.14± 
76 

1589.6± 
41 

1317.9± 
23 

1219.4± 
9 

987.4± 
9.4 

BOD 
(mg/l) 

 

910±17 3 Days 536.9 
±14.8 

509 ±9.7 499.95 
±11 

385.4 
±7.5 

284 ±6.6 

5 Days 531.58 
±13.0 

490.86 
±7.8 

481.77 
±8 

341.64 
±4 

249.69 
±5 
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As it was seen from Table 3 the average values of the parameters COD, BOD, SO4
2-, 

PO4
3- , Cr3+, S2-, TN, NH4-N and NO3

- retained after ASBR for T-1 at organic loading 

rates of 1.49kg/m3/Day and in the retention time of three days was measured the least 

reduction, the obtained value were 1712.6± 96.4, 536.9 ±14.8, 231.39 ±0.7, 4.46 ±0.11, 

116.55 ±14, 95.94 ±11, 981 ±19.6, 197.5 ±14 and 80.24 ±9.3 respectively. For T-5 during 

hydraulic retention time of five days at organic loading rates of 1.34kg/m3/Day, 

maximum reduction of the pollutants value was obtained, the average values of the 

parameters COD, BOD, SO4
2-, PO4

3- , Cr3+, S2-, TN, NH4-N and NO3
- which was 

measured after ASBR of treatment (T-5) were 284 ±6.6, 987.4± 9.4, 2.69 ±0.45, 1.07 

±0.62, 138.84 ±41, 45.24 ±1.7, 810 ±1.9, 165.8 ±9.7, 60.18 ±1.3 respectively. 

The obtained result was indicated that anaerobic sequential batch reactors in mesophilic 

(370C) system for treatment (T-5, Cr3+ of 6.85mg/l) was achieved the maximum 

pollutants reduction. It was also seen that parameters such as COD and BOD was reduced 

from 2970.15 ±163.50 and 910 ±17.3 to 987.4± 9.4 and 249.69 ±5 respectively. This was 

indicated that high amount of organic materials were converted to biogas. In general 

anaerobic sequential batch reactor had a potential of pollutants removal for chrome 

tanning wastewater at the minimum level of chrome concentration (6.85mg/l).  

It was seen that the estimated values of all pollutants for treatment (T-1) in hydraulic 

retention time of three days and organic loading rates of 1.49kg/m3/Day were relatively 

high than other treatments T-2, T-3, T-4 and T-5. The minimum retained values of all 

pollutants were obtained at organic loading rates 1.34kg/m3/Day and hydraulic retention 

time of five days for treatment (T-5). The highest reduction value was determined for 

pollutant (PO4
3-), reduced from 7.97 ±0.3 to 1.07 ±0.62 in which 74% removal was 
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achieved. The least reduction was measured for pollutant (NH4-N), 21% removal was 

done which was reduced from 250.55 ±26.5 to 197.5 ±14. 

Hydraulic retention time of five days was preferable than three days cycle frequency in 

reduction of pollutants for each treatments. At organic loading rates of 1.34kg/m3Day 

than organic loading rates of 1.49kg/m3Day at which the pollutant removals high with the 

maximum reduction. 

In general the treatment performance of ASBR was indicated that, obtained characterized 

average value for treatment T-1,T-2 andT-3 were need further pretreatment such as 

chrome removal and for T-4 and T-5 the treatability of chrome tanning wastewater were 

almost a good performance when compared with the reports of Prakash, (2013)    

4.2 Removal Efficiency of ASBR 

4.2.1 COD, BOD and TS Removal Efficiency  

The COD, BOD and TS removal efficiency of ASBR for each treatment (T-1 to T-5) at 

different cycle time was evaluated and results were shown in Table 4. 
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Table 4 Removal efficiency of ASBR for parameters TS, BOD and COD at different 

hydraulic retention time 

Treatments TS Removal (%) BOD Removal (%) COD Removal (%) 

3Days 5Days 3 Days 5 Days 3Days 5Days 

T-1 36.58 37.26 40.9 42.1 42.34 42.41 

T-2 41.42 38.07 44.0 46.3 44.5 45.52 

T-3 45.81 47.80 45.7 47.8 50.18 54.41 

T-4 52.44 54.06 56.2 61.4 55.91 57.11 

T-5 61.09 61.86 67.3 71.4 62.19 63.29 

 

As it was seen from (Table 4) the percentage removal efficiency of total solids for each 

treatment (T-1 to T-5) of the three days  retention time in average were 36.58%, 41.42%, 

45.81%, 52.44% and 61.09% respectively. The percentage removal of five days (120hr) 

cycle time were 37.26%, 38.07, 47.80%, 54.06% and 61.68% respectively. It was shown 

that the removal efficiency of total solids were slightly high during the retention time of 

five days than the retention time of three days in all treatments.  

Removal efficiency of BOD for each treatment (T-1 to T-5) during three days retention 

time were 40.9%, 44.0%, 45.7%, 56.2% and 67.3%. The BOD reduction for five days 

retention time for all treatments T-1 to T-5 were 42.1%, 46.3%, 47.8%, 61.4% and 71.4% 

respectively. The minimum reduction of BOD was obtained during hydraulic retention 

time of three days for treatment T-1, 40.09%. Maximum conversion of BOD was 

determined for treatment T-5 during five days retention time at OLR of 1.32kg/m3/Day. 
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The COD percentage removal efficiencies of ASBR for each treatment (T-1 to T-5) in 

three days (72hr) and five days (120hr) retention time were 42.34%, 44.5%, 50.18%, 

55.91%, 62.19% and 42.41%, 45.52%, 54.41%, 57.11%, 63.29% respectively. The COD 

removal efficiencies for treatment (T-1) were the least in both 72hr and 120hr cycle time 

42.34% and 42.41% respectively. The highest COD reduction percentage was measured 

at treatment (T-5) in the retention time of 72hr, 62.19% and 63.29% for120hr cycle time. 

The obtained percentage value for TS, BOD and COD was indicated that the longer cycle 

frequency has an advantage over the shorter cycle frequency in removing total solids; the 

same as to the results reported by Ndegwa et al. (2008) in the treatments of swine 

wastewater by anaerobic sequenced batch reactor. 

The high removal efficiency of TS (%) was a very good indication of high uptake rate of 

the organic fraction of total solids and the effectiveness of the ASBR; it was the same to 

the results (63.7% and 69.2%) reported by Dejene Tsegaye, (2012) and Messay Emana, 

(2013) respectively.  

There was the utilization of the organic fraction during the anaerobic sequential batch 

reactions, since the value of TS (%) before digestion was relatively higher than after 

digestion. The TS (%) in this study before any treatment was 7.30% while after ASBR 

for each treatment (T-1 to T-5) in five days retention time were 4.62%, 4.51%, 3.90%, 

3.36% and 2.77% respectively. 

The high removal efficiencies during treatment (T-5) at five days hydraulic retention time 

for BOD and COD were a good indication of the fact that anaerobic sequential batch 
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reactor was under proper operating conditions. It was indicated that there is a strong 

linear relationship between removed BOD, COD and biogas production that support the 

carbon converting in to gas (Agdag & Sponza, 2005). Treatment (T-5) was an efficient in 

the conversion of COD to methane in the hydraulic retention time (HRT) of five days 

than three days. 

The conversion of COD for treatment (T-5) was 0.216 of CH4/g COD removed for three 

days retention time and 0.231 of CH4/g COD removed for five days cycle time. In case of 

the treatment (T-1) the COD conversion to CH4 were 0.052of CH4 /g of COD for 72hr 

and 0.061 CH4/g COD for 120hr cycle frequency respectively. The removal efficiency in 

all case was less than the theoretical yield which is 0.35 l of CH4/g COD removed (Khan 

et al., 2001) and similar result were seen in swine wastewater treatments by ASBR 

reactors (Ndegwa et al., 2008).  

The highest COD removal shows the highest biogas production, due to its maximal 

conversion.     

4.2.2 Pollutant Removal Efficiency of ASBR at Different OLR and HRT   

The percentage removal efficiency of each treatment for pollutants SO4
2-, PO4

3-, Cr3+, 

NO3
- and S2- in 72hr and 120hr cycle time were shown in table 5.  
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Table 5 Pollutants removal efficiency (%) of each treatment at different OLR and HRT 

The pollutants removal efficiency of ASBR throughout the study for each treatment was 

characterized in hydraulic retention time of three days and five days cycle time after 

steady stable state condition. As it was shown from Table 5 the minimum percentage 

removal efficiency of ASBR was at organic loading rates of treatment (T-1) in 72hr 

retention time. The maximum removal efficiency of treatment (T-1) for pollutants SO4
2-, 

PO4
3-, Cr3+, NO3

- and S2- were 40%, 43.6%, 37%, 31.6% and 38.5%.      

Pollut
ants 

 Percentage (%) Removal of Pollutants at Different HRT and  
                                  OLR (in kg/m3/Day)  
HRT OLR 

(1.49) 
OLR 
(1.46) 

OLR 
(1.44) 

OLR 
 (1.38) 

OLR 
(1.34)   

SO4
2- 

 

 

3 Days 40 44.5 52.3 58.6 61.9 

5 Days 41.3 47 54 61 64 

PO4
3- 

 

 

3 Days 43.6 51.4 61 67.9 71.3 

5 Days 48 54 64 69 74 

Cr3+ 

 

 

3 Days 37 39 43 48.2 55.1 

5 Days 39.05 42.1 49.3 56 60.73 

NO3
- 

 

 

3 Days 31.6 34.7 37.1 39.4 43 
5 Days 32.7 36.2 39 41.3 49 

S2- 

 

 

3 Days 38.5 43.2 51.8 59.2 65.9 

5 Days 40 49 58.7 67.1 71 

TN  

 

 

3 Days 31 35 38 40 42 
5 Days 33 36 38.5 40.5 43.5 
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The highest removal efficiency was measured during five days (120hr) cycle frequency 

for treatment (T-5). The removal efficiency of treatment (T-5) at 120hr cycle time for 

pollutants SO4
-2, PO4

-3, Cr+3, S-2, NO3
- , S2- and TN were 64%, 74%, 60.73%, 49%, 71% 

and 43.5% respectively. 

The obtained percentage (%) of all characterized pollutants during treatment (T-1, T-2 

and the same to T-3) were indicated that, the ASBR process for chrome tanning 

wastewater was need reduction of chromium concentration prior to anaerobic treatments, 

which was a good indication for treatments (T-4 and T-5) with high pollutants removal 

efficiency.     

It was indicated that pollutant removal efficiency of all treatments was highly related 

with the proper function of ASBR under which the microorganisms were in a suitable 

condition to digest all the organic materials presented in the feedstock. Thus ASBR 

during treatment T-5 at hydraulic retention time of five days was treated chromium (Cr3+) 

from 6.85mg/l to 2.69mg/l to almost an acceptable limit, slightly greater than discharge 

limits 2mg/l set by EEPA, (2003) to the rivers. 
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4.3 Effect of lime on chrome Removal 

The effect of lime on chrome precipitation and its pH during the process was summarized 

in Figure 5 

 

Figure 5 Effect of lime on chromium precipitation and pH values  

As it was seen from figure 7 the weight of lime added (g/l) for each treatment (T-1 to T-

5) were 0, 0.11g/l, 0.21g/l, 0.75g/l and 1.51g/l respectively. The pH value was increased 

with the addition of lime to the chrome liquor from 4.63 for T-1 to 5.51 for T-5. After the 

chrome liquor was treated with 1.51g/l of lime the total chromium (III) concentration 

presented in the liquor were reduced from 185mg/l to 6.85mg/l.      

It was observed that the chromium removal increased with increase in pH and the 

maximum chromium removal of 96.3% was observed at pH 5.51 with a lime dose of 1.51 

g/lt. Further increase in lime has resulted in the decrease of chromium removal due to re 
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dissolution of the mixture under such experimental conditions. The same to the reports of  

Prakash, (2013). 

The result was indicated that the effluent has to be treated in such case for an effective 

removal of chromium before being subjected to biological treatment (Prakash, 2013). The 

recovered chromium was reused and the filtrate was used as feedstock for anaerobic 

digestion to reduce the remaining environmental pollutants such as organic materials and 

inorganic pollutants to the standard discharge limits and also to yield renewable energy 

(biogas) an alternative to fossil fuel and sustainable.  

4.4 Biogas Production Potential of Chrome Tanning Wastewater using 

ASBR 

4.4.1 Biogas Production at Different OLR and HRT  

One of the main objectives of this study was to determine the potential of the ASBR 

process for the production of biogas. For this reason, it was highly important to evaluate 

process performance in term of biogas composition and production to various loading 

rates and retention time. Production of biogas during ASBR process at different organic 

loading rates and hydraulic retention time is shown in Table 6.  
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Table 6 Biogas quantity (m3 biogas/kg VS) and average values of pH at different OLR 

and HRT  

OLR(COD) 

kg/m3/Day 

m3 biogas/kg VS Degradation 

(% of  VS) 

Average pH 
value 

3Days 5Days 3Days 5Days 

1.49 0.0093 0.0089 39.48 43.17 5.13±0.41 

1.46 0.012 0.0097 42.75 50.56 5.40±0.57 

1.42 0.0094 0.012 51.92 54.05 5.63±0.63 

1.38 0.023 0.027 56.62 60.82 6.05±0.34 

1.32 0.027 0.034 66.29 69.04 6.25±0.26 

 

As it was seen from Table 6 the produced biogas at hydraulic retention time of three days 

during organic loading rates (OLR COD kg/m3/Day) of 1.49, 1.46, 1.42, 1.38 and 1.32 

were (0.0093, 0.012, 0.0094, 0.023 and 0.027 m3 biogas/kg VS respectively). At five days 

cycle time, within the same loading rates the produced biogas was (0.0089, 0.0097, 

0.012, 0.027 and 0.034 m3 biogas/kg VS respectively).  

The highest amount of biogas produced during treatment of organic loading rate 1.32 kg 

COD/m3/Day were 0.034 m3 biogas/kg VS. The quantity of biogas were decreased 
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gradually with increased loading rates and the least amount of biogas 0.0089 m3 

biogas/kg VS was obtained at loading rates of 1.49 kg COD/m3/Day.    

The average pH values during steady stable state of loading rates (1.49, 1.46, 1.42, 1.38 

and 1.32 kg COD/m3/Day) were 5.13±0.41, 5.40±0.57, 5.63±0.63, 6.05±0.34 and 

6.25±0.26 respectively. 

The obtained value was indicated that chrome tanning wastewater used as feedstock for 

anaerobic sequential batch reactors had high amount of decomposable organic materials. 

The degraded percentage of volatile solids was highly depended on the proper function of 

anaerobic process for each treatments of ASBR. Over loading of the process reactors 

were not comforted for microorganisms to digest all organic materials presented in the 

chrome tanning wastewater. Longer cycle time (five days) was better relatively than 

shorter cycle time (three days) in the production of high amount of biogas. 

The maximum pH value measured during treatment of longer cycle time and minimum 

loading rates were an optimum condition at which maximum amount of biogas was 

produced. The average pH values of each treatment were almost appropriate for 

acidogenic bacteria. An optimal pH for acidogenic bacteria is in the range of 5.5- 6.5 

(Jayakody et al, 2007; Khan, 2001, Boopathy and Daniel, 1991).  The obtained value 

were almost similar to the value 5.7 to 5.8 reported by Kasapgil et al., (1995) as an 

appropriate pH for the acidogenic bacteria. According to Antonopoulou et al., (2008) the 

optimum pH value for acid producing bacteria is from 5 to 6. 

The average pH value during loading rates of 1.49kg COD/m3/Day and 1.46kg 

COD/m3/Day were 5.13±0.41 and 5.40±0.57 respectively, which nearly far from pH 
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value recommended for methanogenic bacteria 6-7 (Gómez et al., 2011). The pH was 

slightly increased during the digestion process which was an indication of the digestion 

of volatile fatty acid and nitrogen compounds, and more methane being produced. 

According to the reports of Antonopoulou et al., (2008), methane producing bacteria 

need the pH range between 6.5 and 7.8.  

The laboratory scale experiment has indicated that it is possible to produce biogas from 

chrome tanning wastewater at pH range of 5.13±0.41 to 6.25±0.26 and loading rates of 

(1.49 to 1.32 kg COD/m3/Day), (Kasapgil et al., 1995).           

4.4.2 Effect of Chrome Concentration (Cr3+) on Quantity of Biogas  

The effects of chrome concentration on biogas production were determined at hydraulic 

retention time of 3days and 5days in controlled temperature of mesophilic (370C) system. 

Figure 6 shows the effect of chrome concentration on the quantity of yielded biogas. 

 Figure 6 The effect of Cr3+ concentration on biogas production potential of ASBR 

The concentration of chrome (Cr3+) used for each treatment (T-1 to T-5) were 185mg/l, 

120mg/l, 60mg/l, 14mg/l and 6.85mg/l respectively. The amount of biogas yielded during 
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three days after steady stable state condition for treatments (T-1 to T-5) were 

156.25±110ml, 175.0±125.1ml, 205.71±147ml, 551.6±261.9ml and 589.8±240ml, for 

five days were 161.3 ±95ml, 190.15 ±105ml, 265.5 ±110ml, 575.8 ±145ml and  

675.5±275ml respectively. 

The high amount of chrome concentration shown at T-1, 185mg/l was before any 

pretreatments or before chrome was recovered. At this chrome concentration the 

produced biogas for three days and five days were 156.25±110ml and 161.3 ±95ml 

respectively. The least amount of biogas was produced relatively for treatment (T-1).   T-

5, 6.85mg/l was after chrome was potentially recovered which was suitable for anaerobic 

digestion. After the chrome was partially recovered to evaluate its toxicity level for 

anaerobic digestions were 120mg/l, 60mg/l and 14mg/l for T-2, T-3 and T-4 respectively.  

Inhibiting of chromium to anaerobic treatments was increased with the increased 

concentration. Treatment (T-1) which had the highest amount of chromium concentration 

was highly inhibited the treatment process. According to the reports of Soubes, (1994), 

inhibition of methanogenesis by trivalent chromium showed that a concentration of 12 

mg/l of Cr3+ caused a 50% reduction in aceticlastic methanogenic activity of an anaerobic 

sludge.  

The average quantity of biogas yield was increased for all treatments continuously up to 

five week (30-37) days until the steady stable state condition was attained. For T-1 and T-

2 the steady stable state condition was attained after seven week. The hydraulic retention 

time (HRT) of all treatments were three days (72hr) and five days (120hr), those time was 
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the time in which the feedstock stayed in the digester for both acidogenic and 

methanogenic microorganism to digest all organic materials presented in the substrate. 

The small amount of biogas yielded for treatments T-1 and the same to T-2 was mainly 

due to the high concentration of chromium in the feedstock (185mg\l) and (120mg/l) 

respectively. The chrome inhibition to the digestion/treatment processes was highly 

affected the production of gas and its treatment efficiency. It was also difficult to reach 

the steady stable state condition for those treatments. This was indicated that, 

microorganisms were not functioned properly. It was evident that both acidogenic 

bacteria and methanogenic bacteria were inhibited by chromium. 

The inhibiting and its toxicity levels were based on the concentrations existing in 

biochemical reactions the same to the results reported (Oleszkiewicz & Sharma 1990; 

Giotta et al., 2006; Sengor et al., 2009). It was also confirmed that the presence of 

chromium inhibits both nitrification and denitrification processes (Sumathi, et al., 2005; 

Ahring & Westermann, 1983). The inhibition of nitrifying bacteria began at a chromium 

concentration of 120 mg/l (Chen et al., 2008).  

The findings of this study shown that, the treatability and gas production potential of 

chrome tanning effluent in ASBR which had high chromium concentration were need a 

pretreatment such as chrome recovery unless otherwise it was insignificant (Fang & Hui, 

1994). On the other hand after chrome was entirely recovered the remaining organic 

materials were a potential to ASBR for efficient treatments and biogas production. 

Pretreatment of such stream mainly chrome recovery was not only to make the feedstock 
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appropriate for microorganisms, but also for the wise reuse of wastes exhaustively 

(Prakash, 2013).    

4.4.3 Effect of OLR and HRT on the Quality of Biogas (%Methane) 

The quality of biogas (%methane) during steady stable state condition of ASBR at 

different cycle time frequency and organic loading rates were displayed by using biogas 

analyzer. The obtained result was presented in Figure 7. 

 

Figure 7 The effect of OLR on the quality of biogas (%methane) at three days and five days HRT 

The quality of biogas (%methane) displayed by using biogas analyzer during three days 

retention time for each treatment (T-1 to T-5) of organic loading rates (1.49, 1.46, 1.42, 

1.38 and 1.32 kg COD/m3/Day respectively) were 21.1±2.6%, 28.0±4.1%, 32.6±3.7%, 

47.7±2.9% and 51.4±3.1% respectively. During five days hydraulic retention time the 

displayed value was 25.7 ±1.5%, 31.5 ±2.5%, 36.9 ±5%, 49.1 ±3.6% and 54.7 ±4.5% for 

treatments T-1 to T-5 respectively.  
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The qualities of biogas (% methane) were the least for treatment T-1 at maximum organic 

loading rates of 1.49kg/m3/Day during hydraulic retention time of three days, which was 

21.1±2.6%. At relatively minimum organic loading rates 1.32kg/m3/Day, the highest 

quality of biogas were obtained 54.7 ±4.5% of methane at steady stable state of five days 

retention time for treatment T-5.     

The quality of gas was increased for all treatments relatively with the longer time 

frequency five days (120hr) retention time than three days. 

The highest value of methane (%) measured by biogas analyzer displays were shown in 

figure 8b (CH4, 54.7% and CO2, 19.3%)        

 

                 A                                                                                    B 

Figure 8 (a) Quality of Biogas Reading, (b) How the Biogas Analyzer Displays  
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It was seen that the maximum quality of biogas (%methane) 54.7% was displayed at 

minimum loading rates and longer cycle time. It was indicated that the quality of biogas 

was affected by loading rates and retention time. Overloading and insufficient loading of 

substrates were affecting the proper functioning of microorganisms by stressing and 

starving in both condition. Thus proper loading rates to the reactors volume were advised 

for an optimal biogas production with a good quality (% methane) from the obtained 

results of the study (Ronnachai et al., 2007).        

4.4.4 Effect of Cr3+ and S2- on the Quality of Biogas (%Methane) 

The concentration of Cr3, S2- and quality of biogas for each treatment was affected the 

quality of biogas.   

 

Figure 9 Effect of Cr3+ and S2- concentration on the quality of biogas at different HRT 
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The concentration of chromium (Cr3+) and sulphide (S2-) during ASBR of each treatment 

(T-1 to T-5) were 185mg/l, 120mg/l, 60mg/l, 14mg/l, 6.85mg/l and 95.94mg/l, 

88.92mg.l, 74.8mg/l, 63.65mg/l and 45.24mg,l respectively. The quality of biogas 

(%methane) for each treatment at hydraulic retention time of three days and five days for 

T-1,T-2, T-3, T-4 and T-5 were 21.1±2.6%, 28.0±4.1%, 32.6±3.7%, 47.7±2.9%, 

51.4±3.1% and 25.7 ±1.5%, 31.5 ±2.5%, 36.9 ±5%, 49.1 ±3.6% and 54.7 ±4.5% 

respectively. 

As it was seen from Figure 8 the poor quality of biogas (%methane) was obtained for 

treatment T-1 at both retention times of three days and five days 21.1±2.6% and 25.7 

±1.5% respectively, at highest concentration of chromium (Cr3+) and sulphide (S2-) of 

185mg/l and 95.94mg/l respectively. 

The poor quality of yielded gas for T-1 and the same as to T-2 was indicated that 

biological anaerobic digestion of chrome tanning effluent with high concentration of 

chromium was difficult to achieve the desired quality. Chromium was highly inhibited 

the ASBR processes at high concentration, due to chromium is not easily soluble in water 

and accumulates in the cell membrane of the microorganisms, which cause microbial 

growth inactive; chromium solubility in water is highly dependent upon pH value (Giotta 

et al., 2006). Hence the alkaline pH range was better for the maximum pollutants removal 

(Sengor et al., 2009).  

It was seen that the highest quality of biogas (%methane) were estimated by T-5 at 120hr 

retention time. The longer retention time was better than shorter cycle frequency, which 

was the same to the results reported by Ndegwa et al., (2008). The highest quality 
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measured for T-5, were due to the small amount of chrome concentration (6.85mg/l) 

presented in the feedstock, in which not at inhibition range (28-300) mg/l by (Mrafkova 

et al., 2003).  

5. CONCLUSION AND RECOMMENDATIONS 

5.1 CONCLUSTION 

The findings of this study show that, chrome tanning effluent which contains less chrome 

concentration (<6.85mg/l) after chrome was recovered were a potential feedstock for 

anaerobic digestion. The comparative average percentage removal of TS (36.58 - 

61.09%) for three days detention time and (37.26 - 61.68%) for five cycle time was found 

for all treatments. 

The removal efficiency of volatile solids, VS (39.48 – 66.29%) for three days detention 

time and (43.17 – 68.04%) for five days cycle time was found for all treatments. 

Anaerobic Sequencing Batch Reactor (ASBR) had high removal efficiency of COD, 

BOD, TN, NO3
-, S2- and SO4

2-, PO4
3-and Cr3+with phosphate removal efficiency of up to 

74%.  

From the treatments under this study, treatment (T-5) produced the highest biogas of 

0.034 m3 biogas/kg VS for five days cycle time with 57.4% (methane %) biogas 

production quality. The lowest biogas produce was 0.0089 m3 biogas/kg VS respectively 

with 21.1% biogas quality at treatment (T-1) for three days hydraulic retention time.  
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The temperature was controlled at mesophlic (350C) system and the pH of the treatments 

(T-1 to T-5) was in range of 5.13- 6.25. Longer cycle time five days were relatively better 

than three days cycle time frequency for all treatments in ASBR. 

Chrome precipitation in tanning industry is not only environmentally sustainable way, but 

also economically affordable means of waste recycling and reuse 

5.2 RECOMMENDATION 

Based on the study conducted the following points are recommended 

 Once an inhibitory material has been identified, it is best to pilot test in a small 

rector to determine if its toxic effect is temporary, or permanently crippling to gas 

production. 

 Further investigation has to be studied on the microorganisms which is tolerable 

to wastewater with high chromium concentration for anaerobic digestion. 

 The effect of high temperature such as thermophilc(550C) condition on the 

removal efficiency and biogas production from wastewater with high chrome 

concentration needs further investigation. 

 The concentration level of sulphide and ammonium inhibition to anaerobic 

digestion should be evaluated.   
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