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ABSTRACT 

This study employed Geographic Information System (G.I.S.) as a tool in assessing the geospatial 

distribution of the waste bin collection points in Sango-Ota to determine the efficiency in various 

locations in the town. The population figures of 1991, 2006 and the projected population of the various 

political wards for 2012 from the National Population Commission, Abuja were employed; the 

coordinates of the existing public waste bins were taken using Garmin 760 GPS (Global Positioning 

System) with high accuracy, georeferenced Quickbird image from the Office of Surveyor General of the 

Federation, Abuja with 0.5m resolution of the study area was employed. However, entities such as 

Roads, Buildings and Rivers among others were extracted from the configuration. Attribute data were 

collected for each entity; spatial database also created for the entities in order to determine how effective 

and efficient the public waste bins are. Spatial analyses like buffering and overlay operations were 

performed in ArcGIS 10.0 version and results revealed that the available waste collection points are not 

enough to handle the total waste generated as a result of rapid development. It is concluded that by the 

year 2020, the population of the study area will have risen to 268,896 and the waste to be generated will 

be in the neighbourhood of over 400 tonnes in which if not properly managed can lead to outbreak of 

epidemic. Recommendations were put forward to the relevant agencies for decisions and prompt actions. 
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1.  INTRODUCTION 

 

The waste management system of Sango-Ota has been fairly working and the government 

has assumed this responsibility for collecting the waste generated in Sango-Ota for the purpose 

of keeping a clean and healthy environment. However, heaps of garbage are still seen in major 

places in the town while some of the public waste bins also get overfilled before they are 

evacuated. The environment is heading towards a potential risk due to unsustainable waste 

disposal system. The issue of proper and sustainable waste disposal is a sensitive issue which 

centres on serious environmental problems in today’s world. The present situation of direct 

dumping of waste without proper inspection and separation results into a serious environmental 

pollution causes a tremendous growth in health related problems.  

The most common problems associated with improper management of waste include 

diseases transmission, fire hazards, odour nuisance, atmospheric and water pollution, aesthetic 

nuisance and economic losses and all these had become perennial problems for mankind of 

today [1]. If this situation is not immediately handled in a proper manner, then it would lead to 

worse consequences at the global level. The Federal Environmental Protection Agency (FEPA) 

in Nigeria does not define waste in their statue; rather the contemporary definition of waste was 

defined by state agencies like the Lagos State Environmental protection Agency [2]. According 

to the edicts, “Waste is any substance which constitute scrap materials or effluent or other 

unwanted surplus substances arising from the application of process”. 

The aim of this study is to evaluate the spatial distribution of public waste bins with the 

technique of GIS, to determine its effectiveness and forecast the need of the current population 

in Sango-Ota, Ogun State. In order to achieve the aims of the study, the following steps were 

taken. 

a) Designing a database for the entities in the study area; 

b) Identifying the location of all the existing waste bin collection points; 

c) Determining the areas served by each bin; 

d) Creating a geodatabase for the entities within the study area ( Roads, Rivers, 

Buildings); 

e) Performing spatial analyses on the database created in the study area and finally 

f) Presenting the information for Decision Support System at relevant quarters. 

 

 

2.  SOLID WASTE 

 

Solid waste is defined by [3] as the unwanted material or substance that is rejected by the 

society. It arises from human and animal activities that are normally discarded as useless or 

unwanted organic and inorganic waste materials produced by various activities of the society 

and which have lost their value to the first user. As a result of the rapid increase in production 

and consumption, the urban society generates and rejects solid materials regularly. This leads 

to a considerable increase in the volume of waste generated from several sources such as, 

domestic wastes, commercial wastes, institutional wastes and industrial wastes of most diverse 

categories. Wastes that arise from a typical urban society comprises of garbage, rubbish 

(package materials), construction and demolition wastes, leaf litter, hazardous wastes and 

among others. 
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3.  CLASSIFICATION OF WASTES 

 

A number of criteria are usually employed to classify wastes into types including their 

sources, physical state, material composition and the level of risk associated with waste 

substances (Table 1). Such classification of waste provides a basis for the development of 

appropriate waste management practice [4]. 

 

Table 1. Classification of waste. 

 

Criteria for waste classification Examples of waste types 

Sources or premises of generation 

Residential, commercial, industrial, 

municipal services, 

building and construction, agricultural 

Physical state of waste materials Liquid, solid, gaseous, radioactive 

Material composition of waste 
Organic food waste, paper and card, 

plastic, inert metal, glass, textile 

Level of risk Hazardous, non-hazardous 

 
 

Table 2. Sources and types of municipal solid wastes 

Sources Typical waste generators Types of solid waste 

Residential Single and multifamily dwellings 

Food wastes, paper, cardboard, 

plastics, textiles, glass, metals, 

ashes, special wastes (bulky 

items ,consumer electronics, 

batteries, oil, tires) and 

household hazardous wastes 

Commercial 
Stores, hotels, restaurants, 

markets, office buildings 

Paper, cardboard, plastics, wood, 

food wastes, glass, metals, 

special wastes, hazardous wastes 

Institutional 
Schools, government centres, 

hospitals, Prisons 

Paper, cardboard, plastics, wood, 

food wastes, glass, metals, 

special wastes, hazardous wastes 

Municipal 

services 

Street cleaning, landscaping, 

parks, beaches, recreational areas 

Street sweepings, landscape and 

tree trimmings, general wastes 

from parks, beaches, and other 

recreational areas 

Construction 

and demolition 

New construction sites, road 

repairs, renovation sites, 

demolition of buildings 

Wood, steel, concrete, dirt 
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   Source: Hester & Harrison (2002) [5] 

 

 

3. 1. Solid waste management (SWM) 

Management of solid waste may be defined as the discipline associated with the control 

of generation, storage, collection, transfer and transport, processing, and disposal of solid 

wastes in a manner that is in accord with the best principles of public health, economics, 

engineering, conservation, aesthetics, and other environmental considerations. In its scope, 

solid waste management includes all administrative, financial, legal, planning, and engineering 

functions involved in the whole spectrum of solutions to problems of solid wastes thrust upon 

the community by its inhabitants [6]. Solid Waste Management (SWM) is a function of 

combination of various activities such as collection, transportation and disposal of solid waste. 

It also includes processing and treatment of the solid waste before disposing [7, 17-23].  

The quantity and rate of solid waste generation in the various states of Nigeria depend on 

the life style of human population, level of industrialization, social-economic status of citizens 

and the kind of commercial activities that are predominant. Nigeria`s population has been 

accumulated to over 140 million as recorded in last census agreed on the last census in 2006 

[8] and the average waste generated is1.5Kg waste per person per day in cities like Lagos and 

Kano it however varies in the cities such as Abeokuta in Ogun State (0.60 Kg/person/day), Ado-

Ekiti in Ekiti State (0.71 Kg/person/day), Akure in Ondo State (0.45 Kg/person/day), Ile-Ife in 

Osun (0.46 Kg/person/day), and Ibadan in Oyo State (0.71 Kg/person/day) [9]. 

Solid Waste Management is one of paramount issues in an urban centre which always 

cause problems. GIS application in solid waste management according to [10] has some specific 

software such as the Solid Waste Integrated Management Model (SWIM). Although these 

packages have strong tools for waste statistical analysis, they lack the spatial analysis, modeling 

and visualization tools that GIS software has. They are however limited in spatial data 

processing that is sometimes required in site evaluation and the selection of suitable land for a 

transfer station or landfill. General GIS application in waste management involves the routing 

of waste collection and shortest path analysis. But perhaps the widest areas of GIS applications 

in waste management are in the selection, management and monitoring of waste disposal sites 

as explained by [11]. This involves the overlay datasets that are processed into GIS thematic 

maps and given location information. Various spatial processing and geospatial analytical 

processes according to [12] are performed to identify possible sites/locations best suited for the 

development of a waste disposal site. 

In the course of siting a proper location for waste transfer stations which are critical, a 

generic investigation questions which GIS uses include; the locations of bins; how do we get to 

the locations?; what pattern of distribution of waste bins were employed? [13] Defines GIS as 

a powerful tool for collecting, storing, retrieving at will and displaying spatial data for the real 

Process 

(manufacturing, 

etc.) 

Heavy and light manufacturing, 

refineries, chemical plants, power 

plants, mineral extraction and 

processing 

Industrial process wastes, scrap 

materials, off specification 

products, slay, tailings 

Agriculture 
Crops, orchards, vineyards, 

dairies, feedlots, farms 

Spoilt food wastes, agricultural 

wastes, hazardous wastes 

(e.g. pesticides) 
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world for a particular set of purposes.  Its spatial potential capability in solving spatial problem 

like spatial distribution of waste bins are put to test in this study. 

In [14] & [15] separate works set some criteria for location and selection for waste 

collection points. The criteria include the following: 

(a)  Waste collection point must not be located close to flood zone to avoid pollution. 

(b)  Depot should not be more than 300m apart.  

(c) Depot should not be more than 15m away from the road.  

(d) Depot should serve areas of approximately 500 m2  

(e)  A dustbin must not be more than 300m from the household it services.  

 

3. 2. Solid waste management in Sango-Ota, Ogun State 

Sango-Ota in Ado-Odo Local Government area of Ogun State which is the study area in 

this research work is situated strategically adjacent to the nation’s commercial nerve centre - 

Lagos State. The local government is the second largest in Ogun State and the headquarter is at 

Ota. It shares boundaries with Yewa South and Ipokia Local Government areas of Ogun State 

and Ifako-Ijaye, Alimosho, Ojo and Badagry Local Government areas of Lagos State. It is 

located within the tropical zone and lies between latitudes 6º40’ N and 6º41’ N of the equator 

and longitudes 3º12’ E and 3º16’ E of the Greenwich meridian. It covers an area of 1,263 square 

Kilometers with about 1,010.4 square kilometers land terrain and 16% riverine while 4% hilly 

regions of the remaining land (First Economic Summit Ado Odo Local Govt., 2010).  

The study area has five political wards. It enjoys rain from (April to October) and the dry 

season from (November to March). The temperature is not static but it ranges from 20 ºC to 29 

ºC with high humidity. In 2006, the estimated population was given as 527,242 comprising of 

261,523 males and 265,719 females. According to the National Population Census [16]. The 

people of Sango-Ota are mainly of the Yoruba ethnic group and they migrated from Lagos 

Awori and settled down in Sango-Ota. There are two functional private universities - the 

Covenant University and the Bells University of Technology and Gateway Polytechnic at 

Igbesa.  Commercial activities abound in the area. Companies operating there include VeeVee 

Company, Coca-Cola Nigeria Ltd, May and Baker Nigeria Plc., Glaxo-SmithKline Plc. and 

many others.  

Waste bins location points were provided in Sango-Ota Township through the (OGEPA) 

under the Ministry of Environment for easy waste management and efficiency. The following 

criteria were set: 

a) Dustbin should be positioned along major street intersections.  

b) Dustbin must not be more than 300m from household it serves. 

c) Population of the area it serves should not be more than 500 people. 

d) Dustbin must be at least 30m away from the nearest drainage channel or river course.  

 

Ability that makes GIS different from other information system is its capabilities to carry 

out geospatial analytical operations. Spatial analyses involve synthesizing different geospatial 

data by aggregating, comparing and combining various pieces of data stored in a database to 

make meaning out of it and generate information to support decision making [13]. The spatial 

data created in this project were linked to the attribute data and it demonstrates how GIS creates 

a model to answers basic generic questions such as: “What is at where?”, “where is it?”, and 

“what is the pattern?”. [8]  
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Figure 1. Locational Diagram of the study area 
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Figure 2. Composite Map of the study area 
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Stated that the quantity and rate of waste generated in the various states of Nigeria depend 

on the level of industrialization, social-economic status of citizens and the kind of commercial 

activities being predominant. Nigeria, having a population figure of 140 million people is 

capable of generating 1.5 Kg solid waste per person per day. Ogun State Environmental 

Protection Agency (OSEPA) stated that the capability of public waste bin is about 4 metric tons 

(4000 kg). The population figures of four political wards for 1991 was projected to 2012, using 

the formula PI = PO (1*r)n. where: r = growth rate/100, n = number of years, PI = projected 

population and PO = present population. According to the United Nation, average growth rate 

in 1991 is 2.7% while 2006 is 3.2% according to NPC census [16] in Nigeria. The spatial 

analytical capabilities of GIS such as buffering, overlay, connectivity function and spatial 

search were put to test. All these capabilities distinguish it from any other type of information 

system.  

 

 

3.  METHOD OF DATA ACQUISITION 

 

Locations of existing collection bins in Sango-Ota were captured through the use of hand 

held GPS (Garmin 760). The data serves as the primary data. Quickbird image with 0.5m 

resolution of the area was used and the groundtruthing carried out to ascertain the authentication 

of the features in the study area. Map and national population figures were collected from the 

Office of Surveyor-General of Federation (OSGOF), Abuja and National Population Census 

(NPC), Abuja respectively.  

 

Table 3. Attribute Table of Existing Bins and their declaration 
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The image, the map and the census figures serve as the secondary data. The image was 

used to digitize the roads, the rivers, buildings and the boundary of the study area was carved 

out. The coordinates of the waste bins taken in the study area were downloaded from the 

handheld GPS used for data capture. ArcGIS v.10.0 software was used to populate the database 

as shown in Table 3. 

 

 
 

Figure 4. Map showing 300 meters buffer distance around the waste collection points 
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Figure 5. Erased map showing places that are more than 300m from waste  

collection points in colour 

 

 

Stated that the quantity and rate of waste generated in the various states of Nigeria depend 

on the level of industrialization, social-economic status of citizens and the kind of commercial 

activities being predominant [8]. Nigeria, having a population figure of 140 million people is 

capable of generating 1.5 Kg solid waste per person per day. Ogun State Environmental 
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Protection Agency (OSEPA) stated that the capability of public waste bin is about 4 metric tons 

(4000 kg). The population figures of four political wards for 1991 was projected to 2012, using 

the formula PI = PO (1*r)n. where: r = growth rate/100, n = number of years, PI = projected 

population and PO = present population. According to the United Nation, average growth rate 

in 1991 is 2.7% while 2006 is 3.2% according to NPC census (1991; 2006) in Nigeria. The 

spatial analytical capabilities of GIS such as buffering, overlay, connectivity function and 

spatial search were put to test. All these capabilities distinguish it from any other type of 

information system. Buffering operation was adopted to determine the coverage of each bin 

across the wards. Buffer tools are used to identify or define an area within a specified distance 

around a feature. For example, one may create a buffer to define an area around a river to 

identify land that cannot be developed, or create a buffer to select features within a specified 

distance of a feature. In this case, buffering was carried out on the locations of the waste 

collection points where the bins were situated to have an approximate area of coverage within 

the study area based on the set criteria. 

 

 

4.  OVERLAY OPERATION 

 

Overlay is a powerful GIS analytical function where two themes of a map with the same 

reference system are super imposed on each other. The Boolean overlay Erase was used where 

the theme of the buffered zone is overlaid on the theme of the population zone, the erase showed 

where people will have to walk for more than 300 meters before having access to waste 

collection bin. 

 

4. 1. Criteria based on locality population and rate of waste generated per political ward 

Computation model was adopted to determine efficiency of available waste collection 

bins against total amount of waste generated. Population of five political wards, rate of waste 

generated per person per day and capability of each waste collection bins were considered. 

Total number of available waste collection points operational working was 37 (thirty seven) 

and they are capable of taking 4,000 metric tons of waste. One tonne equals 1000 kg.  

The capacity of a waste collection point in kg (4*1000 kg) is 4,000 kg. 

Rate of waste generation is 1.5 kg/person/day.  

Projected population (PI) = PO (1*r)n. 

where: 

r = growth rate/100,  

n = number of years,  

PI = projected population and  

PO = present population.  

 

The total projected population for study area as at 2012 was 211,336.  

Total waste generated = (projected population) × (rate of waste generation/person /day)  

211,336×1.5 kg = 317,004 Kg.  
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To forecast the total number of waste collection bin required in the study area, the total 

waste generated per day was divided by the capacity of a waste collection bins and the required 

number of waste collection bins needed is One hundred bins (Approximately) 

 

Table 4. Table showing projected population and amount of waste generated per Ward. 

 

S/N 
Political 

wards 

Projected Population No  of 

Available 

Waste bins 

Total waste 

generated 

Per/day 

Required 

no of 

waste 

bins 2012 2016 2020 

1 Ijoko V 14,652 16,527 18,642 8 27,963 7 

2 Ota I 7,579 8,549 9,643 10 14,465 4 

3 Ota II 11,135 12,560 14,167 6 21,251 5 

4 Ota III 4,913 5,541 6,250 4 9,375 2 

5 Sango IV 173,057 195,208 220,194 9 330,291 82 

Total 211,336 238,385 268,896 37 403,344Kg 100 

 

 

5.  DISCUSSION OF RESULTS 

 

The database created is structured in such a way that it helps in classifying the waste 

collection points into political zones. This was employed to verify the present situation on 

ground, areas that are adequately served and area that are underserved.  Buffering operation is 

employed to determine zones that are covered based on the criteria set that waste collection 

points should not be more than 200 or 300 meters away from the household it is servicing. From 

the buffering analysis, it was revealed that the political zone with dense population was 

completely covered; compared with Sango ward (V) that has a record of the highest population 

density was not completely covered. This serves as an indication of inefficiency. Erase map 

shows some zones that are completely not served. It was also discovered that none of the 

available waste collection points falls within 30m buffer round water channels which means the 

area is not situated in low land. 

However, there was a clear indication that the available waste collection bins were not 

enough to handle amount of waste generated in the study area but then computations were 

employed to determine the expected number of waste collection points that will be required to 

handle waste in the study area. 1991 and 1996 population figures were computed and projected 

to 2012 population value in Table 4. It was discovered that the exact numbers of waste 

collection points to be required are One Hundred (100) which implies that more waste bins are 

needed for effective operations in the area. 
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6.  CONCLUSION AND RECOMMENDATIONS 

6. 1. Conclusion 

GIS approach in solving geospatial problems cannot be overemphasized. It is concluded 

that the management of solid waste in Sango-Ota IV is grossly ineffective. Computational 

analysis employed using population figures of 1999 and 1996 projected to the years 2012, 2016 

and 2020 showed the amount of waste generated and its expectation of becoming working 

document for years to come; which implies that by the year 2020, the population of the study 

area will have risen to 268,896 and the waste to be generated will be in the neighbourhood of 

over 400 tonnes which if not properly managed can lead to outbreak of epidemic. 

 

6. 2. Recommendations 

 This paper recommends that there is the need for the supervising government to provide 

more waste collection bins that can cater for waste generated in Ota. 

 Provision of more facilities are important and employment of more hands in Ogun State 

Waste Management Board are also recommended; so that efficiency and effectiveness 

of services can be delivered at all time and finally 

 Government should consider the population when taking decision on waste 

management since the population is found to be increasing yearly. 
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