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1. Introduction

Municipal solid waste (MSW) management through open dumping 
and open burning is a common practice in Nigeria, and this has 
resulted in severe ecological, environmental and health problems. 
Also, open dumping or indiscriminate disposal of waste materials 
is a prevalent practice among the low-income and upper middle-in-
come earners in many developing countries [1]. Illegal citation 
of dumpsites in recent times has become one of the key factors 
bedevilling several countries in the world particularly developing 
countries (such as Nigeria) where over 40% of the waste materials 
generated in advanced countries end up in open dumpsites in 
these countries [2]. Due to the increasing trend in population, 
consumption rate and the growing GNI/capita in the developing 
world, additional amounts of municipal, industrial and hazardous 
waste are entering into the waste streams every day. It has been 
estimated that globally, urban food waste has recently increased 
tremendously by 44% from 2005 to 2025 [3]. As urbanization 

and population growth continues to be on the increase, it is ex-
pected that at least several hundreds of million more people will 
be served by dumpsites in Nigeria. In other words, considering 
that there is a growing gap between increase in Nigerian population 
and growth of urbanization, it is almost certain that within the 
next 10-15 y much more waste will be driven to dumpsites and 
some additional hundreds of Nigerian population will be served 
by dumpsites [4]. However, if the present waste management 
trends are maintained in Nigeria, food waste disposal in dumpsites 
is expected to increase the dumpsite proportion of Nigerian anthro-
pogenic greenhouse gas (GHG) emissions as well as contaminating 
its underlying soil and groundwater. The term “open dumpsite” 
is used to characterize a land disposal site where indiscriminate 
deposition of solid waste takes place with either no - or at best 
- very limited measures to control the rate and/or to protect the 
surrounding environment. In addition, it is typical that no planning 
(such as location sensitivity) or engineering measures (such as 
a liner system) have been implemented prior to the delivery of 
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waste [5]. Leachate is the liquid substance produced when organic 
wastes undergo decomposition, and when water (due to rainfall, 
surface drainage, groundwater, etc.) percolates through solid waste 
undergoing decomposition. Leachate is a liquid that contains dis-
solved and suspended materials that, if not properly controlled, 
may pass through the underlying soil layers and contaminate 
surface and ground water. The composition of leachate depends 
on the stage of degradation, age of the dumpsite and the type 
of wastes within the disposal dumpsite [6-8]. Soil pollution is 
another environmental problem caused by dumpsites. MSW con-
tains different heavy metals and organotin compounds which 
can be found in dumpsite leachate, air and soil produced either 
from plastic burning or smelting of scrap metals and e-waste. 
Depending on the category of contaminants, they end up either 
in water held in the soil or leached into ground water. Other 
contaminants like Hg, cadmium (Cd), Cu, Ni, lead (Pb), Zn, etc. 
present in leachate can alter the soil properties and also have 
some degree of impact on soil organisms and plants grown on 
such soils [9, 10]. Hammed et al. [11] investigated the physi-
ochemical and heavy metal levels of the underlying soil at Awotan 
and Ajakanga dumpsites in Ibadan. The result indicated an in-
crease in the concentration of heavy metals (particularly Cd, Cu, 
iron (Fe), Ni, Pb, and Zn) in the underlying soil of these two 
dumpsite than that of the soils at the control sites. Several studies 
have shown evidence of serious hazards caused by open waste 
dumping ultimately affecting the life cycles of plants [12], soil 
properties and significantly altering the behaviour of its underlying 
soil [13]. Ramakrishnegowda et al. [14] investigated the interaction 
effect of alkali on the geotechnical properties of shedi soil. It 
was observed that although plasticity index (PI) of the soil de-
creased and optimum moisture content increased with increasing 
concentration of alkali, the shear strength of the soil decreased 
significantly due to decrease in the cohesion of the soil particles. 
This correlated with the investigation carried out by Amadi et 
al. [15], where dumpsite underlying soils in Avu dumpsite in 
Imo state and Ihie dumpsite in Abia state contained several con-
taminants higher in manganese (Mn), Pb, Fe, Cd, etc. with pH 
relatively lower (3-4) than soil samples collected few kilometres 
from the waste dump. Studies conducted by Sruti et al. [16] re-
vealed that upon the addition of leachate, the soil hydraulic con-
ductivity decreased significantly when the permeating liquid 
which is the synthetic leachate containing microorganisms inter-
acted with the soil grain particles. The decrease in hydraulic 
conductivity was caused by reduction of the effective porosity 

due to clogging effect of pore space as a result of increasing amount 
of microorganisms in the leachate. The soil’s PI showed an increas-
ing trend upon addition of leachate, contrary to investigation 
by Ramakrishnegowda et al. [14], where the contaminated soil 
had higher values of hydraulic conductivity than the uncon-
taminated soils. Thus the authors concluded that this may be 
due to particles’ flocculation as a result of contamination with 
MSW. The flocculation process may have altered the behaviours 
of the fine particles from clay-like to silt-like formation and con-
sequently, resulting in high permeability of the contaminated 
soils. Many contaminants (particularly heavy metals) are trapped 
in the soil beneath dumpsites, resulting in long term contamination 
of the underlying soil in terms of pH and geotechnical properties. 
This forms part of the investigation in this study to determine 
the effect of dumpsite on the hydraulic conductivity, PI and pH 
of the underlying soil as well as public health.

2. Materials and Methods

The methodology adopted in this study is presented in this section. 
This also includes the experimental procedures and materials 
used to achieve the objective of this study.

2.1. Design of Experiment

A total number of six soil samples collected from different locations 
in Benin City were analyzed to determine their various 
compositions. Two of the samples were collected differently from 
Uselu Market dumpsite and New Benin dumpsite, while the other 
two samples were collected 1.6 m from each of the dumpsite, 
whereas, the last two samples were combination of food waste 
with soil samples collected 1.6 m from each of the dumpsite. 
All samples were collected from a depth of 1.2 m using shovel. 
The respective soil samples after collection were tie properly 
in polyethylene bags to prevent air ingress. The soil samples 
were subjected to Atterberg limit test and consolidation teste 
in the laboratory. The chemical composition of the soil samples 
were analyzed using X-ray Fluorescence handheld device (X 
MET 7000) while pH of each soil samples were determined 
using digital soil pH meter (HI 99121 soil pH meter). As presented 
in Fig. 1, the soil food-waste combination was allowed for a 
period of three months for effective decomposition before 
analysis.

a b c

Fig. 1. Composition of food waste with soil samples. (a) Composition of food waste, (b) Mixture of food waste with soil sample, (c) Decomposed
food waste with soil sample
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2.2. Geotechnical Analysis

Moisture content (MC), liquid limit (LL), PI and hydraulic con-
ductivity (coefficient of permeability) are the parameters de-
termined for the aforementioned soil samples in this section. 
Standards, codes and formulas employed in determining each 
parameter are also encapsulated in this section.

2.2.1. Atterberg limit
Atterberg limit is a soil test that can be used to determine the 
critical MCs of a fine-grained soil such as plastic limit (PL), LL, 
PI as well as the shrinkage limit which can be used to determine 
the shear strength and behaviour of a soil as the water content 
increases. LL is the amount of water content in which the state 
of a given soil sample changes from liquid state to plastic state 
or the minimum water content in which a soil begins to flow 
in the Casagrande cup and closes the grove when small share 
force is applied is also known as LL. Having carried out the Atterberg 
test according to the British standard (BS) code 1377: Part 2, Sections 
4, 5: 1990, LL was determined by plotting MC against no. of blows 
and drawing a straight line through each of the plotted points. 
MC is the ratio of the mass of water present in the soil to the 
mass of solid particles that make up the soil sample, and the 
ratio is expressed in percentage given by Eq. (1);

    

   
×


(1)

Therefore,

  


 


×  (2)

Where W1 = Weight of empty can (g), W2 = Can weight + 
wet soil (g), W3 = Can weight + dry soil (g).

PL relates to the MC at which a given soil changes from plastic 
state to semisolid state and it is often expressed in percentage.

PI relates to the numerical difference between LL and PL. Plastic 
index is denoted as IP and it is mathematically expressed by 
Eq. (3); 

     (3)

Where, PL = Plastic limit, LL = Liquid limit.
In addition, the shrinkage limit is referred to the maximum MC 

in which reduction in water content of a given soil will not result 
in decrease in the soil’s total volume but an increase in water content 
will result in further increase in the water content of the soil.

2.2.2. Consolidation test
The application of compressive load on a laterally confined layer 
of soil usually results in vertical deformation of the soil. The 
rate of change in thickness of the soil under such compressive 
load depends on the soil’s permeability as well as distance the 
water will flow to reach a drainage surface [17]. The consolidation 
properties were determined from disturbed samples which were 
compacted to about 4-6% water content with 25 blows in a mould. 
The test was carried according to BS code 1377: Part 6, Section 
6: 1990. During the experimental test, the specimen was allowed 

to consolidate under several incremental loads such as 1 kg, 2 
kg, 4 kg, 8 kg, 16 kg and 32 kg and each incremental load was 
maintained until the compression effect diminishes. Using dial 
gauge indicator, readings were taken for 5, 10, 15, 30 s, 1, 2¼, 
4, 9, 16, 25 min and 1 h on application of each load. The specific 
gravity (GS) of a material is the ratio by weight of a given volume 
of soil at room temperature to the mass of equal volume of water 
at the same temperature, in effect, it implies how heavier or lighter 
the weight of such material is than water. Using the general equa-
tion, GS is given by Eq. (4);

      

  
(4)

From Eq. (4), GS of individual soil samples were determined 
using Eq. (5); 

 
 

  
 



   
(5)

Where W1 = Empty bottle weight, W2 = Bottle weight + oven 
dried soil, W3 = Bottle weight + oven dried soil + water, W4 
= Bottle weight + water.

To determine the buck density which is the individual particle 
weight that constitutes a given soil divided by the total volume 
(internal pore volume of soil, volume of soil particles as well 
the soil inter-particle void volume) at which they occupy in the 
mould, Eq. (6) was used.

  


(6)

Where M = Mass of wet compacted soil (g), V = Volume of 
the mould (cm3).

The volume in this case is the total volume occupied by soil 
particles in the mould and was measured as 1,000 cm3. 
Furthermore, the dry density which relates to a given soil sample 
subjected to a temperature of 105o to remove the MC was de-
termined using Eq. (7);

 

 (7)

Where ρb = buck density, M.C = Moisture Content expressed 
in percentage.

However, the bulk density and the corresponding dry density 
for the compacted soil sample are both expressed in g/cm3. 
Coefficient of compressibility (m2/KN) given by Eq. (8);


 Ə

Ə (8)

Where, coefficient of volume change (m2/KN) is given by Eq. (9);

 

 (9)

 = Final void ratio
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Coefficient of consolidation (m2/y) given by Eq. (10);

 



(10)

Where d = Drainage path length, t = Time factor.
Coefficient of permeability (m/s) given by Eq. (11);

   ×  ×  (11)

Where  = Coefficient of volume change,  = Coefficient 
of consolidation,  = Density of water.

During computation, initial voids ratio is given as shown in 
Eq. (12);

  
 

 


(12)

Where ei = Initial void ratio, GS = Specific gravity, = Dry 
density of soil solids.

Degree of saturation (So) expressed in percentage is the ratio 
of liquid content to the total volume of voids present in a given 
soil mass as shown in Eq. (13);




 × 
×


(13)

The void ratio change factor (F) is given by Eq. (14);

  


(14)

Where, e = Void ratio,  = Initial height of specimen. At 
the end of the experimental test, the following parameters were 
calculated using standard formulas mentioned earlier. Void 
ratio at the end of the experimental test is given as shown 

in Eq. (15);


  ×  (15)

Where, ef = Final void ratio at the end of the test.
Substituting ef into ei in Eq. (12), degree of saturation at the 

end of the test becomes;




 × 
×


(16)

3. Results and Discussion

Table 1 represents a summary of consolidation test carried out 
on soil samples used in this study, Tables 2-5 represent the results 
of Atterberg limit test for the same soil samples in this study 
whereas, the percentage composition of soil samples in this study 
is presented in Table 6. Fig. 2-5 are the graphical representation 
of LL for each of the samples used in this study, while Fig. 6 
shows the pH for each of the soil samples used in this study. 

Fig. 2. Liquid limit for soil sample obtained from Uselu Market dumpsite.

Table 1. Summary of Consolidation Test Results

S/N Sample locations Depth (m) Coefficient of volume change Mv (KN/m2) Coefficient of consolidation Cv (m/s) 

1. Uselu Market dumpsite

1.2

1.122 × 10-6 1.0 × 10-6

2. New Benin dumpsite 2.159 × 10-6 1.45 × 10-6

3. 1.6 m from Uselu Market dumpsite 4.84 × 10-7 2.42 × 10-3

4. 1.6 m from New Benin dumpsite 4.84 × 10-7 2.14 × 10-2

Table 2. Result of Atterberg Limit Test for Sample from Uselu Market Dumpsite

No of blows 43 33 24 18 12 Plastic limit Plastic limit Plastic limit

Can No WBM EM2 EQ JK PIC UV PX3 R03

Can weight 15.38 16.24 18.14 16.65 16.18 12.93 13.99 15.93

Can + wet soil 32.22 38.28 52.53 57.18 69.00 20.05 20.16 22.53

Can + dry soil 28.41 33.08 44.13 46.84 53.95 19.12 19.29 21.67

MC (%) 29.70 30.88 32.32 34.25 39.85 15.02 16.42 14.99

Liquid limit (LL) 34.00

Plastic limit (PL) 15.47

Plasticity index (PI) (%) 18.53
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Fig. 3. Liquid limit for soil sample obtained from New Benin dumpsite. Fig. 4. Liquid limit for sample obtained 1.6 m from Uselu Market dumpsite.

Table 3. Result of Atterberg Limit Test for Soil Sample from New Benin Dumpsite

No of blows 43 34 26 17 12 Plastic limit Plastic limit Plastic limit

Can No OEE ZEN CR GOL ANR ANE MO T21

Can weight 16.90 17.45 16.11 14.33 15.11 15.56 16.17 13.79

Can + wet soil 43.13 35.32 45.88 46.81 52.60 23.89 25.61 24.90

Can + dry soil 36.98 31.12 38.49 38.30 42.45 22.41 24.05 23.10

MC (%) 30.70 30.72 33.02 35.50 37.12 21.60 19.79 19.33

Liquid limit (LL) 34.00%

Plastic limit (PL) 20.2%

Plasticity index (PI) 13.8%

Table 4. Atterberg Limit Test for Sample Obtained 1.6 m from Uselu Market Dumpsite

No of blows 40 34 26 19 14 Plastic limit Plastic limit Plastic limit

Can No CHE ME HO CA SEM TI EN BE

Can weight 18.12 19.20 18.9 15.12 15.28 17.32 18.13 18.15

Can + wet soil 35.42 39.72 37.16 36.36 37.60 43.91 42.92 41.96

Can + dry soil 30.82 34.14 32.14 30.96 31.48 38.12 37.24 36.36

MC (%) 36.2 37.3 37.9 34.1 37.8 27.8 29.7 30.8

Liquid limit (LL) 36.3%

Plastic limit (PL) 29.4%

Plasticity index (PI) 6.9%

Table 5. Atterberg Limit Test for Sample Obtained 1.6 m from New Benin Dumpsite

No of blows 43 33 24 17 12 Plastic limit Plastic limit Plastic limit

Can No CHI SAM 76TH NN3 H MO 028 OZ

Can weight 12.90 15.47 17.29 13.12 18.27 17.15 16.49 16.65

Can + wet soil 26.75 38.00 45.11 53.95 73.63 22.06 21.17 21.64

Can + dry soil 22.41 30.75 35.88 39.90 54.28 21.29 20.43 20.82

MC (%) 45.63 47.45 49.65 52.46 53.74 18.60 18.78 19.66

Liquid limit (LL) 25.0%

Plastic limit (PL) 19.0%

Plasticity index (PI) 6.0%
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Fig. 5. Atterberg test result obtained for sample from New Benin dumpsite.

Considering the six (6) samples used in this study, four (4) 
samples were subjected to geotechnical test to analyse their LL, 
PI and hydraulic conductivity. The four samples included L1-Soil 
sample collected 1.6 m from New Benin dumpsite, L2-Soil sample 
collected 1.6 m from Uselu Market dumpsite, L5-Soil sample col-
lected from New Benin dumpsite, L6-Soil sample collected from 
Uselu Market dumpsite. However, sample L3 was soil sample 
collected 1.6 m from New Benin dumpsite intermixed with food 
waste whereas, sample L4 was soil sample collected 1.6 m from 
Uselu Market dumpsite combined with food waste. The other 
two samples were combined with food waste and allowed for 
a period of three months for effective decomposition, after which, 
their pH were examined alongside the aforementioned four 
samples. All samples used in this study were collected from a 
depth of 1.2 m. During the laboratory test, it was observed that 
the soil samples embedded within a ring in the consolidation 
machine decreased as load on the consolidometer increased, and 
the trend got to a point where the consolidated sample stabilized 
and was no longer decreasing. A dial gauge was used to take 
readings at different time intervals as the sample decrease in 
volume. At each point of stabilization where the load was no 
longer causing further decrease to the sample, the consolidometer 
was disengaged and the wet consolidated sample with ring was 
measured using weighing balance. Consequently, the wet con-
solidated sample was placed in the oven (105-110oC), and dried 
consolidated sample with the ring was measured after 24 h. As 
shown in Table 1, hydraulic conductivity for sample obtained 
1.6 m from Uselu Market dumpsite was quite high 2.42 × 10-3 
m/s, whereas, reduction was observed for hydraulic conductivity 
with a value of 1.0 × 10-6 m/s for sample obtained from Uselu 
Market dumpsite. However, the result of hydraulic conductivity 
obtained for samples collected 1.6 m from New Benin dumpsite 
was very high with a value of 2.14 × 10-2 m/s, whereas, the 
sample collected from the same New Benin dumpsite was 1.45 × 
10-6 m/s. Geotechnical assessment of open dumpsite in Illorin, 
Nigeria by Ige [18], revealed hydraulic conductivity of 1 × 10-9 
m/s which is highly consolidated than the values obtained in 
this studies. However, Evangelin et al. [19] investigated the impact 
of MSW on the geotechnical properties of soil and obtained hy-
draulic conductivity between the range of 2.11 × 10-5 and 3.15 
× 10-5 which is not too low and not too high. The low hydraulic 
conductivity obtained in this study may have been due to the 
effect of clogging by organic waste which can occur as a result 

of the growth of microorganisms and biological material build-up 
during waste decomposition or particulate transport present in 
leachate generated by the waste. Oftentimes, clogging may result 
in very low hydraulic conductivity due to interaction with leachate 
which has the potentials of hampering the underlying soil drainage 
layer by making pore spaces within the soil over saturated as 
a result of microorganisms and biological material build-up within 
the waste stream. This correlates with the investigation carried 
out by Sruti et al. [16] where hydraulic conductivity of soil interact-
ing with leachate decreased significantly. However, if soil hydraul-
ic conductivity is too low, it indicates low clay content in the 
soil which implies that the rate of leachate percolation into soil 
and ground water will be delayed and vice versa. PI for sample 
obtained 1.6 m from Uselu Market dumpsite was quite low (6.9%) 
with LL of 36.6%, whereas, an increase was observed for PI 
(18.53%) with LL of 34% for sample obtained from Uselu Market 
dumpsite. This however was similar to results obtained for samples 
collected 1.6 m from New Benin dumpsite where PI of 6.0% 
and LL of 25% was obtained while PI of 13.8% and LL of 34% 
were obtained for samples collected from New Benin dumpsite. 
In similar studies carried out by Ige [18], results of LL from dump-
site underlying soils were in the range of 35.34% and 40.56% 
and PI between the range of 17.5% and 20.55%. LL between 
the range of 30% and 35% and PI between the range of 9% and 
20% was obtained by Ayininuola [20]. Furthermore, LL between 
the range of 24% and 38% and PI between the range of 4% and 
9% was obtained by Harshani et al. [21]. The low PI obtained 
in this study may have been due to the limited amount of clay 
present in the soil particles, whereas, increase observed in PI 
of the samples may have been caused by reduction of the effective 
porosity due to clogging effect of pore space as a result of increasing 
amount of microorganisms in the leachate.

As mentioned earlier, compositions of the soil samples were 
analysed using X-ray florescence analyser (X-MET 7000) and the 
results are tabulated in Table 6, while direct soil pH meter was 
used to measure the pH of the soil samples. Each of the samples 
were assigned a label as follows; L1-Soil samples collected 1.6 
m from New Benin dumpsite, L2-Soil sample collected 1.6 m 
from Uselu Market dumpsite, L3-Soil sample collected 1.6 m from 
New Benin dumpsite with decomposed food, L4-Soil sample col-
lected 1.6 m from Uselu Market dumpsite with decomposed food, 
L5-Soil sample collected from New Benin dumpsite, L6-Soil sam-
ple collected from Uselu Market dumpsite.

While soil samples obtained 1.6 m from each dumpsite and 
soil samples obtained 1.6 m and intermixed with food waste 
showed less toxicity in composition values, samples obtained 
from the two dumpsite showed higher percentage of heavy metals 
and toxic compounds which may have been caused by interaction 
of organic waste with hazardous waste (such as e-waste, battery 
waste, medical waste, etc.) in the dumpsite. This also may have 
been due to lack of waste segregation and characterization as 
well as indiscriminate disposal of waste in the dumpsites, includ-
ing hazardous and non-hazardous waste materials. As shown in 
Table 6, the results of composition analysis obtained from the 
soil samples used in this study correlated with the investigation 
carried out by Hammed et al. [11], Ogunmodede et al. [22], and 
Azeez et al. [23] but slight variation was noted in the values. 
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Fig. 6. Summary of pH results obtained from soil sample L1-L6.

This is likely due to the difference in the category of waste materials 
disposed at the dumpsite investigated by these authors. These 
heavy metals and toxic compound if present in high quantities 
as shown in Table 6 can alter the properties as well as the soil 
pH. To justify this argument, it can be observed in Fig. 6, that 
soil samples collected from two dumpsites in this study are in 
the ultra-acidic range. This is because, these dumpsites receive 
all forms of waste including hazardous and non-hazardous waste 
materials, whereas, soil samples collected 1.6 m from each of 
the dumpsites and combination of  soil samples collected 1.6 
m with food waste were in the neutral range. This therefore implies 
that, organic materials (such as food waste) that have not been 
left to decompose and interact with other toxic materials in dump-
sites can be used as a valuable product for compost manure. 
E-waste is chemically and physically distinct from other forms 

of municipal and industrial waste; it contains both valuable and 
hazardous materials that require special handling and recycling 
methods to avoid environmental contamination and detrimental 
effects on human health. E-waste is either landfilled, or exported 
from advanced countries to developing countries, where it may 
be recycled using primitive techniques and little concern for safety 
of worker and environmental protection. The chemical composi-
tion of e-waste varies depending on the age and type of the dis-
carded item. However, the interior part of most e-wastes are com-
posed of heavy metals (particularly Cu, Al, and Fe, etc.) enclosed 
with plastics or ceramic cover. Some heavy metals are used in 
the manufacture of electronic products, while polycyclic aromatic 
hydrocarbons (PAHs) are found to exist in significant quantities 
in the plastic cover. The low-temperature combustion of e-waste 
in dumpsites can generate PAHs while burning of insulated wires 
can generates a significant amount of dioxins than burning domes-
tic waste [24]. Obsolete refrigerators, spray cans and air condition-
ing units found in open dumpsites contain ozone-depleting chloro-
fluorocarbons (CFCs) which can result in global warming. Studies 
have shown that the chemical composition of e-waste and other 
hazardous waste in dumpsites can leach into the soil or migrate 
into the atmosphere when combusted, thereby adverse health 
defects such as causing changes in thyroid function, adverse neo-
natal outcomes, inflammation and oxidative stress-precursors to 
cardiovascular disease, DNA damage and possibly cancerous ail-
ment, respiratory disease, etc. Burning of plastics, or polyvinyl 
chloride (PVCs), can produce hydrogen chloride gas, or hydro-
chloric acid, which can cause fluid build-up in the lungs and 
possible ulceration of the respiratory tract [25, 26]. Sources of 
risk associated with dumpsites can be classified into three sectors: 
informal recycling, formal recycling and exposure to hazardous 
compounds generated from dumpsites. The smoke generated from 
burning these inorganic materials is composed of tiny particles 
(particulates), which contain toxic pollutants that can result in 
changes in earth’s temperature. If inhaled, these microscopic par-

Table 6. Composition Analysis for Various Soil Samples

Chemical properties L1 L2  L3  L4  L5  L6

Methylmercury (MeHg+) mg/kg - - - - 0.7 0.9

Sodium chloride (NaCl) mg/kg 0.1 0.2 0.92 1.1 16.46 19.82

Lead (Pb)- mg/kg - - - - 18.6 18.5

Hydrogen ion (H+) mg/kg - - 1.6 2.4 32.8 38.2

Manganese oxide (MnO) mg/kg 0.1 0.1 2.7 2.2 26.4 28

Iron(III) oxide (Fe2O3) mg/kg 8.2 8.5 7.6 7.42 24.4 26.6

Manganese (Mn)- mg/kg 7.4 8.3 7.28 6.22 42.4 49.3

Aluminium ion (Al3+) mg/kg 1.2 1.6 27.4 30.5

polymeric hydrides (OSiH2)n mg/kg - - - - 12.2 11.4

Cyanide (CN) mg/kg 0.3 0.1 1.24 2.53 8.4 7.324

Nitrate (NO3) mg/kg 19.6 21.2 27.3 28.4 80.4 78.6

Sulfuric acid H2SO4 mg/kg 0.1 0.1 0.3 0.3 28.8 28.2

Ammonia (NH3) mg/kg 0.9 0.4 1.1 2.9 94.6 102.3

Cadmium (Cd) mg/kg - - - - 10.1 11.8
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ticles can result in one or more of the aforementioned health 
effects. However, an extensive assessment is necessary due to 
the numerous category of waste disposed in dumpsites and their 
complex compositions which cannot fully be exhausted in this 
paper.

4. Conclusions

Various analysis carried out in this study has shown that dumpsites 
are likely to contain highly hazardous materials, as such, a wide 
range of toxic substances can be released into the environment. 
Review of related studies have also indicated that many of these 
contaminants find their way into underlying soils of the waste 
disposal sites, groundwater as well as the atmosphere thereby 
affecting living things and the ecosystem in the long run. While 
the pH of soil samples collected from New Benin dumpsite and 
Uselu Market dumpsite ere in the ultra-acidic range (3.5, 3.5) 
the pH of soil samples obtained from the combination of food 
waste with soil samples collected at a distance of 1.6 m from 
each of the aforementioned dumpsites were observed to be in 
the neutral range (6.8, 6.9). This indicates that the interaction 
between toxic contaminant in dumpsites and their underlying 
soils can significantly alter the geotechnical properties of such 
soils, damage plant root, affect soil fertility, etc. whereas, pH 
obtained from the soil-food waste combination indicates that food 
waste can be used as a valuable product for compost manure. 
Depending on the toxicity of such soils, plant root can easily 
take up these contaminants which however instigate various ail-
ments when consumed by human beings. Despite the methodo-
logical limitations in this study, existing scientific literature on 
the health effects of illegal dumpsite provides strong indication 
of existing linkages between dumpsites and the health effects 
of workers, informal recyclers and residents in open dumpsite 
situated areas. Besides municipal waste, healthcare waste, hazard-
ous and e-waste are common streams found in dumpsites which 
further supports the various arguments on the negative effects 
of waste dumpsites on public health and environment. The prob-
lem is that in most dumpsites, previous waste materials are usually 
present in unknown quantities and unknown interaction level 
with the surroundings. Hence, integration of effective lining sys-
tem such as High Density Polyethylene (HDPE) liners in waste 
dumpsites; design, utilization and recommendation of engineered 
landfill system, promotion of Energy to Waste technologies and 
waste to organic fertilizers can help minimize this challenges 
posed by the poor waste management techniques in Nigeria and 
developing countries at large.

References

1. Salami L, Fadayini MO, Madu C. Assessment of a closed dump-
site and its impact on surface and groundwater integrity: A 
case of Oke Afa dumpsite, Lagos, Nigeria. Int. J. Res. Rev. 
Appl. Sci. 2014;18:222-230.

2. David N, Mavropoulos A. Wasted health: The tragic case of 
dumpsites. International Solid Waste Association (ISWA) 

Report; 2015.
3. Adhikari BK, Barrington S. Predicted growth of world urban 

food waste and methane production. Waste Manage. Res. 
2006;24:421-433.

4. Sulaiman MB, Maigari AU. Physico-chemical properties and 
heavy metals content of groundwater around a municipal 
dumpsite in Gombe, Nigeria. Int. J. Sci. Res. 2016;5:1299-1304.

5. Akpofure R. An assessment of the contribution of municipal 
solid waste dump sites fire to atmospheric pollution. Open 
J. Air Pollut. 2014;3:53-60.

6. Nta SA, Odiong IC. Impact of municipal solid waste landfill 
leachate on soil properties in the dumpsite (A case study 
of Eket Local Government Area of Akwa Ibom State, Nigeria). 
Int. J. Sci. Eng. Sci. 2017;1:5-7.

7. Aderemi AO, Oriaku AV, Adewumi GA, Otitoloju AA. 
Assessment of groundwater contamination by leachate near 
a municipal solid waste landfill. Afr. J. Environ. Sci. Technol. 
2011;5:933-940.

8. Chinade AU, Yusuf US, Osinubi KJ. Effect of municipal solid 
waste leachate on the strength of compacted tropical soil for 
landfill liner. Int. Res. J. Eng. Technol. 2017;4:3248-3253.

9. Voutsa D, Grimanis A, Samara C. Trace elements in vegetables 
grown in an industrial area in relation to soil and air particulate 
matter. Environ. Pollut. 1996;94:325-335.

10. Sulaiman MB, Maigari AU, Danladi S. Impact of municipal 
solid waste dumps on surrounding soil and groundwater in 
Gombe, Nigeria. Int. J. Sci. Environ. Technol. 2016;5:3059-3068.

11. Hammed AO, Lukuman A, Gbola KA, Mohammed OA. Heavy 
metal contents in soil and plants at dumpsites: A case study 
of Awotan and Ajakanga dumpsite Ibadan, Oyo State, Nigeria. 
J. Environ. Earth Sci. 2017;7:11-24.

12. Syeda MA, Aroma P, Beenish A, Naima H, Azra Y. Open 
dumping of municipal solid waste and its hazardous impacts 
on soil and vegetation diversity at waste dumping sites of 
Islamabad City. J. King Saud Univ. Sci. 2014;26:59-65.

13. Ebrahim P, Ali G, Amir HD. Influence of garbage leachate 
on soil reaction, salinity and soil organic matter in east of 
Isfahan. World Acad. Sci. Eng. Technol. 2011:171-176.

14. Ramakrishnegowda C, Yaji RK, Shivashankar R, Sivapullaiah 
PV. Geotechnical properties of shedi soil affected by alkali 
contamination. Indian J. Environ. Pollut. 2011;1:45-52.

15. Amadi AN, Olasehinde PI, Okosun EA, et al. A comparative 
study on the impact of Avu and Ihie dumpsites on soil quality 
in Southeastern Nigeria. Am. J. Chem. 2012;2:17-23.

16. Sruti P, Anju EP, Sunil BM, Shrihari S. Soil pollution near 
a municipal solid waste disposal site in India. In: International 
Conference on Biological, Civil and Environmental Engineering; 
17-18 March 2014, Dubai, UAE.

17. Punmia BC, Ashok JJ, Arun KJ. Soil mechanics and 
foundations. 16th ed. 22 Golden House, Daryaganl, New Delhi, 
India, LAXMI Publications Ltd.; 2005.

18. Ige OO. Hydro-geotechnical assessment of an open waste dis-
posal site in Ilorin, Nigeria. Ethiopian J. Environ. Stud. Manage. 
2014;7:859-869.

19. Evangelin RS, Gurucharan R, Ramprasad C, Sornakumar V. 
Impact of municipal solid waste dumping on the geotechnical 
properties of soil and ground water in Ariyamangalam, Trichy, 



Environmental Engineering Research 24(2) 289-297

297

India. Electron. J. Geotech. Eng. 2013;18:2119-2132.
20. Ayininuola GM. Decomposed solid waste impact on soil shear 

strength and California bearing ratio. IOSR J. Mech. Civil Eng. 
2014;11:15-17.

21. Harshani HM, Udeni PN, Asitha S. Evaluation of cover soil 
properties of solid waste dumpsites in Colombo District, Sri 
Lanka. J. Natl. Sci. Found. Sri. 2015;42:189-194.

22. Ogunmodede OT, Ajayi OO, Amoo IA, Adewole E. 
Characterization of dumpsite soil: Case study of Ado-Ekiti 
and Ijero Ekiti Nigeria. IOSR J. Environ. Sci. Toxic. Food Technol. 
2013;3:43-50.

23. Azeez JO, Hassan OA, Egunjobi PP. Soil contaminants at dump-
sites: Implication of soil heavy metals distribution in municipal 
solid waste disposal system: A case study of Abeokuta 
Southwestern Nigeria. Soil Sediment Contam. 2011;20:370-386.

24. Gullett BK , Linak WP, Touati A, Wasson SJ, Gatica S, King 
CJ. Characterization of air emissions and residual ash from 
open burning of electronic wastes during simulated rudi-
mentary recycling operations. J. Mater. Cycle. Waste Manage. 
2007;9:69-79.

25. Yang F, Jin S, Xu Y, Lu Y. Comparisons of IL-8, RO S and 
p53 responses in human lung epithelial cells exposed to two 
extracts of PM2.5 collected from an e-waste recycling area in 
China. Environ. Res. Lett. 2011;6:1-6.

26. Thomas XH, Jones GO, Qu KC, Sheng WY, Martin GY, Fu 
FL. Exposure of electronics dismantling workers to poly-
brominatetd diphenyl ethers, polychlorinated biphenyls, and 
organochlorine pesticides in South China. Environ. Sci. 
Technol. 2007;41:5647-5653.


