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Generation Rate and Physico-chemical Characterization of Municipal 

Solid Waste in Fonko Town of Analemo District, Hadiya Zone, Southern 

Ethiopia 

ABSTRACT 

Solid waste, which is a consequence of day-to-day activity of human kind, needs to be 

managed properly. The improper management of the MSW is a major cause for water, air 

and soil pollution. Municipal solid wastes (MSW) generations and characterization of its 

composition is essential for proper management of municipal solid waste in the study area. 

This study aims to determine generation rate and physico-chemical characterization of 

Municipal Solid Waste in Fonko Town. In present study, a cross sectional descriptive study 

design was used. The data for the study was collected through filed measurement, direct 

observation and by preparing questionnaires and through discussion together with the focus 

group. Daily MSW was separated in to its components and weight of each component was 

recorded. This has been conducted for 7 consecutive days to have better average per day 

MSW generation rate. The physicochemical properties of the wastes were analyzed based on 

the standard method. Survey was held through a randomly selected 133 households. The 

rates of daily waste generation of municipal solid waste were 0.197 kg/capita/day. The study 

revealed that by weight, the food wastes constituted the largest proportion of municipal solid 

waste (43.07%) followed by ash (16.9%), paper (15.5%), yard (10.23%), plastic (7.33%), 

glass (2.77%), metal (2.23%) and other (1.97%) wastes respectively. The physicochemical 

characterization of municipal solid wastes indicated that bulk density, moisture content, pH 

value, electrical conductivity,  organic carbon, total nitrogen, phosphorus, potassium and 

C:N of municipal waste sample were 369kg/m
3
, 49.44%, 6.23, 1.58ds/m, 38.2%, 1.29%, 

0.56%, 0.71% and 30:1% respectively. From the result of this study it can be concluded that, 

biodegradable (organic) solid waste constituted a lion share of the solid wastes generated in 

the town. Thus, the municipality can recover this waste by introducing an integrated urban 

agriculture that might convert this waste to organic fertilizer through composting for 

reducing solid waste disposal problems. 

Key words:   Characterization, Fonko town, Generation rate, Municipal solid waste, Physico

chemical



 

 

 

1. INTRODUCTION 

The rapid urbanization that has been taking place during the 20
th

 century virtually 

transformed the world into communities of cities and towns facing challenges on 

environmental issues in which most of them have to be addressed at international level 

(Smith, 2010). Among those environmental issues SWM is a critical one because as long as 

humans have been living in settled communities, SW generation has been an unavoidable 

and critical issue both in developed and developing nations (Ilyas et al., 2017).   Increases in 

human population, urbanization, economic growth and associated consumption patterns have 

significantly added to the volume of materials discarded as MSW (Endalkachew, 2018). MS

W are undesirable materials mainly consisting of household wastes and so are called 

household garbage (Ramachandra  et al., 2018).  

Generation rate of solid waste increases with the increase in population, technological 

development and the changes of the life style of the people (Ali, 2015). MSW is increasing in 

both quantity and composition throughout the world (Ma and Hipel, 2016). Many of the 

world cities are generating an ever increasing quantity of solid waste, the effectiveness of 

their solid waste collection and disposal systems are declining (Nadeem et al., 2016). Even 

though developed countries generate greater quantity of solid waste than developing 

countries (Solomon, 2011). Quantity and composition vary from country to country making it 

difficult to adopt waste management systems which are successful at other places 

(Chandrappa and Das, 2012). SWM remains one of the major challenges of urbanization 

faced by developing countries (Modebe et al., 2011). 

Solid waste is a global environmental problem in today‟s world both developed and developi

ng countries due to rapid population growth, economic activities growth and the rise of comm

unity demand accelerated solid waste generation in the world (Tirusew and Amare, 2013). 

In African countries the quantity and generation rate of SW have increased at an alarming rate

over the years with lack of efficient and modern technology for the management of   different 

types  of   solid waste  (Edwards,  2010).  In  most of  the cities of  the  developing  countries
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government and local city councils have a mandate for the proper management of the MSW 

from collection to disposal (Kassim and Ali, 2006). It refers to materials discarded in the 

urban areas for which municipalities are usually held responsible for collection, transport and 

final disposal (Ma and Hipel, 2016). Municipal solid waste management is one of the basic 

services that are currently receiving wide attention in many towns of Ethiopia. This is mainly 

because SWs that are generated in most towns of Ethiopia are not appropriately handled and 

managed (Solomon, 2011; Endalu and Habtom, 2014; Mengie et al., 2015; Mohammed, 

2015). However, it is possible to minimize and solve these problems through strictly planning 

and implementing different MSWM components and options. MSWM has emerged as one of 

the greatest challenges facing environmental protection agencies in developing countries 

(Ogwueleka, 2009).  

Solid wastes need to be characterized by sources, generation rates, types of wastes produced, 

and composition in order to monitor and control prevailing waste management systems while 

improving the existing system (Chandrappa and Das, 2012). Solid waste disposing is an 

important part of waste management system, which requires much attention to avoid 

environmental pollution and health problem. However, most solid waste dumping sites in 

developing countries are found on the outskirts of the urban areas where there are water 

bodies, crop fields, settlement and road these are a suitable site for the incubation and 

proliferation of flies, mosquitos and rodents that affect human health (Abul, 2010). 

Rapid population growth and expanding urbanization have caused a drastic increase of the 

municipal solid waste generation and the variety of the waste composition (Ramachandra et 

al., 2018). MSW consists of all types of solid waste generated by households and commercial 

establishments, and collected usually by local government bodies (Bhada-Tata and Hoornweg, 

2011). Developed countries are able to manage the various types of waste to an acceptable 

level, contrary to developing nations like Ethiopia which are still struggling to deal with the 

problem of proper management of solid wastes. With the current rate of urbanization 

municipal solid waste collection, transportation and disposal have been a major problem of 

municipalities in most of the Ethiopian cities. In addition to this hilly terrain of many cities, 

lack of skilled manpower and equipment and financial constraints are factors which aggravate 

the problem (Beyene et al., 2009; Mulu and Legesse, 2005). The population growth, 

commercial and industrial developments have created a burden on the environment. With this 

a rapidly growing town in Ethiopia, Fonko town has a mounting problems regarding to 
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municipal solid waste management system. Those are municipal solid waste collection is not 

timely managed, Uncontrolled solid waste disposal, absence of waste collection bins, lack of 

awareness, absence of transportation facilities, lack of reduction, recycling and reuse 

techniques and people dump wastes on the road street, market areas and water drainages. The 

study area is South Ethiopia and it has strong relationship with transportation and exchanging 

other raw materials (Abiot, 2012). 

Therefore, this study was design to determine MSW generation rate and physicochemical 

characterization of its composition at the present demographic and socio-economic conditions. 

The results of such analysis was expected to provide a baseline data based on which an 

improved waste generation rate option could be explored and prioritized for decision-making 

interventions to address the problem, promote human and environmental health in Fonko tow

n. Generation rate and physicochemical characterization is not analyzed in the study area. 

Therefore, this study was tried   to contribute to fulfill the existing knowledge gap on 

generation rate and composition characterization of municipal solid wastes in the study area. 

As a result, measure towards improving the solid waste management is not in line with the 

rate of disposed waste. These are important things that have to be considered first if an 

intervention aiming at improving environmental and health matter through solid waste 

management is to be made. Therefore, this study is proposed with the following objectives. 

General objective 

 The general objective of the study was to determine the generation rate, composition 

and physicochemical characterization of municipal solid waste at Fonko town. 

 Specific objectives 

 To determine the municipal solid waste generation rate and composition in the study 

area and 

 To characterize the physicochemical properties of municipal solid waste in the study 

area.
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2. LITERATURE REVIEW 

2.1. Definition of Waste  

Waste is any substance (whether solid, liquid or gaseous) that is discharged, emitted 

or deposited in the environment in such a volume constituency or manner as to cause 

an alteration in the environment. Waste is also any discarded, rejected, unwanted, 

surplus or abandoned substance. While solid waste is defined as the organic and 

inorganic waste materials produced by households, commercial and industrial 

establishments  that have no  economic value to owner (Adipah and Kwame, 2019). 

Waste can be also defined as useless, unwanted or discarded materials arising from do

mestic, trade, comercial, industrial and agricultural as well as from public services (Sh

yamala and Belagali, 2012). Waste can be material obtained because of inefficient and

 inappropriate use of resources. Some wastes can be finally turn into resources more 

important than others do after discarded and produced in each phase of development 

and manufacture (Hoornweg and Bhada Tata, 2012).Waste is a complex mixture of 

different substances that are discarded by household, individual or organizations that 

are harmful to the environments and health (Adipah and Kwame, 2019).  

Waste is becoming a constantly raising challenge internationally, regionally, and natio

nally. This constantly raising challenge is speeded up by increases in consumption and 

waste creation situations and increasing global urbanization. As a result, most 

countries are in a particularly difficult position in managing waste, mainly developing 

countries (Massoud and Merhebi, 2016). Cointreau (2006) has stated that the entire 

concept of waste is subject to the value judgment of the primary owner or potential 

consumer. Broadly, waste can exist in any of three forms namely, solid, liquid, and 

gases or in all of the three intermingled.  
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2.2 Solid Waste 

Rouse (2008) also noted that “Solid waste is defined as material which no longer has 

any value to its original owner, and which is discarded. The main constituents of solid 

waste in urban areas are organic waste (including kitchen waste and garden 

trimmings), paper, glass, and metals and plastics. Ash, dust and street sweepings can 

also form a significant portion of the waste”. Solid waste comprises all the wastes 

arising from human and animal activities that are normally solid and that 

are discarded as useless or unwanted (Tchobanoglous and Keith, 2002). In most of the 

developing countries like Ethiopia, the increasing amount of solid waste generation 

resulted from rapid urbanization and population booming. Likewise, the quantity of 

waste generated in Addis Ababa is increasing because of rapid population growth and 

urbanization. This has outpaced the financial and manpower resources of 

municipalities to deal with the provision and management of services of solid waste 

(AACG-SBPDA, 2005). Solid waste is defined as, “Any discarded, rejected, 

abandoned, unwanted or surplus matter, whether or not intended for sale or for 

transformation or purification by a separate operation. It can also be defined as 

anything non- liquid and non-gaseous in terms of by-product that is produced because 

of any human activity and can produce any detrimental impact on environment 

(Nadeem, et al., 2016).   

Solid waste refers to the leaves/twinges, food remnants, paper/cartons, textile 

materials, bones, ash/dust/ stones, dead animals, human and animal excreta, 

construction and demolishing debris, biomedical debris, household hardware (TVs, 

electrical appliances, furniture) plastic materials, bottles and other glass, leather and 

such materials as are discarded as useless (Sha‟Ato et al., 2007). These are generated 

by domestic, commercial, industrial, institutional, construction and demolition, 

municipal services, agricultural and mineral extraction activities and accumulates in 

streets and public places.  A positive correlation tends to exist between a community‟s 

income and the amount of solid wastes generated. Wealthier individuals consume 
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more than lower-income ones, which results in a higher waste generation rate for the 

former. The processes of accelerated population growth and urbanization translate into 

a greater volume of wastes generated. Globalization can promote economic growth, a 

desirable outcome. However, this economic growth in addition to population increase 

and urbanization will seriously strain municipal resources to deal with a booming 

amount of wastes (Martin, 2006). 

2.3 Municipal solid waste 

Municipal solid waste comprises of waste generated from residential, commercial, 

institution activities and is not hazardous. Municipal solid waste is a waste gathered 

by municipalities or other local authorities usually identified as either garbage or trash, 

comprises of day-to-day items such as food scraps, clothing, grass clippings, product 

packaging, bottles, furniture, newspapers, batteries, paint, and appliances metal. These 

wastes are commonly in the form of either a solid or a semi-solid. Municipal solid 

waste refers to the material discarded for which municipalities are usually held 

responsible for collection, transportation and final disposal. MSW encompasses 

household refuse, institutional, commercial and industrial waste that is neither waste 

water discharge nor atmospheric emission (Massoud and Merhebi, 2016). 

The composition of municipal solid waste is a heterogeneous mixture of different 

types of discarded wastes. This implies that municipal solid waste often includes food 

waste, garden waste ,paper, dry refuse, kitchen waste, discarded clothing, which are 

biodegradable and other fractions of non- biodegradable material such as furnishing , 

glass, plastics and other furnishing household material (Kumar et al., 2012). 

Municipal solid waste management has been undertaken with many drivers 

worldwide over the years. The principal objectives of MSWM were gradually 

developed to protect environmental issues, health safety, and resource conservation 

(Adipah and Kwame, 2019).  Equipment used for waste collection, transfer and 

disposal includes side loaders, open tippers, pay loaders, etc. Primarily, wastes are 
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collected from stationary containers (Ogwueleka, 2009). This method requires the 

delivery of waste by the residents to a storage container. Afterwards, it is collected 

and taken by collection vehicles directly to the disposal site. This process is driven by 

both private companies and government agencies. SWM is a vital, ongoing and large 

public service system, which needs to be efficiently provided to the community to 

maintain aesthetic and public health standards (Modebe et al., 2011). 

Globally, solid waste management is one of the greatest environmental health 

challenges and continues to overwhelm local authorities and national governments as 

urban populations continue to rise and consumption patterns change (Marshall and 

Farahbakhsh, 2013). Solid waste management remains one of the major challenges of 

urbanization faced by developing countries (Modebe et al., 2011). In most of these 

nations, the issues of Municipal Solid Waste Management are of immediate concern, 

and problematic. For example, in some African countries, one to two thirds of the 

solid waste generated is not collected. As a result, the uncollected waste, usually end 

up in the surrounding environment or drainage or open dump. They are confronted 

with many aspects of problems such as, inadequate service coverage and operational 

inefficiencies of services, limited utilization of recycling activities and inadequate 

landfill disposals (Cointreau, 2006). 

Solid waste management in developing country like Ethiopia is characterized by 

inefficient collection methods, insufficient coverage of the collection system and 

improper disposal of solid waste. The quantity of solid waste generated in urban areas 

in industrialized countries is higher than in developing countries; still municipal solid 

waste management remains inadequate in the latter (Kumar et al., 2012). These are 

generated from residential, commercial, institutions and industries. Study of 

Tchobanoglous and Keith (2002) revealed that the current global Municipal Solid 

Waste generation levels are approximately 1.3 billion tons per year, and are expected 

to increase to approximately 2.2 billion tons per year by 2025. This represents a 

significant increase in per capita waste generation rates, from 1.2 to 1.42 kg per 
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person per day in the next fifteen years (WB, 2012).The quantity and composition of 

solid waste generated directly reflects on the prevailing socioeconomic and physical 

status of the society(Abiot, 2012). Increasingly, it has been shown that a few chemical 

compounds within municipal solid waste contribute significantly to environmental 

and health impacts (Ilyas et al, 2017).  Factors that influence the composition are the 

average income level, the sources, the population, social behavior, climate, industrial 

production and the market for waste materials (Yitayal, 2005). 

2.4 Sources of municipal solid wastes 

Depending on the administrative boundaries, MSW may cover only residential and 

commercial non-hazardous waste, and may also include industrial and agricultural 

non-hazardous waste. This has to be defined based on the existing regulations and 

practices within the specified geographic location. Usually, the municipality - 

responsible for the collection and disposal of municipal waste - collects residential 

waste while other sectors (commercial, industrial, and agriculture); if they are allowed 

to dispose their waste at municipal facilities, transport their waste to the municipal 

disposal sites (landfill and incineration plants) and pay disposal charges (UNEP, 2009). 

According to Wodu and Shekure (2005) the major types of MSW are food, paper, 

plastic, glass, metals, clothes, leather and rubber. These are generated from residential, 

commercial and institutions. MSW is considered to be generated from residential, 

commercial, institutional, or industrial areas. 

2.4.1 Residential waste 

Residential waste generated by households living either in single-family houses or 

multi-family buildings may contain organic waste (for example, from the kitchen and 

gardens), recyclable waste (for example, plastics, paper and cans), non-recyclable 

waste (that has no recycling value), and hazardous waste (batteries and some oils). 

Plastic waste is composed mainly of packaging, plastic products, hard and flexible 

plastic household items, bottles and Jerry can. Plastic waste especially packaging 
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materials does not decompose and compact easily which is why it significantly affects 

transportation cost and landfill life. The wastes disposed on the site are not covered 

with the soil. Therefore, plastic wastes particularly plastic bag waste escape from the 

site by wind and affect the surrounding environment (Wodu and Shekure, 2005).  

Usually, the municipality is responsible for collection and disposal of such waste, thus 

it is treated as municipal waste. In some countries, the collection and transportation of 

waste from mufti-family buildings could be the responsibility of the residents and in 

some; there are regulations on segregation at source for recyclable (Tchobanogous 

and Keith, 2002). Besides this, components of solid waste in the municipality range 

from organic solid waste to potentially hazardous (miscellaneous) waste with their 

various quantities, that low and middle income countries have a high percentage of 

organic matter in the urban waste stream, ranging from 40 to 85% of the total 

(Hoornweg and Bhada-Tata, 2012). Cointreau (2006) also revealed that in developing 

countries a large part of the municipal solid waste flow is organic, biodegradable 

wastes, which originate from households. 

2.4.2 Commercial waste 

In many places, non-hazardous commercial waste generated by the businesses is 

considered as MSW; however, waste generators through private sector usually arrange 

its collection. The local authorities may provide the details of the types of commercial 

wastes to be considered as MSW. They may also indicate the existing procedure for 

the segregation of recyclable waste and collection of the disposal waste from 

commercial sector. The hazardous waste from commercial sector could be the sole 

responsibility of the generator. This information would help to list out different waste 

streams for quantification and characterization (UNEP, 2009).  
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2.4.3 Institutional solid waste 

Institutional solid waste is a waste generated from public and government institutions:  

offices, religious institutes, schools and universities. It consists of nonhazardous solid 

wastes. This source mainly addresses health care facility solid waste and potential 

hazards of exposure to hazardous health-care waste. The amount of paper and plastics, 

including materials such as food containers and wrapping materials, is noted to be 

much lower than in developed countries such as the USA (65%) and Western Europe 

(48%) (WB, 2012). In some countries, some of the municipal wastes are sub-

categorized separately, rigid plastic packaging containers and glass containers. These 

wastes are usually not mixed up with the normal municipal waste. The authorities 

may identify if there are special procedure for any special type of municipal waste 

(UNEP, 2009). 

2.5 Generation Rates of Municipal Solid Wastes 

Waste generation is the identification of sources that are not usable by or left over 

from the first user and collected to be dropped out or for schematized removal. 

Storage and processing of waste are on site handling of waste near the waste 

production areas to accelerate collection in a simpler manner. To accumulate wastes, 

waste bins are usually put near the areas where sufficient waste is generated. 

Collection of waste is the activity of gathering wastes from the placed bins to areas or 

points where wastes collected and drained to vehicles that collects waste (Massoud 

and Merhebi, 2016). The composition of the generated waste is extremely variable as 

a consequence of seasons, life style, demographic, geographic and local legislation 

impacts. These variations make defining and measuring the composition of waste 

more difficult and at the same time more essential. Creation of waste is progressively 

increasing as a normal effect of population growth and economic development. The 

kind and amount of generated waste is associated to human actions, way of life, and 

ecological consciousness level (Bhada-Tata and Hoornweg 2011). In order to design 
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the waste management system, one of the important factors is WG. Determining the 

total amount of MSW helps to design the collection routs, material recovery and 

disposal facilities. All the activities which cause to throw away the useless and 

unwanted material during the process, manufacturing, distribution and consumption 

are defined as waste generation (Abul, 2010).  

However, the study has shown that rapid economic growth and rapid urbanization are 

two factors that often result in a rapid increase of WG (Said et.al., 2016). As standards 

of living and disposable incomes increase, consumption of goods and services 

increases, which results in a corresponding increase in the amount of waste generated. 

Income level and urbanization are highly correlated and as disposable incomes and 

living standards increase, consumption of goods and services correspondingly 

increases, as does the amount of WG (Hoornweg and Bhada-Tata, 2012). UNEP 

(2005) also reported that fast expansion of urban by rapid population growth has 

produced a huge amount of SW that pollutes the environment and destroy resources. 

The problems caused by SW in urban Africa is largely due to the explosive growth 

rates, particularly in sub-Saharan Africa, which eventually translates into generation 

of copious amounts of solid waste (Taiwo, 2011).  

Urban areas with higher number of population generate higher amount of solid wastes 

as compared with lower number of population having comparable income. Income is 

also an important factor where the consumption of dwellers with higher income is 

relatively higher than the lower income group with corresponding generation of 

relatively higher amount of SW (WB, 2012). The volume or rate of residential solid 

waste produced varies from day to day, month to month, season to season and from 

HH to HH. High income household generate twice as much as waste than low income 

group, this is because low income household consumes fewer resources and tend to 

recycle (Girma, 2004). Therefore, SW is too closely linked to urbanization and 

economic development, implies that the higher the economic development and rate of 

urbanization by population growth, the greater the amount of SW produced.  
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The global MSW generation levels are approximately 1.3 billion tons per year, and 

are expected to increase to approximately 2.2 billion tons per year by 2025 according 

to current trends in population growth as determined by country income level 

(Hoornweg and Bhada-Tata, 2012). This represents a significant increase in per capita 

waste generation rates, from 1.2 to 1.42 kg per person per day in the next fifteen years. 

However, global averages are broad estimates only as rates vary considerably by 

region, country, city, and even within cities. Waste generation in sub-Saharan Africa is 

approximately 62 million tons per year (Karak et al., 2011). As solid waste generation 

increases with economic development and population growth, the amount in these 

urban areas will double within a similar time range. Municipalities in Ethiopia have to 

be prepared for this challenge (Ilyas, et al., 2017).  Per capita waste generation is 

generally low in this region, but spans a wide range, from 0.09 to 3.0 kg per person 

per day, with an average of 0.65 kg/capita/day (Hoornweg and Bhada-Tata, 2012 ; 

Karak et al., 2011). Therefore, the technological options should be carefully 

investigated for an efficient waste management system (Lekammudiyanse and 

Gunatilake, 2010) stated that the huge quantity of household solid wastes in 

developing countries can be reduced by converting the organic component of the 

waste into a valuable and reusable product without adverse affecting the environment.  

2.6 Quantification of Municipal Solid Waste Generation Rate  

Anthropogenic activities in society generate large quantities of wastes posing a 

problem for their disposal. Improper disposal leads to spreading of diseases and 

unhygienic condition besides spoiling the aesthetics (Nayana and Malode, 2012). In 

African countries the quantity and generation rate of solid wastes have increased at an 

alarming rate over the years with lack of efficient and modern technology for the 

management of different types of wastes (Lekammudiyanse and Gunatilake, 2010). In 

most of the cities of the developing countries, government and local city councils hav

e a mandate for the proper management of the MSW from collection to disposal (Kass

im and Ali, 2006). MSW comprises of combined domestic, commercial and institution
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al SW generated in a given municipality or locality (Fobil and Carboo, 2005).  

Cities in developing countries are confronting a twin dilemma namely rapid growth of 

urban population resulting in increased demand of waste management services and 

poorly developed traditional public sector to the growing demand for such services. A 

team of researchers are of the view that the composition and the quantity of MSW 

generated form the basis on which the management system needs to be planned, 

designed and operated (Karak et al., 2011). As a consequence of population growth 

and urbanization in developing countries, overall volumes of waste generation is 

much higher than most developed countries and the industrial waste generation rates 

are also very high as most of the industries are primary industries producing raw 

materials for industrial production (Tirusew and Amare, 2013). Furthermore, due to 

improved living standards, improved health-care and due to globalization, a number 

of new waste streams have emerged, especially e-waste and hazardous waste (UNEP, 

2009). The municipal corporations are continuously seeking new management 

strategies to deal with this huge quantity of  SW generation (Monavari et al., 2012).  

2.7 Municipal Solid Waste Handling Practice 

The insufficient handling of solid waste represents a source of water, land and air 

pollution affecting the urban environment and the health of the people living in the 

cities and is one of the most critical environmental problems that cities in Africa are 

facing today. The current capacity of most solid waste management systems in Africa 

is inadequate and too slow to meet the increasing demand of the solid waste generated 

(Bjerkli, 2005). Source separated collection of HH generated MSW is one of the key 

steps for ISWM. Source – separated collection means that the MSW is first classified 

as several different parts such as composting material (food waste), combustible 

materials (fiber and paper) and recyclable materials (metals and glass). Once 

classified, these different, waste types are then collected and forwarded to the 

appropriate users (Endalu and Habtom, 2014).  
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2.7.1 Waste Generation 

Waste  generation  encompasses  activities  in  which  materials  are  identified as 

valueless  and  either thrown away or gather  together  for  disposal.  This functional 

element is very important. Because all activities  that lead to identification  and  

understanding  of  solid  waste  generation  rate,  volume, composition,  area specific 

variations  of  waste  generation  and  their  expected changes overtime are belonging 

to this component solid waste management. So, this functional element is a vital stage 

for acquiring accurate information that is necessary to monitor existing management 

system and to make regulatory, financial and institutional decisions (Gebrie, 2009).  

2.7.2 On Site Handling, Storage and Processing 

Waste handling involves activities associated with management of wastes until they 

are placed in storage containers for collection. It also encompasses movement of 

loaded containers to point of collection. Storage refers  stock  up  of  wastes  as  soon  

as  they  are  generated. There are two types of storage activities at source. The first 

one is temporary storage done at household level as a part of their hygiene. The 

second type is communal solid waste storage system on public solid waste containers 

prepared by municipality. While processing at source involves activities such as waste 

composting and separation of solid wastes for reuse and recycling. All of these 

components are important for protection of public health and aesthetics and 

environment (Gebrie, 2009). 

2.7.3 Collection 

Collection involves the process of picking up of wastes from collection points, 

loading them in to a vehicle, and transporting it to processing facilities, transfer 

stations or disposal site. Waste collection can be done through door-to-door collection 

which involves the use of containers or dust bins within the households and 

communal collection that involves the use bins placed near markets, in residential 

areas and other appropriate locations (Solomon, 2011). 
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2.7.4 Transfer and Transport 

These activities are associated with transfer of wastes from public storage facilities to 

collection vehicle and the subsequent transport of wastes to disposal site. Transfer 

refers to movement of waste or materials from primary collection vehicle to a 

secondary, larger and more efficient transport vehicle. When location of final disposal 

site is at a long distance from points of collection, transfer stations may be used. 

Transportation on the other hand covers all types of vehicles under operation to 

transport solid waste from its generation point to transfer station and then to treatment 

or disposal site (Meenakshi, 2005). 

2.7.5. Disposal  

This is final functional element in SWM system. Disposal activities are related with 

final dump of solid wastes directly to a land fill site. Today disposal of wastes by land 

filling or land  spreading is the ultimate fate  of  all  solid  wastes  whether  they are  

residential  wastes, residual  materials from materials recovery facilities. However, in 

most developed countries this method is officially banned allowing only sanitary land 

fill or final disposal. Because sanitary landfills is not a dump it is an engineered 

facility used for disposing of solid wastes on land without creating nuisances or 

hazards to public health and environment (Tchobanoglous and Keith, 2002). Though it 

is the most common technology around the world, conventional and environmental 

unfriendly methods such as open burning, open dumping, and non-sanitary land fill 

can still be used as disposal method (UNEP, 2009). 

2.8 Characterization of Municipal Solid Waste 

Waste characterization is a fundamental component in any MSWM scheme of urban 

solid waste in a city but such data are not commonly compiled in cities across Africa. 

In developing countries a large part of the MSW flow is organic, biodegradable waste, 

which originated from household, including peeling from fruit and vegetation, food 
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remnants and leaves (Cointreau, 2006). The characterization of SW streams and the 

estimation of SWGR are critical data needed to seek alternative solutions to problems 

created by rising solid waste disposal costs, increasing public opposition to new 

landfills and the growing interest in recycling. In Ethiopia, like developing countries, 

the increasing of solid waste generation is resulted from rapid urbanization and 

population booming. The amount of SW in Addis Ababa and other fast growing areas 

of the country have been increasing over time, largely attributed to rapid population 

growth rate. From the total solid waste released by the population in the city, about 

50-60% was collected and the rest was unattended (Dawit and Alebel, 2003). 

The composition of MSW stream is important for designing material recovery 

facilities and developing other waste minimization programs. Successful 

characterization depends on obtaining representative samples of the collected SW and 

making statistically precise and accurate estimates of component weights. Knowing 

the quantity and type of solid waste generated is important to examine various 

treatment options (Yousuf and Rahman, 2007). Solid waste composition studies are 

essential to the proper management of waste for a variety of reasons, including the 

need to: (1) estimate material recovery potential; (2) identify sources of component 

generation; (3) facilitate design of processing equipment; (4) estimate physical, 

chemical and thermal properties of wastes; and, (5) maintain compliance with local, 

state and national regulations (Ali, 2015).  

The waste stream is important to determine generation rates and composition of MSW 

and it depends on a number of factors such as food habits, cultural tradition, 

socioeconomic and climatic conditions. It varies not only from city to city but even 

within the same city itself (Gawaikar and Deshpande, 2006).The characterization of 

solid waste streams and the estimation of solid waste generation rates are critical 

information needed to seek alternative solutions to problems created by rising solid 

waste- disposal costs, increasing public opposition to new landfills and the growing 

interest in recycling. In Ethiopia, like developing countries, the increasing of solid 
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waste generation is resulted from rapid urbanization and population booming. The 

amount of solid waste in Addis Ababa and other fast growing areas of the country 

have been increasing over time, largely attributed to rapid population growth rate and 

economic factors. For instance, in Addis Ababa the solid waste collection coverage is 

about 65% and about 10% is estimated to be recycled. The remaining 25% often 

dumped in open spaces, ditches, riverbanks (Getaneh and Tesfaye, 2006). 

2.8.1 Physical Characteristics 

Different sources express physical characteristics of municipal solid waste by its bulk 

density, moisture content, particle size and porosity (permeability) are important in 

managing solid waste material recovery and governing it in a landfill (Melaku, 2008). 

According to these sources, density-specific weight (weight per unit volume) is 

managed by assessing total mass and volume. Density is a significant criterion for the 

evaluation of storage, collection, transportation, and land filling of waste (Yousuf and 

Rahman, 2007).Moisture content is the measure of the quantity of water in a compost 

product; expressed as a percentage of total weight. The moisture content of compost 

affects its bulk density (weight per unit volume) and, therefore, affects handling and 

transportation. Overly dry compost (35% moisture or below) can be dusty and 

irritating to work with, while very wet compost (55 to 60%) can become heavy, 

making its application more difficult and delivery more expensive. Preferred moisture 

content for finished compost is 45 to 55% (US Composting Council, 2003).  

2.8.2 Chemical Characteristics 

Knowledge of the solid waste chemical characteristics is essential in selecting and 

designing the waste processing and disposal facilities. Their chemical compounds and 

characteristics are essential in proper understanding of the behavior of waste as it 

moves through the waste management system. The products of decomposition and 

heating values are two examples of the importance of chemical characteristics. 

Analysis identifies the compounds and the percent dry weights of class chemical 



 
 

 
 

 18 

compounds. The rate and products of decomposition are assessed through chemical 

analysis. The various chemical components normally found out in municipal solid 

waste are described below. A low electrical conductivity could be an indicator of 

complex nutrients and therefore desirable. The decrease of EC in the composting 

process is the direct consequence of the increased Concentration of nutrients, such as 

nitrate and nitrite. EC is a measure of soluble salt content. Undesired salt levels can be 

harmful to germinating seeds and plants when compost is applied as growing medium. 

The desired ranges may not apply when compost is used as an amendment because of 

the diluting effect of mixing the compost with soil (Abubakar et al., 2011).With 

regard to chemical composition of the waste data for developing countries show that 

organic substance and inorganic substance. Chemical characteristics include pH, Elect

ro conductivity (EC), nitrogen (N), Carbon (C), Phosphorus (P), potassium (K) and C: 

N ratio. 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

3.1.1. Location 

Fonko is one of the capital towns of the Analemo District in Hadiya Zone of the 

Southern, Nations, Nationalities, and Peoples' Region of  Ethiopia. It is located 

between 7
0
 15' 47'' to 8

0
 08' 32'' North latitude and 37

0
41'55'' to 38

0
 18' 25'' East 

longitude and it is bordered on the southwest by Lemo woreda, on the north by the 

Silte zone, and on the southeast by Shashogo woreda. The study area is situated at 

about 130 km North West of the regional town Hawassa and 230 km from Addis 

Ababa, to through the asphalt road from Addis Ababa to the Hosanna town that passes 

via towns of, Wolait Sodo, Arbminch, of SNNPR.  

 

Figure 1 : Location Map of Fonko town. 
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3.1.2. Demography and socio-economic setting 

According to the Fonko municipality office and population and housing annual report 

the population for the year 2017 E.C. was 24,518. Male Populations account about 

10,772(43.94%), and females were about 13,746(56.06%) (FMO, 2018). 

3.1.3. Climate 

Mean annual minimum, maximum rainfall and temperature range from 987 mm to 

1257 mm and 12º C - 24ºC, respectively. Rainfall distribution in the study area is 

seasonal. Rainfall tends to be bimodal with rainfall becoming more continuous as 

elevation increases. Most of the rainfall falls during the "Meher" season from June to 

September (it is most intense during July and August). There is short rainy season 

called "Belg" which falls during the months of mid-February-April (FMO, 2018).  

3.1.3. Topography 

Topographically the study area was characterized by steep slopes, moderately gentle 

lands and flat plains in certain areas. The altitude of the district ranges from 1937 to 

2576 m above sea level, (FMO, 2018) 

3.2. Research Design 

In present study, a cross sectional descriptive study design was used for both 

qualitative and quantitative data. Depending on the nature of the data, simple 

descriptive statistical analysis such as percentage and frequency distribution has been 

used in order to the collected data from the study area. Both actual and preliminary 

survey was conducted, to delineate and select the appropriate data collection. 

Collection, enumerators were visited a fixed residential, commercial, and offices or 

institutions for seven days and distributed plastic bags. Beside this, training was 

provided on how to collect the SW and sort out in to different types of waste. 
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3.3. Sampling Techniques and Sample Size 

This study was conducted in Fonko town in Analemo district. Fonko town was 

selected purposively because it was the town offers basic amenities and business 

facilities such as market center, good transport, a post office, a bank, a health center or 

hospitals and hotels. Due to this the migration of people towards the town was very 

high and urbanization may it take as the reason for the increasing generation rate of 

municipal solid waste. The selected three Kebeles from study area was 01, 02 and 03 

with a total legal household of 3166. In order to make representative samples, all three 

kebeles were considered in the study area. Samples were decided by using scientific 

statistical method from (Cochran, 1977) the formula that used for determining sample 

size was selected by using the following simple formula 

𝑛 =
𝑁𝑍²𝑃𝑄

𝑑²(𝑁 − 1) + 𝑍²𝑃𝑄
 

              Where  

               n = Sample size of housing units  

              P = housing unit variable (residential houses) 

             Q = Non- residential houses (Commercial and institutional) = 1 – p  

             N = Total number of housing units 

             Z = standard normal variable and its value that corresponds to 95%   

confidence interval equals 1.96 

             d= Allowable error (0.05) 

According to the data obtained from Fonko Town Administration Socio-economic 

Profile (2018) and Fonko Town Municipality the three kebeles are about 3166 

housing units (N). Out of these 90% (p) are residential and the rest 10% (Q) is non-

residential such as commercial and institutions. 

Hence 

𝑛 =
𝑁𝑍2𝑃𝑄

𝑑2(𝑁−1) + 𝑍2𝑃𝑄
=

3166(1.96²) × (0.9)(0.1)

(0.05²)(3166 − 1) + (1.96²)(0.9)(0.1)
= 132.56 ≈ 133 
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Table 1 : Distribution of selected sample households in three kebeles 

 

Kebeles Total households Sample size Percentage 

    

01 kebele 1326 56 42 

02 kebele 820 34 26 

03 kebele 1020 43 32 

Total 3166 133 100 

The sample size of the researcher was 133 respondents. That was selected by using 

random sampling based on the municipality registration lists. The study participant‟s 

household was randomly picked from sampling frame using systematic random 

sampling method. The investigator was used systematically at an interval based on the 

following formula: -   𝐾 =
𝑁

𝑛
  

Where; k=the sample frame 

              N=the total number of households 

               n= the sample size of HH 

𝐾 =
3166

133
= 23.804 ≈ 24 

Generally, the researcher was focused to collect solid waste sample from three types 

of SWs generated Town, i.e., HH (133), commercial (7) and institutional (7). Finally, 

the present study was conducted by employing the sampling techniques such as 

random and purposive for both HH and (commercial and institutional) data. Therefore, 

the total sample size of the researcher was 147 respondents.  

3.4. Source of Data 

In this study both primary and secondary data sources was utilized. Primary data was 

collected from the study area using questionnaire, organizing interview and 

conducting field observations. Secondary data was also another important source of 

information for the study. The secondary data for this research was gathered from 

related published books, journals, manuals, various research papers and government 
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publications which was found in the library, website and report from the environment

al protection agency.  

3.5. Methods of Data Collection 

3.5.1. Data collection procedures 

For the purpose of this study data were gathered from primary sources using different 

methods. This investigation was used for determine generation rate of municipal solid 

waste by its streams and for characterize municipal solid waste composition in 

selected residential, commercial and institutional areas. Plastic bags (similar size of 

the respondent) were supplied to each household generated residential waste.  

Municipal Solid Waste spreads over a week were taken directly from households for 

waste characterization in the study area. The same procedure was followed for waste 

sampling from the commercial and offices. Solid waste was collected during winter. 

Data collection was done on determining weight of solid waste components and on 

characterizing physicochemical components of municipal solid wastes. The number of 

persons in each household was being recorded in the data sheets. At the plastic sheet, 

measurement on weight, separation of waste into different categories were made and 

recorded. For the determination of physical composition and generation rate of MSW, 

collected solid wastes from each selected source with the plastic bags were weighed 

and recorded. All relevant data relation to generation rate, composition and 

characterization of MSW were measured from different sources. After weighing each 

sample again accurately in laboratory, composite samples were prepared for physical 

and chemical analysis. 

3.5.2. Data collection tools 

Direct structured questionnaire and field observation were used to obtain data and 

information for the study. In this study, residential, commercial and institutions were 

included for data collection. Group discussion among the community was conducted 
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to get different idea on different indigenous solid waste management practice in the 

study site. 

3.6. Data Organization and Analysis 

All types of solid wastes (food waste, ash, paper, yard, plastic, glass, metal and other 

waste) were collected. Plastic bags or bin, plastic sheets and weight measurement 

balance or instruments to measure, identify, determine and collect different types of 

solid waste was used. Before starting solid waste collection, training was given for all 

selected families. Data sheet was equipped to collect the relevant data daily for one 

week. During collection of wastes each household was given trash bags labeled with 

its house number and plastic bag for each components of solid waste type. The 

collection was done by three trained collectors.  

Sorting is an important component of waste management and best-done onsite which 

includes separation of waste components. The basic sorting sequence of waste applied 

for this study was summarized as follows. First waste were collected from selected 

households using labeled plastic bags and then brought to working site. After waste 

collection was completed, the collected waste was disposed onto the thick plastic 

sheet placed on the floor. Subsequently, the mixed sample waste was separated in to 

major components organic and inorganic categories manually through handpicking. 

Finally, the separated wastes were weighed and weights were recorded in the prepared 

data sheet. Per capita per day solid waste generation rate was given by Fobil (2000). 

PCPDSWGR= 
𝑇𝑜𝑡𝑎𝑙 𝑠𝑜𝑙𝑖𝑑 𝑤𝑎𝑠𝑡𝑒 𝑔𝑒𝑟𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑤𝑖𝑡 𝑖𝑛 𝑠𝑒𝑣𝑒𝑛 𝑑𝑎𝑦𝑠

𝑠𝑒𝑣𝑒𝑛𝑑𝑎𝑦𝑠 × 𝑡𝑜𝑡𝑎𝑙𝑓𝑎𝑚𝑖𝑙𝑦 𝑠𝑖𝑧𝑒 𝑜𝑓 133 𝑠𝑢𝑟𝑣𝑒𝑦 𝑜𝑢𝑠𝑒𝑜𝑙𝑑
 

3.6.1 Sample collection for laboratory analysis 

The method used to obtain a representative composite sample of municipal solid 

waste for physical and chemical analysis, was carried out at the Laboratory. The 

parameters analyzed were composing of moisture content, pH, Electrical Conductivity, 
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Carbon, Nitrogen, Phosphors, and Potassium.  

3.6.2 Sample preparation for laboratory analysis 

Sample of the municipal solid waste was collected for seven days to make samples of 

biodegradable solid waste, using standard method for physicochemical analysis. Biod

egradable (organic) solid waste was dried and a sample obtained, which was placed in 

a roller mill to obtain a more homogeneous product and similar size. First, sizes of 

each sample components was minimized, chopped and grounded by 2mm sieve. After 

minimizing sizes of waste were weighing solid wastes from the representative 

composite sample to determine the physicochemical analysis. The sample was taken 

in plastic bags, brought to the laboratory analyzed. The analysis of each sample was 

performed in triplicate and the results were averaged. 

3.6.3 Physicochemical analysis of the municipal solid waste 

The preparation of the sample for analysis and laboratory work was made according 

to the provisions of different methodologies. The physicochemical parameters of the 

municipal solid waste sample were carrying out standard procedure. Bulk density can 

be determined by using data obtained from field measurement following the UNEP 

(2005) standard procedure. 

             ( g/ 𝑚3) =
       g            

                
 

 Regarding the determination of moisture content a sample from which were selected 

component of the solid waste immediately after measuring the weight was taken to 

Laboratory of  Wachemo University for 5 consecutive days. Fifty (50) grams of fresh 

composite samples of food and yard waste was weighed into previously dried (at 

105 °C) and weighed moisture. The samples were put into an oven for 24h at 105°C. 

The sample were then removed from the oven and cooled in a desiccator for 30min 

and weighed. The percentage moisture was calculated as follows (Hogarh, 2012) 
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%𝑀𝐶 = (
𝑊 − 𝐷

𝑊
) × 100 

            Where,  

            MC = moisture content  

            W = initial weight of sample in grams,  

             D = weight of sample after drying at 105 °C in grams 

Other parameters; like pH value of sample was determined by pH meter with a glass 

electrode. 10 grams of the sample was placed in a flask; to this 500 ml distilled water 

were added and stirred for 3 to 5minutes.The mixtures were allowed to settle for 5 

minutes and pH was measured by using pH meter with a glass electrode (Philippe and 

Culot, 2009). The Electrical conductivity of a 1:1 aqueous extract was measured 

and the reading was corrected to conductivity at 25ºC sample saturation with chemical 

method (Rhoades, 1996). Total nitrogen was analyzed using the Kjeldahl digestion, 

distillation and titration method as described by (Hogarh, 2012), Total organic carbon 

content in the samples was measured by Walkley and Black (1934), Total phosphorus 

analysis in compost sample requires a conversion of insoluble phosphates to soluble 

forms by digestion with a mixture of nitric acid and sulphuric acid.  Phosphorus was 

measure by using spectrophotometer (Hogarh, 2012), and Total potassium analysis in 

compost sample requires a conversion of insoluble potassium to soluble forms by 

digestion with a mixture of nitric acid and sulphuric acid. The potassium content in so

lution was estimated with a flame photometer (Hogarh, 2012).  

3.7 Methods of Data Analysis 

Data obtained from different sources were organized, compiled and prepared in 

Microsoft excel and analyzed using software SPSS version 20 for windows 10. The 

data analyzed for socio economic and demographic characteristics was briefed by 

percentage and frequency distribution with including some pictorial representation. 
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4. RESULTS AND DISCUSSION 

4.1 Demographic and Socio-Economic Characteristics 

As shown in Table 2, the sample respondents more than half (55.64 %) of them were 

males and the rest were (44.36%) females. Males respondents were found to be higher 

than females; nevertheless there is no considerable difference in number of headship 

in both sexes. In addition, about 56.4% of sample respondents are belong to matured 

age group 31-50. This is believed to contribute positive impact on accuracy of the 

information gathered from such respondents. 33.1 % of respondents had educational 

level of 9-12 grades completed. In line with this, education is a gate way to shape the 

attitude and raise awareness to get brief and different perceptions towards solid waste 

management. This finding was comparable to the other studies in Aksum town, north 

Ethiopia (Asmelash and Mohammed, 2014) and in Laga Tafo Laga Dadi town 

(Mesfin and Muktar, 2017).  

According to the sample respondents in the study area, the size of the house hold 

having the family members of 5-7 was large family size (43.61 %). The number of 

family in the household was highly related with consumption and solid 

waste generation rate.  About 33.83% of the respondents were civil servant.  The civil 

servant had good attitude toward solid waste management because most of the time 

they can got different trainings about waste management, because when such kind of 

trainings conducted by government, the training conductors invites the stakeholders, 

this make our data‟s were accurate. However, the majority of the respondents were 

Lower level income group of ≤1900 birr per month were 59.4% (Fonko town Adminis

tration Finance and Economic Development Office, 2018). 
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Table 2:  Demographic and socio-economic characteristics of respondents 

 

Variables Respondents Frequency Percentages 

Sex    

 Male 74 55.64 

 Female 59 44.36 

Age    

 15-30 24 18.04 

 31-50 75 56.4 

 Above 50 34 25.56 

Educational Level    

 Can‟t  Read and write 5 3.76 

 Can  Read and write 10 7.51 

 1-8 Grade Complete 38 28.57 

 9-12 Grade Complete 44 33.1 

 Certificate and Diploma 19 14.28 

 First degree and above 17 12.78 

Family size    

 Individual 2 1.5 

 2-4 people 42 31.58 

 5-7 people 58 43.61 

 8 and above  31 23.31 

Occupation    

 Civil servant 45 33.83 

 Trade 28 29.32 

 Daily laborers     39 21.05 

 Other 21 15.8 

Income Level    

 ≤1900 79 59.4 

 1901-3800 40 30.07 

 ≥3801 14 10.53 
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4.2 Determination of Municipal Solid Waste Generation Rate 

Municipal solid waste generation rate in the study area were analyzed and the results 

were summarized in Table 3. Based on this investigation, the dominant source of 

MSW in the study area were residential areas, commercial and institutions. Daily total 

Solid waste generation rate of the town per capita per day at residential level was 

0.188 kg/capital/day, commercial 0.272 kg/person/day, and institutional 0.13 

kg/person/day respectively. From these three sources, the average daily generation 

rates were 0.197 kg/capita/day of MSW in study area.   

Table 3:  Generation rate of municipal solid waste in Fonko town 

 

Time Generation rate (kg)s 

Daily 4,830.046 

Weekly 33,810.322 

Monthly 144,901.38 

Annually 1,767,796.836 

 

The annual total generation rate of solid waste was 1,767,796.836 kg, This findings 

revealed that, Fonko town solid waste generation rate was higher when compared 

with other Ethiopian towns such as Jimma  (0.157 kg/person/day) (Melaku, 2008) and 

Hosa‟ina (0.17kg/person/day) (Abiot et al., 2012). On the other hand, it was lesser 

than other Ethiopian towns such as Dessie town 0.231kg/person/day (Solomon, 2011) 

and Hawassa (0.231kg/person/day) (Yeballework, 2014).  

4.2.1 SW Generation Rate of households and Some Socio-Economic Status 

As indicated in Table 4, 59.4% of the respondents were low income HHs and generate 

0.142kg of solid waste per capita per day. 30.07% and 10.53% of respondents were 

grouped under medium and high income HHs and generate 0.184 and 0.237kg of 

solid waste per capita per day, respectively. HHs was categorized into three groups 
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depending on their monthly per capita income of their family members. This indicates 

that the daily HHs SW generation per person increases with increased economic status

 of households and standard of living condition. This result supported by Lemma (200

7) which indicated that per capita income level and SW generation rates have direct re

lationship with income level. Moreover, HHs that have better life standard use more c

onsumption materials than low income HHs, through which they generate greater amo

unts of wastes.  Accordingly a household generates 0.88 kg/day for low income, wher

e as middle and high income HHs generate 1.01 kg/day and 1.16kg/day, respectively.  

Table 4 :  Income, average family size and Household Solid Waste Generation rate 

Description Low income Middle Income High income 

Monthly income (per capita) ≤ 1900 Birr 1901-3800 ≥3801 

Number of households 79(59.4%) 40(30.07%) 14(10.53) 

Average family size 6.2 5.5 4.9 

kg/HH/day 0.88 1.01 1.16 

kg/cap/day 0.142 0.184 0.237 

Residential (household) solid waste a daily generation rate of Fonko town was 0.188 

kg/person/day. The present investigation was supported by other report result of daily 

generation rate of household solid wastes in hosanna town 0.17 kg/person/day in 

Hosa‟ina city (Abiot et al., 2015). 

4.3.2 Commercial solid waste generation rate 

The commercial solid waste source were identified in the study area such as bar & 

restaurant, hotel, cafeteria, business center, retail shops, beauty salon and chat house. 

Among this identified sources, hotel generated large quantity (74.21kg/week) of solid 

waste in the study area. In addition to this daily solid waste generated from 

commercial sources were 0.272 kg/person/day.  Moreover, the total commercial waste 

generation rate in the study area was 243.7 kg/week. In line with this similar studies 

conducted in other Ethiopian town such as Mekelle (0.277 kg/person/day) and Adama 
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(0.267 kg/person/day) (Gebrie, 2009). 

Table 5 : Commercial solid waste generation rate in the study area 

 Generation Sources In kg/sample/week 

Bar and Restaurant 68.75 

Hotel 74.21 

Cafeteria 27.2 

Business center 22.2 

Retail shops 16.8 

Beauty salon 15.48 

Chat house 19.06 

Total 243.7 

 

4.3.3 Institutional solid waste generation rate 

The institutional solid waste generation rate in the study area was summarized in 

Table 6. It showed that, agriculture sector generated highest quantity (30.14 kg/week) 

of solid waste in the study area. Moreover, total institutional solid waste in the study 

area was 153.4 kg/week. In addition to this daily solid waste generated from 

institutional sources were 0.13 kg/person/day, this finding was less than other findings 

of daily per capita generation rates in Hosa‟ina city (0.17kg/person/day) (Abiot et al., 

2015), in Adama town (0.15 kg/person/day) (Lemma, 2007) and Jimma town ( 0.157 

kg/person/day) (Melaku, 2008).  

Table 6 : Institutional solid waste generation rate in the study site  

Generation source In kg/sample/week 

Fonko municipality office 20.5 

Agricultural office 30.14 

Administrative office  27.42 

Healthy office 20.31 

Tax office 20.86 

Trade &dev.t office 16.86 

Urban dev.t& housing office 17.32 

Total 153.41 
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4.3 Composition of Municipal Solid Waste 

The composition of municipal solid waste in the study area was identified. It revealed 

that it contains food waste, ash, paper, yard, glasses and metal waste. Among this, 

identified composition in the solid waste food waste accounted for largest proportion 

(43.07%); this may be due to the cooking activities in households. In line with these 

findings, the large portion of food waste in solid wastes was supported by many 

researchers like Tchobanoglous et al. (1993) that showed large portion of solid wastes 

of developing countries is food waste. Likewise, wastes from urban areas in 

developing countries have a much higher percentage of food waste in their overall 

refuse mix (Cointreau, 2006). Food waste also accounted the largest proportion 

(47.26%) in Adama town (Lemma, 2007), 59.17% in Arada Sub-City (Yitayal, 2005), 

36.7% in Hosa'ina city (Abiot et al., 2012).  Tchobanoglous et al., (1993) also stated 

that composition of MSW varies according to the cultural habits and economic status 

of the residents, urban structure, density of population, extent of commercial activity 

and climate. The emerged difference may be due to the difference in consumption 

level or habit of households of different study areas. Biodegradable (organic) waste 

was the main component of MSW the largest proportion of organic waste was food 

waste such as vegetables, fruits. (Karak et al., 2011). 

Table 7: Composition MSW in the study area 

Composit

ion of SW 

Residential Commercial Institutional Average 

by % 

 

 

G/r per 

week (kg) 

% G/r per 

week(kg) 

% G/r per 

week (kg) 

% 

Food 527.74 50.8 115.05 47.21 47.86 31.2 43.07 

Ash 277.37 26.7 58.49 24 - - 16.9 

Yard 121.55 11.7 21.93 9 15.34 10 10.23 

Paper 23.89 2.3 24.1 9.89 52.62 34.3 15.5 

Plastic 36.36 3.5 10.97 4.5 21.48 14 7.33 

Glasses 15.58 1.5 6.34 2.6 6.44 4.2 2.77 

Metal 15.58 1.5 2.92 1.2 6.14 4 2.23 

Others 20.78 2 3.9 1.6 3.53 2.3 1.97 

Total 1038.85 100 243.7 100 153.41 100 100 
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Next to food wastes, Ash accounts for 16.9. This is mainly due households and 

commercial use biomass energy or traditional kitchens whose energy sources were 

mainly, fire wood, charcoal, yard and paper wastes that contributes to high ash 

production in the study area. This finding was comparable to the other studies in 

Aksum town, north Ethiopia (Asmelash and Mohammed, 2014) and in Laga Tafo 

Laga Dadi town (Mesfin and Muktar, 2017).  

Paper waste ranked third with 15.5% by weight in Fonko town.  This category of wast

e included all paper products (printed or plain paper, newspapers and magazines, note 

books), all types of corrugated and non-corrugated carton boxes and packages. 

However, the institutional sector generated large quantity of paper constitutes the 

major part compared to other wastes. The same result was observed in Durame town, 

south Ethiopia (Feleke, 2015), in Dessie town (Solomon, 2011), in Gujranwala City, 

Pakistan (Ilyas et al., 2017) and in Hosanna town (Endalu and Habtamu, 2014). 

Yard waste ranked fourth place with 10.23%. Based on the observation nearly all of 

the households contributed these wastes because the households had trees for wind 

break, shading, fruits and flowers. Additionally, people of the town like to use 

ornamental grass for decoration of the floor, during 'coffee ceremony', a famous 

cultural event that frequently take place in almost every household in the town. The 

same result was observed Addis Ababa, Arada sub city (Yitayal, 2005) and Adama 

town (Lemma, 2007).   

Plastic waste ranked fifth with 7.33% by weight. This may be due to its non-

decomposability and easy mobility due to wind, plastic wastes was found everywhere 

and common problem of the Fonko town like other Ethiopian towns. The source of 

plastic waste was mainly from packaging, plastic products, hard and flexible plastic 

HH items, plastic bottles, Jerry can, etc. The present finding was similar in Laga Tafo 

Laga Dadi town (Mesfin and Muktar, 2017), in City of Ouagadougou (Burkina Faso) 

(Haro et al., 2018) and in Numan town, Nigeria (Abubakar et al., 2018). 
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Glass, metals and other waste were low in terms of weight, which accounted 2.77%, 

2.23% and 1.97% respectively. Glass mainly consisted of beer bottles, liquor bottles, 

and other beverage and juice bottles. While intact glass bottles were also observed, 

most of the glasses were either broken bottles or household utensils. Metal scraps 

were normally not disposed of as MSW. Most residents prefer storing metal scraps at 

home for later sale to scrap dealers. With metal, especially steel prices ever rising, the 

metal scraps can have high resale values. Other waste like old shoes, leathers, bones, 

textile, ceramics, dry batteries and wastes that cannot be distinctly classified under 

any of the categories were all classified as others waste. The present investigation was 

similar with other towns such as Dese town (Solomon, 2011), in Hosanna town 

(Endalu and Habtamu, 2014) and in Numan town, Nigeria (Abubakar et al., 2018). 

The major component of the solid waste was organic (biodegradable) waste which 

accounts for 84.39%. On the other side, the inorganic fraction accounts for 15.61 %. 

The results clearly indicate that the composition of organic waste was dominated by 

food waste (mixed). It mainly includes leftover food residue, vegetable waste, leaves 

and decayed vegetables, which accounts for 43.07% by weight. The present finding 

was similar in Hosanna town (Endalu and Habtamu, 2014).  

4.4. Municipal Solid Waste Handling Practice 

4.4. 1 Sorting 

An attempt has been made to observe household‟s solid waste separation activities in 

the study area. The responses of the respondents were shown in Table 8 and the result, 

indicated that 37.41% of them separately put the solid wastes. Separating different 

types of wastes in their respective nature it makes waste management easy and simple. 

On the other hand, 62.59% of the respondent were put their solid waste all together. 

This indicates most of the respondents dump their wastes together without sorting into 

same component due to lack of knowledge and awareness about solid waste reuse 

and recycling. Moreover, there was bias about waste handling which is considering 
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wastes as a useless output. Besides lack of segregation habit further leads to an 

expenditure of labor and money involved in separating desirable material from the 

remainder of waste stream, such as transportation costs for recycled materials, general 

lack of acceptance of the recycled material and the consequent lack of market 

(Samuel, 2006; Endalkachew, 2018 and Yitayal, 2005). 

Table 8 : Nature of waste handling practices in the study area 

How do you 

put SW? 

Residential Commercial Institutional Frequenc

y 

% 

Separate 49 2 4 55 37.41 

All together 84 5 3 92 62.59 

Total 133 7 7 147 100 

4.4. 2 Composting 

Table 9 indicates, only 8.16% respondents were presently preparing compost, while 

others (91.84%) did not prepare compost. However, as to the information obtained 

from the respondents and the field observation, most of compost preparation activities 

of households are failed due to lack of technical skill and awareness of compost 

preparation in the study area.  According to US Composting Council, (2003) 

Composting was the most promising area for recovery of organic materials. Besides 

reducing the volume of waste which needs to transfer and dispose, composting 

generates valuable soil conditioner for agriculture and horticultural use. 

Table 9: Knowledge about the use of SW for compost preparation in the study area 

Do you prepare 

compost from 

SW? 

Residential Commercial Institutional Frequency % 

Yes 11 1 _ 12 8.16 

No 122 6 7 135 91.84 

Total 133 7 7 147 100 
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4.4. 3 Waste Reuse 

The results indicated in Table 10, 33.33 % (49) of respondents reused solid waste 

materials; however 66.67% of the respondents were not having in the habit of reusing 

the solid waste in the study area. Among these 49 respondents the major types of solid 

waste materials which were reused in the study area was plastic account for 17 

respondents for the purpose of holding some kind of materials, food waste account for 

14 respondents for the purpose of feeding their domestic animals. According to the 

previous study, this was common in developing countries, similar trends were 

observed in Dessie town (Solomon, 2011) and in Hawassa town (Yeballework, 2014). 

Table 10 : Knowledge about the reuse of solid waste in the study area 

Do you Reuse 

SW 

Residential Commercial Institutional Frequency % 

Yes 47 2 - 49 33.33 

No 86 5 7 98 66.67 

Total 133 7 7 147 100 

Type of 

material 

     

Food wastes 13 1 - 14 28.57 

Glasses 10 - - 10 20.41 

Plastic 16 1 - 17 34.69 

Others 8 - - 8 16.33 

Total 47 2  49 100 

4.4. 4 Temporary solid waste storage materials 

The results in Table 11, shown that majority (46.26%) of sample respondents used 

sacks for solid waste storage materials or collection materials. This is highly related 

with the least cost, easily available in the market, its suitability for holding large 

volume of solid wastes, and low frequency and spatial coverage of door to door solid 

waste collection service of the town. Next to sack, about 23.13% of respondents were 

use plastic container, 12.93 % of respondents were use locale basket, and 9.52% of 

respondents were use nothing for temporary solid waste storage materials. However,  
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they dispose their wastes at open areas near home either along  road street or open 

spaces, 8.16% of respondents were use other container like households that use 

cardboard and metallic container storage material of solid waste in their home. In line 

with this, the same result was observed in Bishoftu city (Endalkachew, 2018) and in 

Hawassa town (Yeballework, 2014). 

Table 11 : The use of solid waste storage materials for daily generated waste in the 

study site 

Temporary 

SW storage 

Materials 

Residential Commercial Institutional Frequency % 

Sack 62 6 - 68 46.26 

Local 

basket 

18 1 - 19 12.93 

Plastic 

container 

27 - 7 34 23.13 

Not respond 14 - - 14 9.52 

Others 12 - - 12 8.16 

Total 133 7 7 147 100 

4.4. 5 Disposal system 

The result in Table 12 indicated that 41.50% of solid waste were collected by private 

collectors, 23.81% of respondents were used digging a hole around the house and 

burn the waste, 13.61% of respondents were used throw it on open space, in sewerage 

or on street, 12.24% of respondents were used method of throw solid wastes in to the 

nearby river and 8.84% of respondents were use disposing on the backyards of the 

house. The majority of the respondents did not use municipal community waste pre 

collectors rather they used throw it on open space, burning, disposing on the 

backyards of the house and throw it in to the nearby river for waste disposal. Samuel, 

(2006) and Yitayal, (2005) considered those who used burning, disposing on the 

backyards of the house and throw it in to the nearby river as non-proper waste 

handling as shown in (Appendix). 
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Table 12 : Disposal system of solid waste in the study area 

Disposal SW Residential Commer

cial 

Instituti

onal 

Frequency % 

Throw it on open 

space 

20 - - 20 13.61 

Digging a hole 

and burn it  

31 2 2 35 23.81 

Disposing on the 

backyards of the 

house 

13 - - 13 8.84 

Private collectors  52 4 5 61 41.50 

Throw it in to the 

nearby river 

17 1 - 18 12.24 

Total 133 7 7 147 100 

4.4. 6 Dumping 

In Table 13, the result showed that only 45.58% (67) of respondents were used legal 

dumping of solid waste, where as 54.42% were using illegal damping site. According 

to the respondents and the field observation there was no specified criteria for solid 

waste legal dumping, site selection developed for Fonko town. Regarding distances, 

most of the households are far away from the legal dumping site. On the other hand, 

among these 67 respondents, 23(34.33) and 44 (65.67%) was transported hand 

pushed carts and horse drawn carts respectively. This functional element was very 

decisive and mandatory component of municipal solid waste management because 

productivity and efficiency of this service was highly determined by it town 

(Solomon, 2011 and Feleke, 2015).  

Table 13 : Solid waste transportation to the legal dumping site in the study area 

Do you dump SW in 

legal dumping site  

Residential Commercial Institutional Freq. % 

Yes 58 4 5 67 45.58 

No 75 3 2 80 54.42 

Total 133 7 7 147 100 

Transport waste      

Hand pushed carts 23 - - 23 34.33 

Horse drawn carts 35 4 5 44 65.67 

Total 58 4 5 67 100 
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4.5 Physicochemical Characterization of Municipal Solid Waste 

The results of selected physicochemical characterization of municipal solid wastes 

were indicated in Table 14. 

Bulky density 

In the present investigation, the bulk density of municipal solid waste in Fonko town 

was 369kg/m
3
. This finding was less than that of average bulk density of the solid 

waste reported in Awaday town which was 432 kg/m
3
 (Beneberu, 2011) and 

higher than that of average bulk density of the solid waste reported for Hosa'ina city w

hich was 346.35kg/m
3 

(Abiot, et al., 2012). According to Mensah (2010) the bulk 

density varies from 250 to 600 Kg/m for low income countries. 

Moisture content 

The average moisture content in the study areas was 49.44%; the moisture content in 

the solid waste was mainly contributed by food waste material. The results were 

somewhat similar to reported by US Composting Council (2003) recommends a 

moisture range of 45-65%. Moisture content of the wastes is very important for 

degradation rate, landfills and leachate quality.  The optimum moisture content 

depends on the specific physicochemical properties and biological features of the 

materials being composted.  

Table 14 : The results of physicochemical characterization of MSW in Fonko town 

Parameters Average value 

Bulk density 369kg/m
3
 

Moisture content 49.44 

pH value 6.23 

Electrical Conductivity 1.58 ds/m 

Organic Carbon 38.2% 

Total nitrogen 1.29% 

Phosphorous 0.56%  

Potassium 0.71% 

C:N 30:1 
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pH value 

In the study area pH value of municipal solid waste was 6.23.The similar result was 

observed on the compost produced from Zanjan MSW (Fathi et al., 2014). According 

to the Rawat et al, (2013) pH values of composite sample were within the standard 

limits of compost 5.5-8.5. pH was a measure of acidic or alkaline nature of  the 

compost as composting progresses. The pH level was an important parameter in the 

composting process. It affects microbial activities during composting microbial activit

ies become limited when the pH was outside the optimal range (Chen et al., 2015) 

Electrical Conductivity 

During laboratory analysis the result of EC was 1.58 ds/m. This present result was 

related averages for the MSW in Ghana town (Hogarh, 2012). US Composting 

Council, (2003) recommended that the value of EC in the compost to be in the range 

from 1.5 to 3ds/m. The EC indicates the total salt content of compost reflecting the 

quality of compost to be used as a fertilizer (Awasthi et al., 2014). The electrical 

conductivity of compost was dependent on the amount of the soluble salts present in it, 

the lower EC of the MSW decreased concentration salt present in the food waste as a 

result of degradation of organic matter that result in the release of bases and nutrient 

content (Brinton, 2003). 

Organic Carbon 

During the present investigation, the total organic carbon of municipal solid waste 

samples was observed at 38.2% from the study area. This result was comparable with 

Gautam et al. (2010). 

 

 

 



 
 

 
 

 41 

Total nitrogen 

The average total nitrogen content in the study area of the MSW was 1.29%. This find

ing was comparable to the other study of the nitrogen content average (0.7 to 1.8 % N 

on a dry weight) in MSW (Abebe, 2015). The concentration and availability of 

nitrogen in compost was a very important to assessed when considering its agronomic 

value. Nitrogen was an essential nutrient for successful plant production.  

C: N 

In this study, C: N ratio contributes the value of 30:1 in Fonko town. This finding was 

compost with high C: N ratio. Raw materials must be combined in such a way that the 

ratio of carbon to nitrogen ratio of 30:1 (Sadeghi et al., 2015). Composting process, 

the substrate should achieve a C: N ratio of 30:1 for stimulating degradation and 

immobilization of nitrogen (Gajalakshmi and Abbasi, 2008). The C: N ratio was an 

indicator of the degree of decomposition of an organic matter (Lazcano et al., 2008).  

It was the ratio of total carbon to total nitrogen in the sample. Carbon was used as 

energy source and nitrogen for protein synthesis by bacteria which leads to their rapid 

proliferation during the initial stage of composting (Varma and Kalamdhad, 2013). 

Composts with a high C: N ratio (>25) will tie up the available nitrogen, making it 

unavailable, and composts with a low C: N ratio (<20) will release organic N making 

it available to the plant (Travis et a.., 2003). If compost is to be applied to land, its 

maturity and stability has to be assessed first for otherwise it may adversely affect the 

growth of plants due to the possible presence of pathogenic microorganisms and 

nutrient composition which disturbs the nutrient balance of the soil where it is applied. 

Though there is no one universally accepted method of evaluating compost maturity 

and stability, one of the most commonly used method of checking was the carbon to 

nitrogen ratio (Varma and Kalamdhad, 2013).   
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Phosphorous 

The phosphorous concentration of municipal solid waste samples was 0.56 %. This 

finding was comparable to the other study of the average total phosphorus contents of 

the compost in Ethio-highland and ZK farm (Abebe, 2015). Phosphorous was also an 

important nutrient for plant growth. The higher the content of the phosphorus in 

compost and this indicated that greater fertilizer value of the compost in study area. 

As the levels of these elements were generally higher application rates might be 

required when they are to be used for soil fertilization (Hogarh, 2012).  

 Potassium 

During the present investigation, the total Potassium was 0.71%. This finding was 

comparable to the other present study of the average in Awaday town (Mahabub, 

2008). Potassium was highly soluble in the wastes it was one of the macronutrients 

that were required by plants in large amount for growth and development. Potassium 

in its available form in compost exists as K2O (Varma and Kalamdhad, 2013).  

Therefore, potassium was leached easily. The insoluble potassium salts can be 

solubilized by the decomposition of the wastes (Kumar et al., 2010).  

Based on the present investigation of the laboratory analysis it can be concluded that 

MSW was suitable for composting because high percentage of biodegradable organic 

matter in Fonko town. These values indicate that the organic matter from town waste 

may stand as a great potential source of nutrients for crops if used as a fertilizer 

through composting (Sharholy et al., 2007). With this high portion of decomposable 

waste, composting of the waste and using the compost as an organic fertilizer would 

be the best option for sustainable municipal solid waste management in towns. 

Composting presents a unique opportunity for recycling of the high organic content in 

the MSW in urban centers. Composting, which was the biological decomposition of 

organic matter of waste under controlled conditions, was less expensive and a better 

approach to recycle organic waste (Hogarh, 2012). 
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5. SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1. Summary and Conclusion 

Rapid population growth and expanding urbanization have caused a drastic increase 

of the municipal solid waste generation and the variety of the waste composition. 

Therefore, this study was design to determine municipal solid waste generation rate 

and physicochemical characterization of its composition at the present demographic 

and socio-economic conditions in study area. In present study, a cross sectional 

descriptive research design was used. Primary data was collected from the study area 

using questionnaire, organizing interview and conducting field observations. The 

secondary data for this research was gathered from related published books, journals, 

manuals, various research  papers  and  government publications which was found  in 

the library,  website and report from the environmental protection agency. The 

physicochemical parameters of the municipal solid waste sample were carrying out 

standard procedure. 

Municipal solid waste from study area was characterized based on waste type, sources 

and its composition. The study showed that the average municipal solid waste 

generation rate of Fonko town was 0.197 kg/cap/day. The generation rate of municipal 

solid waste was increasing in study area due to the increased population size, high 

gradual living standards and economic development. The composition of municipal 

solid waste in the study area was identified. It revealed that it contains food waste, ash, 

paper, yard, glasses, metal and others waste. Among this, identified composition in the 

solid waste food waste accounted for largest proportion (43.07%). The majority of the 

respondents did not use municipal community waste pre collectors rather they used 

throw it on open space, burning, disposing on the backyards of the house and throw it 

in to the nearby river for waste disposal.  
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The major component of the wastes was organic or biodegradable waste which 

accounts about 85.7% of the average value within 7 days, which was easily 

degradable and relatively very low concentration of toxic materials. On the 

other side, the inorganic fraction accounts for 14.3 %. Physicochemical properties of 

MSW were analyzed by laboratory. Those parameters are; bulk density, moisture cont

ent, pH value, electrical conductivity, organic carbon, total nitrogen, phosphorus, pota

ssium and C:N. 369kg/m
3
, 49.44%, 6.23, 1.58 ds/m, 38.2%, 1.29%, 0.56%, 0.71% 

and 30:1 respectively. The analyzed of organic content of MSW indicated that was 

good source of nutrients for which can be used as organic fertilizer or soil alteration. 

From the result of this study it can be concluded that, biodegradable (organic) solid 

waste constituted a lion share of the solid wastes generated in the town. Thus, the 

municipality can recover this waste by introducing an integrated urban agriculture that 

might convert this waste to organic fertilizer through composting. 

5.2. Recommendation 

Based on the findings of the present study the following recommendations were 

suggested 

 The community has to be provided with adequate education and develop 

awareness how to handle its solid wastes at home and about the consequences 

of disposing solid wastes everywhere illegally, and not placing of solid wastes 

into the disposal sites properly. 

 It was clear that the practice of MSWM was a complex activity that involves 

collection, segregation, transportation and final disposal it needs strong 

coordination among concerned institutions with a brief roles and 

responsibilities. Since Fonko town was rapidly growing the problem of its 

solid waste. Therefore, it requires strong rules and regulations of solid waste 

management accompanied by reasonable penalties. 
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 Governmental body and other dwellers should be understand about wastes can 

transform garbage to enriched composts; that is very important to soil fertility 

and plant growth and Municipal solid waste to converting compost used 

agricultural practices as a organic fertilizer. 
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7.1 Appendix I: Survey Questionnaire for Socioeconomic Data Collection 

Deer respondents, I would like to inform you that this questionnaire is prepared for 

academic purpose only; that is, I am conducting a research, which is entitled 

on“ Generation Rate and Physico-chemical Characterization of Municipal Solid 

Waste in Fonko Town” for the fulfillment of MSc degree in Environmental Sciences 

and Management at Haramaya University, Ethiopia. Therefore, your response is very 

important for the success of the study since all information that you provide 

determines the analysis and conclusion of the research. Besides the outcomes of this 

research will help the efforts made by the responsible bodies or individuals to 

determine generation rate and characterize composition of MSW outcomes of this 

research will help the efforts made by the responsible bodies to mitigate the problem 

the town. Hence, you are kindly requested to give your response. Please be informed 

that your response is kept in confidential. I would like to thank you for your 

cooperation!!! 

Instruction:  

In order to answer the following questions, put a right sign (√) in the boxes that 

located in front of your choice. 

1. Kebeles:  01 Kebele    02 Kebele  03 kebele  

2. House Number…………………………… 

3. Sex:  Male       Female  

4. Age: 18-30       31-50    above 50  

5. Education Level: Can't Read/Write  Can Read/Write  1-8 Grade complete  9-

12 Grade complete    Certificate and Diploma     First degree and above  

6. Family size: Individual        2-4       5-7       8 and above  

7. Household Occupation: Civil servant Trade Daily laborers   Others  

8. Income Level:      ≤   1900      1901-3800   ≥3801    
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Appendix II: Generation Sources Based of Municipal Solid Waste 

1) Which waste are the major types of solid waste you think found in your area? A)  

Food waste  B) Paper waste   C) Plastic waste  D) Glasses waste  E) Ash waste 

F)Other  

2) What do you think is the major source of solid waste found in your area? /The 

major type of solid waste you mentioned under question No .1, primarily generate 

from which source of solid waste?     

A) Residential  B) Commercial  C) Institutional  D) Other type (please specify)  

3) How do you put your daily solid wastes? A) All together  B) Separated  

4) Do you prepare compost from solid waste? A) Yes   B) No 

5)  Do you reuse solid waste? A) Yes B) No, if yes what type of materials do you 

reuse? 

  A) Food waste B) Glasses C) plastic materials D) No responds E) Other specify 

6) What type temporary storage do you use? A) Plastic container  B) Basket  C) 

Sack D) other specify  

7) Where do you disposed SW? A) Throw it on an open space, in sewerage or on 

street  B) Digging a hole around the house and burn it  C) Disposing on the 

backyards of the house   D) Private collectors take it  E) Throw it in to the nearby 

rivers  

8) Do you dump in legal dumping area to dispose solid wastes in Fonko town? A) 

Yes  B) No   If your response for question is Yes, What means do you use to 

transport wastes to dumping site? A) By hands  B) Hand pushed carts  C) Horse 

drawn carts  E) others specify  
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7.2 Appendix Tables 

Appendix Table 1: Data Sheets for Waste Types and Generation Rate Record 
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1 Food                   

2 Ash                   

3 Paper                   

4 Yard                   

5 Plastic                   

6 Glass                   

7 Metal                   

8  Others                   

 Total                    

Appendix Table 2:  Physiochemical analysis of household solid waste in the study 

area 

Type of SW MC pH EC C N P K C/N 

Food waste 55.2% 6.82 1.8 41 1.18 0.58% 0.76 35 

Yard waste 43.68% 5.64 1.36 35.4 1.4 0.54 0.66 25 

Average 49.44%, 6.23 1.58 ds/m 38.2% 1.29% 0.56% 0.71% 30:1 
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7.3 Appendix Figure 

Appendix Figure 1 : Sample preparation for laboratory analysis 

.  

 

Appendix Figure 2 : Partial view of composition of solid waste 
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Appendix Figure 3:  Partial views of municipal solid waste storage materials 

 

Appendix Figure 4 :  Partial view of disposal system 
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Appendix Figure 5 : Partial view of Legal dumping site 

 

Appendix Figure 6 :  Partial view of laboratory analysis 
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