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The Threat of Soil Pollution by Heavy Metals from
Mechanic Workshops on the Ecosystem in Ibadan
North Local Government, Oyo State, Nigeria
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Pollution of soils by heavy metals from mechanic workshops, beyond
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“Ladoke Akintola University of samples were digested and analysed to uncover the concentrations of Pb,
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contamination/pollution was discovered to depend on size, soil
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Résumé

La pollution des sols par les métaux lourds provenant des ateliers de
mécanique, au-deld des normes acceptables, crée de graves
problémes d'environnement et de santé. Cette étude a évalué le degré
de contamination des métaux lourds par le sol provenant de quatre
stations automobiles. Douze (12) échantillons de sol composites ont
été recueillis dans et autour des ateliers du gouvernement local nord
d'Ibadan, dans I'Etat d'Oyo, a des profondeurs supérieures a 10 cm.
Les échantillons de sol ont ¢té digérés et analysés pour révéler les
concentrations de Pb, Ni, Cr, Cd et Zn dans les échantillons et d'autres
parametres tels que le pH et le carbone organique. Les concentrations
de métaux lourds ont été comparées avec les normes et les facteurs de
contamination / contamination ont également été analysés. Les
concentrations de Pb, Ni, Cr, Zn et Cd dans les échantillons de sol vont
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de2.0-58100mg/kg, 0.0-33.0mg/kg, 0.0-18.0mg/kg, 0.0-90.0mg/ kg
et 0.0-0.0mg / kg respectivement. La contamination / pollution des
métaux lourds dépend de la taille, de la composition du sol, des
fonctions et de 1'age des stations automobiles. L'ordre de contamination
par les métaux lourds était Pb> Ni>Zn> Cr> Cd. On en conclut que les
ateliers de mécanique constituent une menace pour I'étre humain et une
menace pour un écosystéme durable.

Introduction

Automobile wastes have caused serious soil
problems detrimental to soil dwelling organisms
as well as human beings (Iwegbue, 2007;
Adewoyin et al., 2013, Oladipo, 2015). Heavy
metals toxicity, persistent and non-degradable
attributes in the environment have made them
dangerous pollutants (Nwuche and Ugoji, 2008;
Aina et al., 2009; Mohiuddin et al., 2010). The
major pollutants emitted from mechanic villages
include metals, hydrocarbon (HC), Volatile
Organic Compounds etc. These pollutants have
damaging effects on aesthetics, human health and
ecology. The various efforts to remove man-made
pollutants from the natural environment have
been unable to keep pace with the increasing
amount of waste materials generated from
anthropogenic sources (Angela, 2009; Ozulu et
al, 2013). Heavy metals are naturally present in
soils but anthropogenic activities have resulted in
high concentrations in the environment (He, et al,
2004).The significance of trace elements in soil
chemistry is increasingly becoming an issue of
global concern (Lim et al, 2008).

Soil pollution can be assessed using
contamination/pollution index (C/PI) (Liu et al,
2007, Ololade 2014).Metal enrichment factor
(EF) has been particularly used to assess metal
enrichments in sediments of rivers and estuaries
(Zhang et al., 2009) with normal crustal values as
base (Karbassi et al., 2008). The pollution index
represents the metal content effectively measured
in soil by chemical analysis and the reference
value of contamination obtained using a standard
table formulated by the Department of Petroleum
Resources of Nigeria, (DPR) for maximum
allowable concentration of heavy metals in soil
(Ololade, 2014). This study assessed the impact of
heavy metals from automobile stations on soils
using C/PL.

Study Areas

The selected automobile stations are Trans
Amusement Park Mechanic Village, Oranyan
Mechanic Workshop, University of Ibadan
Maintenance Mechanic Village, and Agodi Gate
Mechanic Village (Fig 1). The selection of the
four Automobile Stations was based on their
categorical differences in terms of vehicular
loads, size, location and soil configuration. Trans
Amusement Park Mechanic Village was
established in the year 1996. Work in the village
basically involves repairing of vehicles such as
motor cycles, cars, trailers etc. The number of
workshops within this mechanic village is about
25. There are eight groups of workshop, each
group with different activities. They include;
battery chargers, mechanics, blacksmiths, panel
beaters, rewires and part sellers, auto electrical and
vulcanizers.

Oranyan Mechanic Workshop was established
in the year 1998. Work in the village basically
involves repairing of vehicles such as motor cycle
and cars. The number of workshops within this
mechanic village is below 10. There are four
groups of workshop, each group with different
activities, they include; battery charger,
mechanic, vulcanizers, panel beater and rewire.
University of Ibadan Maintenance was
established in the year 1984. Work in the village
basically involves repairing of vehicles such as
motor cycles, buses and cars. The number of
workshops within this mechanic village is about
20. There are seven (7) groups of workshop, each
group with different activities, they include;
battery charger, auto electrical, mechanic,
blacksmith and welder, vulcanizers, spring
painter, panel beater and rewire. Gate mechanic
village was established in the year 1964. Work in
the village involves dismantling, repairing,
reassembling, reforming and selling of vehicles
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and vehicles parts such as motor cycles, buses,
cars, trailers etc. The number of workshops within
this mechanic village is over 200. There are nine
(9) groups of workshop, each group with different

LN (T C B L N )

* vy

"y

L] rova PFlavn

activities, they include; battery chargers, auto
electricians, mechanics, blacksmiths and welders,
vulcanizers, spring painters, panel beaters, rewires
and part sellers.
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Figure 1: Map of the Study Areas showing the sampling locations
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Materials and Methods

General procedure adopted is shown in Fig. 2. Soil
samples were collected within and around the
automobile station at strategic three locations at
depths ranging from 10 to 20cm. A composite soil
sample was collected within the station and two
other samples at the vicinities. The collected soil
samples were air dried, pulverized, sieved and
digested with 10ml of nitric acid 2:1 and HCI
acidl:1. The digested samples were allowed to
cool to room temperature and washed into a
standard volumetric flask (Okoro ez a/, 2013). The
heavy metals laboratory analyses were
determined using atomic adsorption
spectrophotometer (AAS Model 210 VGP). The
pH was determined by an electronic Jenway glass
electrode pH meter (Model 3510). Statistical
analyses also involved comparing analysis results
with Department of Petroleum Resources (1991).
Pearson correlation test and contamination/pollution
factor (C/P Value) analyses were also performed.
AccordingtoOzuluetal., (2013).

Actual measurement of metal

concentration in soil
C/P Value =

Target values from reference
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Results and Discussion

Laboratory Results

Table 1 shows the results of the analyses
performed on the soil samples. The organic
carbon content of the soil samples ranged from
0.2% - 3.63%. Gate soil samples SD3 and SD1
recorded the least and highest percentage of
organic carbon in soil. The heavy metals
analysis results showed an excessive amount of
lead concentration in Soil at U.I Maintenance
Mechanic Workshop with an outrageous
concentration value of 58100.00mg/kg. This is
possible because of the mineralogical
composition of soil at the site as explained by
Ozuluetal., (2013). U.I Maintenance Mechanic
Workshop is a paved workshop with unpaved
surrounding. The heavy metals wastes from this
workshop are therefore, being washed easily
from the paved areas to the loose sandy soil
surroundings. All the automobile sites recorded
some degree of lead contamination and the
concentration of lead in soil is the highest as
compared to that of other elements. This is as a
result of high usage of lead as anti-knock agent
in gasoline and as additives in paints and
solvents. Similar researches carried out by
Ojiako and Okonkwo (2013) and Abii (2012)
showed the highest concentration of lead in soil
as compared to other heavy metals.

FIELD DATA RETRIEVAL

DATA ACQUISITION

| SAMPLES COLLECTION

LABORATORY ANALYSES

COMPARISON CHARTS/BARS

ANALYSES

PEARSON CORRELATION-TEST

SOIL POLLUTON LOAD INDEX

Figure 2: General Methodology of the Research
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The four automobile stations recorded zero
concentration of cadmium in soil. This is
perhaps due to the non/very minute usage of the
element as additive in battery, solvent and
materials used by the automobiles’ stations
users in Ibadan. Two of the mechanic
workshops, Trans and U.I Maintenance record
traces of chromium in soil. This is perhaps due to
the large size and greater operations which call
for the use of chromium solvents and materials.
Next to lead, Zinc 90mg/kg (SD1- Gate) and
Nickel, 33mg/kg (SD1- Gate) concentrations in
soil samples showed the highest concentration.
Oranyan workshop recorded zero zinc and zero
chromium. This because of its size, the load of
vehicle is far smaller than that of gate workshop.
Zinc are mostly found in car scraps and vehicle
parts. Nickel is found in all the mechanic villages
except the Trans Amusement Park Mechanic
Village. This perhaps is partly due to low carbon
content in its soil. There are other factors that may
contribute to zero nickel concentration at Trans
Mechanic Workshop, such as vehicular, battery
and solvent composition; however, soil
composition is a contributory factor. Carbon
serves as great adsorption agent. The order of
magnitude of heavy metals contamination is as
follows- Pb>Zn>Ni>Cr>Cd.

Table 2 shows the correlation table of the
analysed soil samples parameters. The
concentration of lead and zinc are found to be

Table 1: Soil Samples Laboratory Results
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significantly negatively correlated with el pH
value. The lead to pH correlation value is—0.597
atasignificant level of 0.02, while that of zinc to
pH is -.0625 at 0.015 significant level. This
shows that as pH value increases, there are
corresponding decrease in lead and zinc
concentrations and vice-versa. The pH of soil
therefore affects the concentration of lead and
zinc in soil. Lead and zinc concentration
increased with increasing acidity, and decrease
with increasing alkalinity. This perhaps is due to
the high affinity of lead and zinc to acidic
substance and solution. Lead is also being used
as a major composition in acidic batteries. The
concentration of nickel in soil is found to be a
function of the chemical composition of the soil
in term of organic carbon content because of the
high correlation between them- P value- 0.742
with a significant level of 0.003. Nickel
concentration increased with increasing organic
carbon content and vice-versa. This perhaps
explains the absence of nickel in Trans Mechanic
Workshop. Zinc is found to be significantly
positively correlated with other heavy metals,
nickel (P—0.724, Sig- 0.040) and chromium (P-
0.519 and S-0.042); however, that of zinc to
nickel is greater. The presence of zinc in soil is
therefore, greatly positively dependent on the
amount of organic carbon in soil, followed by the
concentration of nickel and then chromium.

S/N  Soil Sample Location pH Organic Pb (mg/kg) Ni Cr Cd Zn
Code Carbon (mg/kg) (mg/kg) (mg/kg) (mg/kg)
(%)

1 SA1 Trans Amusement Park ~ 6.87 0.12 152.00 0.00 5.00 0.00 20.00
2 SA2 Trans Amusement Park  6.90 0.11 089.00 0.00 2.00 0.00 10.00
3 SA3 Trans Amusement Park  6.89 0.12 00.00 0.00 0.00 0.00 0.00
4 SB1 Oranyan 6.74 2.27 73.00 14.0 0.00 0.00 0.00
5 SB2 Oranyan 6.88 2.22 23.00 11.0 0.00 0.00 0.00
6 SB3 Oranyan 6.91 1.92 0.00 0.00 0.00 0.00 0.00
7 SC1 U.I Maintenance 6.45 1.76 58100.00 2.00 0.00 0.00 40.00
8 SC2 U.I Maintenance 6.54 1.84 4910.00 13.00  0.00 0.00 30.00
9 SC3 U.I Maintenance 6.91 1.47 431.00 1.00 0.00 0.00 10.00
10 SD1 Gate 6.63 3.63 485.00 33.0 10.00  0.00 90.00
11 SD2 Gate 6.59 1.72 122.00 12.0 18.00  0.00 30.00
12 SD3 Gate 6.66 0.2 2.00 10.0 0.00 0.00 20.00

Source: Field Survey, 2017
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Table 2: Soil Samples Parameters Correlation Table

pH Organic Carbon Pb Ni Cr Zn
pH Pearson Correlation 1
Sig. (1-tailed)
N 12
Organic Carbon Pearson Correlation -.366 1
Sig. (1-tailed) 121
N 12 12
Pb Pearson Correlation -.597"  .103 1
Sig. (1-tailed) .020 375
N 12 12 12
Ni Pearson Correlation -.468 742" -.176 1
Sig. (1-tailed) .063 .003 292
N 12 12 12 12
Cr Pearson Correlation -.298 253 -.174 437 1
Sig. (1-tailed) 173 214 295 .078
N 12 12 12 12 12
Zn Pearson Correlation -.625°  .524° 251 7247 5197 1
Sig. (1-tailed) .015 .040 215 .004 .042
N 12 12 12 12 12 12

*Correlation is significant at the 0.05 level (1-tailed).
**Correlation is significant at the 0.01 level (1-tailed).

Comparison with Standard

The heavy metals in soil are compared with their
corresponding target values provided by the
Department of Petroleum Resources (DPR),
1991. Figure 2, 3, 4 and 5 show the bar charts
comparing respectively the, lead, nickel, and
chromium and zinc concentrations in the soil
samples with their corresponding target levels.
The target value of cadmium in soil is 0.8mg/kg.
All the automobile stations recorded zero
cadmium concentration in soil. The sites are
therefore completely safe and free from
cadmium. Figure 2 indicates that the lead
concentration in SA3 (Trans), Oranyan soil
samples (SB1, SB2 and SB3) and SD3 (Gate)
are beneath the lead target concentration
(85mg/kg). SA1, SA2, U.I Maintenance Soil
samples (SC1, SC2 and SC3), SD1 and SD2 are
above the target. SC1 and SC2 are outrageously
above this target. The DPR target values for
nickel, chromium and zinc concentrations in soil
are 35mg/kg, 100mg/kg and 140mg/kg
respectively. The nickel, chromium and zinc in
all the soil samples were found to be lower than
their corresponding targets. This indicates that
the soil samples are safe from nickel, chromium
and zinc. However, some of the soil samples are
not free from the three heavy metals. Only SA3

(Trans) and SB3 (Oranyan) are safe and free
from the five heavy metals.

Table 3 shows the soil samples contamination
/pollution factor explaining the degree of
contamination/pollution of each heavy metal in
each soil sample. The contamination/pollution
factor/value (C/P Value) for each element and soil
sample was calculated and recorded. When C/P
value is zero (0), the soil sample is said to have no
contamination. When C/P value/factor is
between zero (0) and one (1), the soil is
contaminated. A C/P factor greater than one (1)
means the soil sample is polluted. Most of soil
samples are within contamination level and
some have no contamination. The few wells that
are polluted are the U.I Maintenance soil
samples (SC1, SC2 and SC3), SD1 (Gate) and
SD2 (Gate). The only polluting element is lead.
SC1 and SC2 have excessive pollution factors
of 683.53 and 57.76 respectively indicating an
outrageous lead pollution. SC3 and SD1 indicate
lead pollution with pollution factors of 5.07 and
5.71 respectively. Sd2 is slightly polluted with lead
and has a C/Pvalue of 1.44. These polluted soil sites
should be given special intervention to encourage
healthy soil resources within and around the
affected automobile stations - U.I Maintenance
Workshop and Gate Mechanic Village.
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Soil Lead Comparison
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Figure 2: Comparisons of Lead Concentrations in Soil Samples with Standard

Soil Nickel Comparison
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Figure 3: Comparisons of Nickel Concentrations in Soil Samples with Standard

Soil Chromium Comparison
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Figure 5: Comparisons of Zinc Concentrations in Soil Samples with Standard
Table 3: Soil Sample Contamination and Pollution Factor
S/N  Soil Location Contamination/Pollution Factor (CP)
Sample
Code
Pb Remarks Ni Remarks Cr Remarks Cd Zn  Remarks
1 SAl Trans Amusement Park  1.79 SLP 0.00 NC 0.05 VSLC N 0.14 SLC
2 SA2 Trans Amusement Park  1.05 SLP 0.00 NC 0.02 VSLC % 0.07 VSLC
3 SA3 Trans Amusement Park ~ 0.00  NC 0.00 NC 0.00 NC c 0.00 NC
4 SB1 Oranyan 086 VSC 040 MC 0.00 NC 0o 0.00 NC
5 SB2 Oranyan 027 MC 031 MC 0.00 NC ¥ 0.00 NC
6 SB3 Oranyan 0.00 NC 0.00 NC 0.00 NC A 000 NC
7 SC1 U.I Maintenance 683.53 EP 0.06 VSLC 0.00 NC M 029 MC
8 SC2 U.I Maintenance 57.76 EP 037 MC 0.00 NC ]1\1 021 SLC
9 SC3 U.I Maintenance 5.07 SP 0.03 VSLC 0.00 NC A 007 VSLC
10 SDI Gate 571 SP 094 VSC 0.10 SC 1T 0.64 SC
11 SD2 Gate 1.44  SLP 034 MC 0.18 SC o 021 SLC
12 SD3 Gate 0.02 VSC 029 MC 0.00 NC N 0.14 SLC
Note: C/P <0.1 = Very Slight Contamination (VSLC); 0.1-0.25=Slight Contamination (SLC)

0.26 — 0.50 = Moderate Contamination (MC);
0.76-1.0 = Very Severe Contamination (VSC);
C/P at 2.1-4.0 = Moderate Pollution (MP);

CP at 8.1 -16.0 = Very Severe Pollution (VSP)
(Ozulu, et al, 2013)

Conclusion and Recommendations

The order of heavy metals contamination is
Pb>Ni>Zn>Cr>Cd. The heavy metals of concern
are lead and nickel due to their significant
contamination of soil around medium and large
scale mechanic workshops. High lead/nickel
concentration is carcinogenic and negatively
affects reproductive health. High concentration of
these heavy metals raises significant
environmental concern and calls for urgent
attention. It is recommended that there should be

0.51-0.7 =Severe Contamination (SC)
C/P at 1.1-2.0 =Slight Pollution (SLP)
C/P at 4.1-8.0 = Severe Pollution (SP)
C/P > 16.0 =Excessive Pollution (EP)

reduced used oflead and nickel batteries, products
and materials by automobile technicians.
Indiscriminate disposal of spoilt and used
gasoline should be avoided or limited. Stricter
environmental laws should be enacted in this
regard to curb indiscriminate disposal of
automobile wastes by automobile technicians.
There is also a need for constant monitoring of
these heavy metal concentrations in soils where
automobile activities are carried out in order to
limit improper disposal of harmful substances.
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