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Abstract

This study examines the contribution of dump-sites to weather variability in Benin City. By
utilizing the experimental research design, the researcher collected primary data for waste
volumes, GHGs, and temperature across the study sites for a period of three months. Analysis
of variance (ANOVA) and multiple linear regressions (MLR) were employed for data
analysis. Findings revealed that highly populated areas such as, Iguomo (7.7%), Ekehuan
(7.8%), GRA (6.8%) and New-Benin (9.2%) generated the greater proportion of waste in the
area. The ANOVA analysis showed that temperature is significantly different as distance
increase from dump site at P<0.05 indicating the influence of waste dumps on temperature in
the area. Nevertheless, the MLR identified that temperature attained at the various dump sites
significantly depended on the GHGs emitted at the sites at P<0.05. The study as a result of
findings, advocates waste re-use & recycle; and establishment of waste treatment plants
amongst others in the area.

Keywords: Weather, Vicinity, Dump-sites, Variability, Temperature
1. Introduction

The simplest definition of waste is “any phenomenon deemed useless by a person, group of
persons or a community”. The idea of waste in today’s world is defined relatively; this is
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because, what is called waste by a group of persons, maybe resource to another (Ozabor &
Obisesan, 2017). Similarly, the ability to manage generated waste is related to the level of
technological advancement, level of orientation of the citizenry and preparedness by both the
government and citizenry to manage waste (Dienye, 2014). Therefore, the developed
countries run parallel to the developing countries when it comes to waste management
(Babayemi & Dauda, 2009; Uwadiegwu & Chukwu, 2013).

In the developed countries waste is easily recycled and converted to other uses, thereby
becoming resources rather than a burden (Ogu, 2000). However in the developing countries
waste management is a huge burden, especially in urban centres. It is a common sight to find
waste along streets and in residential areas. In some cases attempt is made to create
designated waste dumps, however, due to poor dump site management, these waste dumps
rapidly become a menace to the environment where it is located. Some of the implication of
poorly managed waste dumps include, health (Ozabor & Obisesan, 2016; Wokekoro &
Inyang, 2007), city’s aesthetic depreciation (Atuegbu, 2007; Agbola & Jinadu, 2006), GHGs
emission (Efe et al., 2013).

In Benin City, population was 1.2million in 2006 (NPC, 2006) and with a growth rate of 3.3
the population is projected to reach 1.6milloin by 2017. This population have only seven
designated waste dumps designed to manage generated wastes in the city. These waste dumps
are too few to handle the generated wastes. This assertion quickly manifests in wastes spilling
from the intended land holding to other areas not intended to handle the wastes (O’Neill,
Landis, Kellar & Lutz, 2001). As a quick fix approach wastes managers’ incinerate
accumulated waste openly (when weather conditions are favourable) (Sridhar, 2006), and
when weather conditions are not favourable, wastes are left at the dump sites unattended to,
thus the organic materials in the wastes hip ferment openly. Incinerated waste materials in the
wastes hip and fermented organic materials both emit GHGs. These gases therefore create a
greenhouse effect and leading to artificial increase in temperature (Efe, 2002; Aboyade, 2004),
in the vicinities of waste dump-site, thus resulting in a heat island effect (Stewart, 2001).

Some studies have inquired about the health effects of waste dumps (Ozabor & Obaro, 2016;
Yusuf & Oyewunmi, 2008) others have looked at the environmental dangers of poor waste
management (Bogner, Ahmed, Diaz., Faaij, Gas, Hashimoto, Mareckova, Pipatti., & Zhang,
2007; Sanchez-Rodr guez, Seto, Simon, Solecki, Kraas & Laumann, 2005); while Efe et al.,
2013, looked at the GHGs pollution associated with poor waste management in urban centres.
This study is spurred to look at the effects of poor waste management on weather
(Temperature) variability in the vicinity of waste dump sites in Benin City.

2. Materials and Methods

Benin city is located on lat 620", 6 60" N & long 5° 37' 8 ‘92" E (see figure 1). The city is
bounded to the north by Uhunmwode LGA, to the south by Ologbo, the east by Orhiomwon
LGA and the west by Ovia south west. It is also the capital city of Edo State and had an
approximate population of 1.2million in 2006 (NPC, 2006), with a growth rate of 3.3 the
population is projected to reach 1.6milloin by 2017. Nevertheless, the area also enjoys the
tropical type of climate with annual temperature of 29°C and a rainfall amount that ranges
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between 20.4mm to 300mm (Okudibie, 2014). The population rise, poor waste management
practice and the climate have contributed to waste management situation in the city.
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In terms of methods the study adopted the experimental research design. Therefore, the major
waste dumps in the city were identified (see fig 2) and this formed the population for the
study (see table 1).

Table 1. Neighbour hoods in the vicinity of waste dumpsites

Dump site Neighbour hoods

Ugbowo Ekosodi, Uselu, Oluku, Okhoro, Edaiken, Isihor
Sapele-Road Erediawa, Power-Line, Santana-Market, Evbuo-riaria,
PZ-road, Okabere, Evbuo-khun

Iguomo Iguomo, Ikhuen, Depot, Okuahe, By-pass,

Ekehuan lyaro, Ekehuan, Siloko, Staidium-Road, Oba-Market
Aduwawa/ Aduwawa, Ohovbe, First-Upstairs, Kojo, Urhuora
Ohovbe

Ugbor GRA, First ugbor, Second Ugbor, Ogba, Airport-road

Upper-mission | Uteh, Mission road, New Lagos road, Upper-mission,

Ipkoba-slope, new-Benin, MM-way

To be able to measure the waste volume generated at the various dump sites, the quadrant
technique (which involves the separation of dumpsites into quadrants of equal measurements
and in this case 1 by 1 meter) was used (see table 2).
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Figure 2. Benin city Showing waste dump-sites

Table 2. Dump sites, sizes and number of quadrants derived in Benin city

Dump site Length (m) | Breadth(M) | Area (M?) | Derived Quadrants
Ugbowo 54 39 2196 2196

Sapele-Road 66 33.3 2197.8 2197.8

Iguomo 91 66 6006 6006

Ekewhan 45 30 1350 1350
Aduwawa/Ohovbe | 78 63 4914 4914

Ugbor 24 27 648 648

Upper-mission 72 57 4104 4104

Thus with the aid of scavengers and a measuring tape, the length and breadth of the
dumpsites were determined. After this, the 1by 1 m quadrants were super-imposed on the
dump sites, hence aiding the scavengers to determine the waste volumes in the dump sites
across the city. It was also paramount to have an idea of waste volume generated at the
neighbourhoods of waste dumpsites for to see if the waste generated were a reflection of the
volume of wastes determined at the waste dumps. This was however determined with the aid
of the waste managers that collected waste at the various residents in the area weekly.
Furthermore multigas detectors were used to generate information about GHGs such as
carbon iv oxide (CO,) Methane gas (CH,), Nitrogen Oxide (NO,), sulphur Oxide (SO),
Ammonium gas (NHy,); at the various dumpsites and at the control point (Upper-sokpan-oba);
both in the morning (6am) and at evening (6pm). This was to help the researcher capture the
daytime and night time variation in GHGs emission at the dumpsite and control.

Furthermore, digital thermometers were used to decipher the mean temperature both at dump
sites and at distances away from the dumpsites using the distance decay technique. As such,
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temperature was measured at dumpsites, 2.5km and 5km from the dumpsite hourly for
3months. In terms of analysis, ANOVA was used to determine the statistical significance in
temperature with distance from the dumpsites, while the MLR was used to determine the
level of dependence of temperature on the GHGs emission in the area.

A\\ Mac rOth i “k Environmental Management and Sustainable Development

3. Results and Discussion

Generally in table 3, wastes volume generated are displayed. From the table, upper mission
generated the highest amount of waste in the study period with 43211kg of waste. Iguomo is
the second waste dump with high amount of wastes in the area, with 34105 kg of waste. The
waste dump with the lowest amount of waste in the area is Ugbor (11261.6 kg). Several
factors account for the wastes volumes found at each wastes dump. For example upper
mission dump-site is the closest dump-site to New Benin market, which is arguably the
largest daily market in the city. Secondly, some waste managers prefer to empty their waste
into this dump site for two reasons; a) the community where the waste dump is located is less
hostile and so waste managers can bring in wastes from other areas not intended to empty
their waste in the dump site; b) secondly, the waste dump site is poorly managed as such
individuals can dump their wastes indiscriminately on the dumpsite without any
apprehension.

Table 3. Volumes of waste generated within the study period at identified dump-sites

Waste sites \Volume Generated (Kg)
Ugbowo 13175

Sapele-Road 27321

Iguomo 34105

Ekehuan 23664
Aduwawa/Ohovbe | 18324

Ugbor 11261.6

Upper-mission 43211

Total 171061.6

Surprisingly, Ugbowo which plays host to the University of Benin and the teaching hospital
(UBTH) and the consequent attraction of high population (residents), generated the lowest
amount of waste (11261.6kg) in the study period. This may be due to the activities of
scavengers who have a camp at the bypass (by oluku). Therefore the scavengers reduce the
waste volumes before they eventually get to the waste dump. This finding is inconsistent with
that of Efe et el., (2013) who emphasized that wastes are usually deposited at the nearest
dumpsites to generation points. It therefore means that the activities of wastes managers and
scavengers may affect the volume of waste in a given waste dump.

Table 4. Waste volume in Neighborhoods within the vicinity of waste-dumps (Kg)

S/N | Neigh-Bourhoods | Nature of Neigh-bourhood | Waste Generated | %
1 Ekosodi Residential 1241 1.75
2 Uselu Commercial/residential 2536 3.6
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3 Oluku Residential/commercial 875 1.2
4 Okhoro Residential 653 0.9
5 Edaiken Residential 457.5 0.65
6 Isihor Residential 234 0.3
7 Erediawa Residential 765.5 1.08
8 Power-Line Commercial 234 0.3
9 Santana-Market Commercial 1573 2.2
10 | Evbuo-riaria Residential 1265.6 1.79
11 | PZ-road Residential 2342 3.3
12 | Okabere Residential 743 1.05
13 | Evbuo-khun Residential 453 0.6
14 | Iguomo Residential 5433 7.7
15 | Ikhuen Residential 458 0.7
16 | Depot Commercial/residential 1254 1.8
17 | Okuahe Residential 235 0.3
18 | By-pass Residential 433 0.8
19 | lyaro Commercial/residential 874 1.2
20 | Oba-Market Commercial 2875.8 4.1
21 | Staidium-Road Residential/commercial 567 0.8
22 | Siloko Commercial 753 11
23 | Ekehuan Residential/commercial 5476.9 7.8
24 | Aduwawa Commercial/industrial 32735 4.6
25 | Ohovbe Residential 2382 3.37
26 | First-Upstairs Commercial/residential 2365.4 3.3
27 | Kojo Commercial/residential 453.6 0.6
28 | Urhuora Residential 12355 1.7
29 | GRA Residential 4785.7 6.8
30 | First ugbor Residential 2336.5 3.3
31 | Airport-road Commercial/residential 867.5 1.2
32 | Second Ugbor Residential 345.7 0.5
33 | Ogba Residential 238.9 0.3
34 | Uteh Residential 2365.7 34
35 | Mission road Commercial 3765.8 5.3
36 | New Lagos road Commercial/residential 3455.7 4.9
37 | Upper-mission Residential 32115 4.6
38 | lkpoba-slope Commercial/residential 785 11
39 | new-Benin Commercial/residential 6505.1 9.2
40 | MM-way Commercial 545.5 0.77
Total 70650.9 100

Nevertheless, in table 4, neighbourhoods located near commercial and high residential areas
generated more volume of waste than the low income earner neighbourhoods. This is evident
in neighbourhoods such as new Benin, with 9.2% of the total waste volume generated in the
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study period. Whereas Ogba which is a low income earner neighbourhood, generated only 0.3%
of the total waste generated. Adducible reasons for this variation include influence of the
markets that scatter around the city, shops located within residential units in the commercial
areas that service population interacting with businesses in the area.

Table 5. Average volume of greenhouse gases (1/m3) emitted and temperature in the vicinity
of waste-dumps in Benin

Land-use Epoch | CO, | CH, | NH, | NO, | SO, | Temp. (°C)
Ekewhuan am. | 2419 | 20.85| 19.25 | 5.85 | 6.05

p.m. | 20.64 | 18.02 | 19.06 | 3.96 | 4.69 | 31.5
Ugbowo a.m. | 23.69 | 19.80 | 19.65 | 5.62 | 5.12

p.m. | 2251 | 18.92 | 20.01 | 4.86 | 4.89 | 31
Iguomo am. | 21.69 | 20.10 | 17.74 | 5.70 | 5.82

p.m. | 21.04 | 19.02 | 18.05 | 4.98 | 5.09 | 29.5
Medium am. | 2219 |19.89 | 19.92 | 457 | 4.63
Density residential | p.m. | 21.54 | 19.12 | 20.06 | 4.01 | 4.01 | 29.8
Upper am. |2491|20.17 | 20.94 | 5.34 | 6.08 | 315
mission p.m. | 23.82 | 19.31 | 21.06 | 5.08 | 5.89
Aduwawa/ am. | 21.36 | 19.05 | 18.69 | 492 | 5.22
Ohovbe p.m. | 20.94 | 18.85 | 19.25 | 4.58 | 4.99 | 30.5
Ugbor Am | 21.36 | 19.05 | 18.69 | 4.92 | 5.22 | 30.5

Pm | 20.94 | 18.85 | 19.25 | 4.58 | 4.99
Control am. | 14.02 | 12.72 | 11.64 | 3.03 | 4.35

p.m. | 1475 | 13.28 | 12.08 | 2.89 | 3.89 | 27.8

In table 5, the average amounts of GHGs as well as the temperature reached are shown. In the
table temperature characteristics reflect the volume of GHGs attained. Secondly, GHGs
emissions in the morning are higher than that, emitted in the evening, the reason being that,
waste incineration at dumpsite takes place at nights also; atmospheric conditions are more
stable at nights than in the daytime. Due to the fact that, winds and other anthropogenic
activities displace GHGs from emission sources to other areas (Edokpa, 2017).

Table 6. Ambient temperatures at the waste dumps and distance away from dump-sites in
Benin

Land use Temp. at D-site (°C) | Temp. (°C) 2.5km | Temp. (°C) 5km
Ekewhuan 315 31 30

Ugbowo 31 30.5 30.5
Sapale-road 29.8 29.5 29

Iguomo 29.5 29.5 29

Upper mission 315 31 31
Aduwawa/Ohovbe | 30.5 30 30

Ugbor 30.5 30.1 29.7

Control 27.8 27.8 27.8
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However, the high concentration of GHGs at dumpsites is attributed to fermentation of
wastes materials, decomposition of organic material within the waste constituents, and waste
incineration at dumpsites. This finding disagrees with the findings of Efe et al.,(2013); Yusuf
&Oyewunmi, (2008) & O’Neil et al (2001), who attributed volume of GHGs at waste dumps
to anthropogenic activities, population growth and industrial processes. Nevertheless, the
emitted gases have effect on temperature variability in the area. This assertion is glaring in
table 6, where temperature reduces as one moves away from the dumpsites. For example, in
Ekewhuan, at 5km from the dumpsite a temperature gain of 1.5°C is recorded. At sapele road
0.8°C is recorded at 5km from the dumpsite. The same can be said of other dumpsites in the
area, thereby revealing that, the GHGs are responsible for the temperature variation in the
vicinity of waste dumps as compared with distance away from dumpsites (Sridhar, 2006).

Table 7. Temperature variation with distance from dump site

ANOVA
Temperature
Sum of Squares | Df | Mean Square | F
Between Groups | 1396.922 3 | 798.974 26.307
Within Groups | 16005.888 87 | 43.380
Total 17402.81 90

Table 8. Duncan analysis of temperature variation with distance from dump site

Temperature variation with distance
Duncan?
Identifiers N | Subset for alpha = 0.05

1 2 3
5km 90 | 29.0811
2.5km 90 30.2501
Vicinity of D site | 90 30.6333
Sig. 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 10950.000.

This assertion is found to be statistically, significant at p<0.05 (F, 26.3; p, 0.00) in table 7.
This thus reveals that the variation in temperature at distances from dumpsite is statistically
significant. However, table 8 showed that temperature is lower at 5km (29.1°C), higher at
2.5km (30.3°C) and highest at dumpsite (30.6°C). This finding is in congruence with the
distance decay concept and consistent with the findings of (Ozabor & Obaro, 2016)

Table 9. Regressions model summary for the effect of GHGs on temperature

Model | R R Square | Adjusted R | Std. Error Change Statistics

Square of the Estimate | R Square Change | F Change | df1 | df2 | Sig. F Change
1 .921%.850 728 .60474 .850 16.739 |5 |4 |.007
a. Predictors: (Constant), CO,, CH4, NH4, NO,, SO,
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The regressions analysis further confirms that temperature behaviour at dumpsite
significantly depends, on GHGs at p<0.05 (see table 9). Also worthy of note in table 9 is that
85% of temperature characteristics in the dump sites can be explained by GHGs emitted at
the dump sites, leaving the other 15% to atmospheric interactions, anthropogenic activities
etc.

A\\ Mac rOth i “k Environmental Management and Sustainable Development

4. Recommendations and Conclusion

This research has shown empirically, that there is temperature variability occasioned by waste
dumpsites in the vicinity of waste dumps in Benin City. Poor waste management practice and
emission of GHGs from the waste dumps have been identified as factors responsible for the
temperature characteristics in the vicinity of waste dumps in the City. Furthermore, the use to
which land is put also had some effects on waste volume generated as the commercial and
residential land uses recorded the highest volumes of wastes. The level of GHGs emission at
dumpsite and its influence on temperature is disturbing. Therefore, a continuous practice of
the current approach to waste management would not only pose severe threat to weather of
places near waste dumps, but will also snowball into a city- wide or regional problem of
climate.

It is therefore important to identify sites suitable for waste treatment plants as suggested in
figure 3. This will exterminate overstay and incineration of waste at dumpsite thereby
reducing emissions of GHGs.
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Figure 3. Benin City showing proposed waste treatment plants

Furthermore, a city-wide re-orientation of locals by both the government, cooperate and
non-governmental organisations on the need to sort waste at source is paramount. This will
contrive the processes of waste recycle and reuse; and introduce a process of making a living
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through waste thereby reducing GHGs emissions (Ozabor & Obisesan, 2017). Finally, the
state government should establish a waste management framework; which will include waste
policing, licensing and training abundance of & affordable waste management vendors, and a
periodic orientation of locals on the need to align with the waste management plan of the
state. If these steps are followed practically, wastes effects on weather variability in Benin
City will be minimized.
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