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Research paper
Levels of Heavy Metals in and Around Scrap
Car Dumpsite at Uwelu, Nigeria

ABSTRACT

Soil contaminated with heavy metals can result to very serious environmental hazard. As a
result of this problem, this research was carried out to investigate the concentration of heavy
metals (Fe, Zn, Pb, Cu and Cr) in and around Uwelu scrap car dumpsite. In carrying out this
research, soil samples were collected at various depths at the dumpsite, and at various
horizontal distances from the dumpsite including human settlements close to the dumpsite,
in order to ascertain the levels of toxic heavy metal concentration on human living habitat
around the dumpsite. Di-acid digestion and DTPA extraction methods were used to extract
the metals from the soil. The analysis of the heavy metals was then carried out using atomic
absorption spectrophotometer (AAS). The results show that Fe had the highest
concentration of 515mg/kg, followed by Zn, 236.8mg/kg, Cu, 78.61mg/kg and Cr, 0.5mg/kg
at the dumpsite surface, where all the metals recorded their highest concentration. The level
of Fe and Zn were above the FEPA minimum acceptable limit. Besides, the concentrations
of these heavy metals decreased with increased vertical depth at the dumpsite and with
increased horizontal distance from the dumpsite. Similar trends were observed for the
various soil pH.

Keywords: Heavy metals, dumpsites, scrap car, soil, horizontal distance, vertical depth

1. INTRODUCTION

Presently, in most cities in Nigeria scrap car dumpsites are located in and around human
settlements, very close to motor mechanic workshops and fairly used motor spare parts
markets. The absence of metals recycling systems in most cities in Nigeria have resulted to
gradual accumulation of scrap motor parts as well as scrap motors (which can either be
cars, lorries and motor cycles), which later becomes heaps, known as scrap car dumpsites.
The presence of used/worn-out scrap car parts and scrap motor vehicles at the dumpsites
causes soils, underground water and surface water contamination. The pollutants are mainly
toxic heavy metals such as Fe, Pb, Zn, Cu, Cd etc. The sources include motor vehicle parts,
scrap tyres/rubber. After corrosion these metals gets leached into the environment causing
serious pollution. Scrap cars pollution from heavy metals is a major environmental concern
worldwide [1]. Heavy metals are natural components of the Earth's crust, which cannot be
degraded nor destroyed [2]. Their presence in high levels can endanger the ecosystem,
plants and animals and cause severe health problems in humans, animals and plants.
However, some heavy metals (trace elements) such as copper, selenium and zinc are
essential to maintain the metabolism of the human body [3]. Nevertheless, at higher
concentrations they can lead to poisoning [4]. Heavy metals are dangerous because they




36
37
38

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

tend to bioaccumulate, that is, build up within the biological systems over time. Trace
elements accumulate in living things any time they are taken up and stored faster than they
are broken down (metabolized) or excreted. Studies have revealed that various factors such
as presence or absence of other ions, pH, temperature and residence time can affect the
sorption/desorption process of heavy metals from soils, soil clay fractions, and other soil
components [5-7].
The awareness of this fact has led to increased scientific and public attention to level of
toxicity exerted by these metals in the environment. This has resulted in governments the
world over, funding research in new methods of analytical determination of concentrations of
heavy metals in soil at waste dumpsites in particular, and the methods of treating industrial
effluents so as to reduce the effect of these metals on the environment. The effects include:

e destruction of eco system,
destruction of marine biota,
hindering of fisheries and other aquacultural operations,
poisoning of sea food, contamination of surface and underground water,
disturbances of soil function,
reduction of plants productivity and chance of survival etc.
The aim of the study was to ascertain the concentration of heavy metals, and the extent
contamination of human living habitant in and around scrap car dumpsite.

2. MATERIAL AND METHODS

2.1 Sample collection and preparation

Soil samples were collected using polythene bags from in and around Uwelu scrap car
dumpsite, Benin City, Nigeria. The samples were collected at various vertical distances
(depths) up to 1.6m at the dumpsite and 18m from the dumpsite. Also, at various horizontal
distances from the dumpsite up to 15m. The soils were air-dried at laboratory temperature
(30 £ 2°C) for 6 days and then ground and passed through 2 mm sieve to obtain the soil
fraction used.

All the reagents were of analytical grade and were obtained from Chemical Engineering
laboratory store, University of Benin, Benin City, Nigeria.

2.2 Heavy metals extraction and determination

Di-acid (Concentrated HNOj3: 70% HCIO,, 5:1) digestion method and DTPA (0.005 M DTPA-
0.01 M TEA, 1:2) extraction methods were used to extract the heavy metals (Fe, Zn, Pb, Cu
and Cr) from the soil [8]. The metal contents were measured using atomic absorption
spectrophotometer (AAS).

3. RESULTS AND DISCUSSION

Figure 1 shows the variation of pH with vertical distance at the dumpsite and at 18m from the
dumpsite. It can be seen that the pH values decreased with increased vertical distance. This
might be as a result of the fact that soil acidity was produced by mineral leaching from the
corroded metal parts, industrial wastes, acid rain and certain forms of micro-biological
activity as previously reported by Xin, [9]. In addition, the decreases in heavy metal
concentrations with vertical distance give a very good clue to the decreasing value of pH
with increasing vertical distance.

Figure 2 shows the variation of pH with horizontal distance from the dumpsite. The pH was
5.9 at the dumpsite and 4.7 at 15m from the dumpsite. The decrease in pH might be as a
result of decrease in alkalinity due to the decreasing concentration of heavy metals with
horizontal distance. However, at the dumpsite, there was an increase in pH from 4.9 at a
depth of 0.8m to 5.1 at a depth of 1.2m. This occurrence might be as a result of non-
uniformity in the mobility of minerals down the soil profile. This phenomenon was also
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observed in pH values at horizontal distance between 12m and 15m from dumpsite.
Comparing the pH values at the dumpsite with pH values at 18m from the dumpsite (in and
around human settlement), it was found that at a depth of 1.2m the pH values have the
same value of 5.1. Federal environmental protection agency FEPA, [10] reported that
Nigeria soil pH is usually between 5 and 8. This implies that the soils at the dumpsite and in
the neighborhood (within 18m from the dumpsite) were within the acceptable soil pH limit.
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Figure 1: The variation of pH with
vertical depth at the dumpsite and

at 18m from the dumpsite

Figure 2 : The variation of pH with
horizontal distance from the
dumpsite

Figure 3 shows the variation of Fe concentration with horizontal distance from the dumpsite.
The Fe concentration was highest (515mg/kg) at the dumpsite surface. This was above the
FEPA maximum acceptable limit [10]. This might be due to the fact that most motor vehicle
parts, and scrap vehicles dumped at the dumpsite are mainly made of iron, which corrode
very fast when exposed to environment conditions. The results also show that there was a
sharp decrease in Fe concentration from 515mg/kg at the surface of the dumpsite to a value
of 84.9mg/kg within 0.4m depth. This is because iron is strongly adsorbed and retained by
soil [9,11]. Thus, with this high retention and adsorption, Fe could not be effectively leached
down the soil profile, hence the low Fe concentration at depths below the surface. Some
researchers have reported that soil with coarse texture has a higher infiltration rate than soil
with fine texture [12]. The visual inspection of the soil around the dumpsite shows that the
soil has fine texture. This can also explain the low concentration of Fe down the surface of
the dumpsite. Also, the concentration of Fe on the surface at 18m from the dumpsite
(neigbourhood) was found to be 122.5mg/kg, which was higher than the concentration at
0.4m depth at the dumpsite. This might be as result of the fact that the mobility of Fe was by
soil erosion rather than leaching. The variation of Fe concentration with increased depth at
18m from the dumpsite was similar to that at the dumpsite. Between the depths of 0.8m to
1.6m, the concentration of Fe was found to be almost constant at both the dumpsite and at
18m from the dumpsite. This might be as a result of very little or no leaching process taking
place between this depths. However, the Fe concentration was within FEPA acceptable limit
[10].

Figure 4 shows the variation of Fe concentration with horizontal distance from the dumpsite.
The Fe concentration decreased with increasing horizontal distance from the dumpsite.
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Figure 5 shows that the concentration of Zn at the surface of the dumpsite was 236.8mg/kg
and this value decreased to 9.89mg/kg at a depth of 0.4m. The concentration of Zn was
significantly high at the surface of the dumpsite and was above FEPA maximum acceptable
limit [10]. However, it decreased drastically to almost a constant value of 9.89mg/kg at a
depth of 0.4m.This concentration was within the FEPA acceptable limit. This simply implies
that soil toxicity decreased with depth. Similar trend was observed at 18m from the
dumpsite, around the neigbourhood. The high concentration of Zn at the surface of the
dumpsite might have resulted from the corroded Zn plated materials, from car scrap dumped
at the dumpsite. Forstner and Wittmann, [2] reported that Zn is an adsorbing metal, whose
mobility depends strongly on the pH value and the concentration of humid substance. Also,
Zn has a high affinity to clay materials. Besides, Xin, [9] reported that metal adsorption
increases with the concentration of dissolved heavy metals as long as the corresponding
surface sites are available. The studies reported by Fic and Schroter, [13] indicated that
there were significant differences in mobility among heavy metals. They classified Zn and Cd
as relatively mobile and Cu and Cr as relatively immobile. Thus, the high retention nature of
Zn to the surface soil with little leached down the subsurface could be explain. This is the
reason for the sharp decline seen in Figure 5.
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Below 0.4m depth, the concentration of Zn was found to be almost constant. This might be
as a result of very little or no leaching process taking place below this depth. Along
horizontal distance, the variation of Zn concentration with distance from the dumpsite gave a
similar trend as shown in Figure 6.

Figure 7 shows that the concentration of Pb at the surface of the dumpsite was 36.85mg/kg.
It decreased to 11.17mg/kg at a depth of 0.4m and then increased to 31.36mg/kg at a depth
of 1.6m. The entire Pb concentration was above FEPA maximum acceptable limit [10]. This
implies that there was Pb toxicity in soil in and around the dumpsite. Also, the reason for this
non uniform distribution of Pb is because metallic Pb is only stable in a very low redox
potential condition [14]. The rate of Pb oxidation and the resulting corrosion products are
highly variable and site specific. In general, Pb is much more soluble under acidic (low pH)
conditions than at neutral or alkaline (high pH) conditions [9].

Pb sorption in clay usually increases with increasing pH, decreasing soil/solution ratio, and
decreasing ionic strength [15]. It can be seen from the soil pH results in Figure 1 that as the
soil depth increases, the soil becomes more acidic hence, the increasing solubility of Pb.
Similar trend was observed in the variation of Pb concentration with horizontal distance from
the dumpsite as shown in Figure 8.

Figure 9 shows that the concentration of Cu at the surface of the dumpsite was 78.61mg/kg
and this value decreased to 4.26mg/kg at a depth of 0.4m. The concentration of Cu was
quite high at the surface of the dumpsite and was above FEPA maximum acceptable limit
[10]. This could have been as a result of corrosion and leaching of Cu metal from the scrap
car and vehicle parts at the dumpsite. Besides, the concentration of Cu decreased sharply
within a depth of 0.4m at the dumpsite. This concentration was within the FEPA acceptable
limit. This indicates that soil toxicity decreased with depth, because Cu mobility was low.
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The results also show that Cu concentration at the dumpsite was much lower than that of Fe
and Zn. This might be due to its relatively low corrosion rate. Borg and Johansson [16]
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reported that copper is largely retained in the soil. They noticed that the mobility increased
with decreased pH. They suggested that the mobility of Cu was associated with the transport
of organic material since the Cu was highly adsorbed by them. Cu is a strongly adsorbing
metal, it can bound very strongly to humus substances, Fe/Al-oxides and other variable-
charge particle surfaces due to its large tendency to form complexes, so theoretically it
should be well retarded in most type of soils and thus being prevented from leaching to
further soil profiles. Xin, [9] and Igloria et al., [12] reported that the possibility of formation of
complexes between heavy metals and organic matter colloids in solutions, as well as those
attached to soil surfaces. Sposito [17], on the other hand, claimed that the effect of these
colloids might retard metals transport. Ma et al. [18] suggested that the chemical speciation
of the metals determined metal behaviour and mobility in the environment. Howell and
Gawthorne [3] discussed the important role of organic matter in the retention and behaviour
of Cu. These reasons explained the sharp decreased in Cu concentration. At 18m from
dumpsite, the concentration of Cu was very low and it has an approximate constant value of
1.98mg/kg irrespective of the depth. The concentration of Cu also decreased with horizontal
distance from the dumpsite as shown in Figure 10.

Figure 11 shows that the concentration of Cr at the surface of the dumpsites was 0.5mg/kg
and this value decreased 0.15mg/kg at a depth 1.6m. The concentration of Cr was relatively
low at the dumpsite when compared with other heavy metals. Also, it was within the FEPA
acceptable limit [10]. The low concentration of Cr might be as a result of Cr strong resistant
to corrosion couple and also because it is only few car parts actually contain Cr. This
explanation was supported Xin, [9] report that low concentration of Cr was as a result of the
ability of Cr to resist corrosion; hence the leaching process is very limited. At 18m from the
dumpsite, the concentration was 0.14mg/kg at the surface as shown in Figure 11. Cr the
mostly naturally occurs as chromium (VI) which is toxic at low concentration. However, the
toxicity associated with Cr in soil might be very low, since the dumpsite has a large Fe
concentration, which according to some researchers, will largely reduce chromium (VI) to
chromium (ll1) [19,20]. The Cr present in the dumpsite will most likely be the less toxic form
(chromium (II1)).



204
205

206
207
208
209
210
21
212
213
214
215
216
217
218
219
220
221
222
223
224

225
226
227
228
229
230
231

—*— Cr conc. at dumpsite 0.55 1
—*— Cr conc. at 18m from the dumpsite
05 4 0.5 4
041 _ 0451
g
| 2 044
0.3 £
2
g 0.35 1
0.2 7 5
0.3 A
0.1 7
0.25 A
0 T T T 1
0 04 08 12 18 02 ' ' ' ' '
0 3 6 9 12 15
Vertical distance (m) Hor i
Figure 11: The variation of Cr orizontal distance (m)
concentration with vertical depth Figure 12: The variation of Cr
at the dumpsite and at 18m from concentration with horizontal
the dumpsite distance from the dumpsite

4. CONCLUSION

In this work, the variables that could influence citric acid production from hydrolysed corn
starch were optimised. They include substrate concentration, broth pH and fermentation
The conclusions made from this research study are as follows:

The soil in and around the scrap car dumpsite was contaminated with toxic heavy
metals such as; Fe, Pb, Cu, Zn, and Cr.

At the dumpsites, the FEPA limit for metals concentration in soil was exceeded by
Fe, Zn, Cu and Pb, hence the soil was polluted with heavy metals.

Around the neighbourhood of the dumpsite (10m to 18m from the dumpsite) the soil
was mainly polluted with Pb.

The risk for heavy metals been transported through soil profiles originates from two
aspects: the metal corrosion capacity and the soil retention capacity.

It was found that for all the heavy metals, the concentrations where highest at the
surface of the dumpsite. Fe had the highest concentration of 515mg/kg, the order
was Fe >Zn > Cu > Pb > Cr.

The metals concentration and pH values decreased with increased vertical depth
and with increased horizontal distance from the dumpsite.

The concentration of heavy metals on soil depends on its corroding tendency.
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