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Abstract

The day-to-day activities carried out at the mechanic workshop like panel beating, welding, and automobile battery servicing may result in high amounts of heavy metals
in the soil near mechanic workshops. Spent engine oils also emit a huge number of toxic metals, when disposed of on the floor at workshops, they settle on soil and are
absorbed into nearby trees and plants. Therefore, making the tree parts and fruits at mechanic workshops prone to attack by heavy metals. This work is focused on testing if
the presence of heavy metals would have adverse effects on the tree parts (roots, shoots, upper leaves, lower leaves) and fruits of mechanic workshops. A mechanic village
in Abeokuta, Ogun State was chosen as the case study. The tree parts were oven-dried, ground, digested, and taken for analysis using AAS. Zinc (Zn), Lead (Pb), and Mercury
(Hg) were found in higher amounts than the recommended allowable limits by WHO/FAO. Results show that the upper bark had the highest heavy metal concentration.
In general, the tested heavy metals were recognized in the order: Zinc (Zn) > Lead (Pb) > Mercury (Hg) > Nickel (Ni) > Manganese (Mn) > Iron (Fe) > Copper (Cu). It is
recommended that mechanic villages should be sited far from residential areas. Remediation of polluted soil should be encouraged. Phytoremediation was suggested to be
the best method for reducing the concentration of heavy metal in the soils and tree parts at mechanic workshops. Continuous education and training should be provided for
automobile repairers/ mechanics, emphasizing the environmental implications of their poor occupational waste management and the dangers of eating fruits and taking
herbs from trees planted in workshops.

is dumped on the ground, such as occurs at mechanic shops in
Nigeria. This is because the oil contains heavy metals as well as
petroleum hydrocarbons, which are pumped into the soil. Heavy
metals in used engine oils can occur because of additives used
in engine oil manufacture, wear from engine parts, or additives

Introduction

Though heavy metal concentrations in urban and
agricultural tree parts are naturally low, the usage of artificial
items, as well as thermal power plants, industrial plant

emissions, commercial product waste, and vehicle exhaust,
have all contributed to the rise in metal concentrations in
recent years [1-4]. The main source of hazardous waste in
small quantities is auto repair and service centers. In the
course of their everyday activities, auto repair firms produce a
wide variety of garbage. Asbestos from brake pads, old parts,
soiled shop rags, spent oil and fluids, and waste from cleaning
solvents are a few examples. They are all costly to dispose of
and frequently dangerous. The solvents used to clean vehicle
parts provide the most hazardous waste that is frequently
produced in vehicle repair businesses [5-7]. Heavy metals can
pose significant environmental dangers when spent motor oil

in fuel [8-12]. Panel beating, welding, and automobile battery
servicing are examples of activities that could cause significant
levels of heavy metals to be found in the soil next to mechanic
shops [13-21].

The environment serves as a significant conduit for human
exposure to harmful chemicals, loud noises, and contaminated
air [22-25]. A hazard to the quality and safety of plants and
trees is the heavy metal contamination of vegetables and fruits
caused by soil and air contamination. Both human and animal
health is in danger when heavy metals are consumed through
food [26-33]. The chronic build-up of heavy metals in the
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internal organs of humans may result from extended exposure
to hazardous levels of heavy metals through diet, which would
disrupt several biochemical processes and result in disorders of
the heart, brain system, kidneys, and bones [34-41].

By enhancing the quality of the environment in critical
areas including air, water, and noise, this research aims
to achieve the Sustainable Development Goals (SDGs) and
improve human health and disease prevention. Finding ways
to keep the environment safe and healthy goes a long way to
improving human health and longevity. Hence this research
work is done to sensitive Nigerians about the dangers of eating
fruits and other crop products found at mechanic workshops.

Materials and methods
Sample collection and preparation

The tree parts were collected from a mechanic village
located at Abejo Road, Abeokuta, Ogun State. The tree parts
were sun-dried for 60 hours and were further oven-dried for
72 hours to expel the final moisture content at a temperature
of 105 °C. They were all crushed individually.

The acids (hydrochloric acid and nitric acid) were mixed in a
ratio of 3:1, and 1g of each grounded tree part was weighed into
a beaker. The grounded tree parts were dissolved in the acid
mixture and stirred. The colour of the solution was observed
to be neon orange. The solution was heated at a temperature
of 150 °C for 75 minutes. It was heated on the hot plate until a
significant colour change was noticed (light yellow).

Sample analysis

This involves the justification and specification of the
heavy metal concentrations and parameters in the pre-treated
tree parts.

Atomic absorption spectroscopy: A quantitative spectro-
analytical technique called Atomic Absorption Spectroscopy
(AAS) uses the absorption of radiation emitted by free atoms in
the gas phase to identify chemical elements [42]. This test was
done to ascertain the heavy metal content and quantity of the
various tree parts.

pH determination: pH (Potential of hydrogen) is used
to describe the degree of acidity or alkalinity of a solution
or sample. The pH meter was used to determine the pH of
the samples. Your tree’s capacity to absorb the nutrients it
needs is significantly impacted by how acidic the soil around
it is (Imajery, 2017). Furthermore, it influences the number of
nutrients in the plants and the activity of microorganisms that
are in charge of decomposing organic matter and the majority
of chemical reactions in the soil [43,44].

10g of each sample was weighed on the analytical balance
and added to the samples. The mixture was properly stirred
for 20 minutes using a stirrer and magnetic bar stirrer. The pH
meter was then calibrated with buffer solutions 7, 4, and 10.
After this, the electrode was dipped into the sample solutions
and the pH was determined

Moisture content test: The mass of the materials was
measured using the weighing. These materials were put into
the oven for four (4) hours at a temperature of 105 °C. The
dishes and their contents were allowed to cool in a desiccator
and weighed. The dishes with the samples were returned to the
oven for another 4 hours cooled in a desiccator and weighed.
The process was repeated until constant weights were obtained
at three-hour intervals of drying. The total drying time was 17
hours. The calculation of moisture content is represented in
equation 1

loss € weight
X100 1)
Originalweight

Inorganic matter determination: Ash is the inorganic
residue that is left after the water and organic ingredients have
been eliminated by burning in the presence of an oxidizing
agent, and it provides a measurement of the total amount of
minerals inside the tree pieces. The furnacing method was
used to determine the inorganic matter. 2g of each sample
was weighed and put into a crucible, the samples were put
into the oven for three (3) hours at a temperature of 550 “C.
After three (3) hours, the samples were weighed. The content
left (ash) is inorganic matter. Calculation of inorganic matter
determination is represented in equation 2.

newweight
—x100 (2)
Originalweight

Results
Heavy metal concentrations in the tree parts
Table 1, Figures 1-8.
pH determination
Table 2, Figure 9.
Moisture content
Table 3, Figure 10.
Inorganic matter
Table 4, Figure 11.
Discussion of results
Heavy metal concentrations in the various tree parts

Table 1 shows the distribution of various heavy metals in
the various tree parts used in this experiment.

As observed, zinc (Zn) is the predominant heavy metal
found in this tree at all parts with values ranging from
(8107.12-23,667.60). The values of heavy metal found in the
tree parts are upper bark (23,667.60) > mango fruit (22,229.20)
> mango seeds (20,529.30) > leaves (19,614.0) > lower bark
(19,090.96) > branches (8,107.12). The upper part of the tree,
the upper bark, has recorded the highest value of Zinc, while
the branches which are also located at the upper part of the tree
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Table 1: Heavy Metal Concentrations in the Tree Parts.

S/N ‘ Tree part Lead (ppm) ‘ Iron (ppm) Zinc (ppm) Nickel (ppm) Copper (ppm) Manganese (ppm) Mercury (ppm)
1 Lower bark 0.588 0.00018 19614.00 333 0.00 0.0031 0.004
2 Branch 0.368 0.00028 8107.20 2.96 0.00 0.0034 0.013
3 Leaves 0.590 0.00018 19614.00 3.33 0.00 0.0031 0.003
4 Upper bark 0.558 0.00075 23667.60 7.15 0.00 0.0049 0.011
5 Mango fruit 0.258 0.00230 22229.20 497 0.12 0.0036 0.007
6 Seeds 0.378 0.00033 20529.30 4.03 0.00 0.0038 0.008
7 WHO/ FAO limit 0.30 425.50 99.40 67.90 73.30 500.00 0.003
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Figure 4: Nickel concentrations in the tree parts.
Figure 1: Lead concentrations in the tree parts.
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Figure 2: Iron concentrations in the tree parts. Figure 5: Copper concentrations in the tree parts.
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bark (0.04) > leaves (0.03). In general, the heavy metals were Table 2: pH level in the tree parts.

recognized in the order: Zinc (Zn) > Lead (Pb) > mercury (Hg) > SN ‘ Tree Parts ‘ oH
Nickel (Ni) > Manganese (Mn) > Iron (Fe) > Copper (Cu).
(Ni) g ( ) (Fe) pp (Cu) 1 Lower Bark 5.65
Figures 1-7 discusses the values of concentration of each 2 Branch 5.33
heavy metal in the various parts of the tree as discussed above. 3 Leaves 595
Vi .
Figure 8 displays the average heavy metal concentration of the
various tree parts. The figures are: Branch (0.013) > Upper bark 4 Upper Bark 5.51
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Figure 6: Manganese concentrations in the tree parts.
Table 3: Moisture content in the tree parts.
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Figure 7: Mercury concentrations in the tree part.
14.0000
4000
12.0000
3500
E
& 3000 - 10.0000
Z 2
£ 2500 | £ 80000
:L; g
£ 2000 | £ 6.0000 -
z 3
S 1500 - =
s 4.0000 -
£ 1000
g
< 2.0000
500
0 | 0.0000 -
Lower bark  Branch Leaves Upper bark Mango fruit ~ Seeds Lower bark  Branch Leaves  Upper bark Mango fruit ~ Seeds

Tree parts

Tree parts

Figure 8: Average heavy metal content in the tree parts.
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Table 4: Inorganic matter determination in tree parts.

Initial sample (g) | Final sample (g) | Inorganic matter (%)
2

1 Lower bark 0.303 15.15
2 Branch 2 1.1031 55.155
3 Leaves 2 0.0031 0.155
4 Upper bark 2 0.4275 21.375
5  Mango fruit 2 0.0651 3.255
6 Seeds 2 0.9103 45.515
60
50
= 40
g
©
£
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€ 30
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Figure 11: Percentage of inorganic matter of the tree parts.

Comparing the heavy metal concentration with the per-
missible level in food

According to the World Health Organization (WHO), Zinc
concentrations ranged between 8107.12 and 23,667.6 ppm.
Zinc concentrations were higher than the WHO/FAO limits
of 99.4 ppm in all the samples. Iron concentrations ranged
between 0.0023 and 0.00018 ppm. Iron concentrations were
within the WHO/FAO limits of 425 ppm in all the samples.
Lead concentrations ranged between 0.285 and 0.590 ppm.
Lead concentrations were higher than the WHO/FAO limits
of 0.3 ppm in 83.33% of the samples i.e. (lower bark, branch,
leaves, upper bark, and mango seeds). Nickel concentrations
ranged between 2.96 and 7.15 ppm. Nickel concentrations
were higher than the WHO/FAO limits of 1.3 ppm in 100%
of the samples. Manganese concentrations ranged between
0.0031 and 0.0049 ppm. Manganese concentrations were
higher than the WHO/FAO limits of 500 ppm in none of the
samples. Copper concentrations ranged from 0.122 - 0 ppm.
Copper concentrations were lower than the WHO/FAO limits
of 73 ppm in all of the samples. Mercury concentrations were
higher than the WHO/FAO limits of 0.03 ppm in 83.33 % of
the samples (lower bark, branch, mango fruit, upper bark, and
mango seeds) [45].

The effects of the high levels of Lead (Pb), Mercury (Hg),
and Zinc (Zn) are anaemia, paralysis, kidney, brain damage.
Lead crosses the placenta and affects unborn children. Zinc
(Zn) causes cough, chest discomfort, or difficulty in breathing,
sleeplessness, irritability, indecision, headache, weakness or
weariness; and weight loss, while Mercury (Hg), results in

shortness of breath (dyspnea), tightness, or searing sensation
in the chest, and/or respiratory distress. Some afflicted persons
may develop an abnormal accumulation of fluid in the lungs
(pulmonary edema); pneumonia; and/or abnormal production
of fibrous tissue (fibrosis).

Sample analysis

pH values: Table 2 and Figure 9 display the pH values of the
tree parts ranging between 5.65 and 4.17. The highest pH (5.65)
was obtained in the lower bark and the lowest (4.17) from the
mango seeds. The mango fruit and seeds recorded a very high
acidity of 4.26 and 4.17, respectively because the mango fruit
contains organic acids like citric acid, ascorbic acid, and malic
acid [46]. The lower bark of the tree has the least acidic content
(5.65) and climbing the tree horizontally, the acidic content
increases to 5.51 at the upper bark of the tree. The branches and
leaves which are at the upper part of the tree have an increased
acidic level of 5.33 and 5.25 respectively. This trend shows that
the acidity of trees increases across the length of the tree. The
PH value of the tree was in the order: Lower bark (5.65) > Upper
bark (5.51) > Branch (5.33) > Leaves (5.25) > Mango fruit (4.26)
> Seeds (4.17). However, the pH value of the soil when tested
was 6.40 indicating acidity of the soil. This further explains
why the tree parts are slightly acidic in nature.

Moisture content test: Table 3 and Figure 10 displays the
moisture content of the different tree parts decreasing at
a decreasing rate. i.e.; with time the decreasing rate of the
moisture content of the tree parts is reduced. The drying
values became constant after 17 hours. The moisture content
of the trees however did not reduce significantly because the
moisture content in each tree part was not sufficient. The
moisture content was in the order: Branch (13.4880) > Mango
fruit (11.7495) > Seeds (9.7956) > Lower bark (6.0767) > Leaves
(3.2180) > Upper bark (0.3401).

The mango fruit and mango seeds have one of the highest
percentages of moisture content because of the amount of
liquid and nutrients found in the fruit. The upper bark has the
lowest percentage of moisture content. This is suspected to be
a result of the upper bark being the highest part of the tree;
therefore, the translocation effect of nutrients and water inside
the tree would not be very high.

Inorganic matter determination: The water and organic
materials have been removed by heating in the presence of
oxidizing chemicals, ash is the inorganic residue left, which
offers a measure of the total amount of minerals within the
tree parts. The inorganic matter was determined using the
furnacing method. Table 4 and Figure 11 displays the percentage
of inorganic content (%) of the tree parts ranging from 0.155
- 55.155. The results implied that the measure of the total
amount of minerals within the tree parts was in the order:
Branch (55.155) > Mango seeds (45.515) > Upper bark (21.375) >
Lower bark (15.15) > Mango fruit (3.255) > Leaves (0.155).

Conclusion

Results from the research suggested that heavy metals
from the mechanic workshops have a direct impact on the
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heavy metal content in the trees at those workshops. The
heavy metal content of most parts of the trees exceeded the
allowable limit in food and vegetables by WHO/FAO which is
dangerous to human health, animals, and the ecosystem at
large. The concentration of Zinc (Zn), Mercury (Hg), and Lead
(Pb) was found to be very high in all the tree parts and fruits.
Zinc (Zn) was recognized to have the highest concentration
while copper had the lowest concentration. The upper parts
of the trees had the highest heavy metal concentration. In
general, the tested heavy metals were recognized in the order:
Zinc (Zn) > Lead (Pb) > Mercury (Hg) > Nickel (Ni) Manganese
(Mn) > Iron (Fe) > Copper (Cu). Fishes in surrounding rivers
may also be impacted, which has an indirect impact on people.
It is sufficient to say that the high levels of heavy metals in
these trees grown in mechanic workshops pose a threat to
human health. Phytoremediation, particularly phyto extraction
has been selected to be the best and cost-effective method of
remediation in mechanic workshops.

For future works, the presence of other heavy metals such
as Chromium (Cr), Arsenic (As), Cadmium (Cd), and Beryllium
(Be) should be tested, as these metals may exist in higher
concentrations at the workshops.
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