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GENERATION RATE AND PHYSICO-CHEMICAL 

CHARACTERIZATION OF HOUSEHOLD SOLID WASTE IN 

MORSITO TOWN, HADIYA ZONE, SOUTHERN ETHIOPIA 

ABSTRACT 

Rapid population growth and expanding urbanization have caused a dramatic increase in type and 

volume of household solid waste generated in many towns of the country including Morsito town. 

Most of this solid waste is illegally dumped in open site. The objective of this study was to determine 

the generation rate and characterize selected physicochemical properties of household solid waste in 

Morsito Town. A total of 131 households were randomly selected from purposively selected 2 kebeles 

of the town. Average solid waste generation rates of households were determined using the data 

obtained from households for seven consecutive days. The physical and chemical properties of 

household solid waste were analyzed. The rate of daily solid waste generation per the low, middle and 

high income households were 0.16kg/cap/day,0.18kg/cap/day and 0.2kg/cap/day, respectively with the 

average of 0.18 kg/cap/day.  The annual solid waste generation rate of the town was estimated 

1,329,439.5 kg. Major compositions of household solid wastes from the studied households were food 

waste, yard waste, ash, dust and soil, plastic, paper, metal, glass, wood and others. Among this 

composition, highest quantities of organic waste were identified as food waste. Food waste comprised 

the highest percentage (34.1%) while metal comprised the lowest percentage (0.23%). Moisture 

Content (%), Bulky Density (kg/m
3
), pH, Electrical Conductivity (dS/cm),Organic carbon (%), Total 

Nitrogen (%), C:N(%), Phosphorus (%) and Potassium (%) of household solid waste samples were 

52.1, 370.7, 6.45,2.17,12.4,1.043,11.8, 0.55 and 0.375,respectively. Organic wastes as a resource 

should be given more attention in the study area in aiming for sustainable waste management. The 

organic waste should also be regarded as a resource and several appropriate technologies exist for 

adequate treatment and resource recovery, including composting and anaerobic digestion. 

 

Key words: Generation rate, Household, Morsito, Physico-chemical, Solid waste



 

1. INTRODUCTION 

The rapid urbanization of the 20
th

 century virtually transformed the world in to communities of 

cities and towns with improved quality of life (Smith, 2010; Adimias, 2017). In Ethiopia, like in 

many other developing countries, the increase of solid waste generation is resulted from rapid 

urbanization and population booming (Lema et al., 2019). Despite improving quality of life, 

urbanization caused unintended and negative impact on the urban environment. Reason for the 

impact is imbalance between solid waste generation and handling capacities predisposing for 

improper disposal (Muaaz et al., 2017). This improper disposal leads to spreading of diseases, 

contamination of ground and surface water, discouraging tourism and unhygienic condition 

spoiling the aesthetics ( Kassahun, 2018). 

Although industrially advanced countries produce large quantities of wastes, municipal solid 

waste is a global concern in developing countries (Adeolu et al., 2011; Sujauddin et al., 2008; 

Aja et al., 2014). In developing countries, improper handling and disposal of solid wastes 

contribute to high level of mortality and morbidity. The reason is cities and municipalities cannot 

cope up with the accelerated rate of waste production and composition in terms of technology, 

institutional arrangement and cost effectiveness of solid waste management ( Kassahun, 2018). 

Studies indicated that many cities and towns in these countries are not managing Solid Wastes 

(SWs) due to institutional, regulatory, financial, technical and public participation problems 

(Ogawa, 2000). In Africa management of solid waste is often weak due to lack of appropriate 

planning, inadequate governance, poor technology, weak enforcement of existing legislation and 

the lack of economic incentives to promote environmentally sound development (UNEP, 2005).  

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

household solid waste generation and the variety of the waste composition in Ethiopian towns. 

Solid wastes that are generated in most towns of Ethiopia are not appropriately handled and 

managed (Endrias and Solomon, 2017). Amount of solid waste in fast growing cities in the 

country has been increasing over time due to rapid population growth rate (Getahun et al., 

2011).In this country, solid waste is not only increasing in quantity but also changing 

composition from less organic to more paper, packing wastes, plastics, glass, and metal waste 

among other types (Gebreeyosus and Aregay, 2018). Therefore improper municipal solid waste 
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disposal and management caused pollutions of air, soil and water. Morisot town was 

characterized by increment of population growth from year to year that might lead to rapid 

increasing volumes of solid waste which was illegally dumped on open site. The efforts made by 

town sanitation and municipality administration could not solve the problem to the extent of 

expectations. In addition to this, there were no solid waste storage containers and street side solid 

waste bins.  

The study was designed to solve the problem of throwing household solid waste along the street 

during the night-time. The problem of throwing wastes such as cartons, festal, plastic bottles, 

hairs from barber’s shops and others along the street have been of a major concern in the Morsito 

town. Hence, due to the expansion of the town and increasing of population, the volume of 

existing solid waste would be also increasing day to day. Thus, most of solid wastes that are 

generated by the households in the study area remain uncollected and people dispose of wastes in 

unauthorized areas such as, road sides, river courses and gullies. As a result, household solid 

waste management in Morsito has not been carried out in a sufficient and proper manner. The 

environmental and sanitary conditions of the town have become more serious from time to time, 

and people are suffering from living in such conditions. So that urgent need of efficient SWM on 

one hand and steady growth of solid waste problem on the other side were still the main features 

of the town. 

Therefore, this study was designed to determine household solid waste (HHSW) generation rate 

composition at the present demographic and socio-economic conditions and physicochemical 

characteristics of the solid waste. The results of such analysis will be helpful for policy makers in 

identifying right solid waste management options in the area.   Therefore, this study would try to 

contribute to fill the existing knowledge gap on Physico-chemical characterization of household 

solid wastes in the study area. The general objective of the study was to assess generation rate 

and physicochemical characterization of household solid waste in Morsito town with the 

following specific objectives: 

 To determine the generation rate of household solid waste in the study area 

 To assess the selected Physico-chemical characterization of household solid waste in the 

study area and 

 To assess the current Household solid waste management practices in the study area 
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2. LITERATURE REVIEW 

2.1. Concepts of Solid Waste 

Waste is considered as any unwanted substance from human life. The term “waste” in general, 

could be used in different descriptive terminologies such as garbage, trash, rubbish, refuse, by-

product, a rest product and discards (Kamran and Rousta, 2018).Solid waste is the garbage, 

refuse, sludge and other discarded materials including solid, semi- solid or contained gaseous 

material resulting from industrial, commercial, mining and agricultural operations, and from 

community activities (Salic et al., 2018; Kumar et al., 2016).  

Solid waste is useless and unwanted or discarded materials arising from domestic, trade, and 

commercial, industrial, agricultural and public services (WHO expert committee report, 1982 in 

Shyamala and Belagali, 2012). Domestic (household) solid waste consists of a wide variety of 

wastes produced by residents in houses and apartments. The Variety ranges from 6 to 14 

heterogeneous components  (Alabdraba & Al-qaraghully, 2014). Solid waste is global 

environmental problem in today’s world both developed and developing countries due to rapid 

population growth, economic activities growth and the rise of community demand accelerated 

solid waste generation in the world. 

Waste is often found as liquid or solid form. Solid waste is any type of wastes which is hard or 

no 

t a water- like or liquid form; for example, used plastic bags, broken bags, leftover food or foods 

remains and the like. It is a by- product of human activities that tends to increase with the rate of 

urbanization, changing consumption and the improvement of living standards (ENPHO, 2008). 

World Bank (2005) defines waste as ‘unwanted, thrown-away, or discarded-as-useless, 

materials’, which consist of organic-matter (that is easily-degradable), or inorganic-matter (non -

biodegradable, for-example: metals, plastics, bottles, and broken-glasses). 

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”. 

However, most of the people are not aware about their role in the production of solid wastes or 
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about the impact of a day to day activity of human beings on the rate of waste production. Due to 

this, such people do not have a time to think about how to follow the proper disposal methods of 

wastes generated in their home in order to make environment attractive. 

The ever increasing amount of solid  waste generated which is exacerbated by lack of proper 

waste management system is of growing environmental and public health concern worldwide 

and in major towns and cities of Ethiopia (Endrias and Solomon , 2017).  Solid wastes generated 

are different from country to country or region to region which means the management system 

also varies. Solid waste is generated due to a lot of factors which includes the abundance and 

type of natural resource available, the lifestyle of citizens as well as their living standards.  Solid 

waste is embarrassing and difficult to discuss with reason that policymaking and political 

discussions must deal with taboos in various locality which affects the process of arriving at 

achievable goals (UN-HABITAT, 2010)  Cites in (Endalkachew,2018).  

Solid waste in Ethiopia according to Federal Democratic Republic of Ethiopia Proclamation No. 

513/2007, Solid Waste Management Proclamation” Solid Waste Management" means the 

collection, transportation, storage, recycling or disposal of solid waste, or the subsequent use of a 

disposal site that is no longer operational.  The human’s activity which takes place in these 

worlds creates waste. The wastes could be both solid or liquid types; and the way they are going 

to be handled, stored, and disposed can expose the environment and public health to risks (Zhu et 

al., 2008).Management  of  increasing  amounts  of  solid  waste  has  become  a  major  

challenge  in many cities in developing countries. If solid waste is properly used, it can be a 

valuable resource, but if it is not effectively managed, it can result in serious adverse impacts on 

environment and public health.  Solid waste management is therefore a critical component within 

urban sanitation and it is also one of the most important and resource intensive services provided 

by municipalities as indicated (ENPHO, 2008). 

SWM  is  a  management  system  of  solid  wastes  which  embrace all  the  activities  ranging  

from generation  to  disposal.  According to Rouse (2008), the basic concept of SWM involves 

the “collection, storage, transportation, processing, treatment, recycling, and final disposal of 

waste”. He also noted that, the management system should be simple, affordable, sustainable, 

economical, efficient, environmentally sound and socially acceptable, and providing the service 

for both the poor and wealthy households. Municipal solid waste (MSW) also called trash or 
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garbage is defined at the national level as wastes consisting of everyday items such as product 

packaging, grass clippings, furniture, clothing, bottles and cans, food scraps, newspapers, 

appliances, consumer electronics, and batteries. These wastes come from homes, institutions, etc. 

such as schools and hospitals; and commercial sources such as restaurants and small businesses 

(USEPA, 2016). 

Municipal solid waste, according to Solomon (2011), refers to “materials discarded in urban 

areas for which municipalities are usually responsible for collection, transportation, and final 

disposal.”  Municipal  solid  waste  (MSW)  is  defined  to include  refuse  from  households,  

non- hazardous solid  waste  from  industrial,  commercial  and institutional  establishments  

(including  hospitals), market  waste,  yard  waste,  and  street  sweepings (Ogwueleka, 2009 ; 

Wilson, 2007).It is also known as municipal solid waste (MSW) as it is managed by 

local/municipal government bodies. Its characteristic differs depending on source and nature and 

exists in two forms, that is; refuse and trash (USEPA, 2009).  

Refuse; includes garbage (highly de-compostable food waste such as vegetables and meat scraps) 

rubbish (dry material, such as, metal, cans glass, slow decomposing materials, combustible 

materials, textile, woods). Trash; comprises of bulky waste materials that require special 

handling for instance electronics, furniture’s and household items and equipment’s (World Bank, 

2005).  

Municipal solid waste management (MSWM) refers to the collection, transfer, treatment, 

recycling, resources recovery and disposal of solid waste in urban areas. The goals of municipal 

solid waste management are to promote the quality of the urban environment, generate 

employment and income, and protect environmental health and support the efficiency and 

productivity of the economy (Ogwueleka, 2009; Wilson, 2007). 

2.2. Source and Types of Solid waste 

Solid waste classified based on its origin, risk potential, or characteristics. Based on origin, solid 

waste  can  be  classified  in  to  food  waste,  rubbish,  ashes  and  residues,  agricultural  waste, 

municipal  service,  industrial  process  waste,  and  demolition  and  construction  wastes.  With 

regards to characteristics, it is also classify as biodegradable and non – biodegradable. In 

addition, based on its risk potential, is again it can be categorized in to hazardous and 



6 
 

 
 

nonhazardous wastes (CED, 2003). Solid waste is generated from various sources. These sources 

relate to the different land uses in a community. According to Muaaz et al. (2017) classify the 

sources of solid waste in a community by; Residential, commercial, institutional, industrial, 

municipal services, construction and demolition, agricultural wastes. 

Residential, this consists of combustible and non-combustible solid wastes from residential 

areas. It contains materials such as food waste (garbage), paper, corrugated cardboard, plastics, 

textiles, and rubber, leather, wood, and yard wastes. The non-combustible (inorganic) part 

consists of items such as glass, crockery, tins, cans, aluminum, ferrous metals and dirt. A great 

portion of the residential waste is put risible, that is wastes which decompose quickly, especially 

in warm weather. These putrescible wastes come from the handling, preparation, cooking and 

eating of foods. According to Muaaz et al. (2017) also identified bulky items, consumer 

electronics, batteries, oil and tires as special residential wastes which are collected separately. 

According to them, bulky items include large worn-out or broken down items such as furniture, 

lamps, bookcases, filing cabinets, and other similar items. 

Commercial, wastes from these sources are similar to those from residential sources, except for 

those related to cooking and eating. 

Institutional, the generators of this source of wastes include government offices, schools, 

hospitals, and prisons. They added that most hospitals‟ medical wastes are handled separately 

from the rest of the solid wastes stream.  

 Another source of waste they mentioned is the wastes from demolition and construction 

activities. This result from repair of individual residences, commercial buildings and other 

structures. It may also include wastes from razed buildings, broken-out streets, sidewalks, and 

bridges.  

Municipal services, other waste from street sweepings, roadside litter, municipal litter 

containers, landscaping and tree trimmings, catch basin debris, dead animals and abandoned 

vehicles are categorized as wastes from municipal services.  

Other sources of wastes include treatment plant wastes, industrial solid wastes, and agricultural 

wastes. 
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2.3. Components of Solid Wastes 

The domestic solid waste stream also contains different components which are used to classify 

them into such types as organic or inorganic, biodegradable or non-biodegradable. For example 

plastic, paper,  glass, ceramics, textiles, metal and inert  wastes   as a study  conducted by Surrey 

County UK in 2002/2003 ( Baabereyir, 2009) analyzed  the   composition  of  the  solid  waste  

stream  in  the  County  as  containing  :  paper/card, plastic  film,  dense  plastic,  textiles,  

miscellaneous  combustibles,  glass,  ferrous  metal,  garden waste and food waste. The  organic  

matter  (paper,  wood,  food  waste)  is  that  aspect  of  the  waste  stream  that  is compostable.  

The  inorganic  matter  on  the  other  hand,  is  non-compostable  (rubber,  leather, plastic, metal, 

glass, fabric and battery, among others). The other classification is into biodegradable and non-

biodegradable. The biodegradable waste matter is a type of waste, typically originating from 

plants and animal sources, which may be broken down by other living organisms. For example, 

green waste, food waste, paper waste, biodegradable plastics, human waste and sewage. Non-

biodegradable waste will not break down (or won't for many years). Examples are plastics, metal 

and glass.  Dangerous chemicals and toxins are also non-biodegradable, as are plastic grocery 

bags, Styrofoam (polystyrene), and other similar materials.  

The total household wastes by weight. Studies also showed that large portion of solid wastes of 

developing countries is food wastes (Spencer, 2002).For example, 36%  in  Makurdi-Nigeria,  

(Sha’Ato et al., 2006), 40.7% in Guadalajara, Mexico (Perez et al., 2008) but food waste 

accounts 59.17% by weight of the 27 total  wastes  in  Arada  Sub-City,  Addis  Ababa  (Yitayal,  

2005) this is higher than the present study. Waste from low and middle- income countries 

contain fewer paper products and non-food items than waste from industrialized countries. The 

composition of solid waste is a key determinant in decisions concerning types of vehicles needed 

for collection and transfer, requirements for final disposal, and resource recovery alternatives 

(Sebastian, 2010). Increase  of  food  waste  in  household  with  increase  in  income  level  is  

common  in  less industrialized countries. 
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2.4. Solid Waste Generation Rate 

Solid waste generation rate refers to the amount of waste disposed during a given period of time 

and the quantification of it involves different methods: by measurement at the point of 

generation, through use of vehicle survey and by examination of records at the disposal facility 

(UNEP, 2009; cited in Zebenay, 2010). The rate of solid waste generated in a given town is 

basically determined by demographic growth, seasonal variation, geographic location, economic 

development and people’s attitude towards waste. 

Nashiimirimana (2004) explained the influence of economic development by comparing gross 

national product of developed and developing countries with their waste generation rate. And he 

concludes that the higher the gross national product of a country result the higher the generation 

of waste. It means due to difference in level economic performance, waste generation rate of 

developed countries is highly greater than that of developing countries. Although developing 

countries have a lower rate of waste generation compared to developed countries, their quantum 

of waste is high owing to their higher levels of population growth. This clearly shows impact of 

population size on waste generation rate. The Volume or rate of residential solid waste produced 

varies from day to day, month to month, season to season and from household to household. For 

instance, Market days yields more wastes than other days of the week. According to Girma 

Kebede (2004) Residential wastes rate usually peak during holyday season such as New Year, 

Christian holidays like Meskel, Christmas, and Easter, and Muslim holydays like Maulid, Eidul- 

fitir or Ramadan, and Eidul-adha or Arefa. People generate more waste during dry season than 

wet season. 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. 

On the other hand, people’s attitude towards waste can also conditioned solid waste generation 

rate in the form of their pattern of material use and waste handling, their interest in waste 

reduction and minimization, and the degree to which they refrain from indiscriminate dumping 

and littering (Henry et al., 2006).   Therefore, an accurate knowledge of quantity and rate of solid 

waste generation in a given area is essential for preparation and implementation of appropriate 

MSWM. Because it provides information on human, financial and equipment resources required 
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for collection and transportation of waste, to enact appropriate laws on waste reduction, and 

establish current and future needs for solid waste disposal sites (Abel, 2007). 

2.5. Properties of Solid Wastes 

2.5.1. Physical Properties 

Physical property composition of solid wastes includes identification of the individual 

components that make up domestic solid wastes, analysis of particle size, moisture contents and 

density of solid wastes. Components of Solid Wastes typically components of most solid wastes 

are food waste, paper, textiles, plastics, cardboard, yard wastes, wood, leather, rubber, metals (tin 

cans, aluminum, etc.), glass, ceramic, ashes, dirty, etc (Tchobanoglous et al., 1993). For effective 

and efficient management of solid waste generated in a particular city, adequate knowledge and 

data about the characteristics of solid waste is essential. Different sources express physical 

property of solid waste by its density, particle size, moisture content, etc (Holmes, 1981; 

Tchobanoglous et al., 1977). Moisture content indicates water contents of the waste, which is 

percentage of the wet weight material to dry material. Moisture content of solid wastes is usually 

expressed as the mass of moisture per unit mass of wet or dry materials. The wet-mass moisture 

content is expressed as follows: Moisture content (%) = ((w-d) /w) x 100; where w = initial mass 

of sample as delivered and d = mass of sample after drying (Hui et al., 2006; Yitayal, 2005).  

2.5.2. Chemical Properties 

The most important chemical properties of solid wastes are proximate analysis (moisture loss at 

105 
0
c for 1hour,Volatile matter additional loss on ignition at 950 

0
c , ash-residue after burning, 

fixed carbon-remainder), ultimate analysis, percent of Carbon, Hydrogen, Oxygen , Nitrogen, 

Sulfur ,ash and heating value energy value (Hui et al.,2006; Yitayal, 2005) With regard to 

chemical composition of the waste, data for developing countries shows that organic substance 

(C, H, N) comprises about 40-50%, inorganic substance (P, K) 20-30%, moisture about 30-40% 

by weight, with less than 1000Kcal.of heat value (Abera,1997). Information on the chemical 

composition of solid wastes is important in evaluating alternative processing and recovery 

options. For example consider the incineration process. Typically wastes can be thought of as 

combination of semi moist, combustible and noncombustible materials. If solid wastes are to be 
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used as fuel the four most important properties to be known are (1) proximate analysis, (2) fusing 

point of ash, (3) ultimate analysis and (4) heating values.   

2.6. Functional Elements of Solid Waste Management 

In the course of municipal solid waste management there are six functional elements. 

Identification of these functional elements allows description of relationships involved in each 

element, and development of a framework.  As a result, to handle a specific solid waste 

management it is obligatory to observe the following six elements in combination. 

2.6.1. 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 belong 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).  

2.6.2. On site Handling, Storage and Processing 

On site handling refers to the activities associated with the handling of solid wastes until they are 

placed in the containers used for their storage before collection. Depending on the type of 

collection service, handling may also be required to move the loaded containers to the collection 

point and to return the empty containers to the point where they are stored between collections.  

The residents or tenants of low rise dwellings are responsible for placing solid wastes that are 

generated and accumulated at various locations in and around their dwelling in the storage 

containers and in many locations hand carts are used to transport loaded containers to the pickup 

point (Tchobanoglous et al., 1977).  Handling methods in most medium rise apartment building 

are similar to those used for low rise dwellings and high rise apartments, or various combinations 

of the two. The methods vary depending on the age and location of the buildings. In some of the 
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older medium- rise apartment buildings, it is still common practice for the tenants to place 

containers outside their doors and to have the waste collector pickup wastes from each floor. 

According to Tchobanoglous et al. (1977) Factors that must be considered in the onsite storage 

of solid wastes include: types of container to be used, the container location, public health and 

aesthetics, and collection method to be used. To large extent, the types and capacities of the 

containers used depend on the characteristics of the solid waste to be collected, the collection 

frequency, and the space available for the placement of containers. Because solid wastes are 

collected manually from most residential low-rise detached dwellings, the containers should be 

light enough to be handled easily by one collector when full. Temporary and disposable 

containers are commonly used when curb service is provided and the home owner is responsible 

for placing accumulated wastes on the curb for collection, paper bags, cardboard boxes, plastic 

containers and bags, and wooden boxes are routinely used as temporary and disposable 

containers. Under normal circumstances, temporary containers are removed along with wastes. 

Grinding, sorting, compaction, shredding and composting are all onsite processing methods used 

to reduce the volume, alter the physical form, or recover usable materials from solid wastes.  

  2.6.3. Collection 

waste collection is considered to start with initial storage of the waste, because of its many and 

close links with collection, and include all stages of collection and transport of the waste, 

including any transfer of the waste from one means of collection or transport to the next. 

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. According 

to (Adimias, 2019) in most municipal solid waste management systems, cost of collection 

accounts a significant portion of total cost. For instance, in industrialized countries collection 

accounts about 60-70% of total cost, and 70-90% in developing and transition countries. 

 Collection is structurally similar in developing, transition, and industrialized countries, but there 

are important technical and institutional differences in implementation. In most cases, 

industrialized countries have more efficiency and effectiveness than developing ones in terms of 

their approach of collection, role of municipal governments, private-sector participation, and 

demographic and social factors relevant to collection. In developing countries, collection often 

involves a face to face transaction between generator and collector. The level of service is low, 

and generators often have to bring their wastes long distances and place it in containers. As a 
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result many collection activities in developing countries carried out by informal sector. 

According to Tchobanolous et al. (1993) In general, there are four basic methods of collection 

described by  

i. Community bin: - they are placed in convenient locations where community members carry 

waste and throw it in.  This method is comparatively cheaper than other methods, and most 

widely adopted method in western countries.  For this method to be adopted it is important that 

bins are covered, aesthetic, attended regularly, kept clean, easy to handle, and separate bins are 

provided.  

 ii. Curbside collection: - homeowner is responsible for placing containers to be emptied at the 

curb on collection day and for returning empty containers to their storage location until the next 

collection. 

 iii. Block collection: - collection vehicles arrive at a particular place or a set day and time to 

collect waste from households. Households bring their waste containers and empty directly into 

the vehicle.   

iv. Door to door collection:- This collection method is largely applied for collection of solid 

waste from residential areas.  Waste is placed at doorstep at a set time when waste collector 

arrives. In this method, collector of waste has the responsibility to collect waste separately.  

2.6.4. 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. With respect to transfer stations, “there are two basic 

modes of operation: direct discharge and storage discharge. In storage discharge refuse is first 

emptied from collection trucks in to a storage pit or to a large platform. While in direct discharge 

station, each refuse truck empties directly in to larger transport vehicles” (Meenakshi, 2005).   

2.6.5. Processing and Recovery 

This functional element includes all techniques, equipment’s and facilities used both to improve 

the efficiency of other functional elements and to recover usable materials, conversion products, 
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produce energy, and compost from solid wastes. In addition it also provides several advantages. 

First, it can serve to reduce total volume and weight of waste material that requires collection 

and final disposal. Volume reduction also helps to conserve land resources since land is the 

ultimate sink for most waste materials. On the other side, it also reduces total transportation cost 

of waste to its final disposal site. Solid waste processing and recovery has been carried out 

beginning from separation and processing of wastes at the source. But, separations of mixed 

wastes usually occur at materials recovery facility, transfer stations, combustion facilities and 

disposal sites. It often includes separation of bulky items, separation of waste components by 

size using screens, manual separation of waste components, and separation of ferrous and non-

ferrous metals. Then they enter in small and large scale industries for recovery activities. For 

example, organic fraction of MSW can be transformed by a variety of biological and thermal 

processes.  

2.6.6. Disposal 

The final element in the solid waste management process is disposal. Tchobanoglous et al. 

(1993) believe that land filling or land spreading is the final destination of all solid wastes, 

whether they are residential wastes collected and transported directly to a landfill site, residual 

wastes from recovery facilities, residue from combustion of solid wastes, compost or other 

materials. (Rainer,1990) articulated this idea when  argued  that  landfill  would  always  be  

needed  as  a  final destination of residue from wastes incineration. It is must be said here that a 

sanitary landfill is not a ‘dump’ but  an engineered facility used for disposing of solid wastes on 

land or within the earth’s mantle without creating nuisances to public health or safety, such as 

breeding of rodents and insects, and the contamination of Ground water (Degnet, 2003). 

  2.7. Integrated Solid Waste Management Approach 

In order to handle growing volume of waste, the proper policies need to be enacted and 

implemented. In the developed world, the approach to solid waste management regarded as the 

most compatible with an environmentally sustainable development is called Integrated Solid 

Waste Management. This approach consists of a hierarchical and coordinated set of actions that 

reduces pollution, seeks to maximize recovery of reusable and recyclable materials, and protects 
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human health and the environment. In light of this, Integrated Solid Waste Management (ISWM) 

aims to be socially desirable, economically viable and environmentally sound (Medina, 2004).  

Moreover, a system is designed for the handling of discards from a household, business, 

institution, or city with a zero waste goal. It recognizes that, scientifically, absolute zero is 

improbable, close counts. Any system that reduces waiting to ten percent of current generation 

rates would make significant step toward sustainability and would be close to zero (90% 

successful). Pollution is measured quantitatively and a reduction of 90% is significant. In the 

area of discarded resources, the remaining 10% may have to be dealt with through legislation, 

innovation and ultimately producer responsibility (Stucki et al., 2003).  

Stucki et al. (2003) stated that Zero waste approach in a manufacturer and waste generator is 

responsible for the proper disposal of a product before, during and after the purchase of a 

material. Moreover, the manufacturers should be encouraged to use recycled materials in their 

products. Waste generators also have been encouraged to consider buying products that can be 

reused and repaired. For Proper handling of solid waste and to reduce the amounts of discards at 

the source, the Zero Waste Theory is essential as far as municipal solid waste management is 

concerned. Zero Waste Theory takes the 3R’s (Reduce, Reuse, and Recycle) into consideration 

for the effective management of municipal solid waste (Stucki et al., 2003).  

As (Open Wash, 2016) described, waste hierarchy proposes that waste should be managed by 

different methods according to its characteristics. The preference of the options represents the 

hierarchal structure. Thus, prevention, reuse, and recycling are given the highest preference, 

while open burning is unacceptable. The hierarchy is designed to improve the environmental 

aspects of ISWM. Practices, which produce serious impacts on the environment, are the least 

accepted ones. Integrated Solid Waste Management has the following hierarchies:  
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Figure 1: Hierarch of waste management 

Source: Open wash (2016).  

2.7.1. Waste reduction 

At the top of the hierarchy is a waste reduction. This is the best option because the most effective 

way to limit the health effects and environmental impacts of a waste are not to create waste in the 

first place. Making any new product requires materials and energy. Source reduction is an 

approach that changes the way products are manufactured, purchased, and used so that less solid 

waste is generated. Raw materials must be extracted from the Earth and processed, and the 

product must be manufactured, packaged and transported to wherever it will be sold. If we can 

find ways of making a particular item whilst producing less waste in the process, this is one of 

the most effective ways to reduce pollution, save natural resources, protect the environment and 

save money. 

 Waste reduction is one way of reducing environmental problems from disposal. If the waste is 

never generated, it cannot pose an environmental threat when disposed of. Second, priority was 

given to those goals and actions designed to reduce the amount of waste being disposed of 

through source reduction, reuse, recycling, and composting. Reducing the input to the waste 

management system by increasing the material efficiency of the economy is the preferred option 

in the long term. Waste reduction is important at the household level. In Ethiopia, a number of 

waste reduction initiatives have been put in place in big cities like Addis Ababa and Mekelle by 

informal organizations and private sector enterprises. These initiatives frequently involve several 
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different stakeholder groups including urban Health Extension Workers (HEWs), civil society, 

private sector enterprises and organized women’s development groups. The local kebele 

administration and appropriate experts from the Woreda Health Office and Greenery and 

Beautification Office are also likely to be involved (Open Wash, 2016).  

2.7.2. Waste reuse 

Reuse has worked well with packaging of drinks where reusable glass bottles and cans instead of 

non-reusable plastic or paper packaging are being used for bottling. This strategy, however, may 

need change in industrial technology and in consumer choice and preferences, as well as taste. 

Different types of solid wastes can be reused, such as bottles, old clothes, books and anything 

else that is used again for a similar purpose to that originally intended. Moreover, reuse means 

that less solid waste is produced. It brings other benefits by taking useful products discarded by 

those who no longer want them and passing them to those who do the best way to manage waste 

is not to produce it. This can be done by shopping carefully and, for example, buying products in 

bulk, avoiding over-packaged goods, avoiding disposable goods but rather buying durable goods. 

It makes economic and environmental sense to reuse products. Products can be reused for the 

same purpose for example by repairing broken appliances, furniture, and toys. Products can also 

be reused in different ways, for example by using plastic microwave dinner trays as picnic dishes 

(Open Wash, 2016).  

2.7.3. Waste Recycle 

With the increasing cost of raw materials, recycling provides a cheaper source of raw materials 

for manufacturing industries. This has given value to the otherwise worthless MSW and has 

encouraged a second look at it before making a decision to dispose. Sorting and separation of 

MSW is gaining importance in various sectors. It has many benefits but it is important to have a 

market for the end product, otherwise, the process will not be economically sustainable. And it 

involves a series of steps that takes a used material and processes it back into a recycled material 

that can be used to produce either the same or different new products. On the other hand, 

recycling is perhaps the most positively perceived and double of all the waste management 

practices. It will also return raw materials to market by separating reusable products from the rest 
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of the municipal waste stream. As long as recycling of materials is concerned, it can substantially 

contribute to minimizing the amount of material, which needs to be deposited. Therefore 

recycling includes metals, paper and glass have been common practice for decades, even though 

recovery rates have remained low in many parts of the city (Mathewos, 2015).  

2.7.4. Recovery 

Recovery is about finding other uses for wastes that enable some value to be extracted or 

recovered from them, usually by using them as a source of energy. Accordingly, recovering 

energy from waste on a large scale using an advanced incineration plant is a high- technology, a 

high-cost option that is common in many developed countries. However, it needs a highly 

developed infrastructure (a reliable source of waste, good roads, a reliable waste collection 

service, a power distribution grid, etc.) and large amounts of waste. This technology is currently 

rarely used in low-and-middle-income countries, but as cities develop there is great potential for 

energy-from-waste in the future in Ethiopia and many other countries (Scarlat et al., 2015 cited 

in Open Wash, 2016).  

It is a process of allowing biological decomposition of solid organic materials by bacteria, fungi, 

worms, insects, and other organisms in to a soil for transforming large quantities of organic 

materials to compost (humus like materials). “The organic materials produced by composting 

can be added to soil to supply plant nutrients such as nitrogen, phosphorus, potassium, iron, 

sulfur, and calcium, slow soil erosion, make clay soils more porous or increase water holding 

capacity of sandy soils” (Enger and Smith, 2008). 

In cities of developing countries, most large mixed waste compost plants have failed or operate 

at less than 30% of capacity. The problems most often cited for such failures include: high 

operation and management costs, high transportation costs, poor quality of product as a result of 

lack of sorting (especially plastic and glass fragments), poor understanding of composting 

process, and high competition from chemical fertilizers (which are often subsidized) (UNEP, 

1996).  

Generally composting has many advantages: - first it would reduce amount of waste requiring 

ultimate disposal and extending the life of landfills. When it done correctly the end result 

becomes a useful product, capable of being used at household or farm level to augment soil 
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nutrient levels and increase organic matter in the soil, increasing soil stability. If the product has 

high enough quality and markets exist, it can be sold. Environmentally, process of composting is 

preferable than landfill processes. In a landfill, bacteria break down organics an aerobically (in 

absence of oxygen) and resulted in release of methane gas. However, in composting organic 

matter is decomposed using an aerobic process and produces no methane by product (zerbock, 

2003). 

2.7.5. Waste Disposal 

This is the last option of the waste hierarchy. Nevertheless, waste disposal is the most widely 

used practice in all over the world. However, dumping of solid wastes on land has serious 

environmental impacts. Most importantly, the leachate through the waste infiltrates the soil 

contaminating the ground water. Frequent outbreaks of water-borne diseases, especially during 

the rainy season, have been reported in developing countries. Waste disposal should, therefore, 

be carried out in a properly designed landfill i.e. an engineered landfill. This engineered landfill 

is not a dump but is a waste disposal facility designed on scientific principles to protect the 

environment and public health (Chandrappa and Das, 2012). 

2.8. Solid Waste Management in Ethiopia 

Solid  waste  management  is  becoming  a  major  public  health  and  environmental  concern  in 

urban  areas  of  Ethiopia.  In  Ethiopia,  like  developing  countries,  increase  of  solid  waste 

generation  is  resulted  from  rapid  urbanization  and  population  booming. “The average solid 

waste generation rate is about 0.221kg per person per day and it is also estimated that only 2 

percent of the population received solid waste collection services” (Zebenay, 2010).This shows 

that the operational condition of MSWM service and efforts made to change the situation are 

low. As a result, small proportions of the urban dwellers are served and large quantity of solid 

waste left uncollected. The involvement of private sectors are also very  limited,  but  currently  a  

number  of  micro  and small  scale  enterprises  are  emerging  to participate  in  primary  solid  

waste  collection  i.e. collect  garbage  at  source  from  households  and  transport  it  to  the  

municipal  waste  containers  and  transfer  points.  To  sum  up  the  real situation of MSWM in  

Ethiopia indicates that the problem of solid waste cannot be solved only by mere effort of 
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municipal government, there should be large involvement of the private sectors in general and 

participation of micro enterprises and community in particular (Abebe, 2006). 

According to Environmental Protection Authority and World Bank study conducted in 2004, per 

capita amount of waste generated in Ethiopia ranged from 0.17 to 0.48kg/person/day for urban 

areas to 0.11 to 0.35kg/capita/day for rural areas. The range depends on several factors such as 

income and season. The total generation of municipal solid waste in Ethiopia in 2003 is 

estimated to be 2.8 to 8.8 million tones. This can be split to approximately 0.6 to 1.8 million tons 

from rural areas and 2.2 to 7 million tons from urban areas (World Bank, 2004). 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted in Morsito town, Hadiya zone, Southern Ethiopia. The town is the 

administrative center of Misha woreda. It is located at a distance of 250 km from Addis Ababa 

and 18 km from Hosanna town. Morsito town is located at altitude and longitude of 7
o
40'30"N 

and 37
0
47'30"E and 1200 to 2940 m.a.s.l. The mean annual maximum and minimum 

temperatures of the woreda are 25
o
c and 8

o
c respectively, and annual rain fall ranges from 800 to 

1500 mm (MWNRMAO, 2010). According to (MMO, 2019), total, population of Morsito town 

was 20,235 of which male population size was 12, 559 and the female was 7,676.   
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Figure 2: Map of the study area 

3.2. Study Design 

 Cross sectional descriptive study design was used. The advantage of employing this method is to 

get quantitative data that include socioeconomic characteristics of the households (e.g., family 

size, gender, occupation, and monthly income) and investigate generation rate and its 

physicochemical characterization of household’s solid waste in Morsito town in a particular 

period 

3.3. Determination of the sample size 

The sample size was determined by using Cochran (1977); n      

            
.  
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Where;  

n = Total sample size  

                      N = Total number of households of the selected kebele.   

                      Z = standard normal deviation at the 95% confidence interval which is 1.96  

                       d = the level of statistical significance (Allowable error) (0.05)  

                       P = the proportion in the targeted population estimated to have characteristics 

being measured (from previous study we use0.9) (from Melaku, 2008) 

 Q = 1-p i.e.1-0.9= 0.1 

n 
     

            
 

              

                                 
     

Table 1: Total number of households and sample size in the selected kebeles 

Kebele No Name of kebeles No of households Sample size % (proportion) 

01 Arbegna 1150 60 46 

03 Sefere Genete 1350 71 54 

Total  2500 131 100 

 

3.4. Sources of Data  

For this study, primary data were collected from sampled households respondents, researchers, 

observation and questionnaires.  

3.5. Sampling Techniques 

From the town, two kebeles were selected purposively considering high population density.  The 

selected kebeles are Arbegna (01) and Sefere Genete (03) since these kebeles have 2500 

households. The total sample size of 131 was distributedproportionalto number household 

in each kebeles. During presurvey, houses in each kebele were labled with numbers. Finally, 

systematic random sampling was employed to select participant household. In each kebeles the 

“k=19” was calculated by dividing total household to allocated sampling size. The 1
st
 study house 

hold was selected by lottery method from 1
st
 -19

th
 households near to kebele administration office. 

Stratified sampling technique were used due to the variability of the nature of the population i.e. 
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for classifying different socio economic groups like high income, low income and middle 

income. The numbers of samples within each stratum were determined based on respective 

proportional percentages of each stratum. 

3.6. Methods and Data Collection 

3.6.1. Questionnaires 

A questionnaire was carefully designed to obtain all necessary information such as sex of 

householder, family size, income, solid waste collection activity, household waste handling, etc 

from participating households.  

The questionnaire was prepared in English language and then translated in to Amharic and 

Hadiya by language expert for making it easily understandable to respondents and finally 

translated back to English. 

3.6.2. Field observations 

Observation data were collected using checklist and it was conducted by the researcher at 

Household level and on different sites at field in the town. Field observation was employed to 

assessing household’s solid waste handling practices, illegal dumping, solid waste collection and 

disposal site facilities of the town. Photographs were taken during field observation for partial 

exposure of disposal site, illegal dumping of residents. 

3.6.3. Data collection and procedures 

The households were randomly selected in the study area and were provided with different 

standard waste sampling bags. Household solid waste (HHSW) was collected everyday over a 

week directly from households of the study site. Each household was  given two labeled plastic 

bags or sacks  with its house number, one for’ ash’ waste and another for ‘others’ solid waste. 

Another two bags with the same label were given for the next day collection. The first day 

collection was a practice for the collector and not included in the result. The collection was done 

by trained collectors using three hand push cart. Every morning hand push carts bring data to the 

strategically selected working site kebele. Collected solid wastes were weighed and recorded. 

Immediately after measuring the total solid waste, sorting of solid waste into different 
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components were made. Finally, physical composition of the solid waste was separated manually 

into major components like paper, plastics, glass, metal, food, textile, wood, dust and soil, ash, 

bones and other groups.  

3.7. Determination of the Generation rate of Household solid waste 

All types of solid wastes were collected from selected houses. Average solid waste generation 

rate of households were determined using the data  obtained from households for seven 

consecutive days, The daily solid waste generation rate(DSWGR) of the town as well as per 

capita per day solid waste generation rate (PCPDSWGR)at household level of the areas were 

calculated according to the following equation (Fobil,2000). 

PCPDSWGR =
                                         

                                        
 

Moreover, based on this result the daily solid waste generation rate of the household of the town 

was calculated as total population of the town (20,235) times per capita solid waste generation 

rate. 

3.8. Sampling and Sample Preparation for Laboratory Analysis  

To obtain a representative sample of household solid waste for physical and chemical analysis, 

only biodegradable household solid waste was analyzed and it was carried out in the laboratory. 

Samplings were carried out within 7 days from collection time; samples were taken daily to 

make total number of five composite samples. The analysis of each sample was performed in 

triplicate and the results were averaged. First the collected  solid waste was air dried and crushed 

with mortar and pestle then the well mixed sample passed through a 2 mm sieve finally samples 

were taken for laboratory analysis at soil chemistry  laboratory  of Haramaya University. 

The moisture content of solid wastes was measured and is usually expressed as the mass of 

moisture per unit mass of wet or dry materials. The wet-mass moisture content is expressed as 

below (ASTM, 2008). Oven dried samples was cooled in desiccators for 30 minutes and 

reweighed (Sahilemedihin and Taye, 2000)  
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Where, M = moisture content, 

             w= initial weight of sample (g) 

             d=weight of sample after drying at 105 
0
C for 24hrs 

Bulk density can be determined by using data obtained from field measurement following the 

standard procedure. Accordingly, density was measured by filling containers of known volume 

(bucket containers of volume) with wastes and then weighing the loaded containers. The 

container was constantly compressed during filling. The density was then calculated by dividing 

the net weight of the waste (weight of loaded container minus weight of empty container) by its 

volume. Bulk density can be determined by using data obtained from field measurement of the 

following standard procedure (UNEP, 2005). 

Bulk Density Kg/m
3 =                 

                
 

Other important physicochemical parameters of the solid waste sample were carried out using 

standard procedures. P
H
 of Household Solid Waste (HSW) was determined by digital pH meter 

(HANNA HI 8314).Sample of 10g waste was placed in a flask and stirred for 3 to 5 minutes after 

adding 500 ml distilled water. The mixture was settled for 5 minutes and pH was measured.  

Electrical conductivity of solid waste measured with multi meter (Trantmann, 1992). Nitrogen 

(N) was determined by Kjeldahl method after digestion with concentrated H2SO4, in the 

presence of selenium catalyst (John, 1982). Phosphorous (P), in the sample was determined using 

the blue ammonium-molybdate method with ascorbic acid. To determine of potassium, solid 

waste was decomposed by treating with Sulphuric-nitric acid mixture. Potassium (K) was 

analyzed by Atomic Absorption Spectrophotometer (AAS) after samples were digested with 

nitric acid (HNO3) and C/N ratio was calculated from amount of carbon to nitrogen. 

3.9. Data analyses 

Data analysis was carried out using manually and Microsoft Excel2007. For better 

understanding, descriptive statistics such as percentage, frequency and ratio were used for 

extracted data from main variables. 
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4. RESULTS AND DISCUSSION 

4.1. Demographic Characteristics of Respondents 

Out of 131 respondents 46(35%) were male respondents and more than half 85 (65%) of the 

respondents were females. Because the higher proportion of female respondents suggests that 

most of the time females stay and work inside their home rather than working outside. 

Table 2 indicates that the majority of sample respondents were in age group between 30-50 years 

(57%), whereas, 27% in the age group between 18-29 years, 16% were in the age group of 51 

and above. In this study, generally the age group structure indicates high proportion of the 

respondents was found in the age group between 30-50 years. According to zerihun (2018) the 

mature age have even high potential for high population that have positive impact on solid waste 

generation rate, composition, reuse and disposal of solid waste management.  

The educational statuses of respondents were analyzed and the results were presented in Table-2. 

Results reveal that 35(27%) respondents cannot read and write properly. Besides, 28 (21%) of 

the respondents were completed primary school education, grade 1-4, 25(19%) of the 

respondents were completed grade 5-8, whereas 22(17%) completed secondary school education, 

12(9%) respondents were certificate and diploma holder. The remaining 9(7%) respondents had 

first degree and above. Educational level of the sample household is one of the most determinant 

factors that affect the practice of household solid waste management. According to Abiyot 

(2014) and Ashenafi (2011), the people who have low educational background exercise 

ineffective solid waste management than those who are educated at higher level. 

As presented in Table 2 families, with 1-3 members accounted for 8%, family size of 4-6 

accounted for 38%, family size of 7-9 accounted for 43% and household’s family size greater 

than 10 accounted 10%. Beside, large numbers of respondent have 7-9 people (44%) family 

members. This indicated that the majority had large family size and solid waste generation and 

consumption rate was highly related with number of family in the household. In line with this. 

Daniel et al. (2017) suggested that the households who have family size greater than five people 

were less likely to be improper when compared to those who are less or equal to four family 

members 
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Table 2: Demographic characteristics of the respondents 

Variables  Respondent (N=131) Percentage 

    

 Male 46 35 

Sex Female 85 65 

    

    

 18-29 35 27 

Age 30-50 75 57 

 Above 50 21 16 

    

    

 Illiterate 35 27 

 1-4 completed 28 21 

Educational level 5-8 completed 25 19 

 9-12 completed 22 17 

 Certificate and diploma 12 9 

 1
st
 degree and above 9 7 

    

    

 1-3 11 8 

 4-6 50 38 

Family size 7-9 57 44 

 Above 10 13 10 

    

    

 Low income level 65 50 

Income level Meddle  income level 45 34 

 High income level 21 16 

    

    

 Merchant 50 38 

 Civil servant 40 31 

Occupation Daily laborer 29 22 

 Others 12 9 

    

  

The income levels is  one of the socio- economic factor that leads to increasing volume of solid 

waste generation rate as well as increasing problem of households solid waste management. As 

indicated in Table 2, households were categorized into three groups depending on their family 

income. Thus households who earn less than or equal to 3000 birr per month 50% HHs was 

categorized under low income, those who earned between 3001-4500 birr per month 34% HHs 
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categorized under middle income and Households that earn greater than or equal to 4600 birr per 

month 16% HHs categorized under high income groups. However, domestic  expenditure  of  

households  is  indirect  indication  of  household’s  income  level. It divides low income, middle 

income and high income using gross national income per capita valued annually in US dollars 

using a three year average exchange rate (World Bank, 1989). The results of present study 

corroborates with findings of Zerihun (2018), which revealed the effect of income level on solid 

waste generation rates of households. Solid waste generation and the capacity to contribute for 

solid waste management system depend on the income level of the society. When monthly 

income of a household is distributed to its respective family members, the majority of the 

respondents were grouped under the lower level income group. This is because most households 

support large family sizes with limited income. Regarding household head occupation, 50(38%) 

were merchants, 40(31%) were daily laborers, 29(22%) were civil servants and 12(9%) were 

others. 

4.2. Generation Rate of Household Solid Waste in the Study Area 

The generation rate of household solid waste was analyzed for the study area in Table 3. The soli

d waste generation rate of the town at household level was 0.18kg/capita/day. The daily total soli

d waste generation rate of the town was calculated as total population of the town (20,235) times 

per capita solid waste generation rate. Based on this calculation the daily solid waste generation r

ate was 3642.3kg/capita. The weekly, monthly, annually solid waste generation rates were 

25,496.1kg, 109,269kg, and 1,329,439.5kg respectively. However, these findings revealed that, 

Morsito town HHSW generation rate was higher when compared with other Ethiopian towns 

such as Jimma (0.157kg/person/day) (Melaku, 2008) and Hossana (0.17 kg/person/day) (Abiot et 

al., 2012). So according to your finding, Residents of Jimma and Hossana had lower solid waste 

generation rate than Morsito town because they are poorer. This variation may be due to the 

economic status of the population in these towns. On the other hand, Morsito town generation 

rate was lower than other Ethiopian regional towns such as Gambella town 0.229 kg/capita/day 

(Afework, 2015) and 0.231 Kg/capita/day of Hawassa town (Yeballeork, 2014).  
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Table 3: Daily, weekly, monthly and annually household solid waste generation rate of Morsito 

town 

Time  Generation rate (kg) 

Daily  3642.3 

Weekly  25496.1 

Monthly  109269 

Annually  1329439.5 

4.3. Relationship between HH Solid Waste Generation and Few Socio- 

economic Characteristics 

The relationship between solid waste generation rate and socio-economic condition was shown 

in Table 4. This indicated that the per capita income level and solid waste generation rates have 

direct relationship. Accordingly, the daily solid waste generation rate showed that per household 

for low income group was 0.16kg/day, middle and high income group was 0.18kg/day and 

0.2kg/day respectively. Households that have better life standard use more consumption 

materials than low income households do, through which they generate higher wastes (Dereje, 

2009). Moreover, solid waste generation rate was found to have positive relationship with family 

size. This means families with more individuals generate a larger quantity of solid waste per day. 

Also families earning more per month have the tendency to generate a larger quantity of solid 

waste each day. Similar studies results were found in Adama town (Lema, 2007) and Arada Sub-

City Addis Ababa (Yitayal, 2005). 
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Table 4: Income, average family size and HHSW generation rate of Morsito town  

Description                     Low income               Middle income                    High  income 

                                           (<3000)                          (3001-4500)                        ( >4600) 

No of household                          65(50%)                       45(34%)                             21(16%) 

Average family size                       6.6                                5.6                                    4.7 

SW kg/household/day     1.07         1.01                                  0.94 

SW kg/per capita/day    0.16         0.18   0.2 

4.4. Components of Household Solid Waste 

The physical composition of HHSW was analyzed from the selected household and results were 

indicated in Table 5. The major components (34.1%) of the household solid waste were food 

waste. Tchobanglous et al. (1993) reported   larger portion of food waste in household solid 

wastes of developing countries. In addition to this, such a high  proportion has been reported by 

studies conducted in many different towns of most of the developing and developed countries  

and in many  different  cities  and  town  of Ethiopia (Tyagi  et  al., 2014).  

Next to food waste, yard waste accounts for 30.2 kg (23.7%)  in Morsito town.  This waste 

contain high amount of leaves, grass and chat wastes. Moreover,yard waste is larger in 

proporition compared to that of  Arada sub city ( Addis Ababa)  and Adama town, whichaccount 

for 12.2% and 12.1% respetively (Yitayal, 2005: Lemma, 2007). This variation  may be due to 

geographic location as well as urbanization.Higher yard waste   reported in this study,  may be 

due to life style of the people on the other hand, composition  of  solid  waste  depends  upon  a  

number  of  factors  such  as  food  habits,  cultural  traditions, socio-economic  status  and  

climatic  condition  (Enayetullah, 2005). 
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Table 5: Components of household solid waste in the study area 

No. Solid waste component Weight in kg Percentage 

1 Food waste 43.5 34.1 

2 Yard waste 30.2 23.7 

3 Ash 21.46 16.8 

4 Dust and soil 13.2 10.4 

5 Plastic 9.1 7.1 

6 Paper 3.3 2.6 

7 Metal 0.3 0.23 

8 Glass 0.42 0.32 

9 Wood 0.51 0.4 

10 Others 5.48 4.35 

Total  127.47 100 

Table 5 indicates that the ash waste ranked 3
rd

 with 21.46 kg (16.8%). This might be due to life 

style of population who used fire wood and charcoal as a source of energy (Melaku, 2008). Dust 

and soil accounted 13.2 kg (10.4%). According to Yitayal (2005) many houses in Ethiopia are 

poorly constructed using mud and wattle or mud bricks for walls, rammed earth and cemented 

for floors. This may be one of the reason for accumulation of dust in the solid waste of the study 

area.  

Plastic waste accounted 9.1kg (7.1%) and 5
th 

 in rank. The plastic waste, locally,it is called festal 

and plastic bottles (mainly of packed-water bottles). The plastic wastes were found everywhere 
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due to its non-decomposability and easy mobility bywind. The proportion of plastic was 7.1% by 

weight and  higher than the 4.8% of Hossana  (Endalu and Habtom, 2014) and the 2.9% of 

Adama (Lemma, 2007). Paper waste were accounted 3.3kg(2.6%) and in the 6
th

 place  by rank. 

In line with this Horton ( 1995) reported that the paper wastes  from  low and  middle-income  

countries  was less than that of high income countries.This may be due to the ecnomic status as 

well as availability of commodities. 

From Table 5  the  lowest percentage of  solid  wastes  in  terms  of  weight  were  Metals 

(0.23%),   glass (0.32%) and  wood (0.4%). Among the solid waste composition  metal waste  

can  be reused repeatedly and it can be recycled. Glass waste was less because it can be reused 

for many times, besides glass cups and other utensils are being replaced by plastic one. 

Moreover, plastic, wood and other local materials are replacing most metal furniture’s by now. 

According to Nicolas (2011), glass and metals appear in negligible amounts because they are not 

discarded for disposal but are sold to recyclable material buyers. Wood waste has high demand 

for energy production (fuel) in households who use tradition kitchens and  other  wastes which is 

in account for 4.35%. 

4.5. Selected Physico- chemical characteristics of Household solid waste  

The parameters of physico chemical characteristics of household solid waste were analyzed. The

se characteristics are Mc (Moistue content); BD (Bulky density); PH (Potential of hydrogen); EC 

(Electric conductivity); OC (Organic carbon); TN (Total nitrogen); C/N (Carbon to nitrogen); P (

Phosphuros), and K (Potassium). The results indicated that, the average value of moisture conten

t was 52.1. According to Tchobanoglous et al. (1993) moisture content range between 50 and 60

% is suitable for composting process. Compost with too high moisture content (>65%) can beco

me too clumpy and difficult to transport, which will limit its chances of being advertised. 

In addition to this Christian et al. (1997) reported that the acceptable moisture content 

throughout the composting process is 45-65 percent, with optimum range of 50-60 percent. If the 

moisture level drops below about 40 to 45 percent, the nutrients are no longer in an aqueous 

medium and are not easily available to the microorganisms. The moisture content has 

an integral role in microbial activity. Under dry conditions the activity decreases and under water

 logged conditions the microbial activity decreases due to lack of air supply. The moisture conten
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t of food waste, which takes the largest portion, is similar to the standard used for composting an

d therefore it fulfills the moisture content requirement (Yitayal, 2005). 

The bulk density of household solid waste was 370.7kg/m
3
. The solid waste bulk density of 

342.36 kg/m
3
 was reported from Hawassa town (Dereje, 2009).  According to the World Health 

Organization (WHO, 1982) expert committee report, bulk density values of solid waste ranges 

from (100-500 kg/m
3
). This indicates that the density values obtained in this study fall within the 

acceptable density range for solid waste. Bulk density of solid waste determines the method of 

collection, storage and transportation of solid waste. Bulky density is also important for the 

estimation of storage, collection, transportation as well as land filling of waste (Mensah, 2010).  

However, the bulk density of solid wastes varies markedly with geographic location, season of 

the year and length of time in storage (Peavy. 1985).  

The average pH value of the HH solid waste of Morsito town was 6.45. This indicates that the PH 

values of food waste were within the standard limits of compost 5.5-8.5 as reported by (Rawat et 

al., 2013). Similar pH values on SW composts were reported by Rouse (2008) within 5.5 - 8. The 

pH level is an important parameter in the composting process. It affects microbial activities 

during composting microbial activities become limited when the pH was outside the optimal 

range. The value of electrical conductivity was 2.17.  This value is within the recommended 

range (1.5-3 ds/m) for composting (US Composting Council, 2003). The  EC  of  compost  is  an  

important characteristic as EC levels dictate  the appropriate use of the compost, specifically 

being used  as  a  growing  medium. 

The total nitrogen values for composite samples were analyzed. The nitrogen value of organic waste 

was 1.043 in this study. Solid waste contains large amounts of organic matter and nitrogen 

content in both organic and inorganic forms. The inorganic nitrogen pool of household solid 

waste represents a small fraction of the bio available nitrogen, while most of the nitrogen is tied 

up in the organic fraction. According to Abebe (2015) on average, household solid waste may 

contain 0.7 to 1.8 % N on a dry weight basis. In order to determine compost as having fertilizing 

capabilities for agriculture, the TN content must be over 1%, dry weight (Barker, 1997). 
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Table 6: Physicochemical characteristics of Household solid waste in the study area 

Parameters Unit Value        References 

MC % 52.1 Christian et al. 

(1997) 

BD Kg/m
3
 370.7  

P
H
  6.45 (Rawat et al., 

2013) 

C/N Ratio 11.8 (Mamo et al., 

2002). 

C % 12.4  

N % 1.043 Abebe (2015) 

P % 0.55   Bordna Mona 

(2003) 

K % 0.378 Bordna Mona 

(2003) 

EC dS/m 2.17  (US Composting 

Council, 2003) 
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The carbon to nitrogen ratio was analyzed and the results were presented in Table 6.The average 

carbon to nitrogen ratio (C/N) of the Household Solid Waste (HHSW) was low 11.8 in the 

current study and must be adjusted to an optimum level by adding cow or poultry manure for 

composting process. During composting process a nutritional requirement for microorganisms is 

that the C:N ratio of organic matter must be at a level for optimum for efficient decomposition. 

The limiting C: N ratio for most microbial organisms ranges from 25:1 to 30:1 (i.e., 25–30 parts 

carbon to 1 part nitrogen). When the C: N ratio of the compost exceeds 30:1, the organisms 

become deficient in nitrogen and the process of decomposition is slowed (Mamo et al., 2002). 

Leaves, straws and woody materials serve as a major source for carbon, while grass and food 

scraps serve as the major source for nitrogen (Davies and Masten, 2004).  The C/N ratio is one of 

the most important parameters in controlling the composting process and in determination of the 

degree of maturity of the newly formed organic materials (Iglesias Jimenez and Perez Garcia, 

1989). 

 The phosphorous values for composite samples were analyzed. The average value of phosphorus 

of the waste was 0.55%. According to Bordna Mona (2003) the range of phosphorus is usually 

between 0.4-1.1%, dry wt for bio waste and garden waste compost. The average value of the 

total potassium is 0.378%. Bordna Mona (2003) stated that the typical range of total potassium in 

bio waste and green waste compost is between 0.6 - 1.7 percent on dry weight basis. Finally 

based on the results, the organic composite household solid waste sample lies within the 

acceptable range for the preparation of compost.  

4.6. Household Solid Waste Management Practice in the Study Area 

4.6.1. Solid waste collection and transportation system 

Collection of the solid waste is one of the most complex and difficult tasks in HHSWM. It includ

es both gathering the HHSW from sources and transporting to the place where the containers sho

uld be emptied. Currently, in Morsito town there are two methods of waste collection like househ

old having contract agreement with micro and small enterprise associations (pre collectors) to tra

nsport their solid wastes to disposal site and dispose their solid wastes at ditches and riverbanks. 

According to the Morsito town SBPD, some different actors are directly or indirectly involved in

 a broad range of HSWM activity including Non-Governmental Organizations (NGOs), private 
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company and Micro and Small Scale Enterprises (MSSE) are the developers in providing door to

 door solid waste pre collection service. In the present  day’s Morsito Municipality does not use c

ontainers because of the town cannot immediately collect waste from the container, equitable Co

ntainer distribution does not accessibly for all and People was used improperly the container for 

unwanted disposal.  

For the sake of lack of awareness, people were employed container and dispose waste near to the

 container. Because of these and many other reasons Morsito Municipality decided to collect was

tes door to door, by organizing micro enterprise associations. Thereby when the researcher was q

uestioning the respondent households, they were responded that, there was no accessibility of co

ntainer near to their house. Households answered that in questioner as there is no accessible of  

Container near to their container near to their house, because of door to door was collections 

mechanism. 

Table 7: Solid Waste collection activity in the study area 

No. Indicators Options Frequency Percentage 

 

1 

Do you use door to door 

solid waste collection 

from your house? 

Yes  64 49 

No  67 51 

   131 100 

2 How many days interval 

you get waste collection 

service? 

Once a week 20 15.3 

Once a month 65 49.6 

Twice a month 30 22.9 

Others 16 12.2 

   131 100 
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Door-to-door collection activity accounted for 49%. From this most of the household were 

middle and high income generator. This indicates the households determined by their income 

situation to use a better collection service. 51% of the HHs was no contract agreement 

with MSSEs. Out of 131 respondents 15.3% of the collection of solid wastes on a 

weekly basis, 22.9% twice in a month, 49.6% collection of solid wastes on monthly and 12.2% o

thers. According to the researcher observation, this difference might be because of the distance o

f the household to center of the town. In addition to this, the likely respondents stated that their a

ctive area had a great impact to the access waste collectors service. 

4.6.2. Solid Waste Separation, Processing and Recovery  

More than half of the respondents 51% did not practice solid waste separation at source rather 

they put solid waste altogether. But 49% of respondents have performed solid waste separation at 

sources. According to the respondents, only solid waste those are sellable to quralleo, 

exchangeable with Liwach and to some extent organic wastes are separated at household level. 

The present finding in line with other previous study 33.9% of Bishoftu (Endalkachew, 2015) 

sample respondents were performed solid waste separation at household level. From this finding 

one can understand most of the respondents have no enough knowledge related to the 

significance of solid waste separation at sources. 

Table 8:  Solid waste separation activities 

Solid Waste separation Frequency Percent 

Yes 64 49 

No 67 51 

Total 131 100 
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4.6.3. Solid waste storage 

About 45 respondents (34.35%) were using trash bags to handling the generated solid waste at 

their house. About 30 respondent (23%) use plastic or locally called festal and the rest 16(12%) 

of them using other materials such as baskets, metal buckets, plastic containers and open areas at 

their home sides, as their temporary waste storage. However, 40 respondents (31%) have no 

storage materials at all. According to Kum et al. (2005) the effective waste management process 

is depend on availability of proper waste storage container on the premises where the waste is 

generated. 

Figure 3.The proportion of household that use different solid waste storage material 

 

 

 

 

If there is no solid waste storage containers in the study area that increase the rate of waste 

dispose in illegal areas. The respondents in the study area were also reported the alternative sites 

of solid waste disposal in the absence of storage container. It revealed that, the disposal of waste 

in open space and burning account for 38% and 16% respectively. However, about 27% of 

disposal mechanism around the river bank and 19% dispose their waste on their back yard.  

This finding was supported with World Bank (2000) stated that if the town administration fails to 

provide adequate numbers of containers to households are motivated to dispose their wastes on 

street, sewerage, inside the villages or other illegal places. In addition to this Memon (2002) also 

reported that means of solid waste disposal such as on open dumping, in nearby river, on the 

households backyards, burn it openly and dumping on the roadsides are illegal disposal method. 

It was noted that the households who properly store wastes in their temporary storage at the 

45(34%) 

30(23%) 

16(12%) 

40(31%) 
Trash bags

Plastic bags

Others

No stroges
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house hold level and then handover to the private waste collectors while they are visiting each 

door or dumping on the available container or dustbins are a legal one. 

Table 9:  Alternative disposal sites of household solid waste  

Item Frequency Percentage 

Open dumping 50 38 

Open burning 21 16 

River bank 35 27 

Back yard 25 19 

Total 131 100 

 

Based on this since almost all of the households do not have temporary storage at household 

level, there is no municipal container placed in the town and all of the residents use illegal means 

of solid waste disposal. It is possible to say solid waste management is not well practiced in 

Morsito town. Open dumping is uncontrolled and scattered deposit of wastes at a site. It leads to 

acute pollution problems, fires, high risk of disease transmission and open access to scavenger 

animals. Open burning which is also another practice is the most unacceptable method of 

disposal of solid waste. It is not a scientific way of waste disposal because open dumping is an 

uncovered site used for disposal without environmental controls (Mohammed et al., 2012). 

Although both open dumping and open burning are environmentally able to cause a serious 

pollution in the air we breathe and water we drink and soil and land degradation, So regarding 

the communal disposal system of the study area, the information obtained from sampled 

households and key informants makes open dumping and open burning are the two dominantly 

practiced disposal methods of the study area. 
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4.6.4. Household response to solid waste reuses and recycling 

Accordingly, about 61% of the respondents do not use the solid waste for any purpose. The rest 

of the respondents 39% replied that they used some of their solid wastes for kuralew (a person 

who collects used materials for reuse and recycling) and Lewach (exchange by a material). 

However, more than fifty percent respondents did not reuse and recycled the solid wastes 

generated from their home.   

Table 10: household response to solid waste reuses and recycling 

Solid waste reuse and recycle Frequency Percentage 

Yes 51 39 

No 80 61 

Total 131 100 
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5. SUMMARY AND CONCLUSION  

Solid waste is global environmental problem in both developed and developing countries due to 

rapid population growth, and changes in consumption pattern. Therefore the objective of the 

study focused on to determine the generation rate of household solid waste in the study area, to 

assess the selected physicochemical characterization of household solid waste in the study area. 

To deal with the objective of the study, cross sectional descriptive research method was designed 

and in order to have well coverage of the investigation random sampling technique was adopted 

to select 131 household heads from the two kebeles. The important Physico-chemical  parameters  

of  the  household  solid  waste  samples  were  carried  out  using standard  procedures. The 

selected Physico-chemical parameters (pH, moisture, bulk density, nitrogen, phosphorus, 

potassium and carbon) of household solid waste were done at laboratory analysis. Collected solid 

waste from each source was weighted and recorded. 

The average solid waste generation per capita per day in Morsito town was 0.18kg. Major 

components of household solid wastes from the studied households were food waste, yard waste, 

ash, dust and soil, plastic, paper, metal, glass, wood and others. Among this composition, highest 

quantities of organic waste were identified as food and yard waste. This indicated that in the 

study area household solid waste may be suitable for composting process. The results revealed 

that all the values were within the standard range and suitable for composting process. Regarding 

the elements associated with solid waste management practices raised in the survey about 45 

people (34.35%) use trash bags to handle the generated solid waste from their house. About 30 

(23%) use plastic or locally called festal and the rest 16 (12%) use other materials such as 

baskets, metal buckets, plastic containers and open areas at their home sides, as their temporary 

waste storage. However 40 (31%) have no storage materials and dump their daily generated 

waste on illegal dumping site. The respondents in the study area were also reported that the 

alternative sites of solid waste disposal in the absence of storage container. It revealed that, the 

disposal of waste in open space and burning account for 38% and 16% respectively. However, 

about 27% of disposal mechanism around the river bank and 25 19% dispose their waste on their 

back yard. 
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Based on the finding of this research the following recommendations can be suggested: 

 Closed communal containers, road dust bin and storage container should be used to prevent both 

hygienic and aesthetic problems in the study area. 

 Morsito town  can  considerably  reduce  the rate of generation solid  wastes  through minimizing  

wasteful  materials  and  activities,  providing  proper  and  consistent training,  promoting 

reusing, recycling and composting of generated solid wastes. 

 The Morsito town municipality has to prepare sanitary land fill, place municipal container like 

dustbin, and establish micro and small enterprise solid waste collectors. 

 Morsito town sanitation and beatification bureau should provide proper training on how to 

handle solid waste. 

 The organic waste should also be regarded as a resource and several appropriate technologies 

exist for adequate treatment and resource recovery, including composting and anaerobic 

digestion. 
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Appendix 1. Questionnaire for Demographic Data 

1. Demographic data characteristics of the respondents 

Name of the household head ____________________________________  

1.2 Kebele _____________________________ 

 1.3. House No.___________  

1.4 Age: A. 18-29 B. 30-50                 C. above 51 

 1.5 Sex: A. male  B. female  

 1.6 Family size in number:         A. 1-3   B. 4-6                   C. 7-9        D. Above 10 

1.7 Family income /Month:          A. low level      B. middle level        C. high level 

1.8 Educational Status of the household head.  

A. Illiterate                 B. 1-4 completed E. certificate and diploma 

 C. 1-8 completed       D. 9-12completed                           F. 1
st
 degree and above 

1.9 Occupational status of household.       A.  Merchant                B. civil servant                   

C.   Daily laborers                                                   D.   Others 

1. What is the main type of generated solid waste in your household?  

A. Vegetable and food remains  C. Leaves/grass 

B. Plastics/bottles/cans                       D. Others (Specify) 

2. Is the solid waste collected from your house? 

 A. Yes                                           B. No 

3. Do you have a temporary solid waste storage in your house? 

A. Yes B.  No 

4. What kinds of storage do you use? 

A. Trash bag             B. Plastic bag                   C. Others              D. No storage at all 

5. If your answer for question No.4 is “No” how can you store your household solid wastes? 

________________________________________ 

6. Is solid waste disposing container available in your neighborhood? 

A. Yes                 B.  No 

7. If your answer for question No. 6 is “No”, what other means do you use to dispose off the 

solid wastes of your household?          

           A. Throw it on an open space, in sewerage or on street    

           B.  Burning 
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           C. Disposing on the backyards of the house   

           D. River bank 

           F. Others 

8. Do you reuse and recycle the waste generated in your house? 

           A. Yes  

         B.  No                  

9. If your answer to question 8 is `Yes‟, for what purpose do you frequently Use (You can use 

more than one).              

A. Sale for KuralewC. Exchange for liwachE. Composting                                               B. Using 

as fuel                                           D. Feed for animals               F.  Mention if 

any__________________________ 

10. Do you have contract agreement with Micro and small Enterprises who  

Collect and transport wastes to disposal area? Yes ________ No _______  

11. Is the existing waste management of the municipality satisfactory? 

Yes ______________ No __________  

12. If no, what measures do you think should be taken to improve? ___________  

 

 

 

 

 

 

 

 

 

 

 



54 
 

 
 

Appendix 2 

Check list to Morsito town, SBPD 

1. How many containers are there in the town? 

2. How is the distribution of the containers in each kebele? 

3. How many landfill sites in Morsito town? 

4. How far the landfill sites from the town in km? 

5. Is the landfill siteprotected? 

6. is there municipality service managing the HSW? 

Yes------------------- No------------------- 

If yes specify the department--------------- 
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Appendix 3 

Table 1: Sample households’ solid waste generation rate of Study area 

Income group of 

sample HHs 

House no of 

sample HHS 

Family size Qt./HH/Week

(kg) 

Qt./HH/day

(kg) 

Qt./HH/Person

(kg) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lowe income  

 8 9.1 1.3 0.16 

 6 10.3 1.47 0.24 

 3 3.2 0.45 0.15 

 8 10.5 1.5 0.18 

 4 5.4 0.77 0.19 

 5 5.1 0.72 0.14 

 7 9.0 1.28 0.18 

 3 3.5 0.5 0.17 

 10 13.2 1.88 0.18 

 4 2.5 0.35 0.089 

 8 3.0 0.42 0.052 

 5 8.5 1.21 0.24 

 3 5.1 0.72 0.24 

 6 9.0 1.28 0.21 

 10 12.5 1.78 0.17 

 11 7.0 1.0 0.09 

 12 13.1 1.87 0.15 

 5 7.3 1.04 0.2 

 6 8.8 1.25 0.2 

 12 15.0 2.14 0.17 

 9 10.3 1.47 0.16 

 12 17.8 2.54 0.21 

 4 6.5 0.92 0.23 

 11 13.5 1.92 0.17 

 9 12.5 1.78 0.19 
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 10 14.25 2.04 0.2 

 10 17.0 2.42 0.24 

 9 12.5 1.78 0.19 

 10 13.25 1.89 0.18 

 12 14.0 2 0.16 

 10 13.0 1.85 0.18 

 5 6.0 0.85 0.17 

 8 12.2 1.7 0.2 

 6 7.45 1.1 0.18 

 

 

 11 15.1 2.15 0.19 

 6 8.0 1.14 0.19 

 8 10.2 1.45 0.18 

 7 9.0 1.28 0.18 

 9 11.3 1.61 0.17 

 10 11.0 1.57 0.15 

 11 12.5 1.78 0.16 

 8 9.0 1.28 0.16 

 12 10 1.42 0.11 

 11 8 1.42 0.1 

 9 15 2.1 0.24 

 6 5 0.71 0.11 

 8 9 1.28 0.16 

 7 6.35 0.9 0.12 

 13 14 2 0.15 

 10 9 1.28 0.13 

 7 8.65 1.23 0.17 

 11 13 1.85 0.16 

 5 6.25 0.89 0.17 

Sub total  430 521.7 74.53 9.061 

  8 9.24 1.32 0.165 
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Middle income  

 5 6.2 0.88 0.17 

 8 10.16 1.45 0.18 

 6 7.21 1.03 0.17 

 4 4.23 0.6 0.15 

 13 14.15 2.02 0.15 

 10 13.74 1.96 0.19 

 7 8.1 1.15 0.16 

 8 9.2 1.31 0.16 

 6 7.35 1.05 0.17 

 9 8.79 1.25 0.13 

 12 13.32 1.9 0.15 

 5 3.62 0.51 0.10 

 4 5.24 0.74 0.18 

 6 7.51 1.07 0.17 

 11 13.31 1.9 0.17 

 7 8.15 1.16 0.16 

 11 14.1 2.01 0.18 

 8 9.0 1.28 0.16 

 7 7.1 1.01 0.14 

 8 8.9 1.27 0.15 

 5 5.2 0.74 0.14 

 6 6.1 0.87 0.14 

 8 9.3 1.32 0.16 
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  10 12.0 1.7 0.17 

 4 5.0 0.71 0.17 

 9 10.0 1.42 0.15 

 6 7.8 1.11 0.18 

 7 8.1 1.15 0.16 

 9 10.1 1.44 0.16 

 9 13.32 1.9 0.2 

 8 9.1 1.3 0.16 

 6 7.45 1.06 0.17 

Sub total  250 292.44 41.59 5.315 

 

 

 

 

 

 

High 

income 

 5 10.21 1.46 0.29 

 11 17.3 2.47 0.22 

 10 19.1 2.73 0.27 

 8 12.25 1.75 0.22 

 8 9.52 1.36 0.17 

 9 10.2 1.45 0.16 

 7 15.15 2.16 0.3 

 6 11.2 1.6 0.27 

 7 10.0 1.42 0.2 

 8 9.12 1.3 0.16 

 9 17.236 2.46 0.27 

 6 11.5 1.6 0.26 

 5 15.5 2.2 0.4 

Sub Total 99 168.286 24.05 3.19 

Grand total 779 982.426 140.18 17.576 


