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ABSTRACT 
 

Globally, abattoirs are known to generate different kinds of waste that can adversely impact human 

health and the wider environment. At the same time, waste products of abattoirs can be recycled 

in a manner that reduces their adverse impacts while generating strings of income and jobs. 

Accordingly, the present study assesses abattoir waste management and its potential effects on 

humans and surface water quality in selected areas in South West Cameroon. More specifically, 

the structures, facilities and practices at the eight (8) abattoirs of the Fako Division were studied, 

along with the appropriateness and/or adequacy of the waste management strategy adopted. 

Information for the study was collected using survey, questionnaires, key informant interviews 

and researcher’s direct observation. Additionally, water samples from nearby stream were 

collected and analyzed to determine the physical and chemical composition of effluent generated 

by the abattoirs. Information collected from direct observation were presented in pictures, and 

those collected from key informant interviews where presented and described. The outcome of 

water sample analyses was further analyzed statistically using the student t-test and correlation 

analyses. The finding indicate that; firstly out of the 8 abattoirs, only 1 had the required facilities 

for slaughtering and treatment of abattoir waste. However, in the abattoirs of Ekona and Buea 

town, the animal blood was collect and used for preparing feed for pigs. No waste treatment and 

or recycling activities were carried out in the remaining 5 abattoirs. Analyses of water samples 

collected indicated that the abattoirs generated pollutants with only total dissolved solids (TDS) 

and turbidity exceeding the WHO standards. The study concluded that waste management should 

be mainstreamed in the construction and operation of abattoirs in Fako, and Cameroon generally. 

It was therefore recommended that abattoirs of Fako division be renovated and equipped with up-

to-date slaughtering and waste collection/management facilities. Additionally, it was considered 

that promoting the use of recycled products of abattoir waste will generate demand for it and render 

abattoir waste management more self-sustaining. This however calls for more researches on the 

various uses and applications of treated abattoir waste. 

Key words: Abattoir, Wastes, Waste Management, Effluent, Water quality, Pollution. 
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CHAPTER ONE 
 

INTRODUCTION 

 

1.1 Background to the Study 

Water is the most common and the most vital liquid for all living things in the earth (Tsuno, 2006). 

Man cannot live without suitable water, and water becomes unsuitable when it is polluted. The 

World Health Organization (WHO, 2010) estimates that approximately a quarter of the diseases 

facing humanity today occur due to continued exposure to water pollution. 

Surface and ground water contamination is a major problem in most developing countries today 

(Omole and Longe, 2008). The nature and source of contamination, however, vary from one nation 

to another. Even so, only a minor percentage of the population in these nations have access to safe 

and portable water while most surface water is either contaminated by industrial effluents or by 

municipal sewage.  

Usually, the pollution is either of a point source or non-point source. The point sources of pollution 

take place when pollutants are discharged directly into the water body from a source, for example, 

industrial sewage or municipal wastewater pipes, while the nonpoint sources deliver pollutants 

indirectly through environmental changes such as contamination from urban run-off (Krantz and 

Kifferstein, 2005).  

Increasing disposal of wastes in the aquatic bodies means a great potential for environmental 

damage, and this underscores the need to monitor, protect and manage water resources. However, 

water quality should also be preserved from the viewpoints of living environment for biota and the 

ecosystem. Impact of water pollution on these means direct and indirect adverse effects on human 

beings through the food chain and disturbances in the ecosystem (Naila, 2008). 

Abattoirs are small scale industries and Magaji and Chup (2012) reported that the slaughtering of 

animals in abattoirs for community consumption is inevitable in most nations of the world and dates 

back to ancient times. The latter stated that unrestricted abattoir had been traced to the 15th and 16th 

centuries, in Rome and France, where slaughter houses were amongst the public facilities given by 

the State. In Italy, a law of 1890 required that public abattoirs be provided in all groups of more 

than six thousand inhabitants. Similar reports were made in Norway, Sweden, Denmark, 

Netherlands and Romania in the late 18th century (Jode et al., 1906). In Cameroon and countless 
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other African nations, nearly every town and/or neighbourhood are provided with an abattoir or 

slaughter slab. Edwards et al. (1979) observed that abattoirs were situated in urban, rural and 

designated industrial sites in South Africa and that each had advantages and disadvantages. 

With increasing population in major city areas coupled with varying diet patterns, high revenue 

level has steered a rise in the demand for meat which translates to an upsurge in the magnitude of 

waste being produced in abattoirs. FAO (2010), reported that the per capita meat intake in less 

developed countries has amplified three folds with the rising demand leading to increased livestock 

production. This thus led to an upturn waste production from abattoirs. On a daily basis, animals 

are slaughtered from abattoirs and meat retailed to the public for consumption in urban and rural 

areas. It is reported that each year about 56 billion animals are slaughtered for feeding worldwide 

(Nierenberg, 2003).  

The average total amount of waste produced per animal slaughtered is approximately 35% of its 

weight (World Bank, 1998). The mass of a mature cow differs with size, ranging from 400kg for 

thin, 550kg for moderate to 750kg for the obese (Hammack and Gill, 2002). Robert (2005) said that 

the disposal of waste products from abattoirs is a problem that has continually dominated the 

slaughtering sector, and on the average, 45% of each live beef animal, 53% of each sheep and 34% 

of each pig consist of non-meat substances. Sridhar (1988) also indicated that a cow conveyed for 

slaughtering can yield 328.4kg of waste in the sort of dung, bone, blood, horn and hoof. 

The main actions involved in the operation of an abattoir are: reception and holding of livestock, 

slaughter and carcass dressing of animals, carcass boning and packaging, icing of finished carcass 

and cartoned product, rendering processes, drying of skins, and transference of processed material. 

All these processes that take place in abattoirs are to make obtainable the edible portions of the 

animals for human intake, as a result waste is being created from the process. Waste from abattoir 

can either be organic or inorganic, solid, liquid and fat. Steffen and Kirsten (1989) said that in the 

abattoir operation procedure, significant amounts of waste constituents including organic and 

inorganic solids are produced. The solid parts include: decayed meat, undigested food, horns, hair 

and aborted foetus; the liquid part include: blood, urine, water and dissolved solids; while the 

effluent also consist of fat, oil and grease which are features with eminent organic level (Magaji 

and Chup 2012). Thus the waste which these structures produce needs to be managed properly to 

protect our environs and human safety.  
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All over the world, abattoirs are well-known to pollute the environment either directly or indirectly 

from their various processes (Adelegan, 2002). Direct pollution occurs when the waste is emptied 

on a piece of land or into the stream without pre-treatment due to absence of facilities while 

indirectly pollution occurs when the waste is carried from the abattoirs dumpsite in the raining 

season by run-off, into the water bodies or the neighbouring environment. Abattoir waste, like any 

other waste when not properly managed and disposed can pose environmental and human health 

hazards.  

Robert et al. (2009) reported that the dumping practices of waste from abattoirs in South Africa 

were not environmentally approachable. Studies from Nigeria and Ghana shows that many abattoirs 

in these countries either deposited waste materials in the immediate environs or disposed them 

straight into water bodies, some of which aided as sources of water for the abattoir (Weobong, 

2001; Adelegan, 2002; Osibanjo and Adie, 2007). Effluents composition from abattoirs is very 

detrimental to the surroundings and water bodies. Evidence from empirical studies shows that 

abattoir activities are accountable for the contamination of surface and underground water bodies, 

reduction of air quality as well as quality of health of inhabitants within the neighbouring 

environment (Raymond, 1977; Patra et al., 2007; Odoemalan and Ajunwa 2008 and Katarzyna et 

al., 2009).  

Ogbonnaya et al. (2011) – reported that in most abattoirs where waste is disposed in water without 

treatment; leachates from their serial decomposition methods have the possibility to pollute 

neighbouring surface water, enteric pathogens, and excess nutrients may infiltrate into the 

underlying aquifers and contaminate groundwater. 

Clean water resources used for drinking, sustaining aquatic and terrestrial ecology, industry and 

aesthetic values, along with breathable air, is ranked the most vital and important need of all viable 

populations (Magaji and Chup, 2012). Therefore, these water resources should remain within 

specific quality limits, hence require stringent and conservative protection measures. In the year 

2015, the UN stressed on improving water quality by reducing pollution, eliminating dumping and 

minimizing release of hazardous chemicals and materials, and halving the proportion of untreated 

wastewater and substantially increasing recycling and safe reuse globally (goal # 6 of the 2030 

Agenda for Sustainable Development).  

The right to clean water is a fundamental right to human beings giving that water is the greatest 

indispensable resource. This right is most effective when nations subscribe to the international 
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human rights law and incorporate these laws into their domestic policies and legal frameworks. The 

state or nation then must enforce this by way of the judicial scheme if there is any practice of 

violation by anyone who so ever. The rights of access to clean water are recognized under the 

Cameroonian law, but the Cameroon constitution does not make available for the rights to water 

explicitly (Roy, 2013).  

It is stipulated that “everyone has the right to a healthy environment, and the safety of the 

environment shall be the responsibility of every Cameroonian, and the state shall ensure the 

protection and improvement of the environment” (Tamasang, 2007) but this is not the case on the 

ground. From the Cameroonian perspective, the right to clean water is not regarded as a basic 

human right but as the sovereign right of the state, and they lack a formal and coherent water policy 

document (Roy, 2013). This explains why disposal of abattoir waste into the water bodies is not 

considered an issue though it might be dangerous to the surroundings and the aquatic system. 

1.2 Problem Statement 

Wastes from abattoirs are troublesome due to their high content of putrescible organic matter, trace 

heavy metals, salts, bacteria, viruses, other microorganisms and sediment. Cooper et al. (1979) 

asserted that abattoir effluents can contribute significantly to high levels of nitrogen, phosphorous 

and biochemical oxygen demand, as well as other nutrients in water bodies. When washed into 

wetlands, streams, and rivers, it can lead to the reduction of oxygen, thereby threatening aquatic 

life. It can also cause water supply damage (Figueras, 2000). Inappropriate animal waste disposal 

from abattoirs can also lead to animal diseases being transferred to humans through contact with 

animal faeces (Raymond, 1977). Possible health risk from water-borne pathogens can exist in water 

polluted by abattoir effluents. Such contamination of water bodies from abattoir waste could 

establish important ecological and public health dangers (Nafarnda et al., 2012). 

For hygienic reasons, abattoirs normally use large amounts of water in handling all its operations, 

thereby ending up producing large quantity of wastewater. According to Gauri (2006), the core 

problems associated with this abattoir waste water is the large volume of suspended solids and 

liquids waste which can produce odour; and pollutes the environment.  

The South West region of Cameroon has witnessed enormous infrastructural and population 

changes in the last two decades. Today, the population of the region has by far surpassed the 

capacity of the available infrastructures and other social amenities. The collective impact of this 

scenario has been an overstraining of most basic facilities. Undoubtedly, the abattoirs may not even 
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have adequate structures and facilities for treatment of their effluents. Manga et al. (2007), indicated 

that waste management practices in the South West Region are undeveloped because of lack of 

waste management facilities. The fact that these abattoirs in the region are usually located beside 

streams, wetlands, and rivers, there is high probability that the wastes and effluent generated on 

daily bases, are disposed into these water resources, thereby portending potential ecological and 

health hazards both to aquatic life and humans in the community.  Furthermore, there is slight or 

no extenuating plan by the government to address this potential aquatic ecological foot print. 

Therefore there is necessity to examine the various management practices and assess their 

implications on surface water quality and the surrounding communities since the sustainability of 

aquatic and terrestrial ecology, as well as the aesthetic values in the region, is of ultimate importance 

to development.   

1.3 Objectives of the Study 

1.3.1 Main Objective  

The main objective of this study is to assess abattoir waste management and its potential effects on 

humans and surface water quality in selected areas around Fako Division, within the South West 

Region of Cameroon. 

1.3. 2 Specific Objectives 

The specific objectives include: 

1. To assess the structures, facilities and practices of abattoir waste management in Fako division 

and identify potential human health hazards associated with them. 

2. To investigate the water quality of nearby streams and compare them with WHO standards. 

3. To propose best practices for a sustainable management of abattoir waste in Fako Division. 

1.4 Research Questions 

This study seeks to answer the following research questions: 

1. What structures, facilities and waste management practices exist in abattoirs in Fako Division? 

and what are the potential human health hazards associated with them? 

2. What is the water quality of nearby streams and how does it compare with WHO standards? 



 

6 

3. What are possible best practices for a sustainable abattoir waste management in Fako Division? 

1.5 Significance of the study  

This study will contribute to the establishing of baseline data as well as advancement of knowledge 

about abattoir waste management practices and its impacts on water quality and humans in Fako 

Division. It will also be of great help to the following: 

 To the Community: 

It will create awareness in the communities where the abattoirs are located in that they will 

understand that an abattoir needs to contain a waste treatment component to preclude pollution 

and that the practices carried out in the abattoirs should be environmentally friendly. 

 The Government:  

An understanding of the effect of abattoir activities and its related impacts will be of great help 

to the government in the formulation and elaboration of national or regional natural resources 

management policies and legislative frameworks. This work will serve as an eye opener to the 

government in Cameroon since they will be reminded of the effect polluted water has on 

individuals and the ecological system and will understand the structures to put in place at the 

abattoirs for treatment of the waste to prevent further pollution.  

 Councils and Regional Delegation of Livestock, Fisheries and Animal Industry: 

To the councils, divisional and sub-divisional delegates, this research will help them understand 

the human and environmental effects of waste discharged from abattoirs allowing them to pay 

adequate attention to appropriate handling and treatment of abattoir waste while ensuring 

protection of surface water bodies.  

 To Researchers: 

The study will add to knowledge on natural resources degradation, and spur up further research 

on abattoir waste management. It may also form a basis on which others can develop their study 

and will serve as a baseline information. 

1.6 Scope of the Study 

1.6.1 Thematic Limitation 

Waste management is a very wide theme that encompasses the management of different types of 

waste. However, this work is delimited to abattoir waste management with focus on effluents from 

abattoir facilities. The work was carried out from December 2016 to October 2017. 
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1.6.2 Geographical Scope 

The study was conducted in the South West Region of Cameroon but was limited only to some 

abattoir facilities in eight locations under Fako Division, including Muyuka, Ekona, Muea, Buea 

Town, Mutengene, Tiko, Mile 4 and Limbe. Particular focus were on communities like; Ekona, 

Mutengene, and Muea whose abattoirs are found beside streams. 

1.6.3 Scope of Water Quality 

Water quality measurement constitutes the analysis of many different parameters. However, the 

selected parameters considered for measuring water quality in the study include pH, Temperature, 

Conductivity, Total Dissolved Solids, Biological Oxygen Demand, Turbidity, and Nitrates. 

1.7 Description of the Study Area 

Cameroon is a Sub-Saharan West-Central African country bordered by Nigeria, Gabon, Chad, 

Central African Republic, Equatorial Guinea and Congo. Cameroon has ten regions; Adamawa, Far 

North, Littoral, West Region, East Region, South West Region, North West Region, Centre Region, 

South and the North Region. This study was carried out in the South West Region specifically in 

Fako Division situated between latitudes 4o 3"and 4o 12"N of the equator and longitudes 9o 2" and 

9o 9"E of the Greenwich Meridian (Lambi, 1999). It is made of some towns like Buea, Muea, Ekona, 

Muyuka, Mutengene, Tiko and Limbe (figure 1.1) with Buea being the capital of the South West 

Region that also host the Governor of the Region. It is an extremely complex community found 

between a mixture of urban, semi urban, rural and traditional settings. Fako is restricted to the north 

by tropical forest on the slope of mount Cameroon (4100 m above sea level). The mountain range 

extends to the lovely sandy beaches of Atlantic Ocean. The division also shares a boundary with 

other major towns like Limbe, to the South West, Douala to the South East, Kumba municipality 

to the East and Idenau district to the West. The rising population of the division particularly in Buea 

sub division has witnessed a significant growth in infrastructural development. The south west 

region is one of the two regions speaking English in Cameroon out of the ten regions that make up 

the republic. 
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Figure 1.1 Location of study areas in Fako Division, under South West Region of Cameroon 

1.7.1: Geomorphology:  

The most noticeable physical feature of the division is the Mount (Mt) Cameroon found in Buea. 

This is the highest mountain in west and central Africa with an elevation of about 4095 m above 

sea level. It is an active volcano with its latest eruption on the 2nd of February 2012 (Roy, 2013). It 
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is part of the Cameroon Volcanic Line (CVL) which stretches from the Gulf of Guinea through the 

western High Plateau, Lake Nyos, and the Oku Massif right up to the Ngoundere Plateau (Roy, 

2013). Buea lies on the eastern slope of Mt Cameroon.  

The area is situated on the foot-hills of Mount Cameroon where there are volcanic soils. The 

geology of this area is influenced by the proximity of Mount Cameroon which is an active volcano. 

These stimulate high rates of weathering accompanied by rich and luxuriant vegetation growth. The 

mixture of high relief (4,095 m) and nearness to the sea lead to solid local climatic contrasts. The 

core rain-bearing winds coming from the southwest are interrupted by Mount Cameroon, thus the 

highest rainfall is recorded on the southwest flank of the mountain. The eastern flank which is 

partially shielded from the oceanic influence receives less rainfall. 

1.7.2: Hydrology 

This region is a rich hydrological reservoir because of the jointed nature of basaltic rocks and the 

porous nature of the scoriaceous materials (Lambi and Kometa, 2009). Volcanic activities resulting 

in faults, cracks, and fissures facilitate the percolation of water through the impermeable layers of 

basalt into the deeper aquifers which come out down the slope as springs. Most streams at 1800 m 

and below arise as springs some of which have been commercially exploited on the eastern slope 

of Mt Cameroon by SUPERMONT (Lambi and Kometa, 2009). The topography in Buea is hilly 

and characterized by numerous springs and streams that are used for drinking and domestic 

purposes. Many smaller streams are found in the other towns, and these feed the main rivers and 

streams in the division which empty into the Atlantic Ocean. The watercourses are used by the 

community members for harvesting fishes and sand and also for domestic purposes (washing, 

cooking, and even drinking).  

Faults and fractures caused by tectonic movements particularly along the low lying piedmont 

regions can retain huge amounts of running and penetrating water which surge out down the slope 

as springs (Akoachere et al., 2006; Lambi and Kometa 2009). Vegetation cover and type influence 

stream water chemistry through various processes including direct chemical uptake and indirect 

impacts such as the supply of organic matter to soils and channels, change of water movement, and 

stabilization of soil (Lucas, 2001; Dosskey et al., 2010). 

1.7.3: Geologic Setting: 

The geology of this region is influenced by the existence of mount Cameroon an active volcano. 

Mount Cameroon lies along the Cameroon Volcanic Line (CVL) which stretches from the Atlantic 
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Ocean right up towards Lake Chad. The CVL is a tectonic structure comprising a chain of volcanoes 

extending for about 1600 km (Lambi and Kometa 2009). Buea is situated on the eastern slope of 

Mt Cameroon, and its geology is a result of the presence and influence of the active volcanic actions 

of the mountain. The eastern slope of Mt Cameroon is considered a hot-spot for biodiversity 

because it harbors some endemic flora and fauna species (Roy, 2013). The area is characterized by 

basaltic rock types which are dark in color, fine grained and is mostly extrusive resulting from lava 

flow from a volcanic eruption. Most ocean floors are underlain by basalts, and some part of the 

continental crust is covered by basalts brought about by lava flows due to volcanic action. 

Sedimentary rocks are predominant around Tiko and Muyuka. Alluvial deposits and clays as a result 

of weathering of igneous rocks are mostly found around the creeks in Tiko plain (Ako, 2012). The 

jointed and fractured nature of the basalts coupled with the unwelded nature of the pyroclastic rock 

deposits gives the underlying substratum a high porosity and permeability portraying the underlying 

lithology as a spongy material with good drainage (Lambi and Kometa, 2009).  

1.7.4: Climate 

Fako Division is GMT +1 hour and is mostly cloudy. Average sunrise is at 06:16 and sunset at 

18:10, with an equatorial climate with two major seasons. Rainy season which runs from April to 

October and Dry season, from November to March. Temperature ranges between 20 oC to 28 oC 

while, annual rainfall ranges between 12000 mm to 20000 mm. The mountain regulates the diurnal 

temperatures and maintains atmospheric humidity due to the altitudinal gradient (Endeley et al., 

2001). Average monthly High/Low Temperature for these areas ranges from 23 oC low to 32 oC 

high. This temperature increases as one move downwards from Buea to either Muyuka, Tiko or 

Limbe reason being that Buea is on the foot of the mountain and it is reported that as one moves 

towards-, higher altitudes, the colder it becomes.  

1.7.5: Vegetation 

Fako Division is a biophysical environment surrounded by an evergreen tropical ecosystem with a 

high variety of biodiversity including birds and animals species.  It has very rare species of plants 

and animal found nowhere else in the world such as the unique medicinal Prunus Africana and 

animal species like cross river gorilla (a great ape), De Brazza's monkey (Cercopithecus neglectus), 

the black colobus (Colobus satanas); the patas monkey (Erythrocebus patas); living only under 

particular condition, from vegetation thick forest, secondary forest to shrubs towards the peak of 

the mountain (Sevink et al., 2014). We also have crops like plantains, cassava, maize and cocoyams 

cultivated to sustain a livelihood. 
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1.7.6: Soils 

Fako division is dominated by metamorphic and volcanic soils. The area is covered with a variety 

of soils; volcanic nutrient-rich soils, sandy alluvial soils, and clay soils can also be found in some 

areas. The area is rich in, black volcanic soil with high humus content making the area very fertile 

and predisposed for agricultural production. The soils here are known to be young and fertile and 

are particularly rich in potassium and other volcanic minerals (Iyabano, 2012). However, the 

division is suffering from high soil erosion due to increasing human actions influencing loss of 

vegetation cover. 

1.7.7: Human Population and Activities 

Fako Division has an estimated population of about one million inhabitants (BUCREP, 2005 figures 

and annual growth rate of 5% as per UN projections for urban population growth rate for Africa). 

The indigenes of the area are mostly the Bakwerians from Buea, Limbe, and Tiko while Muyuka is 

made up of people from the Balong community.  The languages spoken by these natives is Bakweri 

and Balong respectively which is equally written and documented. English and French are two 

official languages used for common interaction while pidgin is the lingua franca. The average life 

expectancy of this region is 50 years (Statistics, 1999) literacy rate is on the increase with some 60-

75% of the youths having access to education. 

Fako has a moderate economy with agricultural, administrative, business, tourism and the financial 

segment taking the central stage of this part of the South West Region. Agriculture is the major 

activity in the Division, due to its rich volcanic soils. There are large Plantations that include 

Cameroon Tea Estate, Cameroon Development Cooperation, Delmonte banana, as well as small 

holder palms, rubber and tea farms. It also has other major activities like Eco-tourism, fishing, 

hunting and other businesses like petite trading. 

Due to its rich soil and good vegetation in Buea, the town is hospitable to so many migrants from 

the grassland regions in Cameroon, with diverse ethnicity including Mankon, Bafout, Nkambe, 

Ndop, Bamilikes, and even the Ibos from Nigeria who are engaged in farming as their major 

occupation. It also has so many religious groups, a majority of them are Christians of different 

denominations like Catholics, Presbyterians, Baptist, Full Gospel Mission, the Apostolic, 7th day 

Adventist, and Jehovah witnesses, among others. There exists a rising trend of Christian spiritual 

or charismatic churches with a particular inflow from Nigeria. However, a few native populations 

still maintain their traditional African religions- jujus, and beliefs. 
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The division is blessed with facilities such as regional and divisional delegations, banks, hospitals, 

hotels, recreational sites, restaurants, transport agencies and schools from nursery right up to 

universities. 

Mt Cameroon which is found in Buea is one of the utmost predominant touristic attractions in 

Cameroon. The annual Mt Cameroon race attracts national and international participants and 

audience. 

1.8 Organisation of the Study 

The study is divided into five (5) chapters. Chapter One comprise of the introduction, background 

to the study, statement of problem, objectives and research questions, the significance of the study, 

scope, description of the study area, and definition of terms. Chapter Two consists of a review of 

related literature, conceptual and theoretical frameworks and gaps in the literature and ways to fill 

them. Chapter Three presents a description of the material and methods used in carrying out the 

study. It consists of the research design, sampling strategy, methods of data collection, analytical 

approach and methods of validating the results. Chapter Four presents the results and analyses of 

the findings, and it also presents the limitations of the study. Chapter Five presents the summary of 

findings, conclusion, and recommendations.  

1.9 Definition of Terms 

Abattoir: 

Abattoir Acts of United States Environmental Protection Agency, USEPA (1988) defines abattoir 

as any premises used for or in connection with the killing of animals whose meat is envisioned for 

human consumption and include a slaughter house but does not involve a place situated on a farm. 

An abattoir has also been defined as a premise accepted and registered by the controlling authority 

for hygienic slaughtering and inspection of animals, processing and actual preservation and storage 

of meat products for human consumption (Alonge, 1991). 

The words “Abattoirs” and “slaughter houses” are often used interchangeable words and are 

essentially synonymous with each other. These plants are considered primarily for slaughtering of 

livestock and dressing of carcasses only, with limited or no processing of byproducts (COWI 

Consulting Engineers and Planners AS, 2001). 
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Effluent: 

Effluent is defined by the United States Environmental Protection Agency as "wastewater - treated 

or untreated - that streams out of a treatment plant, sewer, or industrial channel. Generally, refers 

to wastes discharged into surface waters". 

Waste: 

UNEP (2004), defined wastes as any substance or object, which is disposed of or envisioned to be 

disposed of or is essential to be disposed of by the provisions of national law. Mugambwa, 2009, 

reported Waste also refers to “an item, material or constituent you as an individual consider useless 

at a specified time and place.” Waste can be solid, liquid and gaseous and are classified as municipal 

– domestic, markets, offices; industrial, generated from industries – where industrial waste is not 

damaging, it is classified as municipal while when harmful as hazardous; agricultural waste from 

agricultural activities; and mining waste from mining. According to United Nations Economic 

Commission for Africa, UNECA (2015) the typology of wastes produced in Africa incorporate 

manufacturing, agricultural, sewage, domestic, municipal and other rubbishes as well as wastes 

from the medical, nuclear, electrical and electronic industry. 

EPA defines waste as; the transport, handling, storage, treatment (comprising recycling and 

recovery) and disposal of waste, as well as actions that produce certain categories of waste. 

Waste Management: 

Waste management is defined as; the collection, transportation, and removal of garbage, sewage, 

and other waste products. Waste management includes management of all processes and resources 

for proper control of waste materials, from maintenance of waste transport vans and dumping 

facilities to compliance with health codes and environmental regulations. 

Abattoir Waste:  

Abattoir  waste  can  be  defined  as  waste  or  waste  water  from  an  abattoir  which  could  

comprise of the pollutants such as  animal faeces,  blood,  fat,  animal trimmings,  paunch content 

and urine (National Water Act, 1998). 

Abattoir Wastewater 

Coker, Olusaga and Adeyemi (2001) define abattoir wastewater (also known as effluent) as water 

that has been used in washing of slaughtered cattle, sheep, goat and pig carcasses, the floor of 

slaughter hall, personnel and slaughter equipment. 
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Hazard: 

A potentially damaging physical event, phenomenon or human activity that may cause the loss of 

life or injury, property damage, social and economic disruption or environmental degradation. 

Hazards can be natural or induced by human processes (FAO, 2008). 

Pollution: 

Pollution is defined as the introduction by man into the environs of materials or energy likely to 

cause dangers to human health, harm to living resources and ecological systems, destruction to 

structure or amenity, or obstruction with legitimate uses of the environment (Holdgate, 1979).  

Water Pollution:  

Water pollution is commonly defined as any physical, chemical or biological change in water 

quality which adversely impacts on living organisms or which makes a water resource inappropriate 

for one or more of its advantageous uses (UNEP/WHO, 1988). Water pollution on this study means 

any physical, chemical or biological change in water quality which affects living organisms or 

makes water resource inappropriate for one or more of its beneficial use as the result of abattoir 

waste discharge. 

Environmental Pollution: 

Environmental pollution is regarded as any state or situation in which any material or combination 

of materials present in the ecological system is harmful to the health of man, plant, and animal or 

affects the well-being of man now or at a later time (Chukwu et al., 2007). 
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CHAPTER TWO  
 

LITERATURE REVIEW AND THEORETICAL FRAMEWORK 

 

2.1 LITERATURE REVIEW 

2.1.1 History of abattoirs 

The terms slaughterhouse and abattoir are synonymous and used interchangeably (Cowi, 2001). 

Public abattoirs had been traced to the 15th and 16th century in Rome and France, where abattoirs 

were among the public facilities provided by the state (Magaji and Chup, 2012). In Italy, a law of 

1890 ordered that public abattoirs be delivered in all cities of more than six thousand citizens, 

similar reports in Norway, Sweden, Denmark, Netherlands, and Romania in the late 18th century 

(Jode et al., 1906). Weobong and Adinyira  (2011), reported that in 2001, there were about 360 

licensed red meat abattoirs in the UK; in nearly every town and the neighborhood was provided 

with slaughter house or slaughter slab. Robert (2005), reported that in the United Kingdom, 

abattoirs or slaughter houses perform a vital role in obtaining cattle and sheep from farms and 

transforming them into carcass meat.  

The composition and characteristics of waste vary between developed and less developed countries, 

cultural diversity among others. The magnitude of waste produced in rural areas might be more 

than built-up areas because of a jumble of agricultural and municipal waste, while in urban, which 

is mostly municipal, nature differs drastically. Rural areas comprise mostly biodegradable waste 

since they are mostly into agricultural activities, while urban areas contain mostly non-

biodegradable waste because of the kind of activities that are carried out there.  

2.1.2 Location of abattoirs 

The location of an abattoir is very important since it determines the level and rate at which the 

environment can be affected. Osibanjo and Adie (2007), recommended that abattoir should be 

constructed on firm gently slope and away from other structures such as residential areas and 

factories.  Eni et al. (2014), reported that the spread of pollutants in water bodies is aided by the 

topography. The later authors added that abattoirs should be established out of residential areas and 

can best be established close to agricultural farms to serve as manures for plant growth (Neboh et 

al. 2013). Edwards et al. (1979), proposed that the site for abattoir should be selected well away 

from town boundaries including projected town boundaries. Many people have expressed 
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disapproval with the location and ways abattoirs in their neighbourhood are being managed (Neboh 

et al. 2013). 

2.1.3 Abattoir Facilities 

Facilities for treatment of abattoir effluents are lacking in most developing countries, unlike in the 

developed countries where these facilities are adequately provided (Obgonnaya C. 2008). Oyeyemi 

(1990) reported that developing countries lack proper slaughter facilities, insufficient water supplies 

and sewage disposal and are of low standard for butchers and meat handlers, coupled with improper 

positioning of the abattoirs. They also lack waste treatment schemes in the form of anaerobic 

lagoons. This facilitates degradation of organic materials by microorganisms in the absence of 

oxygen into methane (Massé and Masse, 2000) which can be harnessed for energy consumption. 

Edwards et al. (1979) and Olanike (2002), also reported that the slaughtering of animals in abattoirs 

of developing countries is usually carried out in inappropriate buildings, and by inexperienced 

slaughter men and butchers who are ignorant of sanitary principles. Abattoir Acts (1988), reported 

in 1992, that the European Commission introduced a Pan –European fresh meat directives signed 

to standardize structures in the United Kingdom. Similarly, in United States of America the same 

intervention was recorded (Mittal, 2004). On the contrary, little intervention or response has been 

made in the developing nations (Hassan et al., 2014). 

2.1.4 Waste management 

Environmental problems have increased in geometric dimension over the last three decades with 

improper management practices being largely responsible for the entire pollution of the aquatic 

environment with a concomitant increase in water borne diseases (Osibanjo and Adie 2007). Robert 

(2005) submitted that the dumping of waste products is a problem that has always dominated the 

slaughtering sector. Raymond (1977), reported that animal wastes could affect water, land or air 

qualities if proper practices of management are not adhered to. Fearon et al. (2014), reported that 

abattoir waste disposal in many countries had been a major challenge, in most cases, waste materials 

are disposed of without regard to sound environmental management practices, thus making them 

harmful to humans and other terrestrial and aquatic life.  The manner in which abattoir waste are 

disposed results in environmental problems since there is no provision of sewage treatment systems 

for the management of such wastes (Eni et al., 2014). Eni et al. (2014), stated that in Nigeria, most 

abattoirs dispose their wastes directly into streams and nearby rivers lacking any form of treatment 

and the slaughtered meat is washed and emptied into the same surface water body. 
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Improper management of waste from abattoirs can lead to health hazards and even death. The 

magnitudes of infection by pathogens originating from poor slaughterhouse waste management can 

range from temporary morbidity to mortality, especially in high-risk individuals (Nafarnda et al., 

2012). A lack of awareness, technical knowledge, legislation, policies, and strategies are major issues 

for waste management in most developing countries (Hwa, 2007). 

2.1.4.1 Classification of slaughterhouses  

Slaughterhouses may be divided into two categories based on the magnitude of waste produced 

(Abrha, 2003):  

(1) Simple slaughterhouse: A plant that slaughters and does a pretty limited amount of by-product 

processing. Its main products are fresh meat in the form of whole, half or quarter carcass or smaller 

meat cuts; and  

(2) Complex slaughterhouse: A plant that slaughters and does great processing of by-products. 

Usually at minimum three of the following procedures take place: rendering, paunch and viscera 

handling, blood processing, and hide and hair are processing (FAO, 1996). The general flow diagram 

for both types of slaughterhouse process is presented in Figure 2.2. 
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Source: Carawan et al. (1979) 

2.1.4.2 Abattoir Effluent 

Abattoir effluent (waste water) has a complex composition and can be very detrimental to the 

environment (Polprasert and Tran, 1992). Rojie et al. (2008), reported that effluent from abattoirs 

has an extraordinary capacity to contaminate the environment due to their high content in animal 

blood and fat, dirt and other pollutants. Fresh abattoir effluent is mostly composed of diluted blood, 

fat and suspended solids and may also comprise some coarse solids like manure, pieces of meat, 

etc. (Ezeoha and Ugwuishiwu, 2011). An inquiry into activities of the central abattoir in the Tamale 

metropolis showed that effluent water from the facility was highly polluted (Weobong and 

Adinyira, 2011), with all the measured parameters exceeding acceptable standards set by the 

Environmental Protection Agency (EPA) of Ghana (Fearon et al., 2014).  

2.1.4.3 Sources of Wastewater in Abattoirs 

The word wastewater is defined as the spent or utilized water of a society or industry which 

comprises dissolved and suspended matter, and about 99% of which is liquid while the remaining 

1% is a solid waste (FAO, 1991). The main sources of waste in the meat processing industry are 

from animal care, killing, hide or hair removal, eviscerating, carcass washing, trimming and clean-

up operations (USEPA, 2004). Woodward (2001) stated that almost every operation involving 

slaughtering and processing animals’ results in wastewater generation. Wastewater from 

slaughterhouse operations is generated primarily from the washing of carcasses after hair removal 

from hogs and hides removal from cattle and sheep, carcass washing after evisceration, equipment 

and facilities cleaning and sanitizing, cooling of mechanical equipment, and scalding to remove hairs 

from hogs (USEPA, 2002a).  Regardless of the type of animals slaughtered (cattle and hog) a typical 

flow diagram illustrating the sources of wastewater in both simple and complex slaughterhouses is 

shown appendix 6.  

2.1.4.4 Characteristics of Abattoir Wastewater 

Plant size, species slaughtered, amount of processing, reuse of water, wastewater segregation, by-

product processes used, and some by-products and all items produced to influence the quantity and 

characteristics of the slaughterhouse wastewater (Abebe, 2009). The abattoir and meat processing 

wastewater include a mixture of fats /tallow, proteins, blood and mucosa resulting in having a huge 

content of organic material and deposits and consequently a large BOD and COD (Kobya et al., 

2005), as well as high dissolved solids (Bull et al., 1982). Such wastewater also has a high 

temperature (20 to 30 oC), high content of nitrogen (from blood) and phosphorus and with the 
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existence of toxic compounds, pathogenic and non-pathogenic viruses and bacteria, and parasite 

eggs (AL-Mutairi, 2006; IFC, 2007).  

When blood and waste products are not carefully collected, the pollution weight can be two or three 

times higher, and the wastewater amount can also be two or three times larger [Czysz, 1989]. The 

kind or quality of slaughterhouse wastewater rest on the following points: Firstly, the degree of 

separation of by-products such as blood, fat, manure, and unassimilated stomach contents from the 

effluent water (Wilson, 1998; Mittal, 2004) and blood retaining during animal bleeding is recognized 

to be the most significant measure for decreasing BOD (Tritt and Schuchardt, 1992). Secondly, water 

consumption, i.e., water economy usually turns into increased pollutant concentration, although total 

BOD mass remains constant (Masse and Masse, 2000b). Lastly, on the kind of animal slaughtered 

and type of plant or amount of rendering or meat processing actions which means plants that only 

slaughter animals produce a stronger wastewater than those also involved in rendering or meat 

processing activities (Johns, 1995). 

2.1.4.5 Characterization of Wastewater Streams 

Characterization of wastewater is done regarding its physical, chemical, and biological composition 

(Abrha, 2003; Abebe, 2009).  The chemical and biological constituents of wastewater streams are of 

great interest due to their relatively high strength in wastewater effluent streams. It should be 

recorded that many of the physical properties and chemical 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 & Eddy, 2003]. 

Wastewater streams in the meat processing industry are classified as low- or high-strength due to the 

concentrations of physical and chemical contaminants. These include for example; physical 

(Electrical Conductivity and pH) and chemical (Turbidity, BOD, COD, Nitrogen and Suspended 

Solids). 

2.1.4.5.1 Electrical Conductivity (EC) 

Electrical Conductivity is a measure of the capability of a substance to conduct an electric current. 

It is an indirect measurement of the content of ions in the water. It relies on the presence of ions, 

from their common concentration and the water temperature. High values of EC indicate the source 

of pollution in a particular water source (Durmishi et al., 2008).  

2.1.4.5.2 Potentiality of Hydrogen (pH) 

Potentiality of Hydrogen (pH) refers to the measure of acidity or alkalinity. Pure water has a pH of 

7, acidic solutions have lower pH values, and alkaline solutions have higher values. The pH of 
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material ranges on a scale from 1-14, where pH 1-6 is acidic, pH 7 is neutral, and pH 8-14 is basic. 

The pH of water influences the solubility of many toxic and nutritive chemicals; therefore, the 

availability of these substances to aquatic organisms is changed. 

2.1.4.5.3 Turbidity  

Turbidity is an expression of the optical property that causes light to be scattered or assimilated 

rather than transmitted in continuous lines through a water sample (Smith and Davies-Calley, 2001). 

Turbidity in water is resulted by the presence of suspended matter such as clay, silt, finely divided 

organic and inorganic matter, plankton, and other microscopic organisms. 

2.1.4.5.4 Biochemical Oxygen Demand (BOD) 

Biochemical oxygen demand is of great importance to understand due to the organic natures of many 

of the waste materials emitted into wastewater streams by the meat processing industry. For example, 

blood from beef cattle has an average BOD5 of 156,000 mg/L with approximately 32.5 pounds of 

blood produced and recovered per 1000 pounds LWK (EPA, 2002). 

2.1.4.5.5 Chemical Oxygen Demand (COD) 

Chemical oxygen demand (COD) is simply a measure of the quantity of dissolved oxygen consumed 

during chemical oxidation of wastewater, which may or may not be similar to biochemical oxygen 

demand (BOD). 

2.1.4.5.6 Nitrogen 

Nitrogen is also a key component in wastewater streams, whether reported separately or together 

with other compounds. Slaughterhouse wastewater comprises nitrogen (N) nutrients which primarily 

cause eutrophication of surface water that can decrease dissolved oxygen content of water bodies to 

levels inadequate to support fish and invertebrates (Abrha, 2003). Blood and manure are the most 

significant sources of nitrogen in meat processing wastewaters (EPA, 2002). Principally, nitrogen in 

these wastewaters is organic nitrogen with some ammonia nitrogen. Nitrate and nitrite nitrogen are 

normally present only in trace amounts, usually less than 1 mg/L, but these concentrations can 

increase if nitrites are used in certain further processing activities, such as curing of meats (EPA, 

2002). 

2.1.4.5.7 Suspended Solids 

Slaughterhouse wastewater also includes insoluble and slowly biodegradable suspended solids. 

Increased suspended particulate matter can reduce light penetration into the water body, and it may 

also modify benthic spawning grounds and feeding habitats (USEPA, 2002a). 
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2.1.4.6 Wastewater disposal and treatment 

Treatment of abattoir wastewater before it spreads to the receiving environment is very important to 

avoid pollution of the surroundings and destruction of aquatic life. Tjandraatmadja et al. (2012) 

report that treatment of wastewater before reuse is very necessary to avoid the excess amount of 

contaminants such as solids, organic matter, nutrients, and pathogens. A standard abattoir structure 

should have a wastewater treatment system. Wastewater treatment systems are created to remove 

the contaminants from wastewater for a safe return of both the water and the contaminants to the 

environment (McKinney, 2004). There are three major types of treatment technologies namely; 

Primary, Secondary and tertiary treatment plants (figure 2.3). A standard abattoir wastewater 

treatment plant should have three types of storage systems or ponds to reuse the treated wastewater 

into irrigating crops. The first one is an anaerobic pond, followed by aerobic /facultative ponds then 

a polishing / irrigation pond (Desalegn, 2014). 
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The fundamental principles of wastewater treatment include Preliminary treatment that removes 

large objects, rags, and grit. In primary treatment, free particles are skimmed from the surface, and 

weighty particles are removed by quiescent settling or sedimentation (Mittal, 2004). In advanced 

primary treatment, chemicals may be added to improve the sedimentation and elimination of lighter 

suspended solids and, to a lesser extent, dissolved solids. Pre-treatment techniques such as 

screening and sedimentation help to lessen 60% of solids and 25-35 % of BOD load from 

wastewater (Marriott and Sørensen, 2003). Biological and chemical processes are used in secondary 

treatment to remove most of the organic matter and in certain instances, nitrogen and phosphorus. 

Additional combinations of physical, chemical, and biological processes are used in tertiary 

treatment to remove finer particles and other constituents that cannot be removed by conventional 

secondary treatment. Suspended solids may be removed to varying degrees by screening, 

sedimentation, and chemical precipitation. 

Anaerobic lagoons are considered as the greatest available treatment technology for the 

slaughterhouse wastewater as meat industry wastewater is rich in organic pollutants (Masse and 

Masse, 2000b). Anaerobic lagoons can be an effective wastewater treatment technology, for its 

aptitude to reduce BOD 97%, COD 95% and SS 96 % (US-EPA, 2002).  

2.1.5 Environmental Impacts 

Activities carried out in abattoirs have direct and indirect effects on its environs. It also has a 

negative impact on air and water qualities of inhabitants within slaughterhouse neighborhood 

especially slaughterhouse where special or adequate waste removal system is not practiced (Bello 

and Oyedemi, 2009). Residents within communities where the slaughterhouses are located usually 

complain of a stench from the effluent, pollution of their water sources and recurrent disease 

outbreaks among others (Fearon et al., 2014). One of the environmental effects of removing 

slaughterhouse wastewater is deoxygenation of rivers (Quinn and Farlane 1989) and the 

contamination of groundwater (Sangodoyin and Agbawhe, 1992). In general, abattoir effluent 

critically impacts human health, agriculture, potable water and the ecology of aquatic species and 

has become a serious problem for the environment (Abebe, 2009). The table 2.1 below summarizes 

environmental issues at abattoirs. 

 

   Figure 2.3 Wastewater treatment methods 
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Table2.1 Environmental issues at abattoirs  

Process Environmental issue 

Reception of 

livestock Truck 

washing 

Cattle washing 

Effluent containing manure wastes High 

water consumption 

Noise 

Stunning and bleeding Effluent with high organic load, especially if blood is 

discharged 

Hide treatment Generation of putrescible by-products Effluent with a 

high content of organic matter 

Splitting and evisceration Energy consumption for equipment sterilization 

Generation of putrescible by-products 

Effluent with high organic load 

Refrigeration High energy consumption 

Fugitive losses of refrigerants, e.g. CFCs or 

ammonia 

Cutting and boning Electricity consumption 

Generation of putrescible by-products 

Energy consumption for equipment sterilization 

Casing and offal processing Effluent with very high organic load Very 

high water consumption 

Rendering Effluent with very high organic load 

Potential for odour generation 

High energy consumption 

Cleaning High water consumption 

Consumption of chemicals 

Large volumes of effluent with high organic load 

 

Source: [Hasen et al., 2001]. 

2.1.5.1 Pollution Potential of Abattoir Wastes 

2.1.5.1.1 Pollution of surface waters 

Water pollution is the adulteration of water bodies (e.g., lakes, rivers, oceans and groundwater). 

Water pollution occurs when contaminants are discharged directly or indirectly into water bodies 

without suitable treatment to remove harmful compounds. Water pollution is the infection of fresh 
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or salt water with substances that are toxic, noxious, or otherwise damaging to fish and other 

animals and man, including thermal pollution (Lewis, 1993). Wilber (1971), defined water pollution 

as anything whether physical or chemical that affects the natural condition or the envisioned use of 

water. Water pollutants include organic wastes e.g. volatile suspended solids (VSS), living agents 

(e.g. bacteria, viruses), plant nutrients (especially Nitrogen and Phosphorous), synthetic organic 

chemicals (e.g. DDT, dieldrin, etc.), inorganic chemicals and mineral matter (e.g. metals, metal 

salts, acids, particulate matter, etc.), sediments, radioactive materials, hot water, cold water, 

(Wilber, 1971).  

Pollution of surface water, the natural habitation for aquatic animals could have a consequential 

impact on man either directly or indirectly as less than 1% of the world’s freshwater, about 0.007% 

of all water on earth is readily available for direct human use (Krantz and Kifferstein, 2005; 

UNESCO, 2006). Contaminations of aquatic ecosystem by slaughterhouse wastes have been 

reported to constitute significant environmental and unrestricted health hazards (World Bank, 1999; 

Coker et al., 2001; Osibanjo and Adie, 2007).   Rojie et al. (2008), reported that experts from the 

Laguna Lake Development Authority (LLDA) revealed that aside from industries, abattoirs mostly 

contribute to the deterioration of the water quality of the Laguna Lake and its tributaries. The 

contamination of water resources often results in the disruption of primary producers, which in turn 

leads to an immediate diminishing impact on fish yields, with the resulting consequence of a 

decrease in the diet (Aina and Adedipe (1991). 

Abattoir wastes contain materials that can affect the quality of nearby streams. Discharge of animal 

blood into streams would diminish the Dissolved Oxygen (DO) of the aquatic environment (Ezeoha 

and Ugwuishiwu, 2011). DO, and Biological Oxygen Demand (BOD) are very important and 

frequently measured parameters of water quality (APHA, 1989). Animal blood is known to possess 

high Oxygen Demand which when disposed into the stream can lead to the death of fishes. Blood 

from cattle has a Biochemical Oxygen Demand (BOD5) of 156,500 mg/l and a Chemical Oxygen 

Demand (COD) of 218,300 mg/l (Final Report Project, EPA, 1971). Cooper et al. (1979) reported 

that abattoir effluents entering streams add vital levels of Nitrogen, Phosphorous and Biochemical 

Oxygen Demand, as well as other nutrients, causing stream pollution. Wrongful release of blood 

and animal faeces into water bodies may cause oxygen-depletion as well as nutrient-over 

enhancement of the receiving system which could cause an increased rate of toxin buildup 

(Nwachukwu et al., 2011). 
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Abattoir effluents increase the nutrient level in water bodies, and these excess nutrients cause the 

water bodies to be chocked with organic matter. When the level of organic matter becomes higher 

than the rate at which micro-organisms in the water can break it down, it leads to eutrophication. 

Eutrophication means nutrient enrichment or over fertilization (Raven et al., 1993; Mason, 1994). 

Eutrophication occurs when huge amounts of nutrient-rich materials from sewage or other sources 

stimulate the growth of algae especially undesirable species and this leads to the formation of algal 

blooms (Chapman, 1997).  

2.1.5.1.2 Pollution of Underground Water 

Effluent from slaughterhouses has been known to contaminate ground water (Sangodoyin and 

Agbawhe, 1992). Abattoir wastes frequently harbor pollutants that can enter the ground water and 

alter its quality (Chukwu, 2008). Sangodoyin and Agbawhe (1992), reported that ground water 

quality in the vicinity of abattoirs was badly affected by percolation of abattoir emission as well as 

the water quality of receiving stream that was situated away from the abattoir. Sangodoyin and 

Agbawhe (1992) also indicated that the ground water quality in the vicinity of the abattoir was 

badly affected by percolation of abattoir effluent as well as the water quality of receiving stream 

that was located far away from the abattoir. Samples of ground water beneath feed-lots in the south 

Platte River Valley, an area comprising most of the cattle in Colorado, U.S.A, has been observed 

to contain ammonium nitrogen up to 38 mg/L, organic carbon up to 300 mg/L, and to have had an 

aggressive odour (Ezeoha and Ugwuishiwu, 2011). Also, virus-related diseases have been caused 

by ground water pollution (Wilber, 1971). Some researchers point out that abattoir activities are 

accountable for the contamination of surface and underground waters as well as air quality which 

indirectly affect the health of inhabitants living within the neighborhood of abattoirs (Raymond, 

1977; Patra et al., 2007; Odoemelan and Ajunwa, 2008). 

2.1.5.1.3 Health impacts 

Medical experts were reported to have affiliated some diseases with abattoir activities; which include 

pneumonia, diarrhoea, Typhoid fever, Asthma, Wool Sorter disease, respiratory and chest disease 

(Oyedemi, 2000). Sherer et al., (2008), says bacteria from abattoir waste discharged into water 

bodies can consequently be absorbed to sediments, and when the bottom stream is disturbed, the 

sediments release the bacteria back into the water column presenting long term health hazard. 

Inappropriate disposal of discharge from abattoirs could lead to spread of pathogens to human and 

cause disease such as Bacillus, Salmonella infection, Brucellosis and Helminthic diseases and 
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infections (Keating, 1994), pseudomonasis (Sherer et al, 2008), diarrhea, pneumonia, typhoid fever, 

asthma, wool sorter diseases, respiratory and chest diseases (Mohammed and Musa, 2012) 

Ezeoha and Ugwuishiwu (2011), reported that abattoir effluent reduces stream physical and chemical 

quality, in addition to that, pathogens could be spread to humans via water based recreations. Also, 

where abattoir effluent-contaminated waters are used to grow salad crops and vegetables, spread of 

infections is bound to occur because animal wastes are recognized to contain pathogenic organisms, 

triggering salmonellosis, leptospirosis, tularemia, foot and mouth disease, hog cholera, etc. (Saluato, 

1992; Ezeola, 2000; Nwanta et al., 2011). In developing countries, an estimated 80% of all diseases 

and over one-third of deaths are caused by consuming contaminated water (Keating, 1994). 

2.2 THEORETICAL FRAMEWORK 

The study has adopted the Drivers, Pressure, State, Impacts and Response (DPSIR) framework, the 

Cleaner Production Concept (CP) and the waste management model. 

2.2.1 Drivers, Pressure, State, Impacts and Response (DPSIR) framework by Kristensen 

(2004) 

The aim of managing water resources is to safeguard humans while preserving sustainable aquatic 

and associated terrestrial ecosystems. It is, therefore, necessary to quantify and distinguish the 

current state of, and impacts on, water environment and how these are evolving with time. The state 

of water is determined by natural structures such as geology and climate and also by the pressures 

applied by human actions. 

DPSIR framework (figure 2.4) is a framework that was more widely adopted by the European 

Environmental Agency for environmental reporting. The framework addresses the relationship 

between “indicators” such as environmental pressure (the human activities leading to stress), the 

states of the environs affected by, e.g., physical, chemical and biological change in characteristics 

of water, and response can be in policies adopted to resolve the problem and achieve the intended 

goals. 
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Figure 2.4 The DPSIR Assessment Framework  
Source: (Adapted from Christensen, 2004). 

 

DPSIR framework can be modified and used to define the issue of water quality (Figure 2.5). The 

driver or driving force is the need for the meat which leads to the construction of abattoir industry 

that produces waste. Pressures on water quality arise from point source release of abattoir effluent 

into the water bodies. The state of the water depends on the quality of the water which is affected 

by point source discharges. The effluent quality will determine the effect on the surroundings and 

aquatic habitats. Measures (responses) to decrease the adverse effect on water quality include the 

building of a septic tank, lagoon and reservoir for the treatment of waste water before release into 

the environment.  
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Figure 2.5 The Conceptual Framework for Effects of Abattoir Pollutants on Water Resources 

Source: (Adopted and modified from Kristensen, 2004) 

2.2.2 Cleaner Production Concept 

Cleaner Production means the constant application of an integrated preventive environmental 

procedure to processes, products, and services to improve overall efficiency. This leads to upgraded 

environmental performance, cost savings, and the reduction of dangers to humans and the 

environment. The United Nations Environment Program (UNEP) started the concept of cleaner 

production in 1989, and defined it as 'the incessant application of an integrated preventive 
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environmental strategy applied to processes, products, and services to increase eco-efficiency and 

reduce hazards to humans and the environment.' 

Cleaner production activities include procedures such as pollution prevention, source reduction, 

waste minimization, and eco-efficiency. Cleaner production for this study means a production that 

continuously applies technologies that reduce pollution from the abattoirs such as on site 

management and reuse of waste products.  

The concept is about a preventive environmental approach, meant at enhancing resource efficiency 

and decreasing the generation of contamination and waste at source, rather than addressing and 

decreasing just the symptoms by only technically “treating” an existing waste/pollution problem. 

The cleaner production approach emphasizes on pollution prevention and resource recovery (blood, 

fat, and nutrients) rather than the control of pollution. This is achieved by avoiding mixing, dilution, 

and transport of waste and is best achieved by onsite or decentralized management of wastewater 

(Nhapi and Hoko, 2004). Application of cleaner production concepts is summarized in table 2.2. 
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Table 2.2 Cleaner production principles and management practices in abattoirs 
Principle  Practice  

Use lowest amount of input material, energy 

or other resources per unit of product.  

Large amounts of water are used in abattoir 

processes like cleaning while options like 

dry cleaning are available and efficient  

Do not use input material of higher quality 

than strictly necessary  

Water treated to drinking water standards is 

used to clean floors and flush wastes into 

sewers  

Do not mix different waste flows  At the different abattoirs, various 

wastewater flows are combined (blood, 

manure, fat, detergents and oil spillage). 

After disposal into the river, this combined 

waste is mixed further. Obviously this 

practice makes reuse of specific components 

in the mixed waste flow less attractive and 

less feasible.  

Evaluate other economic function and uses 

of by-products before considering treatment 

and final disposal  

Abattoir wastewater is discharged into open 

water resources either with or without prior 

treatment. Blood, fat, cow dung are mixed, 

discharged into rivers without prior 

treatment. By-products recovery should be 

promoted like blood into pet food, manure 

and paunch content into compost.  

2.2.3 Waste Management Model by Roberts and De Jager (2008) 

The model is implemented in four parts. It looks at the how the various parts or processes can be 

handled to prevent pollution and health hazards. The processes are; blood (can also be used for pig 

feeding and as fertilizer for grapes); stomach content (can be buried, disposed at landfill sites and/or 

converted to compost); wastewater (treated wastewater can be reintroduced to system to be used 

for cleaning purposes or for the recycled water to be used for irrigation and on slaughter floors) and 

Condemned products (after sterilizing, bone meal and carcass meal can be manufactured, hooves 
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can be sold for pet consumption, etc). The complete model of waste management (figure 2.6) shows 

what happens in the slaughterhouse. 

 

Figure 2.6 Proposed waste management model 
Source: Swanepoel, (2014) 

2.3 Gaps Identified 

There have been several studies on waste management previously. Rojie et al. (2008) looked at the 

operations and waste management of slaughterhouses concentrating on the environmental and 

public health concerns in relation to the operations and waste management practices of 

slaughterhouses in the Province of Laguna in the Philippines. Fearon et al. (2014) look at abattoir 

operations, waste generation and management in the Tamale slaughterhouse in Ghana but 

concentrated on investigating the process of meat processing and handling at the abattoir and during 

transportation to the markets. Juma, (2010) worked on an assessment of the various methods of 

slaughterhouse waste management and disposal in Nairobi, focusing on the various types of wastes 

generated, how these wastes are handled and the various ways by which the wastes could be reduced 

at minimum running costs without endangering the environment around the abattoirs.  

Oruonye, (2015) looked at the challenges of abattoir waste management in Jalingo Metropolis, 

Nigeria concentrating on the challenges posed by the waste disposed from the abattoir and the threat 
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it poses to residents in the neighborhood. Kehinde and Abioduns, (2014) looked at poor 

slaughterhouse management and focused on assessing the knowledge, attitudes and practices of 

proper waste management among slaughterhouse workers in Nigeria with a view to determining 

possible implications on achieving the Millennium Development Goals (MDGs). Chukwu et al. 

(2011) looked at abattoir wastes generation, and management, assessing the various types of wastes 

generated from abattoirs in Minna, Nigeria and focusing on the various methods of handling and 

disposing of the abattoir wastes with their environmental implications.  

Manga et al, (2007) critically analyzed the current waste management situation in Cameroon with 

particular reference to the policy framework and the devolved roles of the various stakeholders in 

meeting specified waste management objectives. Vermande and Ngnikam, (1994) also looked at 

waste management in Cameroon but focused on waste collection, treatment, disposal practices and 

their environmental implications. Georges, (2015) worked on solid waste management in 

Cameroon but focused on the existing practices, problems of solid waste management and propose 

possible solutions for an effective and sustainable waste management practice.  

Much has been written on municipal solid waste management, but to the best of our knowledge, 

there is limited information available on abattoir waste management in Cameroon especially with 

regards to its potential effects on humans and surface water quality. Worse still, there is no existing 

waste management program for the waste generated from slaughterhouses in most less developed 

countries and Cameroon in particular (Adesokan, 2014).  
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CHAPTER THREE 
 

METHODOLOGY OF THE STUDY 

3.1 Design of the Study 

The study employed both qualitative and quantitative research design. Qualitatively, surveys, 

observations and interviews were used to assess structures, facilities, waste management practices 

as well as identifying potential human health hazard. Quantitatively, questionnaires and laboratory 

analysis were employed to assess the water quality and make comparisons with WHO Standards. 

3.2 Data Acquisition Techniques and Analysis  

The study was carried out in three phases, a field work phase, a laboratory phase and a data analysis 

phase. Table 3.3 presents a flow chart showing all steps followed and the methods used in each 

stage, in carrying out the study. 

Table 3.3 A flow chart showing a summary of all steps followed and the methods used in 

carrying out the study 

.  

 

 

 

 

 

 

 

 

 

 

 

 

PHASE I: FIELD WORK 

Data Collection 

1. Primary Data 

 Survey (reconnaissance studies)- to identify the abattoirs  

 Observations- to observe facilities and effluent disposal method 

 Questionnaire 

 In-depth Interviews 

 Collection of Water point samples 

 In-situ water quality analysis: pH, Conductivity and Temperature 

 GIS Data (using GPS)- to map out the locations of abattoirs in the study area 

 

2. Secondary Data 

Desk review of related literature 

 

PHASE II: LABORATORY WORK 

Laboratory Analyses of Selected Water Parameters   

 Physical Parameters: TDS  

 Chemical Properties: BOD5, Nitrates and Turbidity 

 

PHASE III: DATA ANALYSIS 

1. Scoring  

 2 Statistical Analyses: 

 Descriptive and Bivariate  

 Student t-test –to test for significant difference between the means 

at various locations before and after the discharge point  

 Pearson’s Correlation – test relationship between variables 

 

Statistical tool: SPSS Version 21 
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PHASE I: FIELD WORK 

3.2.1 Data Collection  

3.2.1.1 Primary Data Collection  

The primary data was collected through surveys, observations, questionnaires, interviews, the 

collection of water samples and geographic location points. 

3.2.1.1.1 Survey (reconnaissance studies) 

First of all, a reconnaissance survey was carried out by the researcher to identify the abattoirs in the 

study area and familiarize herself with the area and make acquaintance with potential respondents 

including butchers and veterinarian. Abattoirs were also visited to identify the existing waste 

management facilities, waste management practices, and deposition sites. The Ministry of 

livestock, fisheries and animal industry was visited and permission taken from the delegate to visit 

the various abattoirs in the division. 

3.2.1.1.2 Observations 

During the reconnaissance survey, the researcher observed the abattoir activities as well as the 

infrastructural facilities in relation to waste and effluent management. Pictures of these facilities, 

slaughtering activities, types of waste produced, disposal channels and deposition sites were taken 

using a portable photographic camera.  

3.2.1.1.3 Questionnaire 

A questionnaire (appendix 1) was designed to identify potential human health hazards associated 

with abattoir structures, facilities and practices of waste management in Fako division. The 

questionnaire looked at the socio-economic factors (age, sex, marital status and education level, 

length of time lived in the area) and the health impacts (adverse health effect of those living around) 

of the abattoirs. The radius of coverage was 100 m2 around the abattoirs and the target population 

was about 1200 persons.  

A purposive convenient sampling was carried out and the questionnaires were distributed to sixty 

(60) persons from households around the abattoirs and all those who collected them answered all 

the questions.  

3.2.1.1.4 Interviews 

Structured interviews were conducted with seventeen key informants including: heads of 

veterinarians, heads of butchers, and the divisional delegate for livestock, fisheries and animal 
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industry using an Interview Guide (appendix 2, 3 and 4 respectively). The guide was structured to 

capture information that provide answers to the research questions, regarding the ongoing waste 

management practices, and the required national standards for abattoir operation and effluent 

management standards.     

3.2.1.1.5 Water Sampling and Sample Size 

Eight abattoirs were identified and purposively selected for this study based on the criteria that they 

were operational and located close to surface water resources in Fako division. Three of them were 

located closed to flowing streams (Ekona, Mutengene and Muea respectively) where water samples 

at point locations were collected at distance of 50 m before and after the abattoirs in each of the 

three communities. In Muea, another water point sample was collected at a further distance of 100 

m after the abattoir, were it was noticed that at that point, the water from the stream was used for 

domestic purpose including cooking, laundry, irrigation, and bathing. This gave a total number of 

7 water samples. Sterilized gloves were used to collect the water samples and sterilized (cleaned 

with dilute nitric acid and rinsed with distilled water before use) 1 L glass bottles were used. The 

bottles were tightly closed (appendix 10), labelled, using codes described in table 3.4 and placed in 

iced cold boxes to protect them from direct sunlight.  During water sample collection, each bottle 

was rinsed with an appropriate amount of water from the point of collection before the actual water 

sample was collected. They were then transported to the laboratory for analysis. The sample were 

collected early in the morning between 5.30 am and 8.00 am which was during the period of 

slaughtering. All the water samples were collected at the center of flowing stream to obtain a 

representative sample. All the samples collected were analyzed within 72 hours of collection. Some 

parameters were measured in-situ, while others were measured in the laboratory.  
 

Table 3.4 Description of different samples collected from the field  
CODE DESCRIPTION 

E1 Water sample collected 50 meters before the abattoir in Ekona 

E2 Water sample collected 50 meters after the abattoir in Ekona 

MUT1 Water sample collected 50 meters before the abattoir in Mutengene 

MUT2 Water sample collected 50 meters after the abattoir in Mutengene  

MU1 Water sample collected 50 meters before the abattoir in Muea 

MU2 Water sample collected 50 meters after the abattoir in Muea 

MU3 Water sample collected 100 meters downstream after the abattoirs in Muea 

 

In-situ Analysis of selected physical parameters for water quality  

pH  

Water from the sample location was used to rinse a 1L glass bottle that had been sterilized with 
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nitric acid. The rinsed bottle was used to carry water from the sample location. Thirty milliliters 

(30 ml) of stream water sample was placed in a 100 ml capacity sterile beaker, and a pH meter 

electrode (the HANNA pH Model) was dipped into it following procedures described by APHA 

(1998). The water samples was stirred, and pH meter turns on and the pH value was then read and 

recorded. 

Temperature  

Water from the sample location was used to rinse a 1L glass bottle that had been sterilized with 

nitric acid. The rinsed bottle was used to carry water from the sample location. Thirty milliliters 

(30 ml) of wastewater was placed in a 100 ml capacity sterile beaker and Conductivity probe on 

meter (Intelligent Meter) was put into a beaker as described by APHA (1998). It was then switch 

on and final steady reading displayed on the thermometer was recorded in degree Celsius.  

Conductivity (C)  

Conductivity is a measure of the ability of ions in a solution to carry electric current. This ability 

depends on the presence of ions, their total concentration, and temperature. Conductivity was 

measured in-situ in the stream using Conductivity probe on meter (Intelligent Meter). Water from 

the sample location was used to rinse a 1L glass bottle that had been sterilized with nitric acid. The 

rinsed bottle was used to carry water from the sample location. Thirty milliliters (30 ml) of 

wastewater was placed in a 100 ml capacity sterile beaker and Conductivity probe on meter 

(Intelligent Meter) according to APHA (1998) was inserted into a beaker. The meter was switched 

on, and its probe dipped into the water sample contained in a beaker. The conductivity was read 

directly and recorded in μScm-1. 

3.2.1.1.6 GPS data collection 

The geographic positions (table 3.5) where abattoirs were located and where the water point 

samples were collected, were obtained using a handheld Global Positioning System (GPS) device 

(Garmin eTrex®). The locations of slaughterhouses and point samples were mapped using 

ArcGIS™ version 9.1 and version 10.2.2 (figure 3.7). 
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Table 3.5 Coordinates of selected abattoirs in Fako Division 

Location Coordinates 

Longitude Latitude Altitude 

Muyuka Abattoir 54° 29' 17.16" 47° 17' 33.36" 53 m 

Ekona Abattoir 

50 m Before Abattoir 

50 m After Abattoir 

53° 47' 20.04" 

53° 47' 0.96" 

53° 47' 28.32" 

46° 47' 4.92" 

46° 47' 2.04" 

46° 47' 0.6" 

364 m 

364 m 

363 m 

Muea Abattoir 

50 m Before Abattoir 

50 m After Abattoir 

100 m After Abattoir 

53° 21' 34.92" 

53° 21' 18.36" 

53° 21' 54.36" 

53° 22' 13.44" 

46° 9' 42.12" 

46° 9' 42.48" 

46° 9' 46.08" 

46° 9' 56.88" 

561 m 

562 m 

560 m 

565 m 

Buea Town Abattoir 52° 46' 50.88" 45° 59' 49.56" 934 m 

Mutengene Abattoir 

50 m Before Abattoir 

50 m After Abattoir 

53° 26' 45.6" 

53° 26' 31.92" 

53° 26' 46.32" 

45° 10' 3.72" 

45° 10' 11.64" 

45° 9' 50.76" 

219 m 

208 m 

217 m 

Tiko Abattoir 54° 4' 10.2" 44° 6' 32.04" 42 m 

Mile 4 Abattoir 57° 12' 53.28" 44° 52' 38.28" 216 m 

Limbe Abattoir 52° 22' 59.16" 44° 18' 42.84" 30 m 
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Figure 3.7 Map showing the location of abattoirs in the study area and water sample collection 

points  
3.2.1.2. Secondary Data Collection 

Secondary data was collected  through desktop review of related literature including published 

articles, books, legal documents obtained from relevant Journals and libraries as well as 

unpublished documents such as thesis and related materials obtained from the internet and the 

library. 

PHASE II: LABORATORY WORK 

 

3.2.2 Laboratory Analysis of selected chemical parameters for water quality 

The following physical parameters including: temperature, pH and conductivity, were done in-situ 

(on the spot) while the other chemical parameters like Turbidity, 5-day Biochemical Oxygen 

Demand (BOD5), Nitrates and Total Dissolved Solids (TDS) were analyzed in the Cameroon 

Baptist Convention (CBC) Central Pharmacy QA. Laboratory in Mutengene. Samples were 

analyzed according to Standard Methods for Examination of Water and Waste water (APHA, 

1998) and the Association of Official Analytical Chemists (AOAC, 2002). 

Study Site 
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Turbidity  

Turbidity levels were measured in Nephelometric units (NTUs) using the LP 2000 turbidity meter. 

The turbidity meter was switched on and the covet filled to the mark with deionized water (turbidity 

free water) which was used to standardize the meter. The covet containing deionized water then 

replaced with the one containing raw water samples. Each was allowed to stabilize, and its reading 

was recorded. 

Biochemical Oxygen Demand (BOD)  

Biochemical oxygen demand (BOD5) was determined by conventional methods described by the 

Association of Official Analytical Chemists (AOAC, 2002). A sample of the solution (50 ml) was 

put in a 500 ml BOD bottle and filled to the mark with earlier prepared dilution water. A blank 

solution of the dilution water was equally prepared and placed in two BOD bottles.  

A control solution devoid of dilution water was also prepared and put in a BOD bottle. The bottles 

were stoppered, airtight and incubated for five days at room temperature. BOD was then calculated 

using the formular:  𝐵𝑂𝐷 =   
(𝐷1−𝐷2)

𝑃
 

Where  

D1= dissolved oxygen 15 minutes after preparation,  

D2= dissolved oxygen in diluted sample after incubation and  

P= amount of sample used. 

Nitrates  

Nitrates were determined using ISE- ion meter (ELIT 9705C) following procedures described by 

APHA, (1998). The stored program number for nitrate (355) was entered, and the wavelength 

dialled to 500 nm. A sample cell was full with distilled water and placed in the sample holder of 

the spectrophotometer. This serves as the blank. Another sample cell was filled with the water 

sample to which one nitrate powder pillow was added and swirled and allowed to react for two 

minutes. The sample cell was placed in the sample holder and closed. The result was then read 

directly recorded. 

TDS 

This was measure by the evaporation method described by HachWater analysis Hand book (1983). 

Evaporation dish was weigh up, and later 100 ml of the water sample presented into the weighed 

dish and dried in an oven activated at 103°C for one hour to a constant weight. After drying, it was 

moved to a desiccator and left to cool for one hour. The dish was finally weigh up with its content. 

The processes of heating, cooling and weighing were repeated until a constant weight was 

obtained. TDS values was then calculated using the formula: 
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T.D.S. (ppm) =   
 Wt.of dry filterate

Volume of sample
×

1,000,000

1
 

PHASE III: DATA ANALYSIS 

3.3 Data Scoring 

Scores were assigned to existing abattoir structures, facilities and waste management practices in 

order to assess their standards as well as their pollution and health hazards potentials (Appendix 5). 

The criteria for selecting and setting scores are described as follows; 

 Abattoir Structure and Facilities (table 3.6) 

Table 3.6 Scoring based on the presence and/or absence of structures and facilities in abattoir 

Score Criteria Used 

1 Where the absence or poorly constructed 

facilities indicates a failure to meet required 

standards for operations at a level < 50% 

2 Where the presence of a facility and well-

constructed structures indicates that the abattoir 

meets required standards a level > 50% 

 

 Abattoir Waste Management Practices (table 3.7) 

Table 3.7 Scoring based on the sustainability of the ongoing waste management practice  

Score Criteria Used 

1 Unsustainable Waste Management practices at 

a level < 50% 

2 Sustainable Waste Management Practices at a 

level > 50% 

3.4 Statistical Data Analysis  

The data were analyzed using descriptive and inferential statistics. The descriptive statistics 

employed the use of pie charts bar charts to display the variation of results while inferential 

statistics employed the use of student t-test at 95 % confidence level to test for significant 

difference between the means of water quality parameters measured in all locations before and 

after the abattoir effluent discharge points in the study area.  Also, Pearson’s Correlation was also 
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employed as an inferential statistics to test for relationships between the variables. All statistics 

were done with the help of the Statistical Package for Social Sciences (SPSS) version 21.0 and 

Microsoft office excel version 2007 tools. All tests were set at a 95% confidence limit.  

3.5 Validity and Reliability of Instruments 

The research used a triangulation approach for collect data. As a means of ensuring reliability of 

data collection procedures, the interview guides for this study were shown to my supervisor, who 

made necessary corrections by removing irrelevant questions and adding relevant ones which were 

geared towards providing answers to the research questions. They were pilot tested to ensure that 

the respondents will be able to understand and answer the questions appropriately. Observations 

were also used to cross correlate the response obtained from key informant interviews to ensure 

reliability of the results. The data were also analysed in the laboratory following standard 

procedures for measurements. The results were also analysed using appropriate statistics and were 

compared to that of WHO standards and conclusions were based on the parameters used. 
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CHAPTER FOUR 
 

PRESENTATION AND ANALYSIS OF DATA 

 

4.1 Description of study population 

4.1.1 Gender of Respondents 

Table 4.8 shows that out of the 60 respondents contacted, 37 (61.7%) were female while 23 (38.3%) 

were male. This shows that a majority of those who use water from these streams for their domestic 

purposes where women. 

Table 4.8 Gender of Respondents 

 

 Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Valid 

Male 23 38.3 38.3 38.3 

Female 37 61.7 61.7 100.0 

Total 60 100.0 100.0  

 

4.1.2 Age of Respondents 

Table 4.9 shows that 4 (6.7%) of the respondents were at most 20 years, 29 (48.5%) were between 

the ages of 21-35, 18 (30%) were between the ages of 36-50 and 9 (15%) were above 50 years. 

Table 4.9 Age of Respondents 

 

 Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Valid 

0-20 4 6.7 6.7 6.7 

21-35 29 48.3 48.3 55.0 

36-50 18 30.0 30.0 85.0 

50 and 

above 
9 15.0 15.0 100.0 

Total 60 100.0 100.0  

 
4.1.3 Level of Education 

Table 4.10 shows that 8 (13.3%) of the respondents have university education, 6 (10%) have high 
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school education, 14 (23.3%) have secondary education, 31 (51.7%) have primary education and 1 

person (1.7%) did not go to school. This shows that a majority of the population in the community 

using the stream for domestic purposes have low level of education on water pollution from 

abattoirs. 

Table 4.10 Level of Education 

 

 Frequency Percent Valid 

Percent 

Cumulative 

Percent 

Valid 

None 1 1.7 1.7 1.7 

Primary 31 51.7 51.7 53.3 

Secondary 14 23.3 23.3 76.7 

High 

School 
6 10.0 10.0 86.7 

Degree 8 13.3 13.3 100.0 

Total 60 100.0 100.0  

 

4.2. Findings of the study 

4.2.1 Abattoir structures, facilities and waste management practices in Fako division. 

The conditions of abattoir structures and facilities ought to be neat and hygienic if not it can pose a 

serious problem to the environment and humans. However, the result indicated that the hygienic 

nature of the abattoirs in Fako division depended on the nature of their facilities and waste 

management practices. 

The research showed that only (50%) among the eight abattoirs identified for the study (Muyuka, 

Muea, Mile 4 and Limbe) had slaughtering slabs. There were no slaughtering slabs in Ekona, Buea 

Town, Tiko and Mutengene. Slaughtering and dressing of the carcass usually takes place on the 

bare cemented floors (figure 4.8). This is an unhygienic method which increase the risk of meat 

contamination with the bacteria Salmonella sp. and other faecal pathogens thereby potentially 

spreading diseases to the people consuming meat.  
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Figure 4.8 Slaughtering of carcass on cemented bare floor in Mutengene  
The result also showed that most butchers do not put on protective wears like hand gloves, aprons, 

and nose mask but only a few of them put on boots during slaughtering. Some butchers even use 

their legs (under of boots) to press and hold the carcass during dressing (figure 4.9).  

 

Figure 4.9 Butcher places his legs on the carcass during dressing in Mile 4  

 Adeyemi and Adeyemo (2007) reported that abattoirs are one of the industries that contribute to 

the problem of possible food-borne diseases and potential health dangers associated with food. 

FAO, (2008) also reported that there are severe hygienic problems in the slaughtering of cattle’s in 

many places from where there is inadequate or no slaughter equipment available. During 
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slaughtering, the cow is positioned with its back on the ground and evisceration takes place in this 

position due to the lack of facilities like overhead rails and hocks. Only knives and cutlasses are 

used in all the abattoirs in Fako Division, no facilities are available for hanging carcasses or carcass 

parts, and some of the heavy meat parts are pulled along the dirty floor into hand trucks, wheel-

barrows and transport vehicles. 

 

It was observed with dismay that proper regular cleaning of the floor with disinfectants was not 

done but rather more animals were brought and slaughtered in the same location containing large 

quantities of blood and animal waste and this can cause heavy bacterial loads on the meat through 

cross contamination. This unhygienic conditions resulted from the improper waste management 

practices which may cause the meat to be contaminated, though deterioration does not occur 

immediately. 

 

In addition, prolonged exposure to ambient temperatures will boast rapid spoilage and high risk of 

pollution with food poisoning micro-organisms, such as Salmonella sp. and enterohaemorrhagic E. 

coli (FAO, 2008). It was observed that the abattoir at Ekona was just an open space abattoir (figure 

4.10) which had only a cemented floor with no waste management facility and roof thus exposed 

to cool, heat, the sun and rain. A roof is important to preserve the carcass from the weather and to 

reduce the temperature in the slaughterhouse (WHO, 1984) to prevent rapid deterioration of the 

carcass. 

  

a                                                                          b                 

 
  Figure 4.10 a) Slaughtering b) dressing of cow on cemented bare floor in an abattoir facility at Ekona 

without a roof  
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Even though some abattoirs had better structures and facilities such as channels for effluent 

management, it was observe that the effluents produced were channeled directly into the nearby 

water bodies (figure 4.11) without treatment. 

 

Figure 4.11 Abattoir waste channeled directly into a nearby stream at Mutengene  
This result conforms to the findings of Bello and Oyedemi (2009) who reported that there were no 

special waste disposal or treatment system in Ogbomoso abattoir in Nigeria and that the waste water 

containing blood and dung were discharged into a nearby stream without treatment which resulted 

in pollution of surface and underground water. The abattoirs in Ekona, Muea and Mutengene 

(37.5%) were observed empting their effluent directly into the nearby flowing stream (figure 4.12).    

 

a.                                                                         b. 

 Figure 4.12 Direct waste discharged into nearby streams from abattoir in a) Muea and Mutengene 
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The abattoirs in Muyuka and Tiko abattoirs (25%) emptied their effluent into nearby wetlands 

(figure 4.13). 

 

Figure 4.13 Waste from abattoir in Tiko discharged into nearby wetland  
The abattoirs in Buea Town and Limbe (25%) on the other hand emptied their waste and effluent 

into seasonal water channels (figure 4.14). 

 

a.                                                                        b. 

The newly created abattoir in Mile 4 (12.5%) was the only establishment with a waste management 

system where the effluent was channeled and emptied into as a septic tank (figure 4.15) for the 

waste to be treated in conformity with the DPSIR framework. However, this facility was newly 

created and has not been operational except for the short time during the month of December which 

was a festive period and required the use of the facility by the council to meet the demand of meat 

in the community.  

 

 

  
Figure 4.14 Waste from abattoirs in a) Limbe and b) Buea Town discharged into seasonal 

water channel. 
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Figure 4.15 Waste discharged into a septic tank at Mile 4 abattoir  
Generally, the interview results from the heads of veterinarians and butchers confirm that waste 

(effluents) from the abattoirs were being emptied into these water bodies, wetlands, seasonal water 

channels and septic tank without any form of treatment. This is an evidence of surface water 

contamination and pollution hazards. 

 

Water is an important constituent of an abattoir because vast amounts of water are utilized in its 

operations to flush the waste that is generated, enabling for appropriate treatment and management 

of the waste (DOH 1988).  In this light, it is required that there should be a continuous supply of 

good quality water in every abattoir including a water storage facility to always ensure appropriate 

waste management in cases of inconsistent water supply. It was reported that the absence of 

constant water supply caused inconvenience, delayed the activities in abattoirs and above all 

compromise sanitation procedures. This result conforms with the finding of Rojie et al. (2008). The 

result in this study shows that, seven (87.5%) abattoirs have pipe born water, and one (12.5%) does 

not have pipe born water. In addition, four (57.1%) of the seven have water storage facilities while 

three (42.9%) do not have water storage facilities. It was observed that when water is not flowing 

from the taps, those without storage facilities carry water from these nearby streams for slaughtering 

purposes (figure 4.16). 
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Some butchers even wash the intestinal content inside the same nearby streams (figure 4.17) where 

effluents were discharged into. This result is also in line with the findings of Eze, (2016), who also 

reported that intestinal contents are being washed in the Asata stream in Nigeria. 

 

 Figure 4.17 Washing of intestinal content in a nearby stream in Mutengene 
 

The results from interviews also indicate that there were irregular flows of pipe born water which 

resulted to improper cleaning of their respective abattoirs and as a result, odor was produced and 

caused a nuisance to the immediate community environment. This result also corroborates the 

findings of Oruonye (2015) who reported that the lack of shortage water supplies affected the 

cleanup of the abattoir in Jalingo Metropolis, Nigeria, and resulted to a stench from the improperly 

flushed animal blood and faecal matters. The butchers added that when the taps were not flowing, 

  Figure 4.16 Carrying of nearby stream for slaughtering purpose in Mutengene 
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people usually bring clean water from their homes to wash the meat although water was carried 

from the nearby streams for the abattoir operations. When water is in short supply in abattoirs, the 

waste generated may result in an unhygienic condition and possibly a stench, which exposes 

humans and some domestic animals like dogs, to bacterial infections. More so, when the water from 

the same nearby streams where effluents are channeled into, is used for the abattoir operations and 

to wash the meat, which is sold to humans for food consumption, it is a clear evidence of human 

health hazards, resulting from water contamination by these abattoirs.  

 

On the other hand, it was observed that the waste from the abattoir in Buea Town was emptied into 

a seasonal water channel besides the homes of inhabitants (figure 4.18) and due to the large volume 

of waste deposited, an embankment in one of the land was destroyed. The butchers from the abattoir 

in Buea Town also attested that the waste from their abattoir that were emptied into seasonal water 

channels was a nuisance to the inhabitants living around the abattoir due to the pungent smell that 

came from the waste deposited. The Ogbomoso neighborhood in Nigeria had a similar experience 

(Bellow and Oyedemi, 2009), where the bad odor from the abattoir caused air quality impairment, 

limited children outdoor recreation, affected breathing, caused respiratory ailment and prevented 

opening of windows especially those facing the abattoir. Oruonye (2015) also reported that 

degrading heaps of gut contents at the dumping site served as breeding grounds and sanctuary for 

pests that become a nuisance for abattoir workers, visitors as well as residents around the facility. 

This site potentially pose health hazard to the inhabitants of the community. 

 

Figure 4.18 Discharge of abattoir waste into a seasonal water channel besides an individual’s 

house in Buea Town  
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Also, the results from interviews revealed that any meat that was classified as condemned or bad 

meat, as well as the remains of the foetus, were buried in shallow holes that were dugged around 

the abattoirs. This practice is in conformity with the waste management theory by Roberts and De 

Jager (2008). It was noticed that, these waste were usually removed from the holes by scavengers 

including dogs since the holes were not deep and well protected. The dogs usually carry these 

remains to their homes to feed on it while depositing the left overs in the neighboring environment. 

As decomposition takes place, a rotten smell is produced that pollutes the surrounding environment. 

In the abattoir in Limbe, it was reported that the condemned meat was even thrown into a nearby 

pit toilet, and this produces a pungent smell as it decomposes thus contributing to odor, an air 

pollution hazards to the surroundings and that can potentially affect human wellbeing within the 

community. 

 

Normally, the standard installations and equipments needed in modern slaughter premises are those 

necessary to effect a prompt and hygienic conversion of livestock into meat in what can be called 

the dressing operations, and those needed to prepare the offal for further use or disposal into waste 

otherwise referred to loosely as cleaning and rendering operations. The facilities vital for 

slaughtering services are; the stunning pen, the hoise, skinning cradle for dressing and collecting 

troughs, offal cleaning tables for offal preparations (FAO, 2008). 

 

Generally, the result shows that the existing structures and facilities as well as the waste 

management practices carried out in all the abattoirs in Fako division (except for those of the newly 

created abattoir in Mile four) do not conform to the required national standards for installation and 

operations. The scores of the abattoir structures, facilities and waste management practices are 

present in table 4.11. 
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|Table 4.11 Scores of structures, facilities and waste management practices of abattoirs in Fako 

Division 

1a = Failed to meet required structure and facility standards; 2a = Meets required structural and 

facility standards; 1b
 = Unsustainable practice; 2b = Sustainable practices 

 

These poorly established structures and facilities of abattoirs in Fako Division could be due to that 

fact that they were obsolete and were created when there were no existing national standards. 

Information obtained from the divisional delegate of Livestock, heads of veterinarians and butchers 

through interviews reveals that seven of the abattoirs (87.5%) have been in operation for more than 

twenty years while only one abattoir (12.5%) was built recently in December, 2016 at Mile four. 

This explains why only the Mile four abattoir have facilities like the stunning pen where the animal 

is guided from the lairage to be rendered unconscious after which it is bled, also referred to as the 

knocking pen (figure 4.19), and the hoise which is a device for lifting up the stunned animal for 

bleeding and can be performed manually, mechanically or electrically. The hoisting system is often 

built into an overhead rail-system to facilitate movement of the animal for dressing and the carcass 

for inspection (figure 4.20). 

 

 

 

 

 

 

 

Abattoir Location Waste Management 

Practices Score 

Structure and Facility Score 

Muyuka 1b 1a 

Ekona 1b 1a 

Muea 1b 1a 

Buea Town 1b 1a 

Mutengene 1b 1a 

Tiko 1b 1a 

Mile Four Limbe 2b 2a 

New Town Limbe 1b 1a 
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Figure 4.19 Image showing a stunning pen for keeping animals before slaughtering, at the 

abattoir facility in Mile four, Limbe  
 

 

a.                                                                              b. 

Figure 4.20 An overhead rail-system in the abattoir at Mile Four  
An example of a good abattoir waste management practice (best practice) is carried out in Nigeria 

at Laguna slaughterhouses which have appropriate structures and facilities such as stunning pens 

for animals to be slaughtered, separate butchering facilities for swine and ruminants, hot water 

system, rail system, and covered bins for segregating slaughter by-products and a wastewater 

treatment system in the form of anaerobic lagoons.  

Generally, the main problems faced by abattoirs include: water shortages due to scarcity and water 

consumption; and highly concentrated waste and effluent generation. The high concentration of the 

effluent is mostly caused by the presence of blood which is mixed with other wastewater from the 
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abattoir and discharged into the nearby water body. Blood is an unavoidable by-product of the meat 

industry demonstrating up to 4% of the live animal weight or 6% to 7% of the lean meat content of 

the carcass (Clara et al., 2013). Blood collection is one of the techniques that can be used to decrease 

the toxic content of the effluent discharged from the abattoir. Blood has a very high BOD content 

and is one of the major dissolved contaminants in slaughterhouse wastewater (Salman, 2015). The 

result shows that blood collection was practiced in the abattoirs at Ekona (figure 4.21) and Buea 

Town. Interview with those collecting the blood (animal blood collectors) reveals that the blood is 

boiled and given to dogs while others use it to prepare food for their pigs. Oruonye, (2015) also 

reported that animal blood was collected from the slaughter house in Jalingo Metropolis Nigeria, 

boiled, dried and used in preparing animal feeds and when ingredients were added to it after boiling 

it becames a blood meal which was sold in beer parlors within the town. Clara et al. (2013) also 

stated that tons of blood are collected in abattoirs each year, and processed into blood meal and 

vended as low-value animal food and fertilizer production centers in South Africa.  

 

Figure 4.21 Collection of blood by an inhabitant in the abattoir at Ekona  
The practice of blood collection in the abattoirs at Ekona and Buea Town is in line with the cleaner 

production concept which emphasizes on pollution prevention and resource recovery rather than 

the control of pollution, and aims at increasing resource efficiency and decreasing the generation 

of contamination and waste at source, rather than addressing and mitigating just the symptoms by 

only technically “treating” an existing waste/pollution problem. Other products like fats and dung 

are also encouraged to be collected and sustainably used to support the pollution prevention 

concept.  
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The results also shows that 70% of the respondent who used the stream water for domestic purposes 

experienced health problems such as itches and rashes. This result ties with the findings of Naila, 

(2008) who reported that there were different health problems especially skin irritations 

experienced by women and children using the river around Nyabugogo abattoir in Kigali City, 

Rwanda for domestic purposes. Micro-organisms such as pseudomonas bacteria are commonly 

found in water bodies contaminated by organic substances such as those of abattoir waste. These 

organisms are known to cause itches and rashes when they come in contact with human bodies. 

4.2.2 Water quality at point locations in nearby stream channels and comparison with WHO 

standards 

Generally, most of the parameters analyzed had values lower than the WHO standard except for 

TDS and Turbidity (Table 4.12) whose concentrations were higher than normal. Table 4.12 presents 

the values of the physico-chemical parameters considered for assessing water quality and their 

respective WHO standards. 

Table 4.12 Values of physico-chemical parameters of water quality and WHO standards 

E1= water sample collected 50 m before the abattoir at Ekona; E2 = water sample collected 50 m 

after the abattoir at Ekona; MTU1 = water sample collected 50 m before the abattoir at Mutengene; 

MTU2 = water sample collected 50 m after the abattoir at Mutengene; MU1 = water sample 

collected 50 m before the abattoir at Muea; MU2 = water sample collected 50 m after the abattoir 

at Muea; MU3 = water sample collected 100 m after the abattoir at Muea. 

 

Generally, the result reveals that the waste and effluents originating from abattoir industries affects 

surface water quality. However, the effect was significant only for certain water quality parameters. 

Parameters 

WHO 

Standards 

Location 

Ekona Mutengene Muea 

E1 E2 MUT1 MUT2 MU1 MU2 MU3 

TDS mg/L 200 177 202 145 179 158.5 255 200 

BOD mg/L 10 39.22 5.93 19.33 3.74 24.25 2.53 9.82 

Turbidity NTU 5.0-50 1.71 91 4.59 111 10.73 207 69 

pH 6.5-8.5 7.55 7.41 8.26 8.13 7.61 7.51 7.72 

Temperature oC 35-40 22.6 23.7 22.6 22.2 21.95 21.7 21.7 

Conductivity mS 3 0.26 0.29 0.22 0.27 0.24 0.37 0.29 

Nitrates mg/L 30 27.45 12.9 29.2 12.6 15.75 12.3 12.3 
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In addition, there exist strong relationships between some of the indicators considered for assessing 

water quality. Table 4.13 presents the relationships between the water quality indicators considered 

under this study.   

Table 4.13 Correlation matrix for water quality parameters considered under this study 

  TDS BOD  Turbidity pH Temperature Conductivity Nitrates 

TDS 1       

BOD  -0.511 1      

Turbidity 0.888 -0.794 1     

pH -0.555 -0.162 -0.217 1    

Temperature -0.179 0.077 -0.214 -0.048 1   

Conductivity 0.998 -0.497 0.879 -0.560 -0.215 1  

Nitrates -0.576 0.667 -0.665 0.390 0.378 -0.593 1 

 

The result shows that there exist a moderately negative correlation between Total Dissolve Solids 

and Biological Oxygen demand (r = -0.511) indicating that an increase in TDS will lead to a 

decrease in BOD and vice-versa. There also exist a strong positive correlation (r = 0.888) between 

TDS and Turbidity of water indicating that an increase in the level of TDS will lead to a proportional 

increase in the turbidity of water. There equally exist a very strong positive correlation between 

TDS and conductivity of (r = 0.998) indicating that both TDS and conductivity directly 

proportional. A strong positive correlation of (r = 0.879) is equally observed for Turbidity and 

conductivity of the water samples indicating that an increase in turbidity will lead to an increase in 

the electrical conductivity of water. There exist no relationship between the BOD and temperature 

of the water samples (r = 0.076). 

4.2.2.1. Indicators of water quality  

4.2.2.1.1. Total Dissolved Solids 

The results show that there is a general increase in the concentration of Total Dissolved Solids 

(TDS) after the abattoirs discharge point along the three streams considered (figure 4.22). The TDS 

values from the different locations range from 145 mg/L to 255 mg/L. Values before the abattoirs 

waste discharge point were 177 mg/L, 145 mg/L, 158.5 mg/L while those after the abattoir were 

202 mg/L, 179 mg/L, 255 mg/L and 200 mg/L in Ekona, Mutengene and Muea respectively. The 

water samples collected after the abattoir waste discharge points at Ekona and Muea (255 mg/L and 

202 mg/L respectively) exceeded the WHO acceptable limit (200 mg/L). The high TDS level is 
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probably due to the high organic contents of the abattoir waste and may affect the aquatic life as it 

is important in keeping cell density balanced. EPA (2012) explained that in distilled or deionized 

water, water will flow into an organism’s cells, causing them to swell but in water with a very high 

TDS concentration, cells will shrink. These changes can affect an organism’s ability to move in a 

water column, causing it to float or sink beyond its normal range. In addition. TDS correlated 

negatively with BOD (r = -0.5) indicating that as TDS increases, BOD will decrease. Walakira, 

(2011) reported that discharge of wastewater with a high TDS level would have adverse impact on 

aquatic life due to its influence on BOD and may exacerbate corrosion in water networks. 

 

The result also indicated that the TDS value at a distance of 100 m downstream after the abattoir 

discharge point at Muea was lower (200 mg/L) than that of 50 m downstream (255 mg/L). This is 

probably due to a dilution effect at that level downstream. This result can be supported by the 

findings of Abrha (2003) who reported that the concentrations of most pollutants in the streams 

considered for his study, reduced down streams due to assimilation and dilution effects of the rivers. 

Even so, the value was still greater than that at 50 m (158.5 mg/L) before the abattoir discharge 

point. 

  

Although the student’s t-test shows that there was no significant difference between the mean TDS 

values before and after the abattoir discharge points, the values at Ekona and Muea were higher 

than those of WHO standards (Table 4.12), indicating that there is a potential risk of  eutrophication 

of these water body. This higher TDS values recorded may be attributed to the high amounts of 

organic materials contained in the effluent discharged, due to the high population demand of meat 

when compared to that of Mutengene.  

 

However, it was noticed that the values before the abattoir discharge points in Ekona and Muea was 

also relatively higher than that of Mutengene. This can be attributed to the contributions from 

agricultural activities that were identified up stream. These town are famous in it crop production 

potentials in the region, as the soils in the area are very fertile. Agriculture can influent the TDS of 

surface water bodies through runoff and erosion where soil organic matter and related materials are 

washed into these nearby streams and rivers during rainy periods. The values in this study are lower 

as compared to those reported by Magaji and Chup (2012) and Ubwa et al. (2013) who reported 

even higher values in the Gwagwalada river in Abuja, Nigeria. 
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Figure 4.22 TDS values for water samples at various locations of abattoirs and points along 

nearby streams in these locations in Fako division.  
4.2.2.1.2 Biological Oxygen Demand 

Biological Oxygen Demand (BOD) is the measure of the oxygen required by microorganisms whilst 

breaking down organic matter. Generally, the BOD values in the stream water samples decreased 

at the 50 m distance after the abattoir discharge points, in all the three locations considered under 

this study (Figure 4.23). 

The decrease of BOD after the abattoirs can be attributed to the high organic content in the effluent 

that leads to a high TDS which has a moderately strong negative correlation coefficient (r = -0.511) 

with BOD (table 4.13). This inversely proportional relationship indicates that the higher the TDS, 

the lower the BOD level. The decrease in BOD level after the abattoirs may be explained from the 

fact that the effluent discharged into the stream increase the amount of organic matter and dissolved 

oxygen in water leading to gradual increase in microbial degradation of organic matter and BOD 

with time. The results for the abattoir location in Muea indicates that the BOD decreased after the 

abattoir discharge point (from 24.25 to 2.53 mg/L) and then slidely increased (from 2.53 to 9.82 

mg/L) at  the distance of 100 m downstream (fig 4.23). This can again be attributed to the 

assimilation and dilution effect of water at that distance downstream. 

The high values of BOD before the abattoirs indicates that the stream were already rich in organic 

mater even before the discharge of effluent. Kosamu et al. (2011) stated that the values of BOD 

remained higher upstream due to other non-point sources of pollution. This might result from the 

use of the water bodies as a dumpsite for human waste, sludge, sewage and washing of cars, clothes, 

chemical containers and spraying cans. However, the BOD values from this study were lower 
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compared to those presented by Walakira (2011) and Mwenda (2014). The student t-test generally 

shows that BOD, has a significant difference (P<0.05) between the water samples at 50 m before 

and after the abattoir effluent discharge points. This implies that BOD is a parameter of the stream 

that have been significantly affected by pollution. The results also show that there is a moderate 

positive correlation coefficient (r=0.66) that exist between BOD and Nitrate thus a decrease in BOD 

probably resulted to a decrease in the Nitrate levels in these surface waters bodies. 

 
Figure 4.23 BOD values for water samples at various locations of abattoirs and points along 

nearby streams in these locations in Fako division.  
4.2.2.1.3 Turbidity  

Turbidity ranged from 1.71 to 207 NTU with a general increase from stream points before the 

abattoirs to stream points located after the abattoirs (figure 4.24). Values before the abattoir were 

1.71 NTU, 4.59 NTU, and 10.73 NTU, and after the abattoirs were 91.00 NTU, 111.00 NTU, 201.00 

NTU and 69.00 NTU in Ekona, Mutengene and Muea respectively. The turbidity values in all the 

locations, after the abattoir discharge points were above the WHO acceptable level (5-50 NTU). 

The highest turbidity value recorded (207 NTU) was from the abattoir in Muea and can be attributed 

to large amounts of effluents discharged into the water body as compared to Ekona and Mutengene 

locations. This implies that the effluents from these abattoirs that are channeled into the streams 

contribute to an increase in water turbidity. However, it was noticed that the turbidity value before 

the abattoir discharge points in Muea was also relatively higher than that of Ekona followed by that 

of Mutengene. Since turbidity strongly correlated with TDS (r = 0.888), this can also be attributed 

to the contributions from agricultural activities that were identified up stream. 
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The results also show a strong positive correlation between turbidity and conductivity (r = 0.878), 

indicating that the higher the turbidity, the higher the conductivity (table 4.13). This result is in 

agreement with the findings of Walakira (2011) who stated that the turbidity values are usually 

higher downstream after the effluent is discharged from the abattoir. An increase in turbidity deters 

the use of after the effluent is discharged from the abattoir. An increase in turbidity deters the use 

of the water for domestic purposes, and this has been reported by Kosamu et al. (2011) who stated 

that turbidity values that grossly exceeds normal levels in water samples disqualifies the receiving 

water body for direct domestic use. In addition, the student t-test shows that generally, there was a 

significant difference (P<0.05) between the water samples at 50 m before and after the abattoir 

effluent discharge points, implying that turbidity is a parameter of the stream that have been 

significantly affected by pollution from the abattoirs in Fako division.  

 
Figure 4.24 Turbidity values for water samples at various locations of abattoirs and points 

along nearby streams in these locations in Fako division.  
4.2.2.1.4 pH 

pH is the indicator of acidity or alkalinity of water and is a measure of the effective concentration 

(activity) of hydrogen ions in water. The pH values range from 7.41, to 8.26.  This pH is highly 

favorable to the use of conventional wastewater treatment processes (figure 2.3) that rely on the 

activities of bacteria in the decomposition of organic contents of wastewater. The pH of water 

affects the solubility of many toxic and nutritive chemicals; therefore, the availability of these 

substances to aquatic organisms is affected.  As acidity increases, most metals become more water 

soluble and more toxic.  Toxicity of cyanides and sulfides also increases with a decrease in pH 

(increase in acidity).  Ammonia, however, becomes more toxic with only a slight increase in pH. 
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Generally, the result show that there is a decrease in the pH values after the abattoirs discharge 

points. Values before the abattoirs were 7.55, 8.26, 7.61 and after the abattoirs are 7.41, 8.13, 7.51 

and 7.72 in Ekona, Mutengene and Muea respectively. The result also show a moderately negative 

correlation between pH and conductivity (r = -0.560) indicating that the higher the pH, the lower 

the conductivity (table 4.13). This also indicates that the higher the organic content in the water 

body, the lower the pH.  The higher pH values before the abattoirs may be resulting from activities 

such as car wash, laundry, sludge and human waste deposition that are carried out upstream 

affecting the solubility of many toxic and nutritive chemicals. The results show an increase in the 

pH value 7.51 to 7.72 100 m downstream after the abattoir in Muea (figure 4.25) resulting from 

dilution effect. pH values of all the points are almost the same and can be attributed to the 

similarities in the content of the effluents from the abattoirs and the similarity of human activities 

around the abattoirs. Though the pH values in this studies are within the WHO range. They are 

lower compared to the studies done at Msimbazi sub catchment by Mwenda (2014) and higher than 

studies carried out in Oshunkaye stream in Ibadan by Osibanjo and Adie (2007) and that reported 

by Ubwa1 et al. (2013). The student’s t-test shows that there was no significant difference (P>0.05) 

between the water samples at 50 m before and after the abattoir effluent discharge points.  

 
Figure 4.25 pH values for water samples at various locations of abattoirs and points along 

nearby streams in these locations in Fako division.  

4.2.2.1.5 Temperature 

  

Figure 4.26, shows a graphical presentation of temperatures for the water samples analysed. 

Generally the temperature ranges from 21.7oC to 23.7oC. The values before the abattoirs were 

22.6oC, 22.6oC, 21.95oC and after the abattoirs 23.7oC, 22.2oC, 21.7oC and 21.7oC in Ekona, 
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Mutengene and Muea respectively. The temperatures before the abattoirs were higher than the 

temperatures after the abattoirs with the exception of samples collected from Ekona. Metabolic rate 

and the reproductive activities of aquatic life are controlled by water temperature.  Metabolic 

activity increases with a rise in temperature, thus increasing a fish’s demand for oxygen; however; 

an increase in stream temperature also causes a decrease in DO, limiting the amount of oxygen 

available to these aquatic organisms. With a limited amount of DO available, the fish in this system 

will become stressed.  A rise in temperature can also provide conditions for the growth of disease-

causing organisms. Based on the WHO value (35-40oC), the temperature variations does not appear 

to pose any threat to the homeostatic balance of the receiving water bodies but this low temperature 

may inhibit the activities of some species of bacteria that are useful in the decomposition of organic 

constitutes of wastewater. The temperature values in this study are in conformity with the work of 

Jaji et al. (2007) and Nkwakanma C. and Okechukwu C. (2016) whose temperatures range between 

17oC and 23oC. The student’s t-test shows that there was no significant difference (P>0.05) between 

the water samples at 50 m before and after the abattoir effluent discharge points.  

 

Figure 4.26 Temperature values for water samples at various locations of abattoirs and points 

along nearby streams in these locations in Fako division. 
4.2.2.1.6 Conductivity  

Conductivity is a measure of how much total salt is present in the water. Figure 4.27 shows that 

conductivity values ranged from 0.22 mS to 0.37 mS. Conductivity values before the abattoirs were 

0.26 mS, 0.22 mS, 0.24 mS and after the abattoirs 0.29 mS, 0.27 mS, 0.37 mS and 0.291 mS in 

Ekona, Mutengene and Muea respectively. Generally, conductivity increased after the abattoirs 

discharge points probably due to the effluent discharged from the abattoir facilities. The result show 
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that there exist a strong positive correlation (table 4.13) between conductivity and TDS (r = 0.99). 

High conductivity may also indicate the decomposition of organic matter in water bodies (Abrha, 

2003). This means that a high conductivity value indicates a high TDS in all the water samples after 

the abattoir facility. Therefore, the high conductivity values after the abattoir facilities indicates 

water pollution hazards. This result corroborates the findings of Abrha (2003) who reported that 

high conductivity leads to the pollution of water bodies. High conductivity may indicate the 

decomposition of organic matter causing water pollution. The increase in conductivity after the 

abattoirs can be attributed to an increase in TDS emanating from the organic matter content in the 

effluent and also due to blood containing nitrogenous compounds in the effluent, which are nitrified 

to ammonium-nitrogen and nitrate resulting in high conductivity as elucidated by Koushik and 

Saksena (1999). Conductivity increased after the abattoirs but the values did not exceed WHO limit. 

The values analysed were lower compared to the works of Mwegoha and Kihampa (2010), Walakira 

(2011) and Mwenda (2014). The student’s t-test shows that generally, there was no significant 

difference (P>0.05) between the water samples at 50 m before and after the abattoir effluent 

discharge points. 

 

 

Figure 4.27 Conductivity values for water samples at various locations of abattoirs and points 

along nearby streams in these locations in Fako division.  
4.2.2.1.7 Nitrates  

Generally the result show that the nitrate values  range from 12.3 mg/L to 29.2 mg/L as shown in 

figure 4.28 with a decrease in the nitrate content after the abattoirs. Nitrate values before the 

abattoirs were 27.45 mg/L, 29.2 mg/L, 15.75 m,/L and after the abattoir 12.9 mg/L, 12.6 mg/L, 12.3 

mg/L and 12.3 mg/L in Ekona, Mutengene and Muea respectively. There exist a moderate positive 
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correlation (table 4.13) between nitrate and BOD (r = 0.666) indicating that the higher the nitrate 

level, the higher the BOD level. Excessive concentrations of nitrogen however, can overstimulate 

aquatic plant and algae growth. Bacterial respiration and organic decomposition can use up 

dissolved oxygen, depriving fish and invertebrates of available oxygen in the water 

(eutrophication). The lower nitrate values recorded in this study after the abattoir discharge points 

could be attributed to the presence of the waste discharge and low levels of dissolved oxygen since 

nitrates represent the most oxygenated form of nitrogen and can play during period of low 

oxygenation the role of oxygen donor, thus avoiding anaerobiosis (Togue, 2017). Low 

concentrations of nitrates do not subject the water body to any risk of pollution but high 

concentrations can cause blue baby syndrome in humans. The nitrate values were lower than the 

limit for WHO Standards. High values of nitrate before the abattoirs probably came from sources 

such as fertilizers leached from agricultural soils, washed spraying cans, sludge’s from pig stalls, 

toilets and septic systems which pollutes the water content. Young and Morgan (1980) reported that 

the nitrate concentration in surface water is normally low but can reach high levels as a result of 

agricultural runoff, refuse dump runoff or contamination with human or animal wastes. 

Downstream the water is used for irrigation of crops (figure 4.29) which may affect human health 

when consumed. Abrha, (2003) reports that it has been observed that the rivers around Luna and 

Kera Slaughterhouses in Central Ethiopia that were being used by the nearby residents for irrigating 

of vegetables and bathing  caused human health risk. Studies carried out by Osibanjo and Adie 

(2007) in Oshunkaye stream Ibadan and studies carried out by Ubwa et al. (2013) had higher nitrate 

values than that of this study. The student’s t-test shows that generally, there was no significant 

difference (P>0.05) between the water samples at 50 m before and after the abattoir effluent 

discharge points. 
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Figure 4.28 Nitrate concentrations for water samples at various locations of abattoirs and 

points along nearby streams in these locations in Fako division.  

 
Figure 4. 29 Stream used in irrigating crops in Muea  
4.2.3. Best practices for a sustainable abattoir waste management in Fako 

Division. 

4.2.3.1. Creating awareness and an understanding of abattoir waste, by-products and uses 

Abattoir waste management is all about the practice of collecting, disposing of and managing the 

various waste materials produced from an abattoir or slaughterhouse. It is vital to observe 

sustainability in this aspect so that every bit of waste can be managed in an effective manner rather 

than just discarding it around. The impact of waste on the environment is preventable but not 

reversible thus waste issues does not only concern those who generate it but is a national concern. 
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The slaughtering of animals does not only provide meat but also valuable byproducts to mankind. 

The uses of the by-product (table 4.14) are very important considering their agro-industrial 

significance. 

Table 4.14 Different groups of abattoir waste, their by-products and industrial uses.  

Group By-product Use 

Soft organs  stomachs, intestines,  

lungs, carcass trimmings,  

reproductive structures,  

floor sweepings, drainage 

trappings,  

condemned meat  

meat/bone meal  

 

Hard organs  Horns, bones and hoof  horn/hoof meal  

production of powder for 

shinning utensils and teeth, 

pet-chew toys,  

gelatine  

Blood  Blood  blood meal,  

used in animal feed  

Gut contents and manure  Gut contents and manure  compost or fertiliser;  

Biogas production.  

      Source: Modified from Swanepoel, (2014) 

About 30 – 50% of the animal slaughtered can be converted into products that are edible, between 

30 and 50% of the by products can be utilized and used for other applications and the remaining 10 

– 20% is the waste (Swanepoel, 2014). The largest quantity of the waste produced is the liquid part 

(effluent) resulting from the use of large quantities of water during processing. Cleaning and carcass 

washing operations typically account for more than 80% of total water use and effluent volume 

(IPPC, 2003). 

4.2.3.2. Practicing Sustainable Waste Management in Abattoirs 

Sustainable waste management practices can be carried out in an abattoir to prevent environmental 

damage or mitigate in an environmentally sound manner problems caused by abattoirs. For this to 

be possible, the maintenance of proper hygiene within the abattoirs and the surrounding 

environment is an important aspect. There must be a portable source of water that flows regularly 
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in the abattoir site and a reservoir or tank on the premises as a security against shortages and 

breakdown of pumps. The floor should be designed with collecting drainages that empty themselves 

outside into the main drainage, the walls should have a hard, smooth surface to prevent staining 

with blood and hence facilitate cleaning, and the floor should be rough to prevent sliding. The 

abattoir should be cleaned very well immediately after slaughtering with water and disinfectant 

such as household bleach (sodium hypochlorite). The carcass dressing and offal cleaning operations 

should be done separately on different locations in the abattoir, blood collection and the initial 

handling of condemned meat must also be done carefully and away from the carcass to avoid 

contamination.  

4.2.3.3. Abattoir Effluent Treatment Systems   

Effluent from abattoirs is treated differently based on the type of abattoir, concentration, and 

volume of effluent produced. The various types of treatment systems include; anaerobic systems 

(Septic tank systems); aerobic systems (Activated sludge systems) and natural systems 

(Constructed treatment wetlands). Small to medium size abattoirs can treat their effluent using soak-

away pits or septic tanks because it is cheap. A septic tank which is the anaerobic system is not a 

good option for the treatment of abattoir effluent since the anaerobic process cannot effectively 

handle the high BOD loading rate of an abattoir effluent thus the treated effluent will not meet the 

established standards for effluent disposal. In the anaerobic system, some pollutants are reduced to 

compounds more toxic, and the anaerobic condition also enables fermentation to take place which 

might lead to the production of greenhouse gases such as carbon dioxide and methane (Naila. 2008). 

4.2.3.4. Establishment of Bio-gas Digesters   

A biogas digesters can be introduced to solve the problem. A biogas digester requires little 

maintenance while generating energy (gas to be used for energy requirements at the abattoir), and 

the solid residues can be used as fertilizer. When biogas digestion is completed, most organic matter 

is broken down to methane, CO2, and water. Activated sludge systems and the natural systems are 

the systems that are mostly used where there is much land, and they involve biological processes.  

4.2.3.5. Establishment of Abattoir Wastewater Treatment Plants 

An appropriate technology for the treatment of abattoir wastewater can be incorporated in utilizing 

naturally available substances such as reed beds that have been found to purify sewage and gray 

water. The treatment can either take place through a septic tank in the abattoir premises or 

transported through pipes and pump stations to a treatment plant. For this to be possible, the abattoir 
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facility will be connected to the main sewer system or a septic tank to dispose of water not harmful 

to the environment and humans. 

The treatment of wastewater takes place in four stages namely; pre-treatment, primary, secondary 

and tertiary treatments (figure 2.3). The process involves separation of solids from the stream; then 

the dissolved biological materials are transformed and coagulated into a solid mass with the use of 

water-borne micro-organisms. Finally, the solid biological materials are neutralized and disposed 

to be re-use, and the treated water is disinfected either chemically or physically with the use of 

lagoons or better still micro-filtration. After this stage, the final product is discharged into the 

environment, stream or irrigation field. 

Condemned meat can be incinerated or buried at a secured site provided by the government or 

council. This practice encouraged the avoidance of waste production by collecting blood during 

slaughtering, using limited water during processing, using dry-cleaning method during cleaning and 

treating the wastewater before final disposal. In summary, strategies to minimize waste production 

from the abattoirs can be seen in table 4.15. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

69 

 

 

Table 4.15 Abattoir Activities, Waste Sources and Minimization Strategies 
Area of Process  Activity  Possible Waste 

Produced  

Waste Minimisation Strategies  

Cow pen   Stock watering 

  Stock Feeding 

  Stock washing  

 Cow dung 

  Hair  

 Regular evacuation of cow 

dung for composting  

 Regular disinfectant of floor  

 Provide a roof to minimize 

odour  

Slaughter house   Killing slab 

wash  

 Carcase wash 

  Carcase 

splitting  

 Knife, axes and 

cutlass washing  

 

 Blood  

 Tissue 

  Fat  

 Detergents 

  Disinfectants  

 Collect blood into a blood pit 

  When collecting blood, do 

not use hose, instead use 

squeegee  

 Keep water pressure at 

minimal during washing of 

carcass  

 Remove all visible 

contaminants  

 Turn off tap when not in use  

Paunch, gut and 

offal washing  

 Paunch dump 

and rinse 

  Gut washing 

  Edible offal 

washing  

 

 Effluent with 

  High nutrient 

waste  

 

 Collect all solids  

 Use dry dumping of paunch 

materials  

 Any liquid residue from 

paunch dumping should be 

treated with the effluent 

from the rendering unit  

Source: Adewumi et al. (2016) 



 

70 

Sustainable management of waste produced from abattoir is practiced in Akure abattoir, South West 

Nigeria. This sustainable practice is tired to the waste management concept by Roberts and De 

Jager (2008). 

4.2.3.6. Proposed structures and facilities for abattoir establishments in Fako Division 

For an abattoir to be very effective and to function sustainably, the structures and facilities should 

be of standard. The facilities in the structure should be simple to facilitate cleaning and it should be 

made of non-corrosive materials. For example; 

Structure:  

- Well-constructed with roof to protect the slaughter process of the weather conditions 

- The floor must be hard, smooth and impervious, sloping sufficiently towards a drain thus 

allowing cleaning with water  

- The walls should be smooth and washable to facilitate cleaning 

- Toilet 

- Rooms for dressing 

- Proper fencing 

Facilities: 

- Slaughtering slabs 

- Pen 

- Lairage 

- Hooks 

- Over-head rails for skinning and transmission of skinned carcass 

- Water points 

- Sterilizers for hand tools 

- A cool room  

- Wash hand basin 

- Lightening system 

4.2.3.7 Proposed model for a sustainable waste management of abattoir waste in Fako 

Division 

The proposed model looks at the management of abattoirs from the arrival of the cattle but focuses 

on the slaughtering aspect. This model proposes the use or recycling of abattoir waste to produce 
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products that can be sold to improve livelihood and also serve as a source of employment to some 

individuals. The model is intended to eliminate the production of waste at the final level thus 

making abattoir waste to be profitable and no longer harmful.  

The animals are received at the reception area in the abattoir and an ante-mortem inspection is then 

conducted in the reception area to determine the animals’ conditions. Healthy animals should be 

sent to the lairages, while animals with questionable health (e.g. animals that are sick) are sent to 

the isolation pens for monitoring Animals that arrive dead are sent to the post-mortem area for 

destruction. Animals that arrive wounded should either be sent to the emergency slaughter area or 

if unfit to the post-mortem area for killing and destruction. Animals are taken from the lairage were 

it is being feed to give it energy to the pen.  

In the pen, stunning takes place that is the animal is being rendered immobile or unconscious. The 

animal is placed in the pen hours before slaughtering. From the pen, the animals are taken to where 

slaughtering and bleeding takes place. When the animal is slaughtered, there blood can be collected 

with the use of hollow knives and consumed or used as animal food and fertilizer. Skinning or 

should be carried out in a separate area or place in the abattoir to avoid contamination. Evisceration 

is now carried out. During the evisceration process care should be taken to minimize contamination 

by handling the edible organs in a hygienic way and removing waste rapidly from the floor in the 

evisceration room/area. There should be sufficient number of sterilizers for hand tools, knives, etc 

in this area. The edible parts can be sent to the market and some stored in the cool room. 

During slaughtering, the blood is collected and used as explained above, the intestinal content can 

be collected and used for composting, vermiculture and manure. The effluent (waste water) is 

collected, treated using primary (screening, shredding, grit remover, catch basin, remover of large 

floating suspended solids and some heavy metals) and/or secondary (trickling filters, activated 

sludge, extended aeration, oxidation ditches, flocculation, filtration, reverse osmosis and removal 

of biodegradable organics, nutrients, dissolved solids and pathogens) treatment method then the 

treated water can be reused for irrigation and other purposes. The condemned animal can be 

sterilized or disinfected with the flesh and intestinal content removed and buried while the horns, 

bones and hooves can be used in producing by-products such as shinning powder that can be sold 

in the market (figure 4.30). For example the bones of cattle are used in producing a product known 

as ‘shinning powder’ used in washing kitchen utensils. 
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Figure 4.30 Proposed model for a sustainable abattoir waste management 

  
4.3 Implications of the Findings 

Due to lack of proper structures, facilities and waste management practices, effluents from abattoirs 

are continuously being disposed into nearby streams, wetland and temporal water flowing channels 

in Fako division, without treatment. Although most of the water quality parameters falls within 

acceptable limits of the WHO standards, their values showed and increasing trend under the 

influence of abattoirs. In addition, Total Dissolved Solids (TDS) and Turbidity exceeded the WHO 

limits. This implies that pollution of the surface water bodies is still at the initial stage in Fako 

division and if something is not done, the pollution rate might reach a level that is dangerous to the 

community.  

This study is of great importance to our community, nation and the world at large since it touches 

an area that has been neglected and minimized by our authorities though it has a great impact on 

our community. This study has implications on sustainable development goals of the United 

Nations; especially goal 6 which talks of ‘Clean Water and Sanitation.' An important target in 

fulfilling this is to treat the abattoir waste before disposal to avoid or reduce pollution and possible 

human health hazards. The presence of the abattoirs within the communities and the usage of 

streams around the abattoirs is a call for concern since the water bodies are polluted. This shows 

that if something is not done, the United Nations Sustainable Development Goal 6 will not be 

realized in this part of the continent. 

4.4 Limitations of the Study 

The limitation was that some slaughter houses carried out their operation occasionally, especially 

only during market days. This was catered for by identifying the market days when they carryout 

out slaughtering. Another limitation was the unavailability and unwillingness of the butchers to 

participate in the interviews since they were always in a hurry to go and sell their meat. This was 

catered for by frequent visits to the abattoirs where the researcher could identify when they were 

chanced to provide answers to the interview guide.  The financial cost of conducting the field 

research was another challenge since the water samples had to be carried to a laboratory for analysis. 

This was catered for by waiting for the funds to be available before conducting the laboratory 

analysis. 
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CHAPTER FIVE 
 

SUMMARY OF FINDINGS, CONCLUSION, RECOMMENDATIONS AND 

SUGGESTIONS FOR FURTHER RESEARCH  
 

This chapter discusses findings of this study about the set objectives, implications of the study and 

presents suggestions for further research. For the sake of clarity, findings will be discussed under 

every objective of this study. 

5.1 Summary of Findings 

5.1.1Research Question One: To assess the structures, facilities, and practices of abattoir 

waste management posing pollution and health hazards in Fako division  

Proper slaughter facilities and effluent treatment structures are lacking in the study area. SThe study 

discovered that among the eight abattoirs researched on in fako division, only the one that was 

newly created had standard structures and facilities whereas the other seven abattoirs that had 

existed for more than twenty years did not have standard structures and facilities. This explains why 

effluents from seven abattoirs were disposed into the stream, wetland and temporal water flowing 

channels without treatment.  

5.1.2 Research Question Two: To assess the water quality at point locations in nearby stream 

channels and compare them with WHO standards 

Results of the physico-chemical analysis carried out shows that most of the parameters analysed 

were below the WHO limit except for Total Dissolved Solids (TDS) and Turbidity which exceeded 

the limits, indicating an aspect of pollution of the surface water bodies, though considered to be at 

the initial stage. Although most of the water quality parameters falls within acceptable standards, 

the results provide indicators of water quality degradation, hence care is needed to protect these 

water bodies. The pollution rate of the streams might affect the neighbourhood if something is not 

done immediately. It was also observed that apart from abattoir effluents, other sources of pollution 

upstream included agricultural fields, garage spillages, human waste, septic tanks, car wash 

facilities and house hold waste dumping.  

5.1.3 Research Question Three: To propose best practices for a sustainable abattoir waste 

management in Fako Division. 

For best practices to be carried out, carcass dressing and offal cleaning operations should be done 

separately to avoid contamination, the blood should be collected to reduce the effluent 
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concentration, condemned meat should be buried, and the abattoir should be cleaned very well 

immediately after slaughtering with water and disinfectant. Each abattoir should have a treatment 

facility that will enable the effluent to be treated before it is disposed of the stream, wetland or 

water body.  

5.2 Conclusion 

The result shows that the structures and facilities currently available for abattoirs operations in Fako 

division are obsolete and do not meet the required standards. Consequently, their waste 

management practices are unsustainable and is affecting surface water quality of nearby streams, 

though still within WHO limits. Therefore, it can be concluded that until the environmental and 

human health hazards are addressed, abattoir waste management is yet to contribute towards a 

sustainable development of the communities in Fako division. 

5.3 Recommendations 

 Structures having standard facilities should be built on the outskirts of town to prevent 

pollution and human hazards. 

 The government should set up a body in charge of monitoring the treatment of the abattoir 

waste before disposal into its final destination. 

 Legal, administrative and technical measures should be put in place by the government or 

local councils as a mitigation major to reduce or eliminate the discharge of pollutants into 

the environment and water systems. 

 Abattoirs operators and the community at large should be enlightened by the government or 

local council on the impact of abattoir waste on the environment and community at large. 

 Abattoir waste should be recycled and the products sold to render abattoir waste more self-

sustaining 

 The recycling of abattoir waste should be encouraged to serve as a form of employment to 

many. 
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5.4 Suggestions for Further Research 

This study makes the following suggestions: 

 The environmental and health impact of abattoir waste. 

 To investigate the hygienic condition of abattoirs and the purity of the water used during 

slaughtering and dressing of the carcass. 

 To compare health impact of abattoir liquid waste discharged into streams with that 

discharged on land. 

 Effects of abattoir waste on the socio-economic activities of the community around it. 
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APPENDICES 

APPENDIX 1: 

QUESTIONNAIRE 

Dear respondent, I am Betek Quinta Bakume, an MSc student at Pan African Institute for 

Development West Africa Buea, Cameroon, specializing in Environment and Natural Resource 

Management. I am carrying out research on the topic: Abattoir Waste Management and Its 

Potential Effects on Humans and Surface Water Quality: Case of Selected Areas in Fako 

Division, South West Region, Cameroon.Your information is of great importance to this 

research. The information you provide are confidential and will be used strictly for academic 

purposes. 

Personal Information 

1. Age: 0-20          21-35            36-50             Above 50  

2. Sex: Male        Female  

3. Marital Status: Married            Single       Divorced               Widow              Widower  

4. Highest Level of Education: None              Primary   Secondary               High School      

First Degree              Masters               above Master  

5. How long have you lived in the neighborhood? 0-5          6-10 11-20 >20 

6. Where do you get water for domestic purposes?  

7. Is the stream besides the abattoir of any importance? Yes               No  

8. If yes, how is it used? 

9. Do you have an idea of the water quality? Yes  No  don’t know   

10. If yes, what do you think about it?  

11. Have you realized any health challenges resulting from using the streams or from the presence 

of the abattoir in the neighborhood? Yes               No  

12. If yes, name them. 
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Appendix 2: Interview Guide for Butchers 

Site Investigation 

1. What is the name of the abattoir? 

2. Which year was it established? 

3. Who owns the abattoir? 

4. How long have you worked hear? 

5. What are the facilities available in the abattoir? 

6. What is the average number of cows killed per day? 

7. How many staff work in the abattoir? 

Impact of liquid waste on the environment and human health. 

8. Which type of waste are being generated? 

9. Are the waste being treated before disposal? Yes No 

If yes, how?........................................................................................................................ 

10. How are the waste being disposed of?  

11. Is there a body responsible for the collection of waste produced? 

12. How do you dispose the effluent (liquid waste) from the abattoir? 

13. How do you dispose the intestinal content from the cows? 

14. Is there any provision for the dumping of unneeded materials? Yes No 

15. If yes, is it satisfactory? Yes  No 

16. Is there any association that caters for your interest and the environmental situation? 

17. If yes, are you satisfied with the performance of the organization? 

18. How will you assess the performance of those responsible for cleaning the abattoirs? 

Satisfactory Unsatisfactory  
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Appendix 3: Interview Guide to the Veterinarians 

Site Investigation 

1. When was the abattoir built? 

2. Who built the abattoir? Government              Foreign Body An Individual 

3. Who controls the abattoir? 

4. How many staff are working in the abattoir? 

5. How long have you worked here? 

6. Averagely how many cows are slaughtered daily? 

7. How is the waste being managed? 

8. Is the waste treated before discharge? 

9. Do you also control the waste produced? Yes No 

10. If yes, how? And if no who controls the waste? 
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Appendix 4: Interview Guide to the Delegate of Livestock and Fisheries Industry 

Abattoir site investigation 

1. When was the abattoir built? 

2. Was there a design plan used in building the abattoir? 

3. Who built the abattoir? Government, foreign body or an individual?  

5. Are there some challenges with the present structure? 

6. How is the structure being managed? 

7. Is there a relationship between the Ministry of Livestock and Ministry of the Environment? 

8. Do they have any common interest in the abattoir? 
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Appendix 5: Score card for abattoir structure, facilities and waste management 

practices 

1. Structures and facilities 

a) Structure 

i. Well-constructed with roof                                                              

ii. Built with blocks                                                                            

iii. Waste management structures                                                                         

iv. Capacity of structure                                                                       

v. Rail system                                                                                                    

vi Toilets 

vii Wash hand basin      

viii. Proper fencing                                                                   

 

b) Facilities 

i. Slabs well-constructed                                                                                                                                                                    

ii. Pen                                                                                                                      

iii. Sanitary facility for meat 

iv. Lightening system 

v. Water 

vi. Storage facility   

vii. Weighing facility                                                                                                                 

 

2. Waste management practices 

i. Blood collection practice 

ii. Dung disposal  

iii. Solid part disposal 

iv. Effluent disposal  
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v. Infected cattle disposal   

Where a score of;  

1= Unsustainable practice 

2= Sustainable practice 
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Paunch Screening 

Scalding &hair removal 

Except Hair & Hides 

Animal pens 

Rendering 

Casing 

Saving 

Slaughtering 

Killing 

Hide removal 

Evisceration 

Cutting 

By-product operations 

 

Ancillary operations 

Laundry facilities

Manure 

trap 

Sanitary facilities 

Raw water 

Materials 

Recovery 

Waste 

Water 

Appendix 6: Operating and Wastewater flow chart for simple and complex 

slaughterhouses 
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Appendix 7: Students paired t-test 

  

 t-test for Equality of Means 

t df Sig. (2-tailed) Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Total Disolved Solids (mg/l) 
Equal variances assumed -2.130 4 .100 -51.83333 24.33847 -119.40776 15.74109 

Equal variances not assumed -2.130 2.661 .135 -51.83333 24.33847 -135.19145 31.52478 

Biological Oxygen Demand (mg/l) 
Equal variances assumed 3.880 4 .018 23.53000 6.06487 6.69121 40.36879 

Equal variances not assumed 3.880 2.111 .055 23.53000 6.06487 -1.29795 48.35795 

Turbidity (NTU) 
Equal variances assumed -3.640 4 .022 -130.66167 35.90060 -230.33771 -30.98562 

Equal variances not assumed -3.640 2.022 .067 -130.66167 35.90060 -283.52442 22.20108 

pH 
Equal variances assumed .374 4 .728 .12000 .32117 -.77170 1.01170 

Equal variances not assumed .374 3.999 .728 .12000 .32117 -.77180 1.01180 

Temperature (oC) 
Equal variances assumed -.235 4 .826 -.15000 .63879 -1.92357 1.62357 

Equal variances not assumed -.235 2.511 .832 -.15000 .63879 -2.42609 2.12609 

Conductivity (mS) 
Equal variances assumed -2.152 4 .098 -.06950 .03230 -.15918 .02018 

Equal variances not assumed -2.152 2.861 .125 -.06950 .03230 -.17518 .03618 

Nitrates (mg/l) 
Equal variances assumed 2.729 4 .052 11.53333 4.22555 -.19868 23.26534 

Equal variances not assumed 2.729 2.007 .112 11.53333 4.22555 -6.58942 29.65609 
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Appendix 8: Mean Values and Standard Deviation of water samples collected from the different 

abattoirs 

 Water Sample Before 
Abattoir 

Water Sample After 
Abattoir 

Water Sample 100m 
Downstream 

Variables Mean SD Mean SD Mean SD 

TDS 160.2 16.06 212.00 38.97 200.0  
BOD 27.59 10.36 4.07 1.72 9.82  
Turbidity 5.67 4.60 136.3 62.01 69.0  
Ph 7.8 .397 7.68 .390 7.74  
Nitrates 24.13 7.313 12.60 .300 12.30  
Conductivity .239 .024 .309 .050 .2990  
Temperature 22.38 .375 22.53 1.041 21.70  
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Appendix 9: Quality Assurance Department 

 

Attn: Betek Quinta Bakume                                                                            

          PAID-WA, BUEA. 

CERTIFICATE OF ANALYSIS 

Ref. CP/QA/COA17-090 

PHYSICO-CHEMICAL ANALYSES OF WATER SAMPLES FROM STREAMS THAT HAVE 

BEEN POLLUTED BY WASTE DISCHARGES FROM SOME NEARBY ABATTOIRES IN 

FAKO DIVISION. 

SAMPLING 
SITE/ DATE 

SAMPLE 
CODE 

TEST PARAMETERS 

TDS 
(mg/L) 

BOD 
(mg/L) 

Turbidity 
(NTU) 

pH Temperature(
0C) 

Conductivity 
(mS) 

Nitrates 
(mg/L) 

 
EKONA 
 
(Tuesday 
14/03/2017) 
 
3 samples 

 
E1 

 
177 

 
38.62 

 
1.61 

 
7.55 

 
23.0 

 
0.264 

 
32.3 

 
E2 

 
177  

 
39.82    

 
1.80 

 
7.54 

 
22.2 

 
0.265 

 
22.6 

E3  
202   

 
5.93    

 
91.00 

 
7.41 

 
23.7 

 
0.293 

 
12.9 

 
MUTENGENE 
 
 
(Wednesday 
15/03/2017) 
 
3 samples 

 
MUT1 

 
145         

 
17.12       

 
4.64 

 
8.24 

 
22.8 

 
0.216            

 
30.2 

 
MUT2 

 
145        

 
21.53       

 
4.53 

 
8.28 

 
22.4 

 
0.217           

 
28.2 

 
MUT3 

 
179       

 
3.74        

 
111.00 

 
8.13 

 
22.2 

 
0.269           

 
12.6 

 
MUEA 
 
(Thursday 
16/03/2017) 
 
4 samples 

 
MU1 

 
156            

 
23.98       

 
7.13 

 
7.56 

 
22.1 

 
0.234            

 
15.8 

 
MU2 

 
161          

 
24.51       

 
14.32 

 
7.65 

 
21.8 

 
0.243            

 
15.7 

 
MU3 

 
255         

 
2.53        

 
207.00 

 
7.51 

 
21.7 

 
0.366            

 
12.3 

 
MU4 

 
200         

 
9.82        

 
69.00 

 
7.72 

 
21.7 

 
0.299           

 
12.3 

 

Samples were collected in all sited areas at between 5:30 am and 7:30 am in one liter glass bottles 

appropriate for that exercise, transported in iced cold boxes to the CBC Central Pharmacy QA. 

Laboratory.  
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CODE DESCRIPTION 

E1 Sample collected at the discharged point before slaughtering  

E2 Sample collected 50 meters upstream same time as E3 

E3 Sample collected 50 meters downstream after slaughtering and waste discharged 

into the stream  

MUT1 Sample collected at the discharged point before slaughtering  

MUT2 Sample collected 50 meters upstream same time as MUT3 

MUT3 Sample collected 50meters downstream after slaughtering and waste discharged 

into the stream  

MU1 Sample collected at the discharged point before slaughtering  

MU2 Sample collected 50 meters upstream same time as MU3 

MU3 Sample collected 50 meters downstream after slaughtering and waste discharged 

into the stream  

MU4 Sample collected 500 meters downstream after slaughtering and waste discharged 

into the stream  
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Appendix 10: Water samples collected at various locations along stream channels where 

abattoir effluents were discharged 

 

 

 

 

 

 

 


