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ABSTRACT 
This study was conducted to assess the level of trace metal contamination of soil from the bulk oil storage and 
transportation facility in Buipe, Ghana. Soil samples were collected from the premises of the bulk oil storage and 
transportation facility in Buipe. Metal analysis of samples was conducted using Atomic Absorption Spectrometer at 
Atomic Energy Laboratory, Accra. Metal contamination was evaluated using mathematical models such as 
Contamination Factor, Degree of Contamination, Pollution Load Index (PLI), Enrichment Factor (EF) and Geo-
accumulation Index (Igeo). All the models used to identify possible levels of pollution from anthropogenic sources 
assented that contamination levels is in an increasing order of As<Zn<Pb<Co<Ni<Cu<Cr<Mn<Cd<Fe. The pollution load 
index of the various metals in the soil samples gave evidence of less pollution. The possible dangerous metals were slowly 
being deposited into the soil resulting from the activities of the BOST Company. Regular monitoring of the environment 
should be conducted to investigate the impact of the BOST facility on the environment. 
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INTRODUCTION  
Man’s activities through industrialization, urbanization, technological development and agricultural 
activities discharge heavy metals into the environment; water, land and air which has become a matter of 
concern over the past few decades. This is due to the characteristics of metals to cause objectionable 
effects by impairing welfare and reducing the quality of life in the environment. The presence of metal 
ions in the environment is detrimental to many living species [1]. Heavy metals affect flora, fauna and 
other abiotic components of the ecosystem by irreversibly binding to the active sites of enzymes, 
resulting in metabolic alterations and changes that pose severe health injury and hazard [2].Activities 
from industry, agriculture and transportation produce a large amount of wastes and various types of 
pollutants. Soil and water bodies have traditionally been used as sites for the disposal of all these 
wastes.Pollution from factories is said to be the number one source of pollution in the United States and 
many parts of the world [3]. The most common toxic soil pollutants include heavy metals and their 
compounds, organic chemicals, oils, tars and pesticides [4]. Soil pollution can lead to water pollution 
(toxic chemicals leaching into groundwater; contaminated runoff reaching streams, lakes or oceans). The 
ability of soil to sustain biological productivity, support ecosystem functions, and maintain environmental 
balances is intimately tied to the soil quality [5]. 
Trace element problems are therefore generally associated with soil properties on a regional or local 
basis. Background concentrations of trace elements in soils are important due to recent interest in 
contamination potential and toxic effect of these elements on humans and the environment [6]. The 
amount of pollutants and waste generated by industrial facilities has put significant stress on the 
environment [7,8].Some of the pollutants are trace elements, oil and grease. Trace elements contaminated 
soil is a common problem faced by many countries and there is increasing awareness of trace elements 
present in soil which have negative consequences on human health and on the environment [9]. Unlike 
developing countries, trace elements distribution in soils is well documented for many cities of developed 
countries [10]. 
In Ghana, trace element assessments in the environment are mainly concentrated on the mining areas 
[11,12] and other major industrial cities, such as Accra and Tema [13]. However, little literature and/or 
data exist on the contribution of small-scaled factories to trace elements and chemical residues pollution 
in the soil in other cities of the country. The oil storage facility has been operating in Buipe since 
2007.Each depot comprises 2 No 10,000 cum fixed roof diesel storage and 1 No 10,000 cum floating roof 
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gasoline storage tank (a total of 6 tanks for the total project). The BOST (Bulk Oil Storage and Transport) 
company of Ghana has large petrol reservoirs where petrol and other products are transported via pipes 
from Juapong up to Buipe and then carted by vehicles to Bolgatanga, Wa and neighbouring Burkina Faso.  
This facility has got a very big yard where vehicles conveying the petroleum products from the facility to 
various destinations are parked. At the place where the vehicles are parked, some reservoirs are buried 
underground containing petrol where the petrol is drawn to fill the tanker vehicles. During the filling of 
the tankers, some of the petroleum products can spill accidentally on the soil which can contaminate the 
surrounding soils. The structures of the facility are mainly made of metals, and some have undergone 
various degrees of chemical transformation, thereby having the potential of polluting the surrounding 
soils. In addition to the obsolete equipment, wastes from the factory are potential sources of trace 
element contaminants of nearby soil resources. The study was to assess the quality of soil in the vicinity 
of a bulk oil storage and transportation factory in Buipe. 
 
MATERIALS AND METHODS 
Study Area 
Buipe is the district capital of the Central Gonja District in the Northern Region of Ghana, lying just north 
of the upper reaches of Lake Volta. The Central Gonja District is located at the southern end of the 
Northern Region of Ghana. It shares boundaries in the north with the Tamale Metropolis, the Kintampo 
North District of the Brong-Ahafo Region in the south, East Gonja District in the East and the West Gonja 
District in the West. It covers a total land area of 8,353 km2, representing 12% of the total landmass of the 
Northern Region. The land form of the district is low lying but gently undulating at altitudes ranging 
between 150m to 300m above sea level though some parts average 600m.  
The area is traversed by two major rivers - the White Volta, which flows longitudinally through the 
district, and the Black Volta, which forms the district’s southern boundary with the Kintampo North 
District. The Central Gonja District lies within the tropical continental zone. Annual rainfall is unevenly 
distributed and limited to six months (May to October). The mean annual rainfall ranges between 1000 
mm and 1500 mm with its peak in September. It has a slightly longer rainy season than the rest of the 
northern region. Relative humidity is between 70% and 90% during the rainy season but is as low as 20% 
during the long dry season. Temperatures are generally high and exhibit seasonal variation. The district 
has a mean annual temperature of 35°C with the maximum temperature of about 40°C usually recorded 
around March to April. Temperatures are lowest, on average 22°C, between November and January due to 
the influence of the north-easterly winds otherwise known as harmattan. Soil types found in the district 
are alluvial, laterite and savanna ochrosols. Alluvial soils are potentially fertile and are mostly found along 
the two Volta Rivers, their tributaries and the large plains. Because of the proximity of limestone deposits, 
Buipe is the proposed location of a cement works. The oil storage facility is sited in about 50 metres away 
from the toll booth when coming from Kumasi to Tamale at Buipe. The White Volta passes through the 
town making it an important terminus point. There are few rapids on the eastern end of the river towards 
Akosombo. The presence of limestone has attracted SAVACEM, a cement company to set up cement 
production plants in Buipe. The BOST (Bulk Oil Storage and Transport) company of Ghana has also built 
petrol reservoirs in Buipe where petrol and other products are transported via pipes from Juapong up to 
Buipe and then carted by Lorries to Bolgatanga, Wa and neighboring Burkina Faso [14]. 

 
Plate1: Map of Ghana showing Buipe 
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Soil Sampling, Analysis and Quality Assurance 
Soil samples were collected from the study area on October 2012. Samples (0–20cm) were randomly 
collected from the study area with the aid of a soil auger from the non-paved area of the facility and also 
broom was used to sweep some soil samples from the paved surface. Control samples (0-20cm) from an 
area far from the facility where oil storage activities are absent were also collected. The samples were 
kept in plastic bags and transported to the laboratory(Ghana Atomic Energy Commission (GAEC), 
Accra)for subsequent sample preparation and chemical analysis.The samples were separated, air-dried in 
a dust-free place at room temperature for 3 days and grounded to homogenize or have uniform 
composition.The samples were sieved with a 2 mm sized mesh, homogenized and packed in polyethylene 
bags for acid digestion. Approximately 0.5g of each soil sample was measured into a tufflin bucket. 6 ml of 
concentrated H2NO3 acid, 3 ml HCL, and 5 drops of H2O2 were added to the sample in a hood. The tufflin 
bucket was tightened and fixed in a rotar for 21 minutes. The rotar was placed in a microwave oven and 
programmed for the machine to commence the digestion process. Each sample had its own programme. 
The digested sample was diluted to 20 ml and transferred into a test tube. The concentrations of trace 
metals were determined by shimadzu model AA 6300 of AAS machine and UV spectrophotometry. 
Quality assurance 
Strict QA/QC measures were adopted to ensure reliability of the results. All chemicals and reagents used 
were of high purity. Glassware used was cleaned thoroughly with detergent and rinsed several times 
using deionized water. Deionized water was used for all dilution purposes. For the purposes of detection 
and quantification limits of the AAS, a blank solution was read 25 times, and the standard deviations were 
calculated for the noise levels generated for each of the elements of interest. The detection limit (LOD) for 
each element was achieved as follows: LOD= 3XS 
Where S is the standard deviation of the blank readings and m represents the gradient of the calibration 
curve for each element. The limit of quantification was calculated using 10 s/m. The accuracy and 
reproducibility of the analytical procedure was determined by spiking and homogenizing three replicates 
of each of three samples selected at random. Triplicate of each sample was spiked with three different 
concentrations of the element of interest as follows: Cd (0.5, 2.0, and 3.0 mg/l), Cr (1.0, 2.0, and 5 mg/l), 
Ni (2.0, 5.0, and 10.0 mg/l), Co (2.0, 5.0, and 8.0 mg/l), Fe (2.0, 5.0, and 10.0 mg/l), Zn (0.25, 0.5, and 1.0 
mg/l), and Pb (2.0, 5.0, and 10.0 mg/l) and treated in a similar manner as the samples. The absorbances 
measured by the AAS were converted to concentrations using standard calibration curves. One thousand 
milligrams per liter single element standards of the elements of interest, obtained from Fluka Analytical 
(Sigma Aldrich Chemie GmbH, Switzerland), were diluted using 10 % HNO3and used to generate the 
calibration curves for the AAS analysis.  
Assessment of Trace Metal Contamination 
Contamination Factor 
To assess the extent of contamination of heavy metals in soil at the bulk oil storage and transportation 
(BOST) facility, contamination factor and degree of Contamination has been used [15].  
The Cifis the single element index which is determined by the relation: 
Cif= Cio – 1      …………….  (1) 

Cin 
Where Cif is the contamination factor of the element of interest, Cio–1 is the concentration of the element 
sample,Cinis the background concentration, in this study the continental crustal average has been used 
(Taylor and McLennan, 1985).Cifis defined according to four categories: <1 low contamination factor, 1-3 
moderate contamination factors, 3-6 considerable contamination factors and >6 very high contamination 
factor. 
Degree of Contamination 
The sum of the contamination factors of all the elements in the sample gives the degree of contamination 
as indicated in the equation below: 
Cdeg = ΣCif………………………………………(2) 

 
Four categories has been defined for the degree of contamination as follows; <8 low degree of 
Contamination, 8-16 moderate degree of contamination, 16-32 considerable degree of contamination and 
>32 very high degree of contamination. 
Pollution Load Index 
The soils atthe bulk oil storage and transportation (BOST) facility was assessed for the extent of metal 
pollution by employing the method based on the pollution load index (PLI) developed by [16] is as 
follows: 
 
PLI = n√ (CF1 × CF2 × CF3 × ..... CFn)...….(3) 
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Where n is the number of metals studied and CF is the contamination factor calculated as described in an 
earlier equation. The PLI provides simple but comparative means for assessing a site quality, where a 
value of PLI < 1 denote perfection; PLI = 1 present that only baseline levels of pollutants are present and 
PLI >1 would indicate deterioration of site quality [16]. 
Enrichment Factor 
For each sampling site, EF (enrichment factor) at one determined soil depth may be calculated as the:  
EF= is as follows:  
EF= [Cx/Cref] sample[Bx/Bref]Background…………………………………………………(4)  
Where: Cx = content t of the examined element in the examined environment  
Cref= content of the examined element in the reference environment;  
Bx = content of the reference element in the examined environment; and  
Bref= content of the reference element in the reference environment; 
Five contamination categories are recognized on the basis of the enrichment factor: EF<2 states 
deficiency to minimal enrichment, EF = 2-5 moderate enrichment, EF = 5-20 significant enrichment, EF = 
20-40 very high enrichment and EF>40 extremely high enrichment [17, 18].  
Index of Geoaccumulation 
The index of geoaccumulation (Igeo) is widely used in the assessment of contamination by comparing the 
levels of heavy metal obtained to a background levels originally used with bottom sediments [20].  
It is calculated using the equation: 

Igeo= log2 (Cn/1.5Bn)……………………… (5) 
Cn is the measured concentration of the heavy metal in soilat the bulk oil storage and transportation 
(BOST) facility and Bn is the geochemical background concentration of the heavy metal (crustal average) 
[19].The constant 1.5 is introduced to minimize the effect of possible variations in the background values 
which may be attributed to lithologic variations in the sediments [20].  
The following classification is given for geoaccumulation index [21, 22] :<0 = practically unpolluted, 0-1 = 
unpolluted to moderately polluted, 1-2 = moderately polluted, 2-3 = moderately to strongly polluted, 3-4 
= strongly polluted, 4-5 = strongly to extremely polluted and >5 = extremely polluted. 
Statistical Analysis 
The geo-accumulation indices (Igeo) and pollution load indices (PLIs) were calculated using Microsoft 
Excel 2007. The standard deviations, mean elemental concentrations, minimum values, maximum values, 
standard deviations and Pearson’s correlation matrix were executed for the soil data using SPSS version 
16 software. 
 
RESULTS AND DISCUSSION 
The concentrations (mg/kg) of eleven (Cr, Hg, Cu, Zn, Mn, Fe, Pb,Cd,Ni,As and Co) different metals in the 
surface of the soils at different sampling point around the bulk oil storage and transportation facility 
together with the world average value are showed in table 1. The current study revealed that all the 
metals given above were present in all the samples collected in lower concentrations. The lowest 
documented or recorded mean concentration value in the soil samples was Mercury (0.001mg/kg) while 
Iron recorded the highest mean concentration (197.11mg/kg) of the samples. The mean Fe level in the 
analysed soil samples did not exceed the intervention level of 32000 mg/kg [28] which means no 
potential threat to humans and crucial environmental media such as water bodies. Comparing the mean 
concentrations of the metals, in this study to that of the road dust studied in Ketu-South by Addo et al. 
[23]. Its obvious that the mean concentrations of the metals from this study were lower than that of the 
Ketu-South. The only exception was Fe which had its mean concentrationhigher than that of the study 
conducted in Ketu-South. This signifies that the soil from the current study area is endowed with Fe than 
that of the Ketu-South. The study revealed that, the oil storage and transportation activities have not yet 
impacted negatively on the soil. 
 

Table-1-Heavy Metal Concentration values in Soils from the Selected Sites in the Bulk Oil Storage and 
Transportation (BOST)Facility(mg/kg) 

SAMPLE Cr Hg Cu Zn Mn Fe Pb Cd Ni As Co 
H 1 4.27 <0.001 4.17 3.19 68.12 192.75 2.67 0.05 1.33 0.05 1.24 
H 2 4.81 <0.001 4.44 2.61 41.02 190.53 2.53 <0.002 1.47 0.04 0.85 
I 1 5.59 <0.001 4.53 2.99 41.32 191.04 2.88 <0.002 1.84 0.04 1.33 
I 2 6.81 <0.001 4.81 3.23 43.48 186.72 2.28 <0.002 1.55 0.03 1.23 

J 1 6.41 <0.001 4.4 3 37.87 187.37 3.39 0.07 1.63 0.03 0.87 
J 2 7.07 <0.001 4.72 3.32 51.06 187.32 3.55 0.07 1.73 0.03 1.63 
K 1 5.76 <0.001 4.95 4.03 39.51 193.25 3.17 0.15 1.99 0.03 1.19 
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K 2 8.56 <0.001 7.83 3.97 50.4 194.48 3.47 0.33 2.85 0.03 1.8 
L 1 2.17 <0.001 8.85 4.27 29.32 197.11 4.23 0.23 3.01 0.08 1.41 
L 2 10.8 <0.001 8.65 4.73 49.91 196.58 6.93 0.16 2.93 0.08 1.47 
Mean 6.23  5.74 3.53 45.2 191.71 3.51 0.11 2.03 0.16 0.13 
StD 2.37  1.9 0.68 10.45 3.7835 1.33 0.1 0.65 0.02 0.3 
Min 2.17  4.17 2.61 29.32 186.72 2.28 0.05 1.33 0.03 1.8 
Max 10.8  8.85 4.73 68.12 197.11 6.93 0.33 3.01 0.08 0.13 
Mean world's  90 - 14 95 850 32000 20 0.3 - - 19 
Contamination Factor of Trace Metals 
The contamination factor of each of the metals was computed and results given in the table 2. The result 
disclosed that the values of contamination factor of the metals Cr, Cu, Zn, Mn, Pb, Cd,Ni, As and Co were 
less than 1 implying low contamination from anthropogenic sources. The exception to these metals was 
Fe which showed high contamination in all the soil samples analysed.  
 

Table -2-Result of Contamination Factor 
Sample Cr Hg Cu Zn Mn Fe Pb Cd Ni As Co 

H1 0.06 - 0.06 0.02 0.129 5.51 0.03 0.05 0.03 0.003 0.04 
H2 0.06 - 0.06 0.01 0.077 5.44 0.03 0 0.04 0.002 0.03 
I1 0.07 - 0.06 0.02 0.078 5.46 0.03 0 0.05 0.002 0.04 
I2 0.09 - 0.06 0.02 0.082 5.34 0.02 0 0.04 0.001 0.04 
J1 0.09 - 0.06 0.02 0.071 5.35 0.03 0.07 0.04 0.001 0.03 
J2 0.09 - 0.06 0.02 0.096 5.35 0.04 0.07 0.04 0.001 0.05 
K1 0.08 - 0.07 0.02 0.075 5.52 0.03 0.15 0.05 0.001 0.04 
K2 0.11 - 0.1 0.02 0.095 5.56 0.04 0.33 0.07 0.001 0.06 
L1 0.03 - 0.12 0.02 0.055 5.63 0.04 0.23 0.08 0.005 0.05 
L2 0.14 - 0.12 0.02 0.094 5.62 0.07 0.16 0.07 0.005 0.05 
Mean 0.08 - 0.08 0.02 0.085 5.48 0.04 0.11 0.05 0.002 0.04 

 
Pollution Load Index of the Trace Metals 
The pollution load index is used to measure the degree of contamination of the metals in the soil.The 
computed values of PLI indicate that Fe has the highest value of 5.58whileAsrecorded the lowest value of 
0.002. PLI=1 indicates that the metal loads close to the background level and above 1 indicates pollution. 
Looking at the pollution load indices of the metals computed in the table 3, all the metals fall below 1 with 
the exception of Fe which has it PLI value above the background level of 1. The PLI of heavy metals shows 
an increasing order: As<Zn<Pb<Co<Ni<Cu<Cr<Mn<Cd<Fe. The degree of contamination of the soil 
samples studied are computed in the table 3, Fe recorded the highest value of degree of contamination of 
54.78 while As recorded the lowest value of degree of contamination of 0.02. Comparing the degree of 
contamination and the pollution load indices of all the metals in the soil under this study with that of the 
work done by Mmolawa et al. [24], assessment of heavy metals in roadside soil in Botswana, it revealed 
that the current study have lower values than the work done in Botswana. The work done in Botswana 
showed strong pollution level whereas the current study in Buipe showed minimal pollution in the soil. 
Lower values of PLI imply no appreciable input from anthropogenic sources [25].With the exception of Fe 
which has greatest PLI and degree of contamination values which can be attributed to natural processes. 
 
 

Table-3-Result of Pollution Load Index and Degree of Contamination 

Elements 
Pollution Load 
Index 

Degree of 
Contamination 

Cr 0.08 0.83 
Cu 0.07 0.76 
Zn 0.02 0.18 
Mn 0.08 0.85 
Fe 5.48 54.78 
Pb 0.03 0.35 
Cd 0.04 1.06 
Ni 0.06 0.51 
As 0.002 0.02 
Co 0.04 0.43 
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Enrichment Factor of Trace Metals 
The enrichment factor (EF) of heavy metals under this study was computed for each soil samples relative 
to the background value of the element in continental crust average value of the metals (Table 4). 
Basically, as the EF values increase the contribution of anthropogenic origins also increase [26]. 
According to Zhang, and Liu [26], the EF value between 0.5-1.5 indicate the metal is entirely from crusted 
material or natural processes, whereas EF greater than 1.5 suggest the source is more likely to be 
anthropogenic. The study revealed that the main source of heavy metal concentration of the soil at bulk 
oil storage and the transportation facility in Buipe is from natural processes and not due to human related 
activities. However, the EF value of Fe (1) falls within the range 0.5-1.5 given by Zhang, and Liu [27] 
which signifies that Fe is from a natural process or crusted material or lithogenic source.  
 
Table-4-The Result of Enrichment Factor 
Sample Cr Cu Zn Mn Fe Pb Cd Ni As Co 
H1 0.01 0.01 0.003 0.02 1 0.01 0.01 0.01 0.0006 0.008 
H2 0.01 0.01 0.002 0.01 1 0.01 0.0004 0.01 0.0005 0.005 
I1 0.01 0.01 0.003 0.01 1 0.01 0.0004 0.01 0.0005 0.008 
I2 0.02 0.01 0.003 0.02 1 0.01 0.0004 0.01 0.0003 0.008 
J1 0.02 0.01 0.003 0.01 1 0.01 0.013 0.01 0.0003 0.005 
J2 0.02 0.02 0.003 0.02 1 0.01 0.013 0.01 0.0003 0.01 
K1 0.01 0.01 0.004 0.01 1 0.01 0.027 0.01 0.0003 0.007 
K2 0.02 0.02 0.004 0.02 1 0.01 0.059 0.01 0.0003 0.011 
L1 0.01 0.02 0.004 0.01 1 0.01 0.04 0.01 0.0009 0.008 
L2 0.03 0.02 0.004 0.02 1 0.01 0.028 0.01 0.0009 0.009 
Mean 0.02 0.01 0.003 0.02 1 0.01 0.0191 0.01 0.0005 0.008 
 
Geoaccumulation Index (Igeo) 
Geoaccumulation Index (Igeo) and Pollution Load Index (PLI) were used to quantify the amount or 
concentrations of pollution in the soil. Table 5 shows the geoaccumulation index (Igeo) of the various 
metals within the target soil. The result indicates that the target soil is practically unpolluted since most 
of the metals recorded Igeo values less than zero (0). The only exception is with Fe which is the only 
metal that falls within the range of 1-2. Hence, the soil ismoderately polluted which can be attributed to 
natural source. The source of the rest of the metals may be attributed to anthropogenic activities from the 
oil storage facility. 
 
Table-5-Results of Geo-accumulation Index (Igeo) 

Sample Cr Hg Cu Zn Mn Fe Pb Cd Ni As Co 
H1 -4.72 - -4.75 -6.56 -3.55 1.88 -5.81 -4.82 -5.49 -8.73 -5.18 
H2  -4.55 - -4.66 -6.84 -4.28 1.86 -5.89 -9.55 -5.35 -9.14 -5.72 
I1 -4.33 - -4.63 -6.65 -4.27 1.86 -5.70 - -5.03 -9.14 -5.08 
I2 -4.05 - -4.55 -6.54 -4.19 1.83 -6.04 - -5.28 -9.70 -5.20 
J1 -4.13 - -4.68 -6.64 -4.39 1.84 -5.47 -4.49 -5.21 -9.70 -5.70 
J2 -3.99 - -4.58 -6.5 -3.96 1.84 -5.4 -4.49 -5.11 -9.07 -4.79 
K1 -4.29 - -4.51 -6.22 -4.33 1.88 -5.56 -3.35 -4.92 -9.70 -5.25 
K2 -3.72 - -3.85 -6.24 -3.98 1.89 -5.44 -2.17 -4.39 -9.70 -4.64 
L1 -5.69 - -3.67 -6.14 -4.76 1.91 -5.15 -2.72 -4.32 -8.14 -4.99 
L2 -3.38 - -3.70 -0.99 -3.99 1.91 -4.44 -3.23 -4.36 -8.14 -4.94 

 
Correlation Matrix of Trace Metals 
The correlation results from the table 6 signified that some pairs of metals such as Zn/Cu (r=0.86), 
Fe/Cu(r=0.79), Fe/Zn(r=0.77), Pb/Zn(r=0.79), Ni/Cu(r=0.97), Ni/Zn(r=0.87) and Ni/Fe(r=0.79) showed 
strong positive correlation at 1 % significant level. The study also observed strong positive correlations 
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between some elements such as Pb/Cu (r=0.75), Cd/Cu(r=0.77), Ni/Pb(r=0.73), Ni/Cd(r=0.84), 
As/Cu(r=0.67), As/Fe(r=0.75) and As/Pb(r=0.69) at 5 % significant level.The source of Cd/ Ni and Cd/Cu 
in the soilat the bulk oil storage and transportation (BOST) facility in Buipe is believed to come from 
wear-and-tear of tyres, combustion of fuel (especially diesel) and oil/lubricants, which are known to 
contain trace levels of cadmium.Strong correlations signify that each paired metals have common 
contamination sources. Mn and Co were the metals found not to correlate with any of the metals, which 
signifies that their distribution is not regulated or controlled by any of the trace metals. Significant 
correlations were found between most of the metals. This result indicates that these metals may have 
possible common pollution sources, as well as common sink in the soil profile [20]. 
 

Table-6-Correlation Matrix of Trace Metals in Soils 
Metals Cr Cu Zn Mn Fe Pb 
Cr 1.00 

     Cu 0.20 1.00 
    Zn 0.40 0.86** 1.00 

   Mn 0.30 -0.23 -0.08 1.00 
  Fe -0.71 0.79** 0.77** -0.03 1.00 

 Pb 0.50 0.75* 0.79** -0.03 0.60 1.00 
Cd 0.20 0.77* 0.62 -0.3 0.60 0.20 
Ni 0.30 0.97** 0.87** -0.29 0.79** 0.73* 
As -1.86 0.67* 0.57 -0.05 0.75* 0.69* 
Co 0.40 0.57 0.57 0.28 0.40 0.36 

**. Correlation is significant at the 0.01 level (2-tailed).*. Correlation is significant at the 0.05 level (2-
tailed). 
 
CONCLUSION 
This research provided the determination and quantification of the overall metal level in soils at the 
surrounding of the Bulk Oil Storage and Transportation facility at Buipe, Ghana with their concentrations 
ranging as follows; Cr (2.17-10.80mg/kg), Hg (0-<0.001mg/kg), Cu (4.17-8.85mg/kg), Zn (2.61-
4.73mg/kg), Mn (29.32-68.12mg/kg), Fe (186.72-197.11mg/kg), Pb (2.28-6.93mg/kg), Cd (0.05-
0.33mg/kg), Ni (1.33-3.01mg/kg), As (0.03-0.08mg/kg) and Co (1.80-0.13mg/kg). Enrichment factor 
(EF), geo-accumulation index (Igeo), contamination factor (CF) and Pollution Load Index (PLI) were used 
in the assessment of level of metal contamination in the study area. The mean Igeo and CF gave the same 
tendency of contamination levels as in the case of the EF. EF revealed to be an effective tool in 
distinguishing between natural origins from anthropogenic source of contamination for the metals under 
studied. The study revealed that the distribution of trace metals in the study area is not seriously 
influence by anthropogenicactivities and natural processes.Regular monitoring of the environment 
should be done to investigate the impact of the BOST facility on the environment. 
ACKNOWLEDGMENT 
The authors would like to thank staff of Ghana Atomic Energy Commission (GAEC)for analysis the 
samples. 
Conflict of Interests 
The authors declare that there is no conflict of interests regarding the publication of this paper. 
 
REFERENCES 
1 Benhima H, Chiban M, Sinan F,Seta P,  Persin M (2008). Removal of lead and cadmium ions from aqueous sodium 

by adsorption onto micro-particles of dry plants.Colloids Surf. B: Biointerfaces, 61: 10-16. 
2 Rau UN,Amit P (2002). Health hazards and Heavy metals. Int. Soc. Environ. Bot., 8(1): 1-5. 
3 Minar J (2010). Pollution Caused by Factories. 2010 http://www.articleclick.com/Article/Pollution-Cause-By-

Factories/3232. Retrieved on 18th October, 2013. 
4 Singh AK (2001). Elemental chemistry and geochemical partitioning of heavy metals in road dust from Dhanbad 

and akaro Region, India. 
5 Doran JW, Parkin TB (1994). Defining and assessing soil quality. Defining Soil Quality for a Sustainable 

Environment. American Society of Agronomy; Soil Science Society of America, SSSA Spec. Publ., 35: 3–21, 
Madison, WI. 1994. 

6 Slagle A, Skousen J, Bhumbla D, Sencindiver J, McDonald L (2004). Trace Element Concentration of Three Soils in 
Central Appalachia. Soil Survey Horizons,45(3): 73-85. 

7 Barman SC, Kisku GC, Salve PR, Misra D, Sahu RK,Ramteke PW, Bhargava SK (2001). Assessment of industrial 
effluent and its impact on soil and plants. J Environ Biol. 22(4): 251-256. 

Cobbina et al 

http://www.articleclick.com/Article/Pollution-Cause-By-


RJCES Vol 2 [3] June 2014 47 | P a g e           © 2014 AELS, INDIA 

8 Kabata-Pendias A (2004). Soil–plant transfer of trace elements. An environmental issue Geoderma,122(2-4): 
143-149. 

9 Abrahams PW (2002). Soils: Their implications to human health. The Science of the Total Environ, 291: 1-32. 
10 Thuy HTT, Tobschall HJ, An PV (2000). Distribution of heavy metals in urban soils – a case study of Danang-

Hoian Area (Vietnam).Environl. Geology, 39(6): 603-610. 
11 Nyarko BJB, Adomako D, Serfor-Armah Y, Dampare SB, Adotey DK, Akaho EHK (2006). Biomonitoring of 

atmospheric trace element deposition around an industrial town in Ghana. RadiatPhys Chem.,75(9): 954–958. 
12 Serfor-Armah Y,Nyarko BJB,Adotey D, Dampare SB,Adomako D (2006). Levels of arsenic and antimony in water 

and sediment from Prestea, a gold mining town in Ghana and its environs. Water, Air, and Soil pollution, 175: 
181-192. 

13 Affum HA,Oduro-Afriyie KV, Nartey V K,Adomako D, Nyarko BJB (2008). Biomonitoring of airborne heavy metals 
along a major road in Accra, Ghana. Environ Monit Assess, 137: 15–24. 

14 Ghana Districts, (2013). A repository of all districts in the republic of Ghana. Retrieved from 
http://www.ghanadistricts.com on 20th December, 2013.  

15 Rastmanesh F, Moore F, Kopaei MK, Keshavarziand B,Behrouz M, (2010). Heavy metal enrichment of soil in 
Sarcheshmeh copper complex, Kerman Iran. Environ. Earth Sci. 62: 329-336. 

16 Thomilson DC, Wilson DJ, Harris CR, Jeffrey DW (1980). Problem in heavy metals in estuaries and the formation 
of pollution index HelgolWissMeeresunlter,33(1–4) 566–575. 

17 Kartal S, Aydin Z, Tokahoglu S (2006). Fractionation of metals in street sediment samples by using the BCR 
sequential extraction procedure and multivariate statistical elucidation of the data. J. Hazard. Mater. 132: 80-89. 

18 Yongming H, PeixuanD, Junji ES (2006). Multivariate analysis of heavy metal contamination in urban dusts of 
Xi’an, Central China. Science of the Total Environment,355: 176-186. 

19 Taylor SR,McLennan SM (1985). The Continental Crust: Its Composition and Evolution. Blackwell Scientific 
Publications, Oxford. 

20 Lu X, Wanga L, Li LY, Lei K,Huang L, Kang D (2010). Multivariate statistical analysis of heavy metals in street dust 
of Baoji, NW China. J. Hazardous Mat., 173: 744-749. 

21 Huu HH, Rudy S, Damme AV (2010). Distribution and contamination status of heavy metals in estuarine 
sediments near CauOng harbor, Ha Long Bay, Vietnam. Geol. Belgica,13(1-2): 37-47. 

22 Muller G (1969). Index of geoaccumulation in sediments of the Rhine River.  J. Geol. 2:108-118. 
23 Addo MA, Darko EO, Gordon C, Nyarko BJB,Gbadago JK (2012). Heavy Metal Concentrations in Road Deposited 

Dust at Ketu-South District, Ghana. International Journal of Science and Technology,2(1): 2224-3577. 
24 Mmolawa KB,Likuku AS,Gaboutloeloe GK(2011). Assessment of heavy metal pollution in soils along major 

roadside areas in otswana.African J. Environmental Science and Technology,5(3): 186-196. 
25 Chakravarty M, Patgiri AD (2009). Metal pollution assessment in sediments of the dikrong river, N.E. India.J Hum 

Ecol. 27(1): 63-67. 
26 Sutherland RA (2000). Bed sediment-associated trace metals in an urban stream, Oahu, Hawai.Environmental 

Geology, 6: 611–627. 
27 Zhang J, Liu CL (2002). Riverine composition and estuarine geochemistry of particulate metals in China-

Weathering features, anthropogenic impact and chemical fluxes. Estuary Coast Shelf S.54: 1051-1070. 
28 Lacatsu R, Citu D, Aston J, Lungu M, Lacatusu AR (2009). Heavy metals soil pollution state in relation to potential 

future mining activities in the Rosia Montana area. Carpathian Journal of Earth Science, 4(2): 39-50. 
 

Cite this article 
Cobbina, S. J., Nsonwah, E., Duwiejuah, A. B. and Nkoom, M. Assessment of Trace Metals in Soil at the Bulk Oil Storage 
and Transportation (BOST) Facility in Buipe, Ghana. Res. J. Chem. Env. Sci. Vol 2 [3] June 2014. 40-47 

 
 

Cobbina et al 

http://www.ghanadistricts.com

