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ABSTRACT

Spent oil contaminated soil from a mechanic workshop located in Gwagwalada Area Council of
Abuja, FCT of Nigeria, was assessed of heavy metals (Fe, Pb, CD, Cu, Cr, Ni and Zn)
concentration. Soil samples were collected from seven points at depth 0- 15 cm, wet digested in
duplicates with 2 M HNOj; in a closed system and concentrations of heavy metals analyzed by
Atomic Absorption Spectrophotometer. The order of the mean concentration of heavy metal content
in the contaminated sample and control soil were Fe> Zn > Cu >Pb > Cr > Ni > Cd and Fe > Cr > Zn
> Pb > Cu > Ni > Cd respectively. The range (mg/kg) of the heavy metals in the contaminated soil
were: 158.55 for Fe, 0.01 for Cd, 17.14 for Cu, 3.17 for Cr, 1.96 for Ni, 16.40 for Zn and 60.41 for
Pb. There was an indication that Ni had the same source in the contaminated soil with Fe and Zn,
having shown a correlations at r= 0.69; p = .043 and r= 0.85; p = .008 respectively while total
organic matter and Carbonate content (r = - 0.96; p < 0.001), showed inverse correlation. The
degrees of contamination, potential ecological risk factor and potential risk index of the heavy metals
in all the points of the mechanic workshop were of low grade. The mean geo-accumulation index,
lgeo, Values for the various metals in the different points were all negative. Therefore, the heavy
metals have not caused any harm yet to the mechanic workshop under study. The findings of this
study would add to the environmental database of the soil of this mechanic workshop, which in due
course, will assist in the monitoring, management and remediation strategies for heavy metal
contaminated soil.
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insecticides, weedicides, fumigant; industrial
waste; radio active pollutants; biological agents;
pollutants from automobiles, urban waste,

1. INTRODUCTION

The natural soil environment is clean without any

pollutant that would affect the existence of plants
and animals negatively. Pollution is the
introduction of harmful substances into a natural
environment, usually by humans [1], These
harmful substances originate from agricultural
chemicals such as pesticides, fertilizer,

treated timber, lead paints, accidental spills and
leakages of chemicals and oil, [2,3]. The
pollutants could hamper human health, the
quality of life or the natural functioning of the
ecosystem by causing instability, disorder, harm
or discomfort to the physical systems or living
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organisms therein [4]. Improper waste disposal
and detrimental soil management methods have
greatly reduced soil quality, thus resulting to soil
pollution.

Oil spillage caused by vandalized oil pipeline,
indiscriminate disposal of oil at the mechanic
workshops, filling stations, loading and pumping
station, accidental spills during drilling from oil
wells, spillage during refueling and lubrication of
trucks and trains, etc; has been a concerned
issue over the years [5] as these incident cause
serious pollution of the soil environment.

In cities of developing countries such as
Gwagwalada in the Federal Capital territory,
Abuja Nigeria, there has been an increase in
population with high demand for both new and
fairly used cars. The maintenance of these cars
has been backed up by the springing up of
several auto mechanic workshops to meet up
with the repairs and servicing of these cars due
to constant use. The servicing of these cars
which involves mostly the change of the spent oil
in the engine to new oil for effectiveness and
efficiency of the car engine, has lead to the
dumping of the spent motor oil indiscriminately
on the soil [6].

This spent motor oil are disposed into gutters,
water drain, open vacant plots and farmlands, a
common practice by motor mechanics and
generator mechanics [7]. Spent motor oil
contains heavy metals among other chemical
pollutants [4,5, 8-9] and include: Lead, Arsenic,
Zinc, Barium, Chromium, Copper, Arsenic,
Calcium, Aluminum and Cadmium; which result
from wear and tear of the engine parts when the
oil, which serves as a lubricant, burns inside the
engine during use [7,10]. The heavy metals have
adverse physiological effects at relatively low
concentration and bio-accumulate across the
food chain in the ecosystem as they are
absorbed into the living tissues without been
excreted because they are non-biodegradable.
With time, they become toxic: causing serious
health problem to plants and animals (man
inclusive) such as cardiovascular, kidney and
liver problems; anemia, tremor and
consequently, resulting in death [4-5, 10-13].
Spent oil in the soil results to poor aeration,
immobilization of soil nutrients and lowers the pH
of the soil [7], which could be an unsatisfactory
and detrimental condition to soil organisms; and
could reduce growth and productivity of plants.

Therefore, there is a need to check the level of
these heavy metals in mechanic workshop soil

so as to provide useful environmental information
and data for future monitoring to avoid alarming
concentrations of these heavy metals in the soll
environment.

2. MATERIALS AND METHODS
2.1 Sample Preparation and Analysis

Soil samples were collected from seven different
spots of the mechanic workshop at the 0 -15 cm.
The sampling was carried out with a shovel that
was washed with soap and distilled water prior to
sampling. The soil samples were stored in a
black polyethylene bag and labelled accordingly.
At the laboratory, the samples were air dried for
1 week and passed through a 2mm sieve. The
physicochemical properties of the soil were
determined as  follows: total  Calcium
trioxocarbonate (IV) [14]; wet Digestion of Soll
samples for metal analysis of: Fe, Cd, Cr, Cu, Ni,
Zn and Pb; carried out in duplicates using 2M
HNO; [15-17]; pH in water and KCl was done
using the ph meter [18]; organic matter of the soil
samples were determined based on Walkey-
Black method according to the procedure of
Estefan et al [14].

The data obtained were subjected to statistical
analysis. One-way ANOVA analysis was use to
test the significant difference of the mean of the
heavy metals. Descriptive was to reveal the
minimum, maximum, mean and standard
deviation of the concentrations of the heavy
metals obtained after AAS analysis. Correlation
analysis was used to ascertain the probable
common source of the heavy metal pollutants in
the contaminated soil [19, 20].

2.2 Pollution Indices

Some indicators were used to assess and
interpret the contamination status of each heavy
metal in the contaminated soil. These indicators
include contamination factor, degree of
contamination, ecological risk factor, and index of
geo-accumulation etc.

2.2.1 Contamination factor

Contamination factor is used to express the
contamination of a given toxic substance [21].

Mathematically, it is expressed as

& (1)
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Where:
Cfi = the contamination factor of a single
metal;
C} = the measured concentration of the
metal in the sample;
Ci = the background concentration of the

soil according to DPR [22]

Contamination factor is defined according to four
categories [23]:

Contamination factor values < 1 =
low contamination factor,

1 < Contamination factor value < 3 =
moderate contamination,
3 < Contamination factor value < 6 =

considerable contamination) and
Contamination factor value > 6 =
very high contaminated)

2.2.2 Deqgree of contamination

The sum of the contamination factors of all the
elements in the sample is referred to as the
degree of contamination, which is mathematically
expressed as:

n
Cp = Z c}
i=1

Where:
Cp = Degree of contamination
C,E' = Contamination factor of a single
element i
n = Count of the heavy metal

()

According to Hakanson, the degree of
contamination in soil and sediments may be
termed the sum of pollution [21]. Four categories
has been defined for the degree of contamination
as follows; (< 8 indicates low degree of
contamination), (8-16 indicates moderate degree
of contamination), (16-32 indicates considerable
degree of contamination) and (>32 indicates very
high degree of contamination) [23]

2.2.3 Potential Ecological risk factor

Hakanson [21] stated that potential ecological
risk factor was initially only applicable to water
pollution control but have in recent times been
effectively applied to determine the extent of
pollution in soils and sediments. Therefore, this
factor evaluates the potential harm of a given
heavy metals in the studied soil. The categories
of potential ecological risk factor and Index are
as shown on (Table 1).

The proposal by [21] as shown in equation (3)
was followed in determining the potential
ecological risk index of the heavy metals studied
in the contaminated soil.

Ef = Tfx C} 3)
Where:

E} = the potential ecological risk factor of
single metal,

Tfi = the toxicity response factor of a given
metal; and

Cf" = Contamination factor of a single
element, i

Table 1: Categories of E} and RI [20]

Ranges of Potential Categories of Potential

Ranges of Potential  Categories of

Ecological risk Ecological risk risk index potential risk index
<40 Low RI <150 Low grade
40 < E; <80 Moderate 150 <RI < 300 Moderate
80 < E} <160 Higher 300 < RI <600 Sever
160 < E} < 320 High 600 <RI Serious
320 = Ef serious
Table 2: Classification of geo-accumulation index

_lgeo Value Class Soil Quality
<0 0 Uncontaminated
0-1 1 From Uncontaminated to moderately contaminated
1-2 2 Moderately contaminated
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From moderately contaminated to strongly contaminated
Strongly contaminated

From strongly contaminated to extremely contaminated
Extremely contaminated

The toxicity response factors of metals [21] are:
Cd=30;Cr=2;Cu=Pb=Ni=5;Zn=1

The Potential Ecological risk index was
calculated based on equation (4), which is a sum
of the potential ecological risk of the single heavy
metal in the sample from each spot. The format
of calculating degree of contamination applies to
potential risk index.

n
RI = Z El 4)
(i=1)

Where:
Efi = the potential ecological risk factor of
single metal;
Rl = the potential ecological risk index of
many metals

n= Count of the heavy metal

2.2.4 Index of Geo-accumulation

Index geo-accumulation is used to assess the
effects of heavy metal contamination on
agriculture and man [24]. Therefore, it is used to

determine the extent of metal pollution as
proposed by Muller [25].
Mathematically, it is stated as:
Ci
lgeo = log, 1.512'}% (5)
Where:
C. = the measured concentration of the metal in
the sample;

Ci = the background concentration of the soil
according to [22]
Iy = Index of geo-accumulation

1.5 is the correction factor for compensating the
background data as a result of lithogenic effects.
The classification of geo-accumulation index is
presented in (Table 2) as reported by [26].

3. RESULTS AND DISCUSSION

3.1 Physicochemical
Soil

Properties of the

The results of some physicochemical properties
of the soil from the mechanic workshop are as
presented in (Table 3). The pH of the soil was
found to be slightly alkaline. The pH of the
contaminated soil sample determined in water
ranged from 7.33 to 7.51 with a mean value of
7.41+0.06 while the pH of the soil in KCI ranged
from 7.26 to 7.58 with a mean value of
7.43+0.011. It was also found that there was no
significant difference in all the values of pH
obtained from the various soil samples, whether
in water or in KCI. The pH values obtained were
in line with those reported in the literatures, [27-
28]. Though other authors [4, 29], reported pH
that were slightly acidic.

The Electro-conductivity of the soil was found to
range from 1151 to 1182 with a mean value of
1161.86+10.84. However, it was found to be
much higher than that reported by Ekeocha and
Anunuso [30]. This high electro-conductivity
could be due to the high ionic concentration of
the heavy metals in the contaminated soil which
would, in due course, leach into the underground
water, thus, making the water unfit for animal and
human consumption. The Carbonate content
ranged from 1.48 to 1.86 % with a mean
concentration of 1.64 + 0.13 %, which was lower
than that reported by [27]. The mean value of the
total Organic matter of the soil was found to be
3.20+0.25% as it ranged from 2.73 to 3.49.

3.2 Heavy Metal Concentrations

The heavy metals of interest were detected in the
soil analyzed, though Cadmium concentrations
for some spots were below the detection limit of
the instrument, AAS, used for the analysis. The
concentrations of the heavy metals in the
contaminated soil are shown in Table 4 while the
descriptive analyses of the heavy metal
concentration are presented in Table 5.

3.2.1 Iron concentration

Among the heavy metals determined, Iron had
the highest concentration as predicted and was
detected in all the spots of the mechanic
workshop, with concentration ranging from
331.56+3.42 to 490.11+£0.004 mg/kg which was
lower than the range, 748- 70,606 +10114.3
mg/kg, reported in the literature by Nwachukwu



et al [31- 32]. The mean concentration of Fe was
419.64+60.74 mg/kg, lower than, 11,776mg/kg
reported by some authors [33] and the
background value of the Department of
Petroleum resources [22]. There was an extreme
significant  difference between this mean
concentration of Fe in the sample and the
concentration of Fe in the control soil 11.14+0.04
mg/kg, at p< 0.05, showing the impact of the
spent motor oil on the mechanic workshop soil.
Also, the mean concentration of Fe was found to
be extremely higher than the concentrations of
Cd, Cu, Cr, Ni, Zn and Pb (p<0.001) in this study.
However, since Iron is present in the red blood
cells and helps in the transportation of oxygen in
the blood from lungs to the tissues, it is not
considered dangerous to health [32, 34].

3.2.2 Cadmium concentration

The concentration of cadmium in some spots
was below the detection limits of the instrument
used. It ranged from ND to 0.011+0.01mg/kg
while the mean concentration of the cadmium in
the contaminated soil was 0.01+0.01mg/kg.
There was no significant different between the
Cadmium concentration of the sample
(0.01£0.01mg/kg) and that of the control soil
(0.01£0.01  mg/kg). However, the mean
concentration of Cd was significantly lower than
those of Cu (p = 0.006), Zn (p= 0.001) and Pb (p
= 0.007) and Fe (p = 0.001). Also, the cadmium
concentration was found to be lower than those
of: DPR background value and intervention
values; Dutch target; UK allowable limits and
other international standards. The cadmium
concentration from this contaminated soil was
lower than that reported in some literatures [31,
35-36].

Table 3: Physicochemical properties of the experimental soil (0-15 cm)

Sample pHin water pHin KCI Electro- Carbonate Total Organic
size conductivity content % Matter (%)
7 7.39 74 1161 1.65 3.1978

7 7.45 7.43 1157 1.59 3.25

7 7.40 7.53 1163 1.48 3.42

7 7.51 7.58 1182 1.66 3.20

7 7.33 7.26 1151 1.74 3.1

7 7.38 7.37 1168 1.86 2.73

7 7.42 7.45 1151 1.53 3.49

Min 7.33 7.26 1151 1.48 2.73

Max 7.51 7.58 1182 1.86 3.49

Mean +SD  7.41+0.06 7.43+0.011  1161.86+10.84 1.6440.13 3.20+0.25




Table 4: Heavy metal concentration of the soil samples

Sampling spots

Heavy metals (mg/kg)

Fe Cd Cu Cr Ni Zn Pb
1 490.11£0.01 ND 59.1040.021 10.15+0.01 4.18+0.05 115.441+1.48 60.57+1.42
2 331.56+£3.42 0.011£0.01 55.55+1.91 9.44+1.25 3.36+0.94 121.6212.63 19.14+1.55
3 387.2412.22 ND 48.71+£3.16 6.98+2.66 3.07+0.55 124.32+0.13 28.92+4 .17
4 461.19+1.81 ND 50.42+2.28 8.51+1.49 4.02+0.03 119.75+0.87 44.68+3.82
5 373.174£2.59 0.002+0.12 47.33+4.25 9.22+0.79 2.22+1.47 107.9216.56 79.55+4 .97
6 408.57+0.43 ND 41.96+3.44 10.05+0.02 4.00+0.11 122.38+1.42 51.13+5.30
7 485.62+4.11 ND 55.7442.22 8.88+1.83 3.92+0.09 120.54+3.81 65.78+1.66
Control 11.14+0.04 0.01+0.01 0.91+1.28 10.43+4.01 0.78+0.21 5.83+2.98 3.99+1.18
Value = mean £SD, n =2
Table 5: Some descriptive analysis of the contaminated soil
Sample size Metals Range Min Max Mean+SD
7 Fe 158.55 331.56 490.11 419.64+60.74
7 Cd 0.01 ND 0.011 0.01+0.01
7 Cu 17.14 41.96 59.10 51.264+5.90
7 Cr 3.17 6.98 10.15 9.03+1.07
7 Ni 1.96 2.22 4.18 3.54+0.71
7 Zn 16.40 107.92 124.32 118.85+5.55
7 Pb 60.41 19.14 79.55 49.97+21.06




3.2.3 Copper concentration

The concentration of copper in the contaminated
soil ranged from 41.96+3.44 to 59.095+0.02
mg/kg. The mean concentration of the copper in
the contaminated soil was 51.26+5.90 mg/kg,
which was significantly higher than that of the
control soil, 0.91+1.28 mg/kg, signifying the
impact of the work done at the mechanic
workshop. The concentration of Cu was
statistically difference from the concentrations of
Fe (p = 0.000), Cd (p=0.006); Cr (p=0.036); Ni
(p=0.012) and Zn (p=0.000) but did not differ
significantly with that of Pb (p = 1.000). The
Copper concentration was lower than the
intervention value of DPR, EEC guideline, UK
allowable limits, Astria allowable limits and
France but higher than the background value of
DPR and Dutch target value, Germany threshold
values, Canadian criteria [37] and Sweden
allowable limits. The Cu concentration reported
by [31, 35, 36] were all lower that the
concentration found in this study.

3.2.4 Chromium concentration

Chromium was present in all the samples of the
contaminated soil analyzed, with concentration
ranging from 6.984+2.66 to 10.15+0.006 mg/kg.
The mean concentration of the chromium in the
contaminated soil was 9.03+1.07 mg/kg. There
was no significant difference between the
concentration of Chromium in the contaminated
soil, 9.03+1.07 mg/kg and that of the control sail,
10.43+4.01 mg/kg. More so, the mean
concentration of Cr differed significantly with the
concentrations of Fe (p < 0.001); Cu (p = 0.036);
Zn (p < 0.001) and Pb (p = 0.046). The
concentration of Chromium was lower than the
allowable concentrations presented by most
countries: France, Canada, Sweden, Austria,
Germany, UK, Europe, Dutch and that of DRP. A
Chromium concentration of 12.9 mg/kg [33] was
higher than that from this study.

3.2.5 Nickel concentration

The range of the Nickel concentration in
the contaminated soil was 2.22+1.47 to
4.18+0.049 mg/kg, with a mean concentration of
3.54+0.71 mg/kg. The Nickel concentration in the
sample soil, 3.54+0.71 mg/kg, did not
differ significantly with that of the control soil
0.78+0.21 mg/kg at p < 0.05. However, in the
contaminated soil, the concentration of Ni was
significantly lower than the concentrations of
those of Fe (p = 0.001); Cu (p = 0.012); Zn (p =
0.001) and Pb (p = 0.016). The mean

concentration of Nickel was found to be lower
than the concentration limits stated by DPR,
Austria, Germany, UK, France, Canada, Europe,
Dutch and Sweden.

3.2.6 Zinc concentration

The concentration of Zinc ranged from
107.92+6.56 to 124.32+0.127 mg/kg, though the
mean concentration was 118.85+5.55 mg/kg.
The Zinc concentration of the sample sail,
118.85+5.55 mg/kg was significantly higher than
that found in the control soil, 5.83+2.98 mg/kg.
An extreme significant difference was observed
between the mean concentration of Zn and all
the other heavy metals at p = 0.001. The
concentration of Zinc in the contaminated soil
was within the allowable concentration of some
countries as shown on Table 6 but exceeded that
of Canada. The Zinc concentration reported by
Abdullah et al [35] was higher than that in this
study while Karim et al [33] reported a
concentration of 123.03 mg/kg similar to 124.32
mg/kg in this study.

3.2.7 Lead concentration

Lead was present in all the samples obtained
from the different spots of the mechanic
workshop and range from 19.14+1.55 to
79.55+4.97 mg/kg. The mean concentration of
Pb in the control soil was 3.99+1.18 mg/kg. The
concentration of Pb in the contaminated soil,
49.97+21.06 mg/kg, was significantly higher than
that of the control soil, 3.994£1.18 mg/kg, at p <
0.05. However, the mean concentration of Pb
was statistically different from the mean
concentration of Fe (p = 0.001); Cd (p = 0.007);
Cr (p = 0.046); Ni (p = 0.016) and Zn (p = 0.001).
Though the concentration of Lead was lower
than permissible limits stated by DPR, France,
Austria, Germany, UK EEC and Dutch, it
surpassed the allowable concentrations in
Canada and Sweden. Karim et al [33] reported
higher concentration of Pb.

The order of the mean concentration of heavy
metal content in the sampled soil was Fe> Zn >
Cu >Pb > Cr > Ni > Cd whereas, the
concentration profiles of the metals in the soil of
Iwegbue et al [38] followed the order Fe > Pb >
Cr>2Zn > Ni > Cu > Cd. In both study, Iron had
the highest concentration while Cd had the least
concentration. More so, the order of the mean
concentration of the heavy metals in the control
soil was Fe > Cr > Zn > Pb > Cu > Ni > Cd. The
concentration order of Fe, Pb, Ni and Cd in the
contaminated site and control of this study were
the same.



Table 6: Comparisons with some international guidelines

Heavy metals (mg/kg)

Fe Cd Cu Cr Ni Zn Pb
Present study 419.64 0.01 51.26 9.03 3.54 118.85 49.97
Background value, DPR 4700 0.8 36 100 35 140 85
Intervention value DPR 17 190 380 210 720 530
Dutch target value 0.8 36 100 35 140 85
EEC guideline values 1-3 140- 150 -300 50- 300
(1993) 300
UK allowable limits 3 135 400 75 300
Germany allowable 1 40 60 50 150 70
limits
Germany threshold 04-15 20-60 30-100 15-70 60-200 40-100
values
Austria allowable limits 1-2 60-100 100 50 -70 100
Sweden allowable limits 04 40 60 30 40
Canadian Criteria 0.5 30 20 20 60 25
(CCME)
France allowable limits 2 100 150 50 100
ECDGE [36], DPR [22], CCME [37], lwegbue et al [29]
From the control site of Iwegbue et al [29], they the contaminated soil [19-20]. The linear
reported concentrations of 0.93 mg/kg for Cr; 4.8 relationship  between two variables are
mg/kg Zn; 2.6 mg/kg for Pb lower than that of the  ascertained on a scale of between -1 (negative
control of this present study and 1.8 mg/kg for or inverse relationship) to +1 (positive or

Cu; 4.1 mg/kg for Ni; 1893 mg/kg for Fe
concentration, higher than that of the control site
of this present study. The Cd concentration of
their control site and control site of the present
study were below dictation Ilimit of the
instruments used. The control concentration of
this study were lower than that reported by Ozulu
et al [28], with Pb, Fe, Cu, Zn, and Cd
concentration as 0.95 mg/kg, 999.88 mg/kg
13.11 mg/kg 23.11 mg/kg and 2.06 mg/kg
respectively. Higher concentrations of Pb, Fe,
Cu, Ni were reported from the control sites of
Iwegbue et al [38]: 0.93 mg/kg for Cr, 1.8 mg kg-
1 for Cu, 4.8 mg/kg for Zn, 2.6 mg/kg for Pb,
1893 mg/kg for Fe, and 4.1 mg/kg for Ni, Cd was
below their dictation limit: while Cr, Ni and Cd
concentrations reported herein were higher than
the concentration reported by Iwegbue et al [38].
Whereas, llemobayo and Kolade [6] reported
heavy metal concentrations (Fe, 611.24mg/kg;
Cd 0.00mg/kg; Cu 124 mg/kg; Cr 115 mg/kg; Ni
43.57mg/kg; Zn 693 mg/kg Pb 218 mg/kg) which
were higher than the concentrations in this study.

3.3 Data Analysis

Correlation analysis of soil Heavy metal and
other parameters of the contaminated soil are
presented in Table 7. The correlation analysis is
used to explore the inter-metal relationships of
the heavy metals and ascertain the probable
common sources of the heavy metal pollutants in

sympathetic relationship). IBM SPSS Statistics
21 software package was used to analyze the
correlation analysis between the heavy metal
concentrations, pH in water, pH in KCI,
Carbonate content, and Total organic matter
content of the contaminated soil.

The mean concentration of Fe was found to be
significantly correlated with Cd (r = -.711; p =
.037) and Ni (r = 0.69; p = .043). Therefore, the
strong negative correlation between Fe and Cd,
implies that they were from different sources
while Fe and Ni, with strong positive correlation,
are from the same origin. More so, Zn and Ni
were found to be significantly correlated at r =
0.85; p = .008. There is an indication that Ni has
the same source in the contaminated soil with Fe
and Zn. Other parameters that correlated
significantly to each other include: pH in KCI and
pH in water, with strong positive correlation (r =
0.84; p = .009), showing that either water or KCI
electrolytes can be used for the determination of
the pH of the soil; Carbonate content and Cr (r =
0.68, p = .048), indicating that the availability of
Chromium is influenced by the carbonate content
of the soil [39] total organic matter and
Carbonate content (r = - 0.96; p < 0.001),
showed inverse correlation which agreed with the
findings of Shetye et al [40]. Fe, Cd, Cu, Ni, Zn
and Pb did not have any significant correlation
with any of the physicochemical properties of the
soil whether at 0.05 or 0.01 level of significance.



This implies that these six heavy metals were of
anthropogenic origin. However, only Chromium
was significantly correlated with the carbonate
content of the soil.

In addition, significant correlation were found
between Fe, Cd, Ni, Zn, Cr, Carbonate, pH
water, pH KCI and organic matter. However, Cu
and Pb were found not to have any significant
correlation with any of the other parameters at
all.

The calculated contamination factors, which
represent the impact of the individual heavy
metal element on the soil from the different spots
analyzed, are presented on (Table 8). The
highest contamination factor of Fe, 0.10, was
from spot 1 and 7 while the mean contamination
factor was 0.09. The maximum and mean values
of the contamination factor of Cd were 0.01 each,
whereas, those of Cu were: 1.64 and 1.42
respectively. The maximum and mean
contamination factor of Cr, Ni, Zn and Pb were:
0.1 and 0.09, 0.12 and 0.1, 0.89 and 0.85, 0.94
and 0.59 respectively. The categories of the
contamination factor of the single heavy metals
were of low contamination for Fe, Cd, Cr, Ni, Zn
and Pb while Copper was of moderate
contamination. The moderate contamination of
copper in the mechanic workshop could have
originated from some mechanical parts of the
cars that are plated with copper, a content of the
gasket sealant and anti-seize compound, a
component of bronze which is used in making
crankshaft and camshaft bearings [41-42].

Stratson [42] also mentioned that other sources
of copper could be from: Leaching from oil
coolers, leaks from cooling systems, external
contaminates and from excessive wear. Copper
was also reported to have originated from
additives, such as anti-wear and corrosion
inhibitors additives, that were added to engine oil
used in the crankershaft of the car [43-45]. From
(Table 8), the degrees of contamination of the
heavy metals in all the soils of the spots in the
mechanic workshop were low. This could imply
that the mechanic workshop has Ilow
contamination.

The values of the potential ecological risk factor
of the different points in the mechanical
workshop under study are shown in (Table 9),
ranged from: 0.00 to 0.41 for Cd; 5.83 to 8.21 for
Cu; 0.14 to 0.20 for Cr; 0.32 to 0.60 for Ni; 0.77
to 0.89 for Zn; and 1.13 to 4.68 for Pb. The mean
values of the potential ecological risk factor of the
heavy metals are: 0.10, 7.10, 0.18, 0.50, 0.84,
and 2.93 for Cd, Cu, Cr, Ni, Zn and Pb
respectively. According to the categories of the
potential ecological risk factor by Hu et al [20]
presented on (Table 1), the potential ecological
risk factor of all the heavy metals studied were
found to have low potential ecological risk factor.

The potential risk index of the heavy metals in
the soil from all the studied spot were found to be
of low grade as shown in (Table 9). Therefore,
the heavy metals have not caused any harm to
the mechanic workshop under study.

Table 7: Correlation coefficient matrix for soil parameters

Fe Cd Cu Cr Ni Zn Pb  pHH,O pH Cond. Carbonate O.M
KCI
Fe 1
Cd -711 1
Cu 373 2711 1
Cr 146 183 .138 1
Ni 690" -265 .306 .332 1 R
Zn .600 -.435 194 -004 .848 1
Pb 467 -540 -.063 .363 -.144 -274 1
pHH,O 205 .186 .295 -230 .531 .317 -557 1
pHKCI 281 -139 188 -607 .472 .551 -602 .840 1
Conductivity .225 -.282 -288 -.142 490 .430 -.347 .648 647 1
Carbonate -.076 -125 -597 676 .045 -.171 .390 -324 -563 230 1 N
O.M .188 .062 .649 -.610 -.097 .029 -.155 .286 459 -315 -.959 1

* Correlation is significant at the 0.05 level (1-tailed).
**_Correlation is significant at the 0.01 level (1-tailed).
0O.M= Organic matter

Table 8: Values of contamination factor and degree of contamination of contaminated soil



Sampling Contamination factor Degree of

spots contamination

Fe Cd Cu Cr Ni Zn Pb Cq
1 0.10 0.00 1.64 0.10 0.12 0.89 0.71 3.56
2 0.07 0.01 1.54 0.09 0.10 0.82 0.23 2.86
3 0.08 0.00 1.35 0.07 0.09 0.87 0.34 2.80
4 0.10 0.00 1.40 0.09 0.11 0.86 0.53 3.09
5 0.08 0.00 1.31 0.09 0.06 0.77 0.94 3.25
6 0.09 0.00 1.7 0.10 0.11 0.87 0.60 2.94
7 0.10 0.00 1.55 0.09 0.11 0.86 0.77 3.48
Min 0.07 0 1.17 0.07 0.06 0.77 0.23 2.37
Max 0.1 0.01 1.64 0.1 0.12 0.89 0.94 3.80
Mean 0.09 0.01 1.42 0.09 0.1 0.85 0.59 3.15
C} category  Low low  Moderate low low low low

cont. cont. cont. cont. cont. cont. cont.

Table 9: Values of potential ecological risk factor and Potential risk index

Sampling spot El RI
Cd Cu Cr Ni Zn Pb
Spot 1 0 8.21 0.2 0.6 0.89 3.56 13.46
Spot 2 0.41 7.72 0.19 0.48 0.82 113 10.75
Sot 3 0 6.77 0.14 0.44 0.87 1.7 9.92
Spot 4 0 7 0.17 0.57 0.86 2.63 11.23
Spot 5 0.08 6.57 0.18 0.32 0.77 4.68 12.6
Spot 6 0 5.83 0.2 0.57 0.87 3.01 10.48
Spot 7 0 7.74 0.18 0.56 0.86 3.87 13.21
Min 0 5.83 0.14 0.32 0.77 1.13 9.92
Max 0.41 8.21 0.2 0.6 0.89 4.68 13.46
Mean 0.10 7.10 0.18 0.50 0.84 2.93 11.67
El Low Low Low Low Low Low

Table 10: Geo- accumulation index of the heavy metals of the contaminated soil

Sampling spots Fe Cd Cu Cr Ni Zn Pb
Spot 1 -3.85 ND 0.13 -3.88 -3.65 -0.75 -1.07
Spot 2 -4.41 -6.77 0.04 -3.99 -3.97 -0.86 -2.74
spot 3 -4.19 ND -0.15 -4.42 -4.10 -0.78 -2.14
Spot 4 -3.93 ND -0.10 -4.14 -3.71 -0.81 -1.51
Spot 5 -4.24 -9.23 -0.19 -4.02 -4.56 -0.96 -0.68
spot 6 -4.11 ND -0.36 -3.90 -3.71 -0.77 -1.32
Spot 7 -3.86 ND 0.05 -4.07 -3.74 -0.80 -0.96
Min -4.41 ND -0.36 -4.42 -4.56 -0.96 -2.74
Max -3.85 -6.77 0.13 -3.88 -3.65 -0.75 -0.68
Mean -4.07 -8.81 -0.08 -4.05 -3.89 -0.82 -1.35
lgeo Value(min) 0.00 0 0.00 0.00 0.00 0.00 0.00
lyeo Value(max) 0.00 0.00 1.00 0.00 0.00 0.00 0.00
lyeo Value(mean) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
l4eo Class 0 0 0 0 0 0 0
Category of lgeo Uncont. Uncont. Uncont. Uncont. Uncont. Uncont. Uncont.

The aim of geo-accumulation index was to the background concentration as stated by DRP
compare the concentration of the heavy metal in Nigeria [22]. The calculated geo-accumulation
content of the mechanic workshop with that of index is presented in (Table 10).

Table 11: Levels of the pollution indices studied
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Pollution  Spot 1 Spot 2 Spot 3 Spot 4 Spot 5 Spot 6 Spot 7

indices

(o Low Low Low Low Low low Low

RI Low grade Low grade Lowgrade Low grade Low grade Low Low
grade grade

C, = degree of contamination
RI = Potential risk index

The minimum, maximum and mean values of the
lgeo Of the metals in each spot analyzed are: for
Fe, -4.41, -3.85 and -4.07; Cd, ND, -.6.77 and -
8.81; Cu, -0.36, 0.13, -0.08; Cr, -4.42, -3.88 and -
4.05; Ni -4.56, -3.65 and -3.89; Zn, -0.96, -0.75
and -0.82; and Pb -2.74, -0.68 and -1.35
respectively. The minimum values of the all the
lgeo OF the metals were negative, except Cadmium
whose concentration was below detection limit.
The maximum I, of the metals under
consideration were negative though that of
copper concentration was positive, 0.13. The
mean lg, values for the various metals in the
spots were all negative. Following the
classification of the lge, 0N (Table 2),
there is an indication that the spots analyzed are
uncontaminated as revealed on (Table 10).

4. CONCLUSION

The heavy metals (Fe, Cd, Cu, Cr, Ni, Zn and
Pb) determined in the soil from different spots of
the mechanic workshop were compared with the
heavy metals from the control soil samples and
some international guideline. The order of the
mean concentration of heavy metal content in the
contaminated soil was Fe> Zn > Cu >Pb > Cr >
Ni > Cd wwhile the order of the mean
concentration of the heavy metals in the control
soil was Fe > Cr > Zn > Pb > Cu > Ni > Cd. The
concentration order of Fe, Pb, Ni and Cd in the
contaminated site and control of this study were
the same. The results showed that the
concentrations of the heavy metal in the soil
samples were below the intervention
concentration stated by DPR. The degrees of
contamination of the heavy metals in all the
points of the mechanic workshop were low. Also,
all the heavy metals studied were found to have
low potential ecological risk factor. The potential
risk index of the heavy metals in the soil from all
the studied spot were of low grade. Therefore,
the heavy metals have not caused any harm to
the mechanic workshop under study. The mean
lgeo Vvalues for the various metals in the spots
were all negative. Based on the classification of
the lgo, there was an indication that the
spots analyzed were uncontaminated. Therefore,
soil pollution assessment using C4, Rl and
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lgeo indices confirmed that the soil in the
mechanic workshop was uncontaminated.
Thus, this study could be used to monitor the
progressive pollution of this particular mechanic
workshop.

COMPETING INTERESTS

Authors have declared that no competing

interests exist.

REFERENCES

1. Gammon K. Pollution Facts and Types of
Pollution. (2012). Assessed April 2016.
Available:

http://www.livescience.com/22728-
pollution-facts.html

Cornell Waste Management Institute
(CWMI). Sources and impact of
contaminants in  soil. ND.Assesses
September 2017:
http://cwmi.css.cornell.edu/sourcesandimp
acts.pdf

Petruzzelli G, Gorini F, Pezzarossa B,
Pedron F. The fate of pollutants in sail,
CNR, Institute of the Ecosystem Studies
(ISE), Pisa (ltaly), 2010. Assessed on
September 2017:
http://dta.cnr.it/publications/other_publicati
ons/PIAS/PIAS-C1.pdf

Adelakan BA and Adegunde KD “Heavy
metal contamination of soil and
underground water at auto mechanic
villages in Ibadan, Nigeria” International
Journal of Physical Sciences, 2011;
6(5):1045-1058

Abdulsalam S, Adefila SS, Bugaje IM,
Ibrahim S. Bioremediation of Sail
Contaminated With Used Motor Oil in
a Closed System.Journal of
Bioremediation and biodegradation, 2012;
3(12): 172-179

llemobayo O, Kolade |. Profile of heavy
metals from Automobile workshop in
Akure, Nigeria. Journal of Environmental



10.

11.

12.

13.

14.

15.

Science and Technology, 2008; 1 (1): 19-
26, 2008.

Achuba FI. and Peretiemo-Clarke BO.
Effect of spent engine oil on soil catalase
and dehydrogenase activities. International
Agrophysics 2008 22: 1-4.

Pam AA, Sha'Ato R, Offem JO. Evaluation
of heavy metals in soils around auto
mechanic workshop clusters in Gboko and
Makurdi, Central Nigeria. Journal of
Environmental Chemistry and
Ecotoxicology, 2013; 5(11): 298-306,

Usman AA, Odoma, AN, Ozulu GU. Heavy
Metals Concentration in Ground Water
caused by Automobile Workshop Activities
and its Health Implication on the
Inhabitants of Makurdi Metropolis, Nigeria.
International Journal of Health and Medical
Information, 2013; 2(2): 36-43

Dike BU, Okoro BC, Nwakwasi, NN, Agbo
KC. Remediation of Used Motor Engine Oil
Contaminated Soil: A Soil Washing
Treatment. Journal of Civil &
Environmental Engineering, 2013; 3 (1):
129-131.

Idugboe SO, Tawari-Fufeyin P, Midonu
AA. Soil pollution in two auto-mechanic
villages in Benin City, Nigeria. Journal Of
Environmental Science, Toxicology And
Food Technology 2014; 8 (1): 09-14

Khan MN, Wasim AA, Sarwar A, Rasheed
MF. Assessment of heavy metal toxicants
in the roadside soil along the N-5, National
Highway, Pakistan. Environ Monit Assess,
2011; 182:587-595.

DOI 10.1007/s10661-011-1899-8

Atlas RM, Cerniglia CE Bioremediation of
petroleum  pollutants:  diversity and
environmental aspects of hydrocarbon
biodegradation. Bioscience, 1995; 45: 332-
338.

Estefan G, Sommer R. and Ryan J.
Methods Of Soil, Plant, And Water
Analysis: a Manual for the West Asia And
North Africa Region (3" Edition). Beirut:
ICARDA  (International  Center  for
Agricultural Research in the Dry Areas);
2013.

Joel OF. and Amajuoyi CA.
Physicochemical = Characteristics  And
Microbial Quality Of And Oil Polluted Site
In Gokana, River State. Journal of Applied
Science and Environmental Management,
2009 13 (13): 99 — 103.

12

16.

17.

18.

19.

20.

21.

22.

23.

24,

Kabiru S, Yakubu R, Lukman A, Akintola
T, Alegbemi M. Heavy Metal Content in
Soil in Garki Area Council of Federal
Capital Territory, Abuja, Nigeria. Biochem
Anal Biochem 2015 4: 197.
doi:10.4172/2161-1009.1000197

Odeyemi A., Onipe O. and Adebayo O.
Bacteriological And Mineral Studies Of

Road Side Soil Samples In Ado-Ekiti
Metropolis, Nigeria. Journal of
Microbiology, Biotechnology and Food

Sciences: 2011 1 (3): 247-266.

Sikora F. and Kissel D. (2010) Soil pH:
Application and Principle. Assessed
January 2015. Available:
http://www.clemson.edu/sera6/SoilpH_Sik
ora%20and%20Kissel_final%20Dec%2015
.doc

Zamani AA. Yaftian MY. and Parizanganeh
A. Multivariate statistical assessment of
heavy metal pollution sources of
groundwater around a lead and zinc plant.
Journal of Environmental Health Sciences
& Engineering 2012; 9:29.
Do0i:10.1186/1735-2746-9-29

Hu B, Zhou J, Liu L, Meng W, Wang Z.
Assessment of Heavy Metal Pollution and
Potential Ecological Risk in Soils of Tianjin
Sewage Irrigation Region, North China. J
Environ Anal Toxicol, 2017; 7: 425. Doi:
10.4172/2161-0525.1000425

Hakanson L. An ecological risk index for
aquatic pollution control. a sediment
ecological approach. Water Research,
1980: 14: 975-1001.

Department of Petroleum Resources
(DPR). Environmental Guidelines and
Standards For The Petroleum Industries in
Nigeria (revised edition) Department of

Petroleum Resources, Ministry of
Petroleum and Mineral Resources, Abuja-
Nigeria; 2002

Sam RA, Ofosu FG, Atiemo SM, Aboh
IJK, Gyampo O, Ahiamadijie H, Adeti JP,
Arthur JK. Heavy Metal Contamination
Levels in Topsoil at Selected Auto
Workshops in Accra. International
Journal of Science and Technology 2015:
4 (5): 222-229.

Boateng E, Dowuona GNN, Nude PM, Foli
G, Gyekye P. and Jafaru HM.
Geochemical assessment of the impact of
mine tailings reclamation on the quality of
soils at AngloGold concession, Obuasi,
Ghana. Res. J. Environ. Earth Sci. 2012:
4: 466-474.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Miiller, G. Index of geoaccumulation in
sediments of the Rhine River. Geojournal,
1969; 2: 108-18.

Muller G*The Heavy Metal Pollution of the
Sediments of Neckars and Its Tributary: A
stocktaking,” Chem. Zeit., Vol. 105, 1981,
pp. 157-164.

Agbaji EB, Abechi SE, and Emmanuel SA.
Assessment of Heavy Metals Level of Soil
in Kakuri Industrial Area of Kaduna,
Nigeria. Journal of Scientific Research &
Reports. 2015; 4(1): 68-78.

Ozulu GU, Usiobaifo OB, and Usman AA.
Assessing the Impact of Waste Gasoline
on the Physicochemical Properties of Soils
at Selected Automobile Workshops in
Obiaruku, Southern Nigeria. Universal
Journal of Environmental Research and
Technology, 2013; 3, (4): 427-435

Iwegbue CMA, Bassey Fl, Tesi GO,
Nwajei GE, and Tsafe Al. Assessment of
Heavy Metal Contamination in Soils
around Cassava Processing Mills in Sub-
Urban Areas of Delta State, Southern
Nigeria. Nigerian Journal of Basic and
Applied Science, 2013; 21(2): 96-104

Ekeocha Cl, and Anunuso ClL.
Comparative  Analysis of Index of
Geoaccumulation of Heavy
Metals in Some Selected Auto

Mechanic Soils in Abuja, Nigeria. J.
Chem. Soc. Nigeria, 2016; 41 (2): 96-102.]
Nwachukwu MA, Feng H, Alinnor J.
Assessment of heavy metal pollution in soil
and their implications within and around
mechanic villages. Int. J. Environ. Sci.
Tech., 2010; 7 (2), 347-358.

Nwachukwu MA, Feng H, Alinnor J.

Trace Metal Dispersion in Soil from
Auto-Mechanic Village to Urban
Residential Areas in Owerri, Nigeria.

Procedia Environmental Sciences; 2011;
4: 310-322

Karim Z, Qureshi BA, Mumtaz M.
Geochemical baseline determination and
pollution assessment of heavy metals in
urban soils of Karachi, Pakistan.
Ecological Indicators, 2015; 48: 358-364

Lange H, Kispal G, Lill R. Mechanism of
Iron Transport to the Site of Heme
Synthesis inside Yeast Mitochondria; The
Journal of Biological Chemistry, 1999; 274:
18989-18996.

Abdullah MZ, Louis VC, and Abas MT.
Metal Pollution and Ecological Risk

13

36.

37.

38.

39.

40.

4.

42.

43.

44,

Assessment of Balok River Sediment,
Pahang Malaysia. American Journal of
Environmental Engineering 2015, 5(3A): 1-
7

DOI:10.5923/c.ajee.201501.01

European Commission Director General
Environment, (ECDGE). Heavy Metals and
Organic Compounds from Wastes Used as
Organic Fertilizers. Final Rep., July. WPA
Consulting Engineers Inc. Ref. Nr.
TEND/AML/2001/07/20, 2010;  73-74.
http://ec.europa.eu/environment/waste/co
mpost/pdf/hm_finalreport.pdf.

Canadian Council of Ministers of the
Environment (CCME). Interim Canadian
environmental quality criteria for
contaminated sites. Report CCEM EPC-
C534, Winnipeg, Manitoba. 1991.

Iwegbue CMA, Nwajei GE, Ogala JE,
Overah CL. Determination of trace metal
concentrations in soil profiles of municipal
waste dumps in Nigeria. Environ Geochem
Health, 2010; 32:415-430. DOI
10.1007/s10653-010-9285-y

Gavriloaiei, T. The Influence of Electrolyte
Solutions on Soil pH Measurements.
Revista de Chimie, 2012; 63: 396-400.

Shetye SS, Sudhakar M, Mohan R, Tyagi
A. IMPLICATION OF OC, TRACE
ELEMENTAL AND CACO3 VARIATION IN
A SEDIMENT CORE FROM THE
ARABIAN SEA. Indian Journal of Marine
Science, 2009; 38(4):432- 438
Anonymous, Metro Tech  Systems:
Sources of elements found in oil analysis.
2011 Metro Tech Systems Ltd. Accesses
from:
http://www.metrotechsystems.ca/TInfoEle
ment.html

Stratson, Advanced Lubrication solutions.
High Copper Levels in Used Oil Analysis.
Assessed September 2017. Available:
http://stratson.eu/high-copper-levels-used-
oil-analysis/

Zajac G, Szyszlak-Bargtowicz J, Stowik T,
Kuranc A, Kamihska A. Designation of
Chosen Heavy Metals in Used Engine Oils
Using the XRF Method. Pol. J. Environ.
Stud, 2015; 24 (5): 2277-2283.

Palkendo JA, Kovach J, Betts TA.
Determination of Wear Metals in Used
Motor Oil by Flame Atomic Absorption
Spectroscopy. J. Chem. Educ., 2014; 91,
(4), 579.



45. Ayoola SO, Bassey BO, Alimba CG, Ajani gariepinus. Pak J Biological
EK. Textile effluent induced genotoxic Science 2012;15 (17):804-812.
effects and oxidative stress in Clarias

14



