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Abstract:

This study investigated on the concentrations of five (5) heavy metals such as Cadmium, Lead, Copper, Manganese and
Zinc on soil in dumpsites of Osubi vicinity in Delta state, Nigeria using acid digestion and Atomic Absorption
spectrophotometer. The range of metal concentrations in the Osubi Municipal dumpsite were: Cu(4.7 - 9.25 Mg/Kg) ,
Pb(1.4 - 3.7 Mg/Kg) , Mn(12.9 -29.5 Mg/Kg) , Cd(<0.1 Mg/Kg) , Zn(3.05 - 11.4 Mg/Kg) whereas range of metal
concentrations in Osubi Abattoir Dumpsite were Cu(9.35 - 23.45 Mg/Kg) , Pb(1.1 - 24.55 Mg/Kg) , Mn(44.1 -
71.6Mg/Kg), Cd(<0.1 - 0.4 Mg/Kg), Zn(49.7 - 201.8 Mg/Kg) and the ranges for the control samples were : Cu (2.85 - 3.6
Mg/Kg) , Pb (0.35 - 1.3 Mg/Kg) , Mn (22.15 -67.1 Mg/Kg) , Cd (<0.1 Mg/Kg) , Zn (5.95 - 17.85 Mg/Kg). The
concentrations of heavy metals fell below the WHO/FAO standards for soil and all but Zn in Osubi Abattoir dumpsite fell
within the permissible limit of the Dutch standard. The Geo Accumulation index showed no contamination in all samples
except Pb and Zn in samples 5, 8 and 9 which shows moderate contamination. The contamination factor showed that all
are uncontaminated except Pb and Zn in samples 5, 8 and 9 which are moderately contaminated and considerable
contamination for Cd in sample 9. The Ecological Risk Factor showed that all heavy metals show low risk except Cd
which shows considerable risk for its only sample seen and Lead which shows low moderate risk. In PLI (Pollution Load
Index), all samples show no sign of pollution, although its value of 0.91 in sample 9 was close to the baseline of 1. In the
comparison of dump sites, Osubi Abattoir was indicated to possess more heavy metal concentration than Osubi municipal
dumpsite. The strong association between Pb/Cu, Mn/Cu, and Zn /Mn. Influenced by anthropogenic activities suggest a
similar source.
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1. Introduction

Waste has a major issue in various major cities in Nigeria. The inability for an effective medium for waste disposal
has led to both chemical and biological pollution, which are hazardous to both plants and mankind. Urbanization, culture
and habits, and rapid growth of population has contributed largely to the increasing rate of waste generation in major
cities in Nigeria.

Other factors includes the improvement of quality of life of Nigerians , large consumption of imported and
exported packaged commodities , and the increased industrial , agricultural and manufacturing activities in Nigeria. Due to
lack of effective and efficient regulatory bodies, individuals, private and public firms, industries, market people and lastly
The Government dispose wastes at unauthorized locations, and in an inappropriate manner. Solid waste has caused
various impacts on the environment, particularly in various vicinities in Warri, Delta state.

Environments polluted by the impacts of waste disposal are very harmful to both plants and animals .The water
and soil which serves as sources of food, when polluted can lead to implications on the soil quality, plant growth, and
human health. Excessive trace metals in both water and soil around the region of waste disposal can led to implications on
plant and human health .With the knowledge of the amount of heavy metals in the soil , the proposed area can be analyzed
for heavy metals and can be determined for its suitability for humans ,plants and animals .The study is geared towards
comparing and carrying out a systematic soil quality examination and looking into the effect of heavy metals on soil quality
in Osubi area as well as examination of the parameters of soil pollution.
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2. Location and Study Area

2.1. Osubi

Osubi is a growing community near Warri. The Warri Airport (also known as Osubi Airstrip) is located in the area,
and there is a rapid infrastructural development around the airport region due to the closeness and prominence to the
Niger Delta oil-producing area of Nigeria. Osubi is fast becoming a busy modern community with rapid expansion of
building projects for the modern living. There is the world-renowned Nigeria Petroleum Training Institute (PTI) nearby,
and other infrastructural developments in the area. This has led to the migration of people to the area, and uncontrolled
and indiscriminate dumping of both industrial and domestic wastes which are direct threat to the quality of the
environment, especially surface and groundwater resources. Leachate generated from industrial and domestic landfill
during the rain may eventually percolate and contaminate groundwater. Consequently, pollution from landfills leads to
potentially communicable diseases. Groundwater is the subsurface transporting agent for dissolved chemicals including
contaminants. Materials dissolved from the wastes may be transported from the burial or disposal site by groundwater
flow, with the result that the quality of water from wells is impacted by the contaminated groundwater. In addition,
natural discharges of an aquifer, such as at springs and seeps, can return a contaminant to the surface. Also, contaminant
emanating from dumpsites usually enters the aquifer system from the land surface, percolating down through the aerated
soil and unsaturated (vadose) zone. This may extend 6 or 9 m into the soil, and many reductive and oxidative biological
processes take place and this may also impact negatively on the quality of soil (NRC, 1984).

Figure 1: Map of Osubi Showing Sampling Points
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Figure 2: Map of Delta State Nigeria
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Igeo CLASS Designation
Quality
Of Soil
>5 6 Extremely contaminated
4-5 5 Strongly To
Extremely contaminated
3-4 4 Strongly contaminated
2-3 3 Moderately to
Strongly contaminated
1-2 2 moderately contaminated
0-1 1 Uncontaminated to moderately
contaminated
0 0 Uncontaminated

Table 1: Geo Accumulation Classification

GRADE Er VALUE GRADE OF ECOLOGICAL
RISK OF SINGLE METAL
A Er<5 Low Risk (LR)
B 5<Er<10 Moderate Risk(MR)
C 10 <Er<20 Considerable Risk(CR)
D 20<Er<40 High Risk(HR)
E Er 240 Very High Risk(VHR)

Table 2: Ecological Risk Classification

2.2. Statistical Analysis

Different analytical tools were employed for various segments of the statistical analysis. Microsoft Excel
was used to determine descriptive statistics of water and soil samples and Pearson’s correlation. Pearson’s
correlation test (2-tailed) was used to determine the relationship heavy metals of soil samples.

Value Designation Of Values

0.9 Very strong correlation
0.9- 0.81 Strong correlation
0.8-0.31 Moderate correlation

<0.3 Weak correlation

Table 3: Ecological Risk Classification

3. Result and Discussion

The key to an effective assessment of soil contamination with heavy metals is the use of suitable indicators
and indices of pollution /contamination that can be regarded as a tool and guide for a comprehensive geochemical
assessment of the soil environment state .The comprehensive way to assess the soil quality through the use of these
indices are also demonstrated by the ability to estimate environmental risk and soil degradation due to long term
accumulation of heavy metals .
The result of this work are thus illustrated and identified as thus:
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3.1. Concentrations of Heavy Metals in the Dumpsites
s o (=
S sm |28 | o s% | =% g g
S | g 5 |52 (E@m | §2|F2 | & =
«» 5 S A &f =S O b | N & g ;
S S =
1 OSUBI 1 9.25 3.7 29.4 <0.1 11.4 N5°35’13.43” E5°48'37.6”
2 OSUBI 2 5.65 1.5 12.9 <0.1 3.05 N5°35’13.34” E5°48’33.26”
3 OSUBI 3 6.2 1.4 17.05 <0.1 4.55 N5°35’12.08” E5°48’34.71”
4 OSUBI 4 4.7 3.2 29.5 <0.1 5.25 N5°35’13.52” E5°48’39.52”
5 CONTROL 1 2.85 47.5 22.15 <0.1 17.85 N5°34’36.76” E5°48'4.38”
6 CONTROL 3.6 0.35 50.75 <0.1 5.95 N5°34'36.6” E5°48'4.92”
2
7 ABBATOIR 9.8 1.1 441 <0.1 49.7 N5°34’36.64" E5°48'4.08”
5
8 ABBATOIR 9.35 5.75 57.6 <0.1 185.8 N5°35'9.97” E5°48'46.3”
6
9 ABBATOIR 23.45 24.55 71.6 0.4 201.8 N5°35’6.04” E5°48'49.9”
7
10 CONTROL 49 1.3 67.1 <0.1 16.45 N5°34'24.07” E5°47°'56.64”
3
11 MIN 2.85 0.35 12.9 <0.1 3.05
12 MAX 23.45 47.5 71.6 0.4 201.8
13 MEAN 7.975 9.035 40.21 50.18
14 STANDARD 5.66 14.52 19.94 73.04
DEVIATIO
N
15 BACKGRO 55 15 900 0.1 70
UND
VALUES(Bn
)(Clemente
et
al 2003
and
Kabata
pendias
2011)
16 TOXIC 5 5 1 30 1
RESPONSE FACTOR(Ha kanson,1980 ,Xu et al,2008)
Table 4: Showing the Locations and the Concentrations of Heavy Metals in the Area
3.2. Contamination Assessment
3.2.1. Geo Accumulation Factor
The mean values of geo-accumulation index (Igeo) in the surface soil (0-15 cm) are presented in
SAMPLES CU PB MN (0] ZN
sample 1 -3.1568 -2.604 -5.5209 ND -3.203
sample 2 -3.868 -3.90689 -6.7094 ND -5.1054
sample 3 -3.734 -4.0064 -6.307 ND -4.528
sample 4 -4.1336 -2.8137 -5.5161 ND -4.3219
sample 5 -4.8553 1.078 -5.9295 ND -2.556
sample 6 -4.5183 -6.0064 -4.733 ND -4.1413
sample 7 -3.0735 -4.354 -4.936 ND -1.079
sample 8 -3.14135 -1.968 -4.5507 ND 0.8233
sample 9 -1.8148 0.12579 -4.2368 1.41503 0.9425
sample 10 -4.0735 -4,113 -4.3305 ND -2.674
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SAMPLES CU PB MN CDh ZN
MAX -1.8148 1.078 -4.2368 1.415 0.9425
MIN -4.8553 -6.0064 -6.7094 1.415 -5.1054
Mean -3.636915 -2.85686 -5.27699 1.415 -2.58428
S.D 0.874011465 2.144712377 0.854575204 0 2.167564901

Table 5: below Table Geo Accumulation Dumpsite Result

3.2.2. Geo Accumulation Index
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Figure 3: Histogram Showing the Geo Accumulation Index of All Samples

The calculated results for Igeo of heavy metals in soil in Osubi Dumpsites are assessed and illustrated in the figure above.
e The Igeo for Copper ranges from -4.8553 to -1.8148 with a mean value of -3.36369
e TheIgeo for Lead ranges from -6.00 to 1.078 with a mean value of -2.85656
e The Igeo for Cadmium which occur in only one sample is -1.415
e The Igeo for Manganese ranges from -6.7094 to -4.24 with a mean value of- 5.27699
e TheIgeo for Zinc ranges from -5.1054 to 0.9425 with a mean value of -2.58426
The mean value of Igeo decreased in the order of Mn > Cu > Pb > Zn > Cd.

3.2.3. Contamination Factor
The mean values of the contamination factor and pollution index of soils at 0-15 cm is presented in the table

below.
Cu Pb Mn Cd Zn
sample 1 0.168 0.2467 0.03267 ND 0.16285
sample 2 0.102727 0.1 0.01433 ND 0.03961
sample 3 0.112727 0.0933 0.01894 ND 0.065
sample 4 0.08545 0.2133 0.03277 ND 0.075
sample 5 0.0518 3.166 0.02461 ND 0.255
sample 6 0.06545 0.0233 0.05638 ND 0.085
sample 7 0.17818 0.0733 0.049 ND 0.71
sample 8 0.17 0.3833 0.064 ND 2.65428
sample 9 0.4263 1.6366 0.07955 4 2.8828
sample 10 0.08909 0.0866 0.07455 ND 0.234
MAX 0.4263 3.166 0.07955 4 2.8828
MIN 0.0518 0.0233 0.01433 4 0.03961
Mean 0.144972 0.60224 0.04468 0.263964 0.716354
S.D 0.108474 1.01983 0.023356 0 1.100159

Table 6: Contamination Factor Result
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Figure 4: Histogram Showing the Contamination Index of All Samples

The values for contamination factor (CF) of soils at 0-15 cm are presented in Table.
The CF values of copper ranged from 0.0518 to 0.426 with a mean value of 0.145...
The CF value of lead ranged from 0.0233 to 3.166 with a mean value of 0.602.
The CF value of manganese ranged from 0.0143 to 0.08 with a mean value of 0.045 The CF value of zinc
ranged from 0.0396 2.88 with a mean value of 0.595.
The mean values of CF at 0-15 cm increased in the order of Cd<Mn<Cu<Zn<Pb.

3.2.3.1. PLI (Pollution Load Index)
The table below shows the PLI values of the ten locations around Osubi and the mean values.

sample 1 0.1218
sample 2 0.049
sample 3 0.0599
sample 4 0.05559
sample 5 0.179
sample 6 0.051993
sample 7 0.146
sample 8 0.3
sample 9 0.91
sample 10 0.1077
MAX 0.91
MIN 0.049
Mean 0.198098
S.D 0.248444

Table 7: PLI Result

PLI

sample 1 sample 2 sample 3 sample 4 sample 5 sample & sample 7 sample B sample 9 sample 10

mPL

Figure 5: Histogram Showing the Pollution Load Index of All Samples

3.2.3.2. Ecological Risk Factor
The mean values of the Ecological Risk Factor of soils at 0-15 cm is presented in the table below
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Cu Pb Mn Cd Zn
sample 1 0.84 1.2335 0.03267 ND 0.16285
sample 2 0.5136 0.5 0.01433 ND 0.03961
sample 3 0.5636 0.4665 0.01894 ND 0.065
sample 4 0.427 1.0665 0.03277 ND 0.075
sample 5 0.259 15.83 0.02461 ND 0.255
sample 6 0.327 0.1165 0.05638 ND 0.085
sample 7 0.809 0.3665 0.049 ND 0.71
sample 8 0.85 1.9165 0.064 ND 2.65428
sample 9 2.1315 8.183 0.07955 120 2.8828
sample 10 0.44545 0.433 0.07455 ND 0.234
MAX 2.1315 15.83 -4.2368 12 0.9425
MIN 0.259 0.1165 -6.7094 12 -5.1054
Mean 0.716615 3.0112 -5.27699 -0.51639 -2.58428
S.D 0.512513 4.837479 0.810721 0 2.056333

Table 8: Table Showing Ecological Risk Factor Result

ECOLOGICAL RISK FACTOR

.:m‘\,"ER‘i'r HIGH RISK

0

sample3 sampled samples
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samplel sample2 sampleé sample? sample8 sample® sample 10

Figure 6: Histogram Showing the Ecological Risk Factor of All Samples

Er of Copper in the soil samples range between 0.259 - 2.1315.

Er of Lead range from 0.1165 - 8.183

Er of Manganese range from 0.02461 to 0.079

Cadmium which was inexistent in nine (9) samples but had a value of 12 in the only sample located
Er of Zinc range from 0.075 to 2.882.

3.3. Correlation of Heavy Metals Concentration
Pearson’s product of correlation coefficient was used to determine the relationship between heavy metal
concentrations of soil samples.
For correlation significance, the criteria value of probabilities (p<0.05 and p<0.01) was used. At 0-15 cm, Very strong
positive correlation was established between Pb/Cu and Zn /Mn.
Strong correlation was established between Mn/Cu.
Moderate correlation was established between Zn/Cu, Zn/Pb and Mn/Pb.

Cu Pb Mn Zn Cd
Cu 1
Pb 0.948836 1
Mn 0.826602 0.778174 1
Zn 0.772002 0.765918 0.931152 1
Cd ND ND ND ND 1

Table 9: Table Showing the Correlation Coefficient
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3.3.1. Comparison of Dumpsites
CU PB MN CD ZN
sample 1 9.25 3.7 29.4 <0.1 11.4
sample 2 5.65 1.5 12.9 <0.1 3.05
sample 3 6.2 1.4 17.05 <0.1 4.55
sample 4 4.7 3.2 29.5 <0.1 5.25
MEAN 6.45 2.45 22.2125 6.0625
Ccu PB MN CD ZN
sample 7 9.8 1.1 44.1 <0.1 49.7
sample 8 9.35 5.75 57.6 <0.1 185.8
sample 9 23.45 24.55 71.6 0.4 201.8
MEAN 14.2 10.46666667 57.76666667 0.4 145.7666667

Table 10: Table Showing the Heavy Metals Concentration in Osubi Municipal Dumpsite.

Cu Pb Mn Cd In
sample 1 2.85 47.5 22.15 <0.1 17.85
sample 2 3.6 0.35 50.75 <0.1 5.95
sample 3 4.9 1.3 67.1 <0.1 16.45
MEAN 3.783333333 16.38333333 46.66666667 13.41666667
Table 11: Showing the Heavy Metals Concentration in Control Samples
3.3.2. The Heavy Metals Concentration against World Standard Limits
The results of the analysis carried out are illustrated and tabulated in the figures and tables shown
below:
3.3.2.1. Copper
COPPER CONCENTRATION AGAINST WORLD LIMIT
B municipal dump 1 W abbattoirl CONTROL ® WHO/FAQ @ DUTCH STANDARD
- TN . I H.‘
cu
Figure 7:  Graphical Comparison of Copper with World Standards
municipal abattoir 1 CONTROL WHO/FAO DUTCH
dump 1 (WHO/FAO STANDARD
,2001)
Cu (Mg/Kg) 6.45 14.2 3.783 100 36

Table 12: Comparison of Copper with World Standards

The range and mean concentration of Copper in surface soil samples in Osubi dumpsites are summarized in
the table 13 above and illustrated in the figure 9 above.

3.3.2.1.1. Osubi Municipal Dumpsite
Copper concentration is 6.45 mg/kg and ranges from 4.7 to 9.25 mg/kg.

3.3.2.1.2. Osubi Abattoir Dumpsite
Copper concentration is 14.20 mg/kg and ranges from 9.35 to 23.45 mg/kg.

3.3.2.1.3. Control samples
Copper concentration is 3.78 mg/kg and ranges from 2.85 to 4.9 mg/kg.
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3.3.2.2. Zinc
ZINC CONCENTRATION AGAINST WORLD LIMIT
I l Il
Figure 8: Graphical Comparison of Zinc with World Standards
OSUBI 1 OSUBI 2 CONTROL WHO/FAO DUTCH
(WHO/FAO STANDARD
,2001) (Denneman,
1990)
ZN (Mg/Kg) 6.06 145.7667 13.41667 300 50
Table 13: Comparison of Zinc with World Standards
3.3.2.2.1. Osubi Municipal Dumpsite
Zinc concentration is 6.06 mg/kg and ranges from 3.05 to 11.40 mg/kg.
3.3.2.2.2. Osubi Abattoir Dumpsite
Zinc concentration is 145.7667 mg/kg and ranges from 49.7 to 201.8 mg/kg.
3.3.2.2.3. Control Samples
Copper concentration is 13.417 mg/kg and ranges from 5.95 to 17.85 mg/kg.
3.3.2.3.Lead
LEAD CONCENTRATIONS AGAINST WORLD
STANDARD
m O5UBI1 wm OSUBIZ CONTROL wWHO/FAO wmDUTCHSTANDARD
Figure 9: Graphical Comparison of Lead with World Standards
OSUBI 1 OSUBI 2 CONTROL WHO/FAO DUTCH
(WHO/FAO STANDARD
,2001) (Denneman,
1990)
PB 2.45 10.467 16.38 50 85
(Mg/Kg)

Table 14: Comparison of Lead with World Standards

3.3.2.3.1. Osubi Municipal Dumpsite
Lead concentration is 2.45 mg/kg and ranges from 1.4 to 3.7 mg/kg.

3.3.2.3.2. Osubi Abattoir Dumpsite
Lead concentration is 10.467 mg/kg and ranges from 1.1 to 24.55 mg/kg.

3.3.2.3.3. Control samples

Lead concentration is 16.38mg/kg and ranges from 0.35 to 47.5 mg/kg.
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3.3.2.4. Manganese
MANGANESE CONCENTRATIONS AGAINST WORLD
LIMIT
EOSUBI1  EOSUBI 2 CONTROL EWHO/FAD
MM
Figure 10: Graphical Comparison of Manganese with World Standards
OSUBI 1 OSUBI 2 CONTROL WHO/FAO
(WHO/FA0,2001)
Mn(Mg/Kg) 22.21 57.767 46.66 2000

3.3.2.4.1. Osubi Municipal Dumpsite

Table 15: Comparison of Manganese with World Standards

Manganese concentration is 22.21 mg/kg and ranges from 12.90 to 29.50 mg/kg. No Dutch limit for

Manganese.

3.3.2.4.2. Osubi Abattoir Dumpsite
Manganese concentration is 57.76 mg/kg and ranges from 44.1 to 71.60 mg/kg.

3.3.2.4.3. Control Samples
Manganese concentration is 32.916 mg/kg and ranges from 22.15 to 67.10 mg/kg.

3.3.2.5. Cadmium

CADMIUM CONCENTRATIONS AGAINST WORLD
LIMITS

m OSUBI1 m OSUBI2

S
cD

CONTROL WWHO/FAQ mDUTCH STANDARD

Figure 11: Graphical Comparison of Cadmium with World Standards

OSUBI 1 OSUBI 2 CONTROL | WHO/FAO DUTCH
(WHO/FAO STANDARD
,2001) (Denneman,
1990)
CD (Mg/Kg) ND 0.4 ND 3 0.8
Osubi Municipal Dumpsite

Table 16: Comparison of Cadmium with World Standards

Cadmium concentration is of low concentration, and thus is not registered in osubi municipal dumpsite).

3.3.2.5.1. Osubi Abattoir Dumpsite
Cadmium concentration is of low concentration in its various samples except sample 9, where it has a
concentration of 0.4mg/kg.
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3.3.2.5.2. Control Samples
Cadmium concentration is of low concentration, and thus is not registered in osubi municipal.

4. Discussion
4.1. Contamination Assessment

4.1.1. Geo-Accumulation Index
From the results obtained, the following values were deduced:
e Samples 1 - 4 falls under the designation value 0 of uncontaminated.
e Sample 5 is uncontaminated except Pb which is moderately contaminated.
e Sample 6,7,8 and 10 are uncontaminated except Zn in sample 8 which ranges from uncontaminated to
moderately contaminated.
e Sample 9 ranges from uncontaminated to moderately contaminated in both Pb and Zn and moderately
contaminated in Cd.
e The mean value of Igeo decreased in the order of Mn > Cu > Pb > Zn > Cd.

4.1.2. Contamination Factor
From the results obtained, the following values were deduced:
Samples 1 - 4 and sample 6 - 7 suffered low contamination.
e Sample 5 suffered low contamination except Pb which suffered considerable contamination
e Sample 8 suffered low contamination except Zn which suffered moderate contamination
e Sample 9 displayed moderate contamination for Pb and Zn, and considerable contamination for Cd.

4.1.3. Ecological Risk Factor
From the results obtained, the following values were deduced:
e E'r of Copper in the soil samples range between 0.259 - 2.1315 which indicates Low risk.
E'r of Lead range from 0.1165 - 8.183, which Low to moderate risk.
E’r of Manganese range from 0.02461 to 0.079, which indicates low risk.
Cadmium which was inexistent in nine (9) samples showed considerable risk (CR) in the only location it occurred.
E’r of Zinc range from 0.075 to 2.882 and fall within low risk (LR).

4.1.4. Pollution Load Index

From the results obtained, the following values were deduced:

All the values suggests no signs of pollution except sample 9

The sample of highest concentration is sample 9 of value 0.91 as against a baseline value of PLI is 1 .This value is close to
the baseline value ,and could still suggest strong signs of pollution or deterioration of site quality .It suggests input from
anthropogenic sources attributed to increased human activities .

4.1.5. Pearson’s Correlation

Very strong positive correlation was established between Pb/Cu and Zn /Mn.
Strong correlation was established between Mn/Cu.

Moderate correlation was established between Zn/Cu, Zn/Pb and Mn/Pb.
Weak correlation was established between Cd/Mn, Cd/Cu, Cd/Zn, and Cd/Pb.

4.1.6. Concentration of Heavy Metals Against World Limits

4.1.6.1. Zinc

4.1.6.1.1. Osubi Municipal Dumpsite
Zinc concentration is 6.06 mg/kg and ranges from 3.05 to 11.40 mg/kg which below the WHO/FAO (2001)
permissible limit of 300 mg/kg and below the Dutch standard (1994) permissible limit of 50 mg/kg.

4.1.6.1.2. Osubi Abattoir Dumpsite
Zinc concentration is 145.7667 mg/kg and ranges from 49.7 to 201.8 mg/kg which below the WHO/FAO (2001)
permissible limit of 300 mg/kg and above the Dutch standard (1994) permissible limit of 50 mg/kg.

4.1.6.1.3. Control samples
Copper concentration is 13.417 mg/kg and ranges from 5.95 to 17.85 mg/kg which below the WHO/FAO (2001)
permissible limit of 300 mg/kg and below the Dutch standard (1994) permissible limit of 50 mg/kg.
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4.1.6.2. Copper

4.1.6.2.1. Osubi Municipal Dumpsite
Copper concentration is 6.45 mg/kg and ranges from 4.7 to 9.25 kg mg/kg which below the WHO/FAO (2001)
permissible limit of 100 mg/kg and below the Dutch standard (1994) permissible limit of 36 mg/kg.

4.1.6.2.2. Osubi Abattoir Dumpsite
Copper concentration is 14.20 mg/kg and ranges from 9.35 to 23.45 mg/kg which below the WHO/FAO (2001)
permissible limit of 100 mg/kg and below the Dutch standard (1994) permissible limit of 36 mg/kg.

4.1.6.2.3. Control Samples
Copper concentration is 3.78 mg/kg and ranges from 2.85 to 4.9 mg/kg which below the WHO/FAO (2001)
permissible limit of 100 mg/kg and below the Dutch standard (1994) permissible limit of 36 mg/kg.

4.1.6.3. Lead

4.1.6.3.1. Osubi Municipal Dumpsite
Lead concentration is 2.45 mg/kg and ranges from 1.4 to 3.7 mg/kg which below the WHO/FAO (2001)
permissible limit of 50 mg/kg and below the Dutch standard (1994) permissible limit of 85 mg/kg.

4.1.6.3.2. Osubi Abattoir Dumpsite
Lead concentration is 10.467 mg/kg and ranges from 1.1 to 24.55 mg/kg which below the WHO/FAO (2001)
permissible limit of 50 mg/kg and below the Dutch standard (1994) permissible limit of 85 mg/kg.

4.1.6.3.3. Control samples
Lead concentration is 16.38mg/kg and ranges from 0.35 to 47.5 mg/kg which below the WHO/FAO (2001)
permissible limit of 50 mg/kg and below the Dutch standard (1994) permissible limit of 85 mg/kg.

4.1.6.4. Manganese

4.1.6.4.1. Osubi Municipal Dumpsite
Manganese concentration is 22.21 mg/kg and ranges from 12.90 to 29.50 mg/kg which below the WHO/FAO
(2001) permissible limit of 2000 mg/kg.

4.1.6.4.2. Osubi Abattoir Dumpsite
Manganese concentration is 57.76 mg/kg and ranges from 44.1 to 71.60 mg/kg which below the WHO/FAO
(2001) permissible limit of 2000 mg/kg.

4.1.6.4.3. Control Samples
Manganese concentration is 32.916 mg/kg and ranges from 22.15 to 67.10 mg/kg which below the WHO/FAO
(2001) permissible limit of 2000 mg/kg.

4.1.6.5. Cadmuim

4.1.6.5.1. Osubi Municipal Dumpsite
Cadmium concentration is of low concentration, and thus is not registered in osubi municipal dumpsite).

4.1.6.5.2. Osubi Abattoir Dumpsite

Cadmium concentration is of low concentration in its various samples except sample 9, where it has a
concentration of 0.4mg/kg which below the WHO/FAO (2001) permissible limit of 3 mg/kg and below the Dutch standard
(1994) permissible limit of 0.8 mg/kg.

4.1.6.5.3. Control Samples
Cadmium concentration is of low concentration, and thus is not registered in osubi municipal.

4.1.7. Comparison between the Two Dumpsites
From table 4 and table 5 above, the table for Osubi Dumpsites were obtained showing the concentrations of the
various heavy metals with their mean values, and the results are as thus:

4.1.7.1. Zinc
The Zinc mean concentration in Abattoir Dumpsite of 145.767 mg/kg is higher than 6.0625 mg/kg in Osubi
municipal Dumpsite.
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4.1.7.2. Copper
The Copper mean concentration in Abattoir Dumpsite of 14.2 mg/kg is higher than 6.45 mg/kg in Osubi municipal
Dumpsite.

4.1.7.3. Lead
The Lead mean concentration in Abattoir Dumpsite of 10.467 mg/kg is higher than 2.45 mg/kg in Osubi municipal
Dumpsite.

4.1.7.4. Manganese
The Manganese mean concentration in Abattoir Dumpsite of 57.767 mg/kg is higher than 22.213 mg/kg in Osubi
municipal Dumpsite.

4.1.7.5. Cadmium

The Cadmium concentration is inexistent in all locations except in Osubi Abattoir where it has a concentration of
0.4mg/kg.

Overall, it can be seen from the results that Osubi Abattoir Dumpsite has a higher concentration of heavy metals
than Osubi municipal Dumpsite.
The following could be reasons for such high differences in heavy metals:

e The ages of the Dumpsites: The Abattoir Dumpsite was created in 2008, while the municipal Dumpsite was
created in 2014. (Irabor Asibor et al ,2017).The older the dumpsite, the more concentration of heavy metals that is
assumed to accumulate.

e Type of waste deposited : Although according to (Irabor Asibor et al ,2017) ,The municipal Dumpsite receives
more waste monthly ,higher composition of the waste are inorganic products, such as Polythene products ,Plastic
and glass bottles ,paper, and the most being the scrap bottles and foam etc and the organic waste comprises of
3.56 % unlike the Abattoir dumpsite whose organic composition makes up for 7.62% of wastes.

e Sizes of Dumpsites : According to (Asibor et al ,2017) , The Abattoir Dumpsite occupies 400 x 200 m unlike The
municipal Dumpsite that occupies 600 x 400 m ,which is larger than the former .The implications of this ,involves
the concentration of heavy metals .A smaller dumpsite leads to a better concentrated accumulation of heavy
metals unlike a larger one where the concentrations are more discrete than the smaller one.

5. Conclusion and Recommendations

The heavy metals concentration of soils was used to calculate the enrichment factor, geoaccumulation index,
contamination factor and pollution load index of soils. The contamination assessment methods used in this study showed
that heavy metal contamination in soil at the study area was generally low except Zn and Pb concentrations in samples 5,
8 and 9 which indicated moderate contamination , moderate risk of Pb in the study area and slight signs of pollution in
location 9 of the study area .

From the test and results obtained from the research it was discovered that the heavy metal concentrations of soil
for both dumpsites in the study area fall within the permissible limits of the WHO and Dutch standards except Osubi
Abattoir heavy metal concentration of Zinc. This could be influenced by the materials dumped at each site, the
anthropogenic activities in the vicinity and the hyper accumulation potentials of the species at the site.

From the results and discussion, it has been observed that Osubi Abattoir dumpsite has more concentrations of
heavy metals than Osubi municipal dumpsite, which can be attributed to the high disposal of organic wastes in it, age and
size of the dumpsite.

The strong association between Pb/Cu. Mn/Cu, and Zn /Mn influenced by anthropogenic activities suggest a
similar source.

6. Recommendations

Based on the results obtained from this study, the following recommendations become necessary:

e Public enlightenment on health hazard associated with contaminated soil should be given to the populace by
health workers.

e There is need for public enlightenment of the populace on the effects of heavy metal concentration to humans and
plants.

e There should be provision of adequate disposal facilities by government authorities and agencies to each
residential area/household to aid proper refuse collection and effective disposal

e Solid waste dumpsite sites should be created by relevant authorities, and these sites should be far from residential
areas. By doing this, strict environmental laws and regulations should be put in place for anyone who breaks the
law, by this, people would be careful in the way and manner the dumpsite their waste.

e There is need for development of research and analytical capability for an effective information system on the
environment which should include a monitoring network to measure the result of government efforts to improve
the quality of the information passed across.

e Although the metal loading of the study area is presently low, further investigations should be conducted
periodically to assess the level of heavy metals in the marine environment of the Western Region in order to
assess health risk of the communities.
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