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ABSTRACT

Evaluation of the Treatability and Biogas Production Potential of Slaughter house

wastewater in Anaerobic Sequential Batch Reactor: Laboratory scale study

Selam Tesfaye, MSc Thesis

Addis Ababa University, 2014

Slaughter house wastewaters contain high levels of organic matter and other

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

health. In Ethiopia most of slaughter house industries discharge their effluent without

any treatment to the nearby rivers. This creates a serious effect on aquatic biota and

surrounding environment. To minimize the effects these pollutants must be reduced to

the acceptable limits during wastewater treatment. Biological treatment method is

cost effective and environmentally friendly than physico-chemical treatment method.

The objective of this study was to evaluate the treatability and biogas production

potential of slaughterhouses wastewater in a laboratory scale anaerobic sequencing

batch reactors. To achieve this objective, the biogas production potential and removal

efficiencies of COD, BOD5, TKN, NH4
+-N, NO3

--N, SO4
-2 and PO4

3- were investigated

at mesophilic and thermophilic temperature with three different OLRs of 2.11, 1.12

and 0.53kg COD/ (m3.d) and HRT of 3 and 5 days. The maximum volume of biogas in

5days HRT and thermophilic temperature for (T-1 to T-3) 0.0030, 0.0045 and 0.0063

m3/ kg COD) with methane content 57.4%, 65.2%, 67.5% ,respectively  was obtained

after steady stable state condition was obtained. The removal efficiency of COD,

BOD5,TKN, NH4
+-N, NO3

--N, SO4
-2 and PO4

3-, total coli forms  and fecal coli forms of

all treatments were 79.9%, 85.6.%, 48.5%, 54.8%, 69.5%, 79.6%, 78.2%, 97%, 95%

respectively. The content of major plant nutrients in the treatments after anaerobic

treatment were 0.08+0.03% total nitrogen, 0.06+0.02% of available phosphorus and

0.10+0.05% of available potassium. Thus, anaerobic Sequencing batch reactor was

found to be efficient for production of biogas and for the removal of organic matter

and pollutants in slaughter house wastewater.

Key words/Phrases: slaughter house wastewater, biogas, slurry, anaerobic sequential
batch reactor, macro nutrient.
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1. INTRODUCTION

1.1. Background and Justification

Energy is one of the most important factors to global prosperity. The dependence on fossil

fuels as primary energy source has leads to global climate change, environmental

degradation, and human health problems. In the year 2040, the world predicted will have 9–

10 billion people and must be provided with energy and materials (Okkerse and Van

Bekkum,1999). Moreover, the recent rise in oil and natural gas prices may drive the current

economy toward alternative energy sources such as biogas.

The increased consumption of energy all over the world has led to a drastic increase to the

rates of extraction of carbon based fuels. In addition to this fossil fuel has a finite source that

will not be able to meet the increasing fuel needs in the world. Since fossil fuels burning

emit carbon dioxide and other greenhouse gases, it is responsible for the global warming

(Selamawit Seyoum, 2011).

Bio fuels such as bio ethanol, biodiesel and biogas are eco friendly clean renewable energy

resources that can substitute the use of fossil fuels (Pieprzyk et al., 2013). The use of

renewable energy resources can contribute to solving present and future energy problems.

Among the alternative energy resources the biogas production from organic waste has

worldwide popular as it yields a good quality fuel and also slurry, which may be used as a

manure or soil conditioner. In addition, it helps to a great extent in the reduction of pollution

GHG emission. (Navickas, 2007; Weiland, 2003).
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Biogas is renewable energy produced by anaerobic microbial breakdown of organic matter

in the absence of oxygen. It is a universally accepted and proven technology for bio-energy

generation from bio-waste. Wastes can be classified as biodegradable wastes and non-

biodegradable wastes. Organic wastes such as biomass, manure, sewage, municipal waste,

agricultural wastes and some Industrial wastes are biodegradable wastes (Polprasert, 1989).

Biodegradable organic wastes are the major raw materials for biogas production. When

properly treated biogas can be used to generate electricity or eventually added to a pipeline

system and used in homes and businesses (Balsom, 2006).

Slaughter houses are among the industries Slaughterhouse wastewater is categorized under

strong wastewater. It has high concentrations of suspended solids, soluble and insoluble

organics and exhibits high COD and BOD5. Moreover the slaughterhouse wastewater is

highly protein and putrefies faster leading to environmental pollution problems. The

slaughter house wastewater is also characterized by the presence of high degree of blood

from slaughtered animals, suspended solids due to rumen contents, undigested food,

feathers, flesh pieces and pieces of bone making it very strong (Bull et al., 1982)

Untreated slaughter house wastewater causes a contaminating the rivers and sewage

systems. It also increases nitrogen, phosphorus, solids and BOD5 levels of the receiving

water body potentially leading to eutrophication (Benka-Coker and Ojioro, 1995).

In recent years, studies have explored ways of converting organic wastes into biogas. Some

of these organic wastes include animal and agricultural wastes (Al-Masri, 2001; Ferrer et
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al., 2009) sewage (Renwick et al., 2007) and slaughterhouse wastes (Rabah et al., 2010).

Thus it is possible that slaughterhouse wastes in Ethiopia used to produce biogas. The

production of biogas from such wastes has a great potential to address Ethiopian’s energy

challenges in rural areas especially in the area of dependence on traditional biomass for

lighting and cooking which also helps in the reduction of indoor-air pollution and related

diseases.

To prevent the degradation of the receiving environment different countries practice

different wastewater treatment systems such as anaerobic hybrid reactor system combining

UASB and Filter for the treatment of slaughterhouse was introduced and reported (Borja et

al., 1995). This was followed by the work of (Ruiz et al., 1997) who successfully treated the

slaughterhouse wastewater in a UASB reactor and an anaerobic filter. The most common

wastewater treatment methods in developed countries are centralized aerobic wastewater

treatment plants and lagoons for both domestic and industrial wastewater. In similar way in

developing countries like Ethiopia, some slaughterhouse industries have started to use

lagoons as wastewater treatment. However, due to limited holding capacity of the lagoons,

during high production and wet season, wastewaters are over flown and discharged to

nearby rivers and/or land. There are also slaughterhouses without any wastewater treatment

facilities and their effluents are released directly into the rivers among them addis ababa

kera slaughterhouse is a good example, which releases its untreated wastewater directly into

little Akaki river.
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Among the various biological treatment processes, anaerobic sequential batch reactor could

be an alternative solution for the utilization of these kinds of waste due to its environmental

and economic benefits. It consists of a series of biological processes that convert organic

compounds to methane and carbon dioxide. The process is performed by the activity of

special groups of micro-organisms in the absence of oxygen. The produced biogas can be

utilized as vehicle fuel or for heat and electricity generation (Omer, 2010). Moreover, a

nutrient rich digest ate residual which is also generated can be utilized as fertilizer (Bitton,

2005). However, in the Addis Ababa city and its surrounding areas the effluents from

slaughter houses are directly discharged into nearby rivers without any treatment. To

prevent degradation of the receiving environment, wastewater needs to be treated.

1.2. Statement of the problem

A rapid growing of industrial development added with limited technological advancement,

management of industrial wastes has become a problem in Ethiopia. Many industries in

Ethiopia fail to afford investments in pollution remediation equipment and technologies,

because their profit margin is very low (EEPA, 2003). Discharges of effluent constituents

beyond the specified limits into public drains, streams, rivers or underground injection are

unacceptable (EEPA, 2010). This causes different problem due to high toxicity levels which

accelerates water quality changes.

Wastewater from slaughtering industries affects land surface, surface water and ground

water. The effects on surface water include rapid deterioration of physical, chemical

,biological qualities, destruction on soil structure and acceleration of soil erosion are impacts
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on land surface whereas, leaching of wastewater chemicals is a principal effect on the

ground water (Dida Abera, 2010). Organic matter in water bodies can be oxidized by

oxygen. Therefore, when released into a water body, organic matters consume oxygen and

leave the system in an oxygen-deprived state. This anoxic conditions lead to low electric

potential environment and can change the chemistry of the entire system. The loss of oxygen

also creates stress on many aquatic organisms including fish Direct discharge of the

industrial effluent to the surrounding water bodies affects the water quality and further

causes reduction and death of aquatic fauna and flora. (UNEP, 1999).

Therefore, recovery of renewable energy as well as the reuse of the treated wastewater was

contributed to solve resource scarcity and green house emission problems. The application

of biogas technology in a country is like killing two birds with one stone. It is important to

look for alternative source of energy like renewable source of energy such as biomass

benefits to diversify the energy source in the form of biogas, reduce improper waste disposal

that affect the environment and its slurry as fertilizer . Different studies were conducted at

laboratory scale to evaluate the biogas production potential of Sewage sludge, cotton seed

cake and tannery wastes using ASBRs. However, the treatability and biogas production

potential of slaughterhouses wastewater is not investigated. Therefore, this study is aimed to

evaluate the treatability and biogas production potential of slaughter house wastewater by

anaerobic sequential batch reactor.
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1.3. OBJECTIVES

1.3.1. General objective

The general objective of the study was to evaluate the treatment efficiency and biogas

production potential of slaughterhouse wastewater in a laboratory scale anaerobic

sequencing batch reactor.

1.3.2. Specific objectives

 To determine the removal efficiency of different pollutants from the wastewater

BOD5, COD, TKN, NO3
--N, NH4+-N, PO4

-3 and SO4
-2 by ASBR.

 To characterize the raw Slaughterhouse wastewater composition with biogas

feedstock quality parameters (TS, VS and C/N).

 To evaluate and optimize the effects of organic loading rate, hydraulic retention time

and temperature on the performance of the treatments and the quantity as well as

quality of biogas production.

 To evaluate nutrient qualities (N, P and K) and pathogens (total coli form and fecal

coli form) of the slurry of the biogas digester.

1.4. Significance of the study

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

house wastewater manure as a byproduct and reduce pollutants including greenhouse gases,

thus providing both local and global environmental benefits. The construction of biogas
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plants in Slaughterhouse can keep wastes and bacteria out of streams, rivers, groundwater

and air. Moreover, the capturing of methane gas that is released from the decomposition of

organic wastes in a biogas plant can protect the atmosphere from substantial emission of

greenhouse gases (which are strongly associated with global warming). By reduction of the

organic fraction of sludge stream, it is possible to reduce emissions, leachates and also to

recover valuable product biogas for energy conversion and manure as a byproduct used as

soil conditioner.

The outcome obtained from the study can be used in two ways; first the treated wastewater

brings less impact when released to receiving water bodies. Secondly, produced biogas used

as energy source and valuable nutrients that can be used as organic fertilizer. Furthermore,

the output of the thesis can serve as foundation work for any person who is interested to do

further work in wastewater management practices.
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2. LITERATURES REVIEW

2.1. Over view of Addis Ababa slaughter house

Addis Ababa slaughter house located in Nifas-Silk Lafto sub-city of the Capital Addis

Ababa in a place called ‘Kera’. The slaughter house was built and planted in 1949 E.C. and

established to give slaughtering services and provide clean and healthy meat for the city.

Kera is the biggest slaughterhouse in the country providing 50% of the daily beef

requirements of the city’s residents (Asseged et al., 2004). At present it is administered

under Addis Ababa slaughterhouse enterprises with involvement of the quarantine division

of the Federal Ministry of Agriculture in close supervision of the meat inspection activities.

Each day, on average 600 head of cattle plus considerable numbers of goats, sheep and

rarely pigs are slaughtered on Wednesday and Friday afternoons, relatively large number of

cattle is slaughtered in non-fasting seasons. It can be noted that the number of cattle

slaughtered decreases during the fasting months of the Orthodox Church.

According to the information obtained from the organization Addis Ababa slaughter house

uses large quantity of water (more than 211.57m3/day) for washing meat and cleaning

processing areas. The annual water consumption of the slaughter house is about 76,165 m3.

The industrial plant uses 47m3of water, 141m3 of water is used by the slaughterhouse and

the rest 23.5m3 is used for general purpose each day. This large amount of water

consumption leads to generation of significant amount of slaughter house wastewater .The

estimated amount of wastewater from the slaughterhouse only for various operational
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activities can be summarized as follows. For stunning and bleeding 3.5m3, carcass washing

7.44m3, sterilization 1.65 m3, stomach washing 15m3, floor washing 24.46m3 and floor

wetting 0.437m3 .This large amounts of water consumption leads to generate a significant

amount of wastewater, which is directly discharged in to Little Akaki river without any prior

treatment.

Figure 1: Direct discharge of untreated Kera slaughterhouse effluent in to Little Akaki River

2.2. Slaughtering process

The slaughter of livestock to produce meat and meat products is a wide spread activity and

an important industry in many countries. Plants for red meat slaughtering may be

categorized on the basis of the final products (USEPA, 1974). Slaughterhouses divided into

two categories on the basis of the quantity of waste produced:
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1. Simple slaughterhouse: A plant that slaughters animals and does a very limited amount

of by-product processing. Its main products are fresh meat in the form of whole, half or

quarter carcasses or in smaller meat cuts; and

2. Complex slaughterhouse: A plant that slaughters does extensive processing of by-

products. Usually at least three of the following operations take place: rendering,

paunch and viscera handling, blood processing, and hide and hair are processing

(USEPA, 1974).

There are many processes that are conducted in slaughtering activities. Stock is delivered by

dedicated trucks and received into the stock yards from where it is either processed directly

or held for up to several days in the holding yards. The animals enter the facility and either

electrical or mechanical means are used to make them unconscious before they are bled. The

hides are then removed from the carcasses followed by the internal organs; heads and

hooves .The undigested contents from the first stomach (paunch) are also removed. The

carcasses may then be sectioned. Either the whole carcass or the sections are stored in cool

rooms prior to being transported off-site

In general, the basic slaughtering processes include

 Receiving area for live animal prior to slaughter

 Retention area for animals prior to slaughter

 Stunning , bleeding and Skinning of animals

 Splitting, washing and dressing of carcasses

 Handling and transport of carcasses and meat. (Hansen, 2001).
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Figure 2. Flow diagram of processes in slaughter house (Carawan et al.,1979)

2.3. Sources of wastewater in slaughter houses

The major sources of waste in the meat processing industry is from animal care, killing, hide

or hair removal, eviscerating, carcass washing, trimming and cleanup operations

(USEPA,2004). Slaughterhouses water consumption varies depending on the type of animal

and the process used. Most water consumed at slaughterhouses ultimately becomes effluent

and slaughtering operation is the largest single source of waste load in a meat processing

and packing plant (Engineers and Planners, 2001).

Slaughterhouse effluent contains high levels of organic matter due to the presence of

manure, blood and fat. It can also contain high levels of salt, phosphates and nitrates. The
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most significant contributor to the organic load is blood, followed by fat. Blood is also the

major contributor to the nitrogen content of the effluent stream. Salt and phosphorus

originate from the presence of manure and stomach contents in the effluent. At those plants

where rendering occurs, the effluent from rendering typically represents the single most

significant source of pollutant load in slaughterhouse effluent (Engineers and Planners,

2001).

As explained in the above paragraph blood is a major contributor to organic load. It has an

ultimate BOD of 405,000 mg/L and BOD5 between 150,000 and 200,000 mg/L and COD of

375 000 mg/L (Tritt and Schuchard, 1992). A number of studies also have shown that the

volume of water used and wastewater generated on a per unit of production basis such as

live weight killed (LWK) or finished product produced also can vary substantially among

processing plants.

LWK is the total weight of the total number of animals slaughtered during a specific period

of time (USEPA, 2004). Total loss of the blood represents a potential BOD waste load of 7.4

to 15 Kg /1000 kg LWK.  Because very few meat plants practice blood control outside the

bleeding area, the typical BOD load from blood losses in the slaughtering operation is

estimated to be 3.0 Kg /1000 Kg LWK. In beef plants, much of this loss occurs during hide

removal (Carawan et al., 1979).

Beef paunch or rumen contents are another major source of waste. Paunch manure, which

contains partially digested feed material, has a BOD of 50,000 mg/L. At an average paunch

weight of 22.72 Kg per head, dumping of the entire contents can contribute 2.5 Kg /1000
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kg.LWK. However, the common practices are to either screen the paunch contents, washing

the solids on the screen (wet dumping), or to dump on a screen to recover the solids,

allowing only the "juice" to run to the sewer (dry dumping). Because 60 to 80 percent of the

BOD5 in the paunch is water soluble, wet dumping of the paunch represents a BOD5 loss of

about 1.5 kg /1000 kg LWK. If dry dumping is practiced, the waste load is much less than

this. When none of the paunch is drained, but is processed or transported out of the plant for

land disposal, paunch handling does not contribute to the waste load (Tritt and Schuchard,

1992).

In general in slaughter house water is used for numerous purposes, including:

 Livestock watering and washing;

 Truck washing;

 Scalding and hide finishing of pigs;

 Washing of casings, offal and carcasses;

 Transport of certain by-products and wastes;

 Cleaning and sterilizing of knives and equipment;

 Cleaning floors, work surfaces, equipment etc.;

 Make-up water for boilers; Cooling of machinery (Engineers and Planners, 2001).

2.4. Characteristics of slaughter house wastewater

Characterization of wastewater is done in terms of its physical, chemical, and biological

composition. It is essential in the design, selection of appropriate treatment methods,
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deciding the extent of treatment, assessing the beneficial uses of wastes and utilizing the

purification capacity of natural bodies of water in planned and controlled manner. It should

be noted that many of the physicochemical and biological characteristics are interrelated.

For example, temperature, a physical property, affects both the amounts of gases dissolved

in the wastewater and the biological activity in the wastewater (Metcalf and Eddy, 2003).

In meat processing wastes include blood, viscera, soft tissue removed during trimming and

cutting, bone, urine and feces, soil from hides and hooves, and various cleaning and

sanitizing compounds. Further processing, rendering, and hide processing produce

additional source of fat and other soft tissues, as well as substances including variety of

readily biodegradable organic compounds, primarily fats and proteins, present in both

particulate and dissolved forms. Slaughter house wastewaters are high strength wastes in

comparison to domestic wastewaters, based on concentrations of BOD5, COD, TSS,

nitrogen and phosphorus (USEPA, 2004).

The high levels of organic matter in the wastewater can result in high BOD5 levels in the

raw wastewater. BOD5 is the wastewater component that is most commonly used in

characterizing slaughterhouse wastewater. It is the best measure of the organic load entering

the waste stream and it provides a useful measure of the overall strength of the wastewater.

The major contributor to BOD5 levels in the wastewater is blood. Blood is rich in chlorides

and nitrogen and has an ultimate BOD of 405,000 mg/l and a BOD5 between 150,000 and

200,000 mg/l. Ultimate BOD is a measure of the microbial oxygen consumption after 20

days. Stomach manure, which contains partially digested feed material, has a BOD5 of
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50,000 mg/l (USEPA, 1974). In addition, the raw wastewater also contains high grease/fat

content. In addition to bacteria, there is the potential for viruses and parasite eggs to be

found in wastewater Meat processing effluents generally exhibit the following properties:

 High organic loads due to the presence of blood, fat, manure and undigested stomach

contents;

 High levels of fat;

 High levels of nitrogen, phosphorus and salt;

 High temperature.

The nature or quality of slaughterhouse wastewater depends on the following points. The

degree of separation of by-products such as blood, fat, manure, and undigested stomach

contents from the effluent stream (Wilson, 1998; Mittal, 2004) and blood retaining during

animal bleeding is considered to be the most important measure for reducing BOD (Tritt and

Schuchardt, 1992). The type of animal slaughtered and type of plant or amount of rendering

or meat processing activities which means plants that only slaughter animals produce a

stronger wastewater than those also involved in rendering or meat processing activities

(Johns, 1995).

In general, waste water from slaughterhouses usually contains water, organic matter

(including grease), suspended solids, and inorganic materials such as phosphorous, nitrogen,

and chlorine or other disinfecting chemicals. These compounds enter the waste stream as

blood, meat and fatty tissue, meat extracts, stomach contents (only if ruptured), manure,

hair, dirt, lubricating oils, and cleaning compounds (USEPA, 1974). Bacteria are also
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present in the raw wastewater at most probable number (MPN) levels between 2 to 4 million

per 100 ml (USEPA, 1974). Some bacteria, such as salmonella and shigella, can be found in

the raw wastewaters and are considered pathogens.

2.5. Environmental impacts of slaughter house wastewater

Slaughterhouse activities have direct and indirect impacts on the built-up environment and

health of people especially residents in slaughterhouse vicinity. It has also a negative impact

on air and water qualities of residents within slaughterhouse vicinity especially

slaughterhouse where effective waste disposal system is not practiced (Bello and Oyedemi,

2009).

The most significant environmental issues associated with slaughterhouse eight operations

are high consumption of water and energy, generation of high-strength effluent streams and

byproducts, for some sites noise and odor may also be concerns (Engineers & Planners,

2001). Slaughtering and downstream processing sectors of meat processing are heavy users

of water and energy especially during the slaughtering process and refrigeration as well as

further processing. Discharge of wastewater to surface waters affects the water quality

(Satyanarayan et al., 2005).

One of the environmental effects of discharging slaughterhouse wastewater causes

deoxygenating of rivers and the contamination of groundwater. Moreover, discharge of high

levels of biodegradable organics into receiving streams results in increased microbial

activity associated with excessive nutrient loadings which requires greater amounts of
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oxygen than natural aeration processes. This decreases the available dissolved oxygen which

negatively affects aquatic organisms (Satyanarayan et al., 2005).

The discharge of the biodegradable compounds may cause a strong reduction of the amount

of dissolved oxygen, which in turn leads to reduced levels of activity or even death of

aquatic life and decreased suitability of surface water for drinking, swimming or other

purposes. Slaughterhouse wastewater contains phosphorus (P) and nitrogen (N) nutrients

which primarily cause eutrophication of surface water that can reduce dissolved oxygen

content of water bodies to levels insufficient to support fish and invertebrates.

This may increase the incidence of harmful algal blooms that release toxins as they die and

severely affect wildlife, as well as humans. Additionally, ammonia poses a direct toxicant to

aquatic communities from the rapid breakdown of organic nitrogen in the wastewater

(USEPA, 2004). In general, slaughter house effluent critically impacts human health,

agriculture, potable water and the ecology of aquatic species and has become a serious

problem for the environment.

2.6. Treatment methods of slaughter house wastewater

Wastewater treatment is a broad term that applies to any process, operation or combinations

of processes and operations that can reduce the objectionable properties of water- carried

waste and render it less dangerous and repulsive to man.

The primary objective of wastewater treatment is to remove or modify those contaminants

detrimental to human health or the water, land, and air environment. There are two Different
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kinds of treatment techniques. These include mechanical, physico-chemical and biological

treatments (Seabloom and Buchan, 2005)

2.6.1.Physicochemical treatment methods

The fundamental principles of wastewater treatment includes: Preliminary treatment that

removes large objects, rags, and grit. In primary treatment, floating particles are skimmed

from the surface and heavy particles are removed by quiescent settling or sedimentation. In

advanced primary treatment, chemicals may be added to enhance the sedimentation and

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

oxidation removal of lighter suspended solids and, to a lesser extent, dissolved solids.

(Lofrano et al., 2006)

Similarly grit chambers, dissolved air flotation (DAF) , screens, and settling tanks are also

widely used for the removal of suspended solids, colloidal, and fats from slaughterhouse

wastewater. In dissolved air flotation units, air bubbles injected at the bottom of the tank

transport light solids and hydrophobic material, such as fat and grease, to the surface where

scum is periodically skimmed off (Camin, 1970). In slaughterhouse and meat processing

effluents, blood is considered the most problematic component, because of its capacity to

inhibit floc formation (Bohdziewicz et al., 2002). Blood coagulants and flocculants such as

aluminum sulfate and ferric chloride (coagulants) and polymers (flocculent) are sometimes

added to the wastewater in the DAF units in order to increase protein flocculation and

precipitation as well as fat flotation. These can also achieve COD reduction ranging from

32% to 90%, and are capable of removing large amounts of nutrients (Johns, 1995).
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2.6.2.Biological treatment methods

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

achieved by biological activity. The objective of biological treatment of industrial

wastewater is to remove or reduce the concentration of organic and inorganic compounds as

well as pathogens from the wastewater (Metcalf and Eddy, 2003). It can remove greater than

90% pollutants from the wastewater (USEPA, 2004). The reduction of BOD and total

suspended solids can be accomplished by aerobic or anaerobic means, with suspended

growth or attached growth treatment processes. Those processes require sufficient contact

time between the wastewater and the microorganisms.

Biological wastewater treatment used in meat industries may include any combination of the

following: aerobic lagoon, anaerobic lagoon, facultative lagoon, any activated sludge

process, and/or other biological treatment processes (USEPA, 2008).

Biological method use Microorganisms to treat slaughter house wastewater because they can

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

metabolism and for building blocks (cell synthesis). Biodegradation of organic matter

during wastewater treatments occur either in the presence of oxygen or without oxygen

(USEPA, 2004).

Organic matter removal from strong wastewater such as slaughter house effluents is clearly

favored by the combination of processes with and without oxygen. Many investigators have

reported the use of biological treatments specifically anaerobic sequencing batch reactors
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(ASBR) in slaughter house wastewater as an efficient way for the removal of organic matter

and to produce biogas.

2.7. Description of anaerobic sequential batch reactor (ASBR)

ASBR was developed at Iowa State University in the early 1990s by Dague and his

coworkers (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

et al., 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. During the feed and react phases, the reactor

content is mixed to allow close contact between organics and bacteria. Mixing should be as

gentle as possible to avoid disrupting the formation of bacterial flocs. Intermittent mixing is

also preferred to continuous mixing because it improves biomass settling and reactor

performance the food to micro-organism (F/M) ratio is high at the beginning of the react

phase and organic conversion into biogas is maximum (Sung and Dague ,1995). The length

of the react period will depend on substrate characteristics and effluent quality requirements.
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For wastewaters containing high SS concentrations, more contact time between bacteria and

substrate will be required for the complete hydrolysis of particulates. When gas production

rate has decreased to a minimum, reactor content is allowed to settle.

The low F/M ratio at the end of the react phase favors biomass flocculation and settling

(Sung and Dague, 1995). During the settling phase, the partial pressure of CO2 above the

liquid zone is constant and in equilibrium with dissolved CO2. As a result, no significant

quantity of CO2 is transferred to the headspace, a situation that contributes to the

establishment of quiescent settling conditions. When the biomass forms a compact layer at

the bottom of the reactor, the supernatant is drawn to a predetermined level, usually at some

distance above the biomass bed. During effluent drawdown, microorganisms with poor

settling characteristics are also removed from the reactor, leaving behind the heavier

bacterial flocs (Sung and Dague ,1995).

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 et al., 2000).

In anaerobic treatment different groups of micro-organisms work in sequence at four

different stages (Hydrolysis, Acidogenesis, Acetogenesis and Methanogenesis). Four

categories of microorganisms are involved in the transformation of complex organic

materials into simple molecules such as methane and carbon dioxide (Bitton, 2005).
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Figure 3. Anaerobic digestion of organic matter (Speece, 1983)

2.8. Factors that affect anaerobic sequential batch reactor (ASBR)

Even  though  the  microorganisms  involved  in  the  anaerobic  digestion  can  adapt  to

different environmental condition they  are  very  sensitive in minor  change  in  the  substrate

conditions. Good  performance  biogas  plant  can be  controlled  by  monitoring  the  variation

in parameters like temperature, pH, C/N ratio, percentage of solids, retention time, toxic

substances, organic  loading  rate,  and  concentrations  of  nutrients  and  inhibitors  such  as

ammonia  and hydrogen sulfide are critical to the functioning of the AD process (Kheradmand

et al., 2010).
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The  effect  of  these  parameters  are  different  on  different  microbial groups  as  each

microbial group  has  different  physiological  and  nutritional  needs  and  different  growth

rates  and  it  is imbalances  between  them that  causes  process  instability  (Sung & Dague,

1995).Therefore,  consistency of their  living  condition  is  extremely  important  to  activities  of

the  micro-organisms (Deublein and Steinhauser, 2011).

Temperature

Anaerobic process, like other biological process, strongly depends on temperature.

According to Monnet (2003) anaerobic digestion can occur under two main temperature

ranges mesophilic conditions; between 20-45oC and thermophilic conditions; between 50-

65oC.

pH

The optimal pH values for acidogenesis and methanogenesis stages are different. During

acidogenesis acidogenic bacteria produce organic acids: acetic, lactic, and propanoic acids

that tend to lower the pH of the bioreactor. Under normal conditions, this pH reduction is

buffered by bicarbonate produced by methanogens. Under adverse environmental

conditions, the buffering capacity of the system can be upset, eventually stopping methane

production. The acidogens prefer a pH 5.5 - 6.5, while methanogens prefer a range of 7.8 -

8.2. In an environment where both cultures coexist, the optimal pH range is 6.8 – 7.4

(Boopathy, and Daniels, 1991). Since methanogenesis is considered as the rate limiting step,

where both groups of bacteria are present, it is necessary to maintain the reactor pH close to

neutral. An increase in volatile acids level thus serves as an early indicator of system upset.

Monitoring the ratio of total volatile acids (as acetic acid) to total alkalinity (as calcium
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carbonate) has been suggested to ensure that it remains below 0.1 (Wang et al., 2009). One

method for restoring the PH balance is to increase alkalinity by adding chemicals such as

lime, anhydrous ammonia, sodium hydroxide, or sodium bicarbonate.

Carbon to Nitrogen Ratio (C/N)

Digesters can be considered as a culture of bacteria feeding upon and converting organic

waste. The elements carbon and nitrogen in the feedstock are the chief foods of anaerobic

bacteria .Besides carbon the quantity of nitrogen present in the input material is a crucial

factor in the production of biogas.

The elements of carbon (in the form of carbohydrates) and nitrogen (as protein, ammonium

nitrates) are the main food of anaerobic bacteria. Carbon is used for energy and nitrogen for

building the cell structure. A high C/N ratio is an indication of a rapid consumption of

nitrogen by methanogens and results in a lower gas production. On other hand, a lower C/N

ratio causes ammonia accumulation and pH values exceeding 8.5, which is toxic to

methanogenic bacteria. A low C/N ratio, or too much nitrogen, can cause ammonia to

accumulate which would lead to pH values above 8.5 (Vlyssides and Karlis, 2003). To

obtain the optimum mixing ratio waste material that is low in carbon content can be

combined with materials having high in nitrogen content to attain desired C/N (Barnett,

1978). For optimum growth the bacteria in the AD process requires micronutrients and trace

elements such as sulphur, potassium, calcium, magnesium, iron, nickel, cobalt, zinc,

manganese and copper. Although these elements are needed in very low concentrations, the
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deficiency of these nutrients has an argumentative effect upon the microbial growth and

performance (Singh, 1974).

The microbial population participated in AD needs nutrients to multiply and grow. The

elements carbon and nitrogen in the feedstock are the main foods of anaerobic bacteria. C/N

ratio represents the relationship between the amount of carbon and nitrogen present in

organic materials. Carbon is responsible for energy production while nitrogen for building

cell structure. Therefore, it is necessary to maintain proper composition of the feedstock for

efficient digester operation and proper proliferation of bacterial so that the C/N ratio in feed

remains within desired range.

The decomposability of the carbon and nitrogen sources also plays a great role to get the

suitable carbon/nitrogen (C/N) ratio (Rapport et al., 2008).

Retention time (RT)

Retention time is the time needed to achieve the complete degradation of the organic matter.

The retention time varies with process parameters; such as process temperature, and waste

composition. The retention time for waste treated in mesophilic digester ranges from 15-30

days and 12-14 days for thermophilic digester (Monnet, 2003).

The average time in which the liquid feedstock is detained in the digestion process till the

gas production ceased is called Hydraulic Retention Time. Though, standard hydraulic

retention time for a co-digestion of different waste in AD process without sludge recycle is

15-30 days, HRT varies from 30–50 days in hot climate countries while in countries with

colder climate it can extend to 100 days. Out of active bacterial population and larger
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volume of the digester which will pose high capital cost is the disadvantage of Shorter and

longer HRT respectively. Without stressing the fermentation process at mesophilic and

thermophilic temperature ranges it is conceivable to carry out methanogenic fermentation at

low HRTs (Zennaki et al., 1996).

Organic loading rate (OLR)

Anaerobic process is a biological treatment process; loading parameters are most

meaningful if they are expressed in terms of organic loadings. OLR is the measure of the

biological conversion capacity of the AD system. For solid wastes and organic sludge;

loadings most commonly are based on volatile solids (VS), whereas for dilute wastewaters

loadings would be expressed in terms of biochemical oxygen demand (BOD) or chemical

oxygen demand (COD) (Bitton, 2005).

Loading rate plays a vital role in anaerobic wastewater treatment. An excess fed of

biodegradable matter to the digester leads to the over production of volatile fatty acids, a pH

drop and hence a reduction in methane production will occur. When the loading rate is

lower the reactor could also lead to decrease in the digester performance due to the scarcity

of the nutrients for microbial growth (Isaac, 2003).

Higher OLR needs more of the bacteria, this in turn cause the system to crash if it is not

prepared. The short-come of increasing the OLR would be that the acidogenic bacteria,

which act early in the digestion process and reproduce rapidly given ample substrate, would

multiply and produce acids quickly (Singh, 1974).
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The methanogenic bacteria, which take longer to increase their populations, would not be

able to consume the acids at the same speed. The pH of the system would then fall due to

the accumulation of fatty acids, killing more of the methanogenic bacteria and leading to a

positive feedback loop, eventually halting digestion. Lowered biogas production and

eventually a lower pH is an early clue of high OLR (Vlyssides and Karlis, 2003). The

designs of AD mainly depend on loading rates particularly important control parameter in

continuous systems.
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3. MATERIALS AND METHODS

3.1. Experimental design

The Biogas production potential and performance of a laboratory scale of experimental

design of ASBR was conducted at three different organic loading rates treatments (OLR) of

(2.11, 1.12 and 0.53 kg COD/ (m
3
.d) for two different hydraulic retention time (three and

five days) and two different temperature. Each treatment was carried out in 1L holding

capacity amber bottle as total treatment volume. The first treatment was operated at the

temperature 37°C (mesophilic) and the second treatment was at the temperature of 55°C

(thermophilic). In the experiment, each treatment was run in triplicate.

The reactors were sealed properly to protect any leakage. Follow up and data collections

were done regularly while the temperature of the setup was kept constant in water bath and

the quantity of biogas yielded was measured at three days and five days interval while

biogas quality was measured once a week.

3.2. Experimental setup

Laboratory-scale Anaerobic Sequencing Batch Reactor (ASBR) was arranged in Laboratory

of the Center for Environmental Science, Addis Ababa University. Amber bottle of 1.0 L

holding capacity was used for total treatment volume. The bottle was covered by rubber

stopper having two hoses at the top and sealed with gas kit maker to make oxygen free

environment inside the digester. The two hoses on the top of the amber bottle have different
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purposes. The first hose was stretched up to the middle of the solution enabling decanting of

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

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

time of filling and time of decant. After it was filled and decanted it was disconnected from

the pump driver PD 5206.While the second hose was above the solution and used to channel

the produced biogas from the digester for measurement during the anaerobic treatment. 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 closed to collect and measure produced

biogas.

Figure 4. Schematic diagram showing the arrangement of laboratorial single stage of ASBR
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3.3. Operation of the ASBR

The experiments carried out in the ASBR to study the effects of organic loading rate (OLR)

and hydraulic retention time (HRT) and temperature in the treatment and biogas production

of slaughter house waste water. Anaerobic treatments of slaughter house waste water was

investigated both in mesophilic (370c) and thermophilic (550c) condition with three different

organic loading rates and at two different hydraulic retention time and the experiment was

run for 90 days .

Table 1. The characteristics of each operational parameters of feed (organic loading rate).

Organic loading rate

(kg COD/(m3.d)

Hydraulic

retention time

Temperature

2.11 3 days Mesophilic (37°C)

1.12 5 days Thermophilic ( 55°C)

0.53

During the startup period, the time assigns for accumulation of biomass of the ASBR was

operated for 30 days. This period the digester was operated in 72 hours cycle mode, while

68 hrs was given for the reaction phase and 3hrs gave for settle. After having a good

biomass settling the supernatant was manually decants from the upper most of the reactor

for 30 min by the help of pump drivers PD 5206 with the speed of 606 rpm. Batch feeding
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was carried out mechanically through the top of the reactor at the beginning of the next

cycle for 30 min by the same speed the substrate was decanted.

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

TC = TF + TR + TS + TD

Where, TC = total cycle time                                       TF = total fill time

TR = total react time                                       TS = total settled time

TD = total decant time

During the second phase the ASBR was operated for 60 days with different cycle time from

the first period reaction. The reactors was operated for 120hrs cycle mode where 118 hrs

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

with the speed of 606 rpm the same as the first phase. The same as to the first phase 30 min

by the same speed the substrate was decanted.

3.4. Sample collection and preparation

Slaughter house wastewater samples for the study were collected from Addis Ababa

slaughter house by using 5000 ml size plastic bags every seven days in the afternoon at 5.00

Pm for three months. The Composite wastewater collected from the effluent of slaughter
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houses taken at the discharge outlet manually. The collected samples were properly labeled,

sealed and transported to in laboratory center of environmental science AAU and the

samples was kept at 4oc in refrigerator until sealed in digester.

3.5. Sample analysis

3.5.1. Physical and chemical analysis of slaughter house wastewater

Samples from the influent, effluent and supernatant at the end anaerobic treatment were

analyzed for Chemical oxygen demand (COD), biological oxygen demand (BOD5),

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

--N), Sulfate (SO4
2-), and phosphate

(PO4
3-) calorimetrically using spectrophotometer (DR/2010 HACH, Loveland, USA)

according to HACH instructions. Available phosphorous and potassium determination were

done by spectrophotometer and flame photometer respectively according to the methods

described in standard methods (APHA, 1999). Total solid (TS), volatile solid (VS) were also

measured according to the methods described in standard methods (APHA, 1999). The

procedures followed and instruments used to analyze TS, VS, TKN 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

slaughter house waste water was added in dry crucibles and weighed using analytical

balance. About five gram of each samples were taken and weighed carefully in triplicate.
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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 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.

Freshly collected Slaughter house wastewaters were added to crucibles and weighed using

analytical balance. Five gram of sample was put in crucibles in triplicate form and weighed.

The crucibles were placed inside an oven at 105ºC for 24 hours. Then the samples were

cooled in desiccators at room temperature and weighed. The weight of the sample which

was left in the crucible gave the total solid. The weight that is lost by evaporation describes

the moisture content of the samples. The percentage of total solid of the samples was

calculated in the following equation form (APHA, 1999):

TS% =      (C- A) *100% …………………………………………………  (1)

(B-A)

Where: A= weight of crucible, B= weight of fresh sample + crucible, C= weight of dried

sample + crucible

% TS = Percentage 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 15 to 30 minutes and ignited in muffle furnace at 5500C for five hours to
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determine the volatile solid content of the feedstock sample. The volatile solids in percent

was then determined as follow .The volatile solid in percent was then determined as follow;

(APHA, 1999):

VS%=   (D- A) *100%…………………………………………… (2)

(C –A)

Where , A= weight of crucible ,C= weight of sample after oven + crucible, D= weight of

sample after furnace + crucible

% VS = Percentage of volatile solid (APHA, 1999).

One gram of dried sample of composite slaughterhouse wastewater and the slurry 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. Upon this 10 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) and placed in block heater where they were heated at

370C for 90 minutes. Sodium hydroxide was then added to the digest ate 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,

1999). Finally, the amount of nitrogen in the sample was calculated using the following

formula;
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%N in the feedstock = (VA-VB) * N x 0.014 * (100)/W * MCF…………………… (3)

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 et al., 1951) ……………………………… (4)

PH was measured using the pH meter (Model HI 9024 HANNA). Temperature was

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

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

% Removal Efficiency = Cinf – Ceff x 100

Cinf

Where, Cinf = Initial parameter concentration, Ceff = Final parameter concentration

3.5.2. Bacteriological analyses of slaughter house wastewater samples

Bacteriological analyses were performed by following Membrane Filtration Method at

Environmental Science Program Laboratory. Milliliters of diluted water sample were

filtered through a sterile membrane filter with a pore size of 0.45μm to retain the indicator

bacteria. The membrane filter was transferred from the filtration apparatus to a Petri dish
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using sterile forceps which contain absorbent pad soaked with sodium lauryl sulfate tryptose

broth for total coli form (TC) and fecal coli form (FC) group of bacteria. The Petri dish was

incubated at 370C and 440C for 24 hours for TC and FC, respectively. The yellow colonies

were counted using a colony counting lens for total coliforms and fecal coliforms.

The numbers of coliform bacteria presented in 100 ml of the sample were calculated by

using a formula below (APHA, 1999).

Cfu/100 ml= Number of colonies * 100

Volume of the sample filtered (ml)

3.5.3. Biogas and its quality determination

The amount of biogas produced was measured by the syringe method during the supernatant

was manually decanted and at the starting of the next cycle. The 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 transfer 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 (percentage of methane) was measured by biogas analyzer weekly 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.
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3.6. Statistical analysis

For the comparison and report of Physico-chemical parameters of feed stocks, yield and

quality of biogas average values of the triplicate data was used. The collected data was

entered to Microsoft Office Excel 2010 and compared and discussed using charts, line

graphs.
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4. RESULTS AND DISCUSSION

4.1. Characterization of raw wastewater

As it was shown in Table 2, the mean triplicate values of COD, BOD5, TKN, NH4
+-N, NO3

--

N, NO2
--N and TP values were 8161±1.52mg/l, 4285± 1.32, 177.66± 2.64mg/l, 186±

0.577mg/l, 1982.66± 1.32, 1248±2.85 mg/l and 137±2.44, respectively. Likewise, the

sulfate and phosphate had concentrations 288± 26mg/l and 51± 13mg/l and pH 6.53±0.0321,

respectively. The average triplicate values of total solids, volatile solids, organic carbon and

carbon to nitrogen ratio of raw slaughter house wastewater were 9.69± 1.37, 79.3± 0.83, and

41.7± 1.5 and 14.3± 1.25, respectively.

Table 2: Average characteristics of the influent used for this studies.

Parameters unit Mean values of slaughter
House waste water

pH ----- 6.53± 0.0321

COD mg/l 8161±1.52

BOD5 mg/l 4285± 1.32

NH4
+-N mg/l 186±0.577

NO3
—N mg/l 1982.66±1.325

NO2
—N mg/l 1248±2.80

SO4
2- mg/l 288±26

PO4
3- mg/l 64± 13.57

TKN mg/l 177.66± 2.64

TP mg/l 137±2.44

TS % 9.69± 1.37

VS % 79.3± 0.83

TC % 41.7± 1.5

C/N - 14.3± 1.25
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The mean characteristics of raw wastewater COD and BOD5 values in this study comparable

with the value found by Masse and Masse, (2000) ranging from 2333 to 11530 mg/L. High

BOD5 and COD values obtained in this study was due to blood generated throughout the

slaughtering operations and point out that high organic materials present in slaughterhouse

wastewater (Mittal, 2004). High COD levels imply toxic condition and the presence of

biologically resistant organic substances (Sawyer and McCarty, 1978).

As it was shown from (Table 2) the average total solids content of slaughter house

wastewater in this study was 9.69±1.37%. The result from this study indicated that slaughter

house wastewater were appropriate for biogas production. It was also very close to the value

recommended by Yadvika, (2004). This is in the range between 7and 9% depend on the

character of the substrate and its anaerobic digestion condition.

Another key consideration for anaerobic digestion is the C: N ratio of the substrate.

According to Singh, (1974) the gas production was influenced by C: N ratio. The optimum

C: N was 30:1 for an anaerobic digester.

The result from this study indicated that the average C: N ratio values of slaughter house

wastewater (14.3± 3.6) were appropriate for biogas production. It was also very close to the

value recommended by Kossman, (2000).which is in the range between 8-20 depend on the

character of the substrate and its anaerobic digestion condition.
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pH is one of the factors that affect digestion of substrates in reactors. Thus, the pH of all the

treatments was measured in three days interval regularly. The initial pH of each treatment

T1, T2, and T3 were 6.8, 6.56 and 6.24, respectively.

The first week of the startup period the pH of the substrate in the treatment was between

6.24- 6.8. These results verify that the feed stocks have convenient pH values to start

anaerobic digestion without additional pretreatment. (Boopathy and Daniels, 1991) reported

that acidogenic bacteria can survive in an environment with a pH of 5.5 to 6.5.

Generally, the laboratory scale experiment shown that it is possible to produce biogas from

slaughter house waste water is in the pH range of 5.64±0.59 to 6.53±0.59.which were within

the EEPA (2003) tolerance limits of 6.0-9.0 for the discharged of wastewater from

slaughterhouse industries into surface water.

4.2. Treatment performances of ASBR

4.2.1. Influent and effluent characteristics of ASBR

Table 3: Influent and effluent concentrations at  organic loading rates (2.11, 1.12 and 0.53

kg / (m3.d)), 3and 5 days hydraulic retention time and 37Ocand 55Oc temperature for T1-T3
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Parameter

Treatments Influent Mean

Characteristics

(mg/L)

Effluents Mean Characteristic (mg/L)

Mesophilic (37Oc) Thermophilic (55Oc)

3 days 5 days 3 days 5 days

COD

T1 4234 ± 3.6 1640 ± 7.9 1532±4.6 1441± 4.1 1286±3.2

T2 3028±2.2 1195±9.6 1045±5.2 952±7.4 843±5.8

T3 2117 ±1.53 643±1.2 564±7.8 562±6.1 523±4.2

BOD5

T1 2142 ±1.51 689 ± 2.1 541± 3.2 489 ± 3.6 449 ± 3.1

T2 1559±1.10 420±4.9 398±16 312±1.9 298±1.2

T3 1071 ±7.5 248±1.3 212±26 198±3.1 154±4.1

NH4
+-N

T1 62 ± 1.6 45.2± 1.3 41.2 ± 1.6 39.3± 2.4 31.2± .43

T2 45.13± 10.3 29.4± 3.4 28.3± 0.3 26.5±1.32 22.5.± 0.3

T3 31 ± 7.42 19.5± 2.2 17.2±.66 15.8± 0.8 14± 0.42

NO3
--N

T1 991±7.6 559±16 525±.32 484±0.4 438±.7

T2 721 ±6.1 346±11 317.2±0.81 295.6±0.6 261±0.1

T3 495±3.8 225.2±8 210.4±0.45 188.1±0.2 150.9±.2

SO4
2-

T1 144±1.3 68.4±.032 54.56±0.1 52.41±0.7 47.08±13

T2 104 ±9.4 45.3±0.46 37.44±0.6 33.1±0.82 29.9±0.22

T3 72±7.0 29±0.47 24.12±0.8 20.95±0.9 14.7±0.15

PO4
3-

T1 32.23±7.25 15.68±0.3 12.48±0.2 10.46±0.3 9.28±0.41

T2 23.83 ±5.24 10.12±0.5 8.46±0.46 7.08±0.6 5.75±0.86

T3 16.11±3.5 6.48±0.9 5.53±0.52 4.73±0.82 3.52±0.92

As shown in the Table 3, the concentration of COD, BOD5, NH4
+-N, NO3

--N, SO4
2- and

PO4
3- was decreased from 4234 ± 3.6 to 1640 ± 7.9, from 2142 ±1.51to 689 ± 2.1, from

62 ± 1.4 to 45.2± 1.3, from 991±7.6 to 559±1.6, from 144±1.3 to 68.4±.032 and from

32.23±7.2 to 15.68±0.3mg/l, respectively.
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For the first treatment organic loading 2.11kg/ (m3.d) at three days hydraulic retention time

and mesophilic temperature the concentration of COD, BOD5, and NH4
+-N, NO3

--N, SO4
2-

and PO4
3- was measured the least reduction during this time. The maximum OLR (2.11

kg/m3/day) was applied on treatment of reactor operation the system showed signs of upset

like scum formation and biomass wash out. However, it shows drastic reduction at the third

treatment organic loading rate 0.53 kg/(m3.d) after five day thermophilic. It was observed to

decrease from 2117 ±1.5 to 643±1.2, from 1071 ±7.5 to 248±1.3, from 31 ± 7.42 to 19.5±

2.2, from 495±3.8 to 225.2±8, from 72±7.0 to 29±0.47 and from 16.11±3.5 to 3.52±0.92

mg/l, respectively.

The mean characteristics of raw wastewater COD and BOD5 values in this study were found

extremely high (Table 3) and these values were much higher than (EEPA ,2003) standard

limits of 80mg/L (BOD5) and 250mg/L (COD) for the discharged of slaughter houses

wastewater into surface water. The effluent COD and BOD5 was 523±4.2 and 154±4.1mg/L

but not within the permissible limit of 250mg/l and 80mg/l, respectively.

However, the COD value in this study is comparable with the value found by Masse and

Masse, (2000) ranging from 2333 to 11530 mg/L. The result from this study indicated that

anaerobic sequential batch reactors in thermophilic. (550C) system for treatment (T-3,

organic loading rate 0.53 kg/ (m3.d)) was achieved the maximum pollutants reduction.

Similarly the high COD reduction at high temperature was also exhibited during treatment

of dairy wastewater (Dugba et al, 1999). Therefore, the high BOD5 and COD values
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obtained in this study due to blood generated throughout the slaughtering operations and

point out that high organic materials present in slaughterhouse wastewater.

4.3. Removal efficiency of ASBR

4.3.1. COD and BOD5 removal efficiency of the ASBR

The COD and BOD5 removal efficiency of ASBR for each treatment (T-1 to T-3) at

different cycle time and temperature was evaluated and results were shown in Table 4.

The concentrations of COD in each treatment(T1-T3) were 4234±8.2, 3082±9.1 and

2117±1.0 mg/l, respectively which was equal to volumetric loading rate of 2,11, 1.12 and

0.53 kg COD / (m3.d) ,respectively and the concentrations of BOD5 in each treatment were:

2294±7.9,1670±5.8 and 1147±9.8 mg/l, respectively.

Table 4: Removal efficiencies of COD and BOD5 at different hydraulic retention time and

temperature for T1-T3

Removal efficiency of COD (%) Removal efficiency of BOD5 (%)

Treatments Mesophilic (37Oc)
Thermophilic

(55Oc)
Mesophilic

(37Oc) Thermophilic (55Oc)

3 days 5 days
3

days 5 days
3

days 5 days 3 days 5 days

T1 61.27 63.8 66 69.627 67.8 74.7 77.2 79

T2 60.54 65.5 68.6 72.16 73.1 74.5 80 80.9

T3 69.63 73.4 73.5 79.924 76.8 80.2 81.5 85.6

As shown in Table 4, COD removal efficiency of each treatment at three days mesophilic

and thermophilic conditions were 61.27%, 60.54%, 69.63% and 66.0%, 68.6% and 73.5%
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,respectively. In addition the COD removal efficiency at five days mesophilic and

thermophilic conditions was 63.8%, 65.5%, 73.4% and 69.6%, 72.1%and 79.9%,

respectively. The result from this study indicated that the removal efficiencies were lowest

in three days mesophilic and highest in five days thermophilic in all treatments.

There was also a variation in BOD5 removal efficiency with cycle time (HRT). As shown in

(Table 4) BOD5 removal efficiency of each treatments at three days mesophilic and

thermophilic conditions was 67.8%, 73.1%, 76.8% and 77.2%, 80.0% and 80.0%

respectively. The BOD5 removal efficiency at five days mesophilic and thermophilic

conditions was 74.7%, 74.5%, 80.2% and 79.0, 80.9and 85.6% respectively.

The COD and BOD5 removal efficiencies for treatment (T-1) were the least in three days

cycle time 61.27% and 67.8% mesophilic whereas the highest COD and BOD5 reduction

percentage was measured at treatment (T-3) 79.9% and 85.6% in the hydraulic retention

time of five days thermophilic conditions respectively at organic loading rate 0.53 kg COD /

(m3.d.). This COD reduction result obtained in the present study was similar with the result

of 77.1% reported by Castillo et al, (2006).

The high removal efficiencies for COD were a good indication of the fact that the anaerobic

treatment under proper operating conditions. It was indicated that there is a strong linear

relationship between removed COD and biogas production that support the carbon

converting in to gas (Agdag and Sponza, 2005).
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This study indicates that the COD and BOD5 removal efficiency in ASBR treatment

technique increase with increasing hydraulic retention time and temperature. This might be

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

The result of this study indicated that the highest removal efficiency was obtained in

thermophilic than the mesophilic. It was well known that the anaerobic biodegradation is

faster in thermophilic reactors (Gómez, 2011). Similarly thermophilic Process is the most

efficient in terms of organic matter removal and methane production (Bhur and Andrews,

1977).

The provisional discharge standards for COD and BOD5 discharged to water bodies were

250, and 80 mg/l, respectively (EEPA, 2003). When the present results of COD and BOD5

and were compared with provisional discharge limit the results of both COD, BOD5 exceed

the limit.

4.3.2. Effects of organic loading rate on COD, BOD5 and NH4
+-N removal

In order to optimize organic loading rate, the ASBR was operated with different organic

loading rate to evaluate the effects on removal efficiencies of COD, BOD5 and NH4
+-N from

the influents. In this study three organic loading rates 2.11, 1.12 and 0.53 kg COD/ (m3.d) at

five day hydraulic retention time and thermophilic temperature were tested in a steady state

performance of ASBR. The concentration of COD, BOD5 and NH4
+-N for each loading rate

were 4234 ± 306, 2142 ±151and 62 ± 14.6 mg/l and 3028±222, 1559±110 mg/l and 45.13±

10.3 mg/l and 2117 ±153, 1071 ±75.75 and 31 ± 7.42 mg/l, respectively (Table 3).
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Figure 5. The removal efficiencies of COD, BOD5 and NH4
+-N at different OLR

For the purpose of evaluating the effect of loading rate on the process efficiency COD,

BOD5, and NH4
+-N removal efficiency were taken into account as the indicators to assess

the reactor performance and efficiency of each loading rate. The COD, BOD5 and NH4
+-N

removal efficiency value of 79.9%, 85.6% and 54.8% respectively was achieved at

operating loading rate 0.53 kg COD/ (m3.d). By increasing the loading rate in 1.12 and 2.11

the COD, BOD5 and NH4
+-N degradation value were decreased to 72.2%, 80.9%  and

50.1% and 69.6% ,79%  and  49.7%, respectively as illustrated in Fig.5. The maximum OLR

was applied on reactor operation. Since the system showed signs of upset like scum

formation and biomass wash out. The OLR was reduced to stable rate of 0.53 kg

COD/m3.day for five days hydraulic retention time and thermophilic temperature.
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An increase in OLR beyond the optimum level is followed by a decrease in the main process

parameters such as COD, BOD5 and NH4
+-N removal efficiency.  In addition, high amount

of suspended solids “known as biomass wash-out” are observed in the effluent, indicating

that the reactor suffered a process imbalance and that biomass accumulated in the reactor

(Converti et al., 1993; Rincón et al., 2008). This could be recognized to an increase in the

concentrations of the VFA with a consequent decrease in pH (Tiwari et al., 2006). In

addition, the increase in the effluent COD with increased OLR was paralleled to a sharp

increase in the effluent total volatile fatty acids (TVFA, g acetic acid/L) by about 400%

(Rincón et al., 2008). This indicates that, at higher OLR the effluent total COD and mainly

soluble COD is largely composed of the unused volatile acids produced in the reactor due to

the inhibition of methanogens.  The low removal efficiency NH4
+-N in the present study

may also be due to the conversion of protein present in the influent into ammonia nitrogen.

Low rate of bacterial synthesis in anaerobic process translates into low overall nitrogen

removal.

4.3.3. Pollutant removal efficiency of ASBR

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

studied for three days and five days hydraulic retention time and mesophilic (37Oc) and

thermophilic (55Oc) temperature after steady stable state condition is presented in Table 5.
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Table 5. Removal efficiency of TKN, NO3
--N, SO4

2- and PO4
3- at different HRT and

ttemperature.

Parameter Removal efficiency  (%) of each treatment  effluents at  different

hydraulic retention time  and temperature

Mesophilic (37Oc) Thermophilic (55Oc)

3 Days 5 Days 3 Days 5Days

TKN

34.9 39.3 42.2 44.2

36.2 40.4 43.2 47.4

39 41.7 45.5 48.5

NO3
--N

43.6 47 51.2 55.8

52 56 59 63.8

54.5 57.5 62 69.5

SO4
2-

52.5 62.1 63.6 67.3

56.4 64 68.2 71.3

59.7 66.5 70.9 79.6

PO4
3-

51.3 61.3 67.5 71.2

57.5 64.5 70.3 75.9

59.8 65.7 70.6 78.2
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As shown in Table 7, the removal efficiency of TKN and NO3
--N in each treatment at three

days mesophilic and thermophilic conditions was 34.9%, 36.2%, 39% and 42.2%, 43.2%

and 45.5% for total nitrogen and 43.6%, 52.0%, 54.5% and 51.2%, 59.0% and 62.0% for

nitrate respectively. In addition to this the TKN  and  NO3
--N removal efficiency at five

days mesophilic and thermophilic conditions was 39.31%, 40.4%, 41.7% and 44.2%,

47.4%and 48.5% for total nitrogen  and 47.0%, 56.0%, 54.5% and 55.8%, 63.8% and 69.5%

for nitrate respectively. The total nitrogen (TKN) and nitrate nitrogen (NO3
--N)

concentrations in the effluent were decreased with increasing cycle time (HRT).

The result from this study indicated that the maximum nitrogen removed was only 48.5 %

similar result was seen in swine wastewater treatments by ASBR reactors (Ndegwa et al,

2008). High removal efficiencies from food waste were reported by Wang, ( 2013) 97 % for

TKN and using Semi-continuous anaerobic digestion of food waste a hybrid anaerobic

solid–liquid bioreactor system. This variation might be due to the configuration difference

of ASBR and Continuous system.

The provisional discharge standards for TN and NO3
--N discharged to water bodies were 40

and 45 mg/l, respectively (EEPA, 2003). The present results of TKN and NO3
--N were

compared with provisional discharge limit. The effluent concentration values of TKN were

below the standard values (22.87mg/l), and The effluent concentration values of NO3N

(150.9 mg/l ) exceed the limit.
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There was also a variation in sulfate (SO4
2-) and phosphate (PO4

3-) removal efficiency with

cycle time (HRT). As shown in (Table 5) the removal efficiency of sulfate (SO4
2-) and

phosphate ( PO4
3- ) in each treatment at three days mesophilic and thermophilic conditions

were 52.5%, 56.4%, 59.7% and 63.6%, 68.2% and 70.9% for sulfate (SO4
2-) and 51.3%,

57.5%, 59.9% and 67.5%, 70.3% and 70.6% for phosphate (PO4
3-) ,respectively. In addition

to this the  sulfate (SO4
2-) and phosphate (PO4

3-) removal efficiency at five days mesophilic

and thermophilic conditions were 62.1%, 64%, 66.5% and 67.3%, 71.3%and 79.6% for

sulfate (SO4
2-) and 61.3%, 64.5%, 65.7% and 71.2%, 75.9% and 78.2% for phosphate

(PO4
3) ,respectively. This result indicated that the removal efficiencies were lowest in three

days mesophilic and highest in five days thermophilic.

The present effluent concentration values of sulfate (14.7mg/l) and phosphate obtained in

the effluents (3.52mg/l) were compared with the provisional discharge limit values (1000.0

mg/L for sulfate and 5 mg/L for phosphate) set by National Environmental Quality Standard

for waste water effluent EPA(2003).

The effluent concentration values were below the standard values, which showed the

effectiveness of anaerobic sequencing batch reactor for the treatment of sulfate and

phosphate from slaughter house wastewater. Phosphate value obtained in this study was

lower than the value obtained by Massa and Massa,(2000) from hog slaughtering which

were ranging 20-80 mg/l of phosphate.
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4.4. TS and VS removal efficiency
The total solid (TS) and volatile solids (VS) removed for different cycles of each treatments

during their stable state are represented by the following bar graphs.

(a) (b)

Figure 6. (a) TS removal on different cycles and temperature   (b) VS removal on different

cycles and temperature

As seen from Figure 6, the longer cycle frequency has an advantage over the shorter cycle

frequency in removing total solid (TS) and volatile solid (VS). Similar result was also seen

in the treatments of swine wastewater by anaerobic sequenced batch reactor (Ndegwa et al,

2008). The thermophilic reactor has an advantage on removing total solid and volatile solid

than the mesophilic reactor for the each hydraulic retention time. The efficiency of the

thermophilic treatments in total solid (TS) removal was 65.9 % and 67.8 % for 3 days and 5

days respectively, and for mesophilic 63 % and 64% for 3 days and 5 days, respectively.



Page 52

The high volatile solid reduction at high temperature were also exhibited during treatment of

dairy wastewater (Dugba et al., 1999).The efficiency of the thermophilic reactor VS

removal was 67 % and 69 % for 3 days  and 5days HRT respectively and for mesophilic

reactor 62% and 65 %  for 3 days  and 5days HRT respectively respectively. From this

result we can conclude that the percent of VS removed and biogas production had direct

relationship in this study. In this study correlation between high biogas production and %

VS removal were observed in thermophilic reactor during 5days HRT.

4.5. Biogas production potential of ASBR

4.5.1. Biogas production potential of ASBR at different HRT and Temperature

One of the main objectives of this research was to determine the performance of the

anaerobic sequential batch reactor for biogas production were carried out on three days and

five days  hydraulic retention time  and temperature of mesophilic condition (370C) and

thermophilic condition (550C). As Shown in (Figure 7) the potential of slaughter house

waste water to yield biogas was presented in terms of biogas quantity .Amount of Biogas

were measured for about three months of treatment period until the gas production became

at steady stable state.
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Figure 7. Average values of Biogas yielded in two different temperature and HRT

As shown in Figure 7, The amount of biogas yielded from each treatments at three days

mesophilic and thermophilic conditions was after steady stable state condition (T-1 to T-3)

were 0.0024 m3/ kg COD, 0.0041 m3/ kg COD, 0.0057m3/ kg COD, and 0.0029 m3/ kg

COD, 0.0043 m3/ kg COD, 0.0061m3/ kg COD, respectively. In addition biogas yielded

from each treatment at five days mesophilic and thermophilic conditions was 0.0028 m3/ kg

COD, 0.0042 m3/ kg COD, 0.0058m3/ kg COD and 0.0030 m3/ kg COD, 0.0045 m3/ kg

COD, 0.0063m3/ kg COD, respectively.

The highest amount of biogas was measured at T3 and its average values during  three

months of the study in both mesophilic and thermophilic temperature and three and five

days of hydraulic retention time the average biogas content ranged from 0.0057m3/ kg COD

to 0.0058 m3/ kg COD and 0.0061m3/ kg COD and 0.0063m3/ kg COD ,respectively. The
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lowest amount of biogas was measured at T1 in both mesophilic and thermophilic

temperature and 3 and 5 day days hydraulic retention time the average biogas content

ranged from 0.0024m3/ kg COD to 0.0028 m3/ kg COD and 0.0029m3/ kg COD to

0.0030 m3/ kg COD ,respectively.

High amount of biogas yielded in treatments T-3 and the lowest amount biogas yield in T-1

at different hydraulic retention time due to increasing contact time of the substrate to micro-

organism and increase in temperature has a positive effect on biogas yield as indicated by

Cooney et al., (1979), the highest biogas was produced at thermophilic phase in both

hydraulic retention time three and five days. Moreover in the mesophilic range, the bacterial

activity and growth decreased by one half for each 10°C drop below 35°C (Pol,1995).

Thus, for a given degree of digestion to be attained, the lower the temperature, the longer is

the digestion time. Therefore, mesophilic reactors need extra days for more gas production

and to reach their stable period. According to Zeikus & Bowen, (1975) had shown lab bench

size digesters operated at 60ºC instead of 35ºC showed higher rates of gas production with

shorter detention times.

The result of this study indicates that the highest total biogas production and high methane

quality was obtained in thermopilic than the mesophilic. It is well known that the anaerobic

biodegradation is faster in thermophilic reactors (Gómez, 2011).
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4.6. Biogas quality (methane production %) potential of ASBR

In this study three organic loading rates 2.11, 1.12 and 0.53 kg COD/ (m3.d) at three and

five day hydraulic retention time and mesophilic and thermophilic temperature were tested

in a steady state performance of ASBR. Quality of biogas during anaerobic process at

different organic loading rates is shown in Figure 7.

Figure 8. The percentage of methane production for various loading rates.

As shown in Figure8, The quality of biogas (methane) measured by using biogas analyzer at

three days mesophilic and thermophilic conditions was after steady stable state condition for

each treatment (T-1 to T-3) of organic loading rates (2.11, 1.12 and 0.53 kg COD/m3/Day

respectively) were 54.6±1%, 55±7±3.3%, 57±3.32% and 55.3±0.945%, 58.4±21.4% and

62.5±2.08% respectively. In addition biogas yielded from each treatment at five days

mesophilic and thermophilic conditions was 56±2%, 59.1±0.95%, 64.5±5.7% and

57.4±1.15%, 65.2±0.577 and 67.5±1.52 % respectively. The maximum biogas quality
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obtained during organic lading rate 2.11, and 1.12 kg COD/ (m3.d) were approximately 57%

and 65.5% respectively. Whereas the biogas production during OLR of 0.53 kg COD/

(m3/d) was found 67.5% methane. The result from this study indicated that within the

recommended value range (50 to 75 %) (EEMBPM 2002; Jemmett 2006; Dominik 2007),

but the yield was slightly greater than the reported value (57.3 to 60.6 %) by Zhu et al,

(2009).Further increase of the organic loading rate as 0.53kg COD/ (m3.d) results in

decreased biogas quality.

An increase in OLR beyond the optimum level is followed by a decrease in the main process

parameters such as COD removal, specific methane production and high amount of

suspended solids “known as biomass wash-out” are observed in the effluent, indicating that

the reactor suffered a process imbalance and that biomass accumulated in the reactor

(Converti et al., 1993; Boubaker and Cheikh Ridha, 2007; Rincón et al., 2008). This could

be recognized to an increase in the concentrations of the VFA with a consequent decrease in

pH (Tiwari et al., 2006). In addition, the increase in the effluent COD with increased OLR

was paralleled to a sharp increase in the effluent total volatile fatty acids (TVFA, g acetic

acid/L) by about 400% (Rincón et al., 2008). This indicates that, at higher OLR the effluent

total COD and mainly soluble COD is largely composed of the unused volatile acids

produced in the reactor due to the inhibition of methanogenesis.

(Borja et al.,1995) characterized the effect of OLR in slaughterhouse wastewater on a

fluidized-bed reactor by varying OLR from 2.9 to 54 grams COD per liter per day and found
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that high OLRs resulted in less COD removal than low OLRs. The effluent COD and VFA

concentrations rose exponentially with higher loading rates.

Generally the percentage composition of methane for each treatment in this study was 54.6

% to 67.5% during the operational period. This value agrees with the theoretical value 55%

to 75% of biogas is pure methane (Williams, 2005; Ostrem, 2004) which is in agreement

with the results of this study. The highest percentage of methane measured by biogas

analyzer displays were shown as plate5   (CH4, 67.5% and CO2, 15.9%). .

Figure 9. a) Quality of Biogas Reading, b) How the Biogas Analyzer Displays the Result

The result of this study shows the possibility of producing high quantity and quality biogas

from composite slaughter house wastewater without addition of other co-digester. Normally,

the highest biogas quality 67.5 % methane yield was recorded for treatment T3 at

thermophilic phase in 5 days hydraulic retention time. So the biogas production and
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percentage of methane yield in ASBR treatment increase with increasing the temperature

and hydraulic retention time.

4.7. Pathogens removal efficiency

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

characterized in Fecal Coliforms and Total Coli forms at five days hydraulic retention

time and thermophilic (550C) temperature are presented in the following Figure 9.

a) b)

Figure 10. a) Removal efficiency of fecal coli forms b) Removal efficiency total Coli forms

at different HRT and temperature.

As shown in Figure 10a and Figure 10 b, the removal efficiency of fecal coli form and total

coli form in each treatment at three days mesophilic and thermophilic conditions was 81.3%,
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84.2%, 86.5% and 90.1%, 91.6% and 93% for fecal coli form and 80.9%, 84%, 85% and

88.2%, 91.3% and 93.2% for Total coli form respectively. In addition to this the  fecal coli

form and total coli form removal efficiency at five days mesophilic and thermophilic

conditions was 87.2%, 88.2%, 89.4% and 91.53%, 94.5%and 95% for fecal coli form and

87%, 90.5%, 97% and 90%, 95% and 97% for Total coli forms respectively. The fecal coli

form and total coli form concentrations in the effluent were decreased with increasing cycle

time (HRT) and temperature.

The highest removal efficiency was measured during five days cycle frequency at

thermpohilic temperature in treatment (T-3) significantly reduce the coliform bacteria: 95 %

for fecal coliform and 97% for total coliform; this result indicate that the digested sludge

cannot be directly used for agricultural application without further treatment like sun drying

which is less expensive than pasteurization to completely inactivate the remaining bacteria

and helminthes eggs. It was observed complete removal of helminthes eggs after drying the

digested sludge on direct sun light exposure for one month. Temperature plays a crucial role

in decreasing coli forms and other microorganisms. According to Winblad, (2004). Most

microorganisms survive well at low temperature (below 5ºC) and die off rapidly at high

temperatures (above 40ºC).According to Lu et al.; (2008) the potential of thermophilic

treatment in preventing the spread of pathogens in the environment up on land application of

digestates. The growth rate of thermophilic methanogens is 2-3 times higher than those of

mesophilic homologues,
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The performance efficiency results of both treatments indicated that biogas digester has

higher bacterial removal capability but the mean final effluent concentration of FC was

above the Effluent Emission Standard limit values (1000 fecal coliforms/100ml) set by

(World Health Organization, 1989). Even though there is a decrease in the number of

coliforms in the effluent as compared to the influent, the concentration is still higher than

the WHO standard and can contaminate the environment (soil, plants, and people handling

the effluent).

4.8. Macro nutrients of the slurries

The amount of macro nutrients (N, P and K) in each treatment slurry was measured at the

end of biogas production. Average amount of total nitrogen, available phosphorus and

potassium at optimal HRT 5 days and thermophilic (550C) temperature.

Table 6. Average Amount of total nitrogen, available phosphorus and potassium at 5days
hydraulic retention time and thermophile temperature

Treatments Total Nitrogen (%) Available Phosphorus (%) Available

Potassium (%)

T1 2±0.73 1.9±0.82 2.8±0.91

T2 1.5±0.8 1.28±0.4 1.94±0.6

T3 0.08±0.03 0.06±0.02 0.10±0.05

As shown in Table 7, The  amount of   total nitrogen, available phosphorous and potassium

in each treatment at five days thermophilic conditions was 2±0.73%, 1.5±0.8%, 0.08±0.03%
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for nitrogen and 1.9±0.82%, 1.28±0.4% and 0.06±0.02% available phosphorous and

2.8±0.91%, 1.94±0.6%, 0.10±0.05% for potassium respectively.

The result obtained in the present study in treatment one  was very closed to results

presented by Bonner and Varner, (1999) a growing media having 1.5% nitrogen, 1%

phosphorus and 0.2% potassium nutrients are very convenient for the growth of plants.

According to Karki ,(2006) the use of bio-slurry for various purposes in agriculture system

can save expenditure on imported agro-chemicals to significant amount both at farmers’

level and national level.

Additional characteristics of the sludge should be considered is its pH value. PH-value of

treatments was 6.42 for thermophilic reactor and 6.53 for mesophilic reactor. (William,

2000) verify that the pH of the compost should be in range of 6-7.

According to An et al, (1997) as the retention time decreases the concentration of ammonia

in the effluent increases which in turn decreases the concentration of other forms of

nitrogen. In addition, effluent may provide an inexpensive alternative to chemical fertilizer

and help retain site nutrients.
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5. CONCLUSION AND RECOMMENDATIONS

5.1. Conclusion

In this study laboratory scale anaerobic sequenced batch reactor was used to examine the

potential of slaughter house wastewater for production of biogas and removal of selected

pollutants such as COD, BOD5, TKN, NO3
—N, PO4

-3, and SO4
-2, TS, VS. In order to

determine the optimum biogas potential of slaughter house wastewater two different

temperature thermophilic (55OC) and mesophilic temperature (37OC) and three different

HRT (3 and 5days) and OLR of  (2.11.1.12 and 0.53kg COD/ (m
3
.d) were used.

The treatment at thermophilic temperature was over the treatment at mesophilic temperature

in terms of biogas production and removal of pollutant and the longest HRT was more

efficient than the shorter HRT both in biogas production and pollutant removal efficiency.

From the treatments under this study T3 (OLR of 0.53kg COD/ (m
3
.d) hydraulic retention

of 5 days and thermophilic temperature produced the highest biogas of 0.0063m3/Kg COD

with 67.5% methane quality. The lowest biogas produce was 0.0030m3/Kg COD with

54.6% biogas quality at T1 (OLR of 2.11kg COD/ (m
3
.d) hydraulic retention of 3 days and

mesophilic temperature. Comparative average percentage removal of TS (49 - 68%) and VS

(53- 69%) was found for all treatments.

A maximum removal efficiency of 79.9% for COD, 48.5% for total nitrogen, 69.5% for

nitrate 85.60% for BOD5, 54.8% for ammonium, 78.2% for phosphate and 79.6% for sulfate

and 95% for fecal coli form and 97% total coliform were obtained with 5 days and
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thermophilic temperature. The highest removal efficiencies were obtained with increasing

HRT and temperature. However the concentrations of COD, BOD5 and NO3
--N in the

treated effluent were above the discharge limits fixed by EPA,(2003). The laboratory scale

ASBR performance for COD, BOD5 and NO3
--N removal efficiencies was not optimal. The

present effluent concentration values of sulfate and phosphate obtained in the effluents were

compared with the provisional discharge limit values set by National Environmental Quality

Standard for waste water effluent (EPA, 2003). From the Treatments maximum biogas

producer (T3) has slurry of 0.08±0.03% of total nitrogen, 0.06±0.02% of available

phosphorus and 0.10±0.05% of available potassium. In addition (T1) slurry contained total

nitrogen of 2±0.73%, available phosphorus of 1.9±0.82% and available potassium of

2.8±0.91%.

Generally, it can be concluded that the treatment performance of anaerobic sequencing batch

reactor is efficient for biogas production and for the removal of organic matter such as

sulfate and phosphate and from bacteriological treatments fecal coliform and total coliforms

from slaughter house waste water. But it is not efficient for the treatment of COD and BOD5

according to the results obtained from this research post treatment like aerobic treatment

should be considered after anaerobic treatment of slaughterhouse wastewater before

discharging into surface water bodies.
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5.2. Recommendations

Based on the findings of this paper, the following recommendations are forwarded.

 Biogas production and removal efficiency of organic matter COD and BOD5 is

affected by HRT, Temperature, feeding time and organic loading rate. This study

showed that biogas production, COD and BOD5 removal efficiency increases with

increasing HRT, Temperature. Therefore, further study should be conducted to

identify the optimum condition by changing the feeding time

 Slaughter house industry can implement the findings of this research at large scale

and minimize their energy cost. In addition, the construction of biogas plant at large

scale can solve proper waste management problems of the companies.

 In addition, an advocacy and awareness creation works should be done by concerned

institutions in the country on the methods of wastewater treatment that are cheap and

highly effective like anaerobic sequential batch reactor .

 There should be an intervention of appropriate regulatory bodies (EPA) to ensure

production of high quality treated final effluents by the slaughterhouses industries

and to protect the natural surface waters quality. Government regulations and

legislations need to be enforced in order to ensure that polluters meet environmental

standards of effluent discharge in to water bodies and natural wetlands found in

different parts of the country.
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