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Abstract

Urban solid waste is one of the major threats to global environment in the world today. As global civilization
keeps improving, there is increase in commercial, residential and infrastructural development due to the
population growth which has a negative impact on the environment if not properly planned, monitored and
maintained. One of the negative impacts is the problem of waste disposal which if not properly managed could
lead to environmental problems and to avoid the negative repercussion of improper waste disposal, an area has to
be put in place for solid waste disposal and management also referred to as dump site. Geographical Information
System and Remote sensing Techniques were used in the process of site selection which is accurate, less
expensive and less time consuming compared to the conventional method. The aim of this study was to identify a
suitable sites for solid waste disposal in Gwagwalada town of the Federal Capital Territory (F.C.T), Abuja. An
image of the study area was digitized to identify the different features on the ground and also the Digital Terrain
Model (DTM) to show differencse in surface elevation. The Digital terrain model shows that the lowest elevation
point is 176m while the highest point is 226m above the sea level. Three Data analysis types were used and this
includes Buffering, Overlay and Query. The analysis was carried to ascertain that the proposed dump sites pose
no threat to agriculture, life and property. The result of all analysis carried out shows that the location of the
proposed dump sites is 184m in elevation and 1km off the exit route of Gwagwalada along the Gwagwalada-
katse road. It is highly recommended that urban settings should have an open space for dump site on remote
areas of little or no economic importance far from the residents and should be monitored properly. Concerned
Environmental Maintenance Authorities can now used the knowledge of GIS and Remote Sensing Application in
monitoring the environment and improve management.
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Background

The growth in urban solid waste generation over the world is a consequence of urbanization, industrialization,
and population growth, together with improved living standards has been widely reported. The Urban solid waste
has also been recognized as one of the major problems confronting government and city planners in the world at
large. This is defined as any solid material that is discarded by its owner, user or producer and also a left over
arising from animal, plant and human activities that are normally discarded as useless and not having consumer
value to the person abandoning them (Oyedele, 2009).

The growth in population, urbanization, industrialization and waste generation in the developing
countries calls for proper solid waste management as it has become a necessity for environmental conservation
and sustainability. For a sustainable solid waste management system techniques and policies such as waste
recycling, re-use, waste reduction, thermal treatment, landfill sites e.t.c, must be put in place.

Urban solid waste management (USWM) is an “important entry point integrated urban management. It
refer to the collection, transfer, treatment, recycling and disposal of solid waste in urban centres , More
specifically, it refer to that part of the waste stream that is collected by, or on behalf of local authorities. The
primary objective of waste management is to give adequate protection to the environment and general public
from harmful effects of waste.

Landfill is usually the final function element of a solid waste management system. It has taken the
bottom of the hierarchy of all option of waste disposal. Along with other waste disposal option such as recycling,
incineration and composting, landfill is the most preferred option because of its easy mode of operation, low cost,
less technological involvement and comfort of implementation. The successful siting of a sanitary landfill
requires overcoming significant environmental and political obstacles. It depends on convincing decision-makers
and the public that a sanitary landfill is needed and the site is the most suitable of the options available (or at
least among the best).

However, despite the fact that solid waste landfills pose serious threat to the environment, the final
destination of urban solid wastes in most of the countries in the world is dominated by land filling (Williams,
1998). A sanitary landfill site selection involves evaluation of various criteria using national or local land-use
guidelines, environmental regulations, location restrictions, and so on. Social, environmental and technical
criteria should be considered for potential landfill site selection.
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Environmental hazards of varying magnitude dangerously threaten human and animal lives in most
urban centers in Nigeria of which Gwagwalada is not an exception. Gwagwalada, the study area revealed, rapid
urbanization, rural-urban migration, little or no town planning efforts coupled with attitudinal irresponsibility,
lack of political will, ineptitude and graft have independently and collectively created environmental challenge in
Nigeria. With human/solid waste decorating street corners and public space everywhere in Nigeria, the study
teased out the institutional measures taken to confront waste management in Nigeria. Can Nigeria cope with the
consequences of the avalanche of solid waste its citizens produce daily? What values of cleanliness abound
amongst the people and why do we have solid waste all around? By adopting the sociological approach, the
study answered these and many other questions using archival and survey research methods. As the study found,
solid waste management has overwhelmed Nigerian government.

Study Area
Gwagwalada is one the five local government area council of the federal capital territory (FCT) of Nigeria
together with Abaji, Kuje, Bwari andkwali which has the city of Abuja. It has an area of 1,043km and a
population of 157,77 during the 2006 population census. It is located between latitude 8°55 and 9°00° North and
longitude 7°00° and 7°05°E with elevation of 610ft.

The average annual temperature of the area ranges from 30- 37°C, with highest temperature experienced
in the month of March and with total average rainfall of approximately 1, 650mm per annum.
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Fig. 1 Gwagwalada Town

Figure 3: Gwagwalada Town

Data and Methods
The data used for this study originates from various sources. These are primary and secondary data, the
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secondary data were gotten from ministry of land and housing, Abuja. An Ikonos satellite imagery of 2012
covering the study area of Gwagwalada metropolis was also downloaded from Global Land Cover Facility from
the internet. A field survey was undertaken in order to ascertain the real names of features on the map in the field
of the digitized copy.

GPS instrument were used to obtain point at different location in the study area so as to determine the
variation of land height or elevation. The data also contain the geographical co-ordinates and elevations of each
location in the study area. The map of study area, satellite image and soft copy of topographic map which were
all properly georeferenced.

Table 1 Type and source of data

DATA YEAR SOURCE

Topography 1981 MINISTRY OF LAND AND HOUSING

Map of study area 2012 GEOGRAPHY DEPARTMENT, FUTMINNA
Image of study area 2012 GOOGLE EARTH

3.2 Digital Terrain Model (DTM) of the area.

The Digital Terrain models are data files that contain the elevation of terrain over a specified area or 3-D
representation of a terrain surface created from terrain elevation data. The DTM of the study area was carried out
in order to get the numerous spot heights or ground contour lines data of different location in the study area. The
contour lines which were acquired through the use of GPS (i.e ground positioning system) in the cause of field
work. It was then integrated into the topography map in a GIS (geographic information system) environment
using the arc-view 10.0 software. On the opened arcmap window, the Google Earth Satellite Image was imported
and Geo-referenced with the co-ordinates gotten from the use of GPS. The shape files of various features such as
roads, rivers, settlement were created e.t.c. In the process of digitizing the satellite imagery a set of array data
was generated which contains the co-ordinates and elevation of each features on the said image of the study area
and the set of data was imported into the surfer 9 software which was used to generate the Digital Terrain Model
as well as the contour map. This was done to achieve the suitable site for the proposed solid waste dump site.

33 Data Processing

The Google satellite image of 2012 was processed using Arcmap 10.0. During this process two steps were taken,
the first step was imported into the Arc-map environment. The image was subset from the floating scene in order
to emphasize the study area which later displayed as false-color composites Band as follows: Band 1, which
represents Blue, band 2 for Green, and Band 3 for Red. This was enhanced using spectral reflectance
characteristics in creating masks of known built-up areas and water body. Road network was also manually
digitized using visual interpretations.

Buffering which is a spatial analysis known as proximity analysis, generating zones of a given distance around a
Feature theme. It forms a polygon around a point, line or polygon theme by locating its boundaries at a specified
distance. The built up areas, rivers, and main road in the study area were buffered at a radius of 1km respectively
in order to come up with the most suitable dumping site.

Overlay

Map Overlay (an operation which is done by merging maps of the same location with different surface
information about the location) was performed to identify areas that meet all set of criteria and to show areas that
does meet the criteria. It helps in understanding the relationships between network analysis and specific
geographic features in the study area metropolis map and other data (river, roads, settlements and Elevation map)
were overlaid to derive possible sites that are suitable for dumping of solid waste.

Query
This commands is used to answer the question of ‘what is and where is’ in GIS. The land use was queried to get
the open space while the elevation was queried to get suitable elevation. The land use map was queried because
site location must fall outside the land use area so as to prevent resident from being infected with the stench from
the waste.

In selecting a suitable site, the available facilities and resources around the proposed site were buffered,
resources like the roads, built-up areas to ensure that the site do not have any negative effect on the residence
(Javaheri et al 2006).

Satellite view of the study area

This section presents the satellite imagery showing the study area. The image shows the road network, rivers,
built-up areas. It was snapped from the satellite imagery provided by the Google earth satellite imagery data base.
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RESULTS AND DISCUSSION

Digitized image of the study area
Figure 5 presents the digitized image of the study area which identifies the main features and resources. The
digitized image shows the contour lines, built-up area, major roads, minor roads and the water body that are
present in the study area. This image serves as guide for buffering analysis.
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Figure 5: Digitized image of the Study Area

4.3: Digital Terrain Model (DTM)
The Digital Terrain Model of the study area was obtained so as to show the variation in the elevation or height
which is one of the key factors considered when siting a municipal solid waste dump siteas presented in figure 6.
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Figure 6: Contour line map of Study the area (at interval 2m)

Each contour line represents a particular height of the surface which is scaled in meter (m) with the
interval of 2m and that explains the difference in elevation in the study area. Difference in surface elevation of
the study area has to be considered when siting a dump site, this help to identify place which will meet up with
the criteria for dump site selection since natural valley are best suitable for such project.

Elevation

S1KM

Figure 7: Digital Terrain Model (DTM)
Figure 7 on the other hand shows the elevation of the study area with highest point been 226 meters
high and the lowest point been 176 meter as it is shown in the colour legend and corresponding values.

4.4 Buffering Analysis

The buffering analysis carried out are presented in figures 8, 9 and 10 showing settlements road and river
buffered at 1 kilometer respectively which serves as one of the guide for selecting a suitable site for dumping site,
this was to make sure that the site does not pose any negative effect on the inhabitant and the environment as a
whole.
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Figure 8: Built-up Area Buffered at 1km

Figure 8 presents the settlements buffered at 1km distance. This was done to checkmate the possible
distance between the proposed dump site and the settlements. This was to make sure that the site poses no threat
to human health since dump site harbor pests and could possibly lead to air pollution from the stench or
unpleasant smell which might arises from the site which can also lead disease outbreak
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Figure 9: Main Roads Buffered at 1km
The main roads are buffered at 1km to be able to know the main entrance and exit routes to the study

area which help jn finding the best site for the proposed dump site as shown in figure 9.
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Figure 10: Rivers Buffered at 1km

Figure 10 shows that the rivers and other flowing surface water bodies were buffered at 1km in order to
check for the possibility of contamination of the surface water which might result from leaching from the dump
site. Since the dump site cannot be covered from the likes of rainfall and other decomposable materials it means
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the problem of leaching must be checked which is done by buffering the nearby water bodies in order to avoid
the problem of possible contamination by the leachate from the land fill site.

Overlaying and Selection of site

Figure 11 presents the overlayed buffered maps and shows the most suitable area for dumping solid waste which
meet up with all set of criteria mentioned for site selection.. This was done by merging maps of the same
location with different surface information about the location e.g rivers, main roads, minor ,roads, built-up area
e.t.c. It helps in understanding the relationships between network analysis and specific geographic features in
Gwagwalada metropolis map and other data were overlaid to derive possible sites that is suitable for dumping of

solid waste at the minimum cost.
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Figure 11: Established Suitable Area for Urban Dump Waste Site

Gwagwalada has a relatively high population due to the presence of institutions and administrative
offices and if the dump site is not kept away from the built-up areas, it may be of great threat to human health.
Waste breeds insects, causes leaching of chemicals into the ground water or could possibly contaminate the
surface flowing water thereby leading to the problem of alternative water supply, it could also lead to disease
out-break as well as causing problems for economic activities. Therefore, in selecting an urban waste dump site,
all the criteria for such project must be properly implemented.

The proposed location of the dump site was found to be off the exit route from Gwagwalada along the
Gwagwalada-Katse road and it is 1km with an elevation of 184m while the highest elevation in the study area is
226m high as shown in figure 11. This location has met up with all aforementioned criteria for dump selection
where both human health, economic, social and Agricultural activities are not in any way threatened by the
proposed dump site.

Conclusion

Sustainable solid waste management practice has the potential to reverse the trend of indiscriminate waste
disposal. They can help to improve local livelihoods, reduce spread of diseases and restore natural ecosystems.
The findings have shown the ability of using geospatial techniques as a veritable tool for selecting a suitable site
for dumping of solid waste. The selected site has easy accessibility and the disposal of solid waste can be
managed effectively.
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