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The aim was to determine the concentrations of heavy metals, in soil and groundwater at automobile
mechanic villages located in Ibadan, Nigeria, compare the results with guidelines from various
countries, draw conclusions and make recommendations. Soil and groundwater samples from 7
automobile mechanic villages and a control site in Ibadan, Nigeria were analysed for selected heavy
metals namely: Cd, Cu, Pb, Cr and Ni. Soil samples were obtained in triplicates and at depths of 0 to 15,
15 to 30, 30 to 45 and 45 to 60 cm. Water samples were obtained from dug wells at the sites. Overall,
values of Cd, Cu, Pb, Ni and Cr in the workshop soil samples ranged from 0.41 to 17.23; 1.48 to 476.0;
18.25 to 15100; 2.0 to 25.0 and 2.0 to 29.75 mg.kg-1 respectively. Evidence of contamination of these
soils was obvious when these values were compared to those of the control. Ni was below detection
-1
limit in all control samples while Pb and Cd were less than 0.05 and 0.002 mg.kg respectively. Cu
-1
-1
ranged from 4.30 to 10.05 mg.kg while Cr ranged from 6.25 to 19.75 mg.kg . Compared to established
limits set for soils in some countries, the values measured in this study were higher than these limits in
several cases. Compared to the limits set by WHO for drinking water, values measured in the
groundwater samples were lower than those limits for the heavy metals with the exception of Cu where
all the values were higher than the limits. The recommendations of the study include execution of some
form of phyto-remediation measures at the villages; strict compliance to regulatory limits in sludge to
be released from these villages into the environment and the enforcement of other environmental
protection regulations to arrest the ongoing buildup of these metals on those locations. Findings from
this study will be of immense help to researchers and environmental regulators working in this area of
interest in developing countries.
Key words: Soil, groundwater, lead, cadmium, copper, chromium, nickel.
INTRODUCTION
A common practice in Nigerian cities and towns is to
allocate large tracts of land, sometimes reaching 5 ha or
more, to groups of small scale auto-mechanic businesses
and designate these as villages where they locate their
workshops and repair yards to offer their services to the
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public. The larger the city, the larger is the number of
such mechanic villages contained in it. It is presumed that
there are environmental threats associated with this
practice. Although few studies conducted on these automechanic villages have been reported for some small
and medium size cities in the country namely: Iwo
(Ipeaiyeda and Dawodu, 2008), Port Harcourt (Iwegbue,
2007), Akure (Ilemobayo and Kolade, 2008), and
locations in the Imo river basin (Nwachukwu et al., 2010),
there is a need to conduct studies in bigger cities so that
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more definitive conclusions can be made for the country
as a whole. Using Ibadan as a case study, this research
was therefore carried out to look at these mechanic
villages closely and make conclusions regarding their
heavy metal contamination of the soil and water
environments where they are located. The findings can
then be used as a basis for improving the situation and
guide environmental planners who are confronted with
similar situations in other places in the developing world.
Ibadan is one of Nigeria’s three largest cities and it has
an estimated motor vehicle population of about 700,000.
These require regular maintenance provided for in more
than 50 mechanic villages scattered around the city.
Sizes of these villages vary but the typical medium sized
village occupies about 5 ha of land area, contains about
40 to 50 auto-mechanic workshops and serves about 400
to 500 vehicles daily. Activities conducted in these shops
are typical of auto-mechanic repair shops and invariably
involve working with and spilling of oils, greases, petrol,
diesel, battery electrolyte, paints and other materials
which contain heavy metals unto bare soil. Heavy metals
are chemical elements mostly with density greater than 4
g/cm3 found in all kinds of soils, rocks and water in
terrestrial and freshwater ecosystems. The very low
general level of their content in soils and plants as well as
the definite biological roles of most of them makes them
microelements (Lacatusu, 1998). They occur in typical
background concentrations in these ecosystems.
However anthropogenic releases can result in higher
concentrations of these metals relative to their normal
background values. When these occur, heavy metals are
considered serious pollutants because of toxicity,
persistence and nondegradable conditions in the
environment, thereby constituting threat to human beings
and other forms of biological life (Tam and Wong, 2000;
Yuan et al., 2004; Nwuche and Ugoji, 2008; Aina et al.,
2009; Mohiuddin et al., 2010).
Heavy metal pollution refers to cases where the
quantities of these elements in soils are higher than the
maximum allowable concentrations, and this is potentially
harmful to biological life at such locations. As noted by
Gazso (2001), heavy metals come from a variety of
sources but human economic activities such as coal and
metal ore mining, chemical manufacturing, petroleum
mining and refining, electric power generation, melting
and metal refining, metal plating and to some extent
domestic sewage are principally responsible. Some of the
heavy metals such as Cu, Ni and Zn are essential to
plants and animals in very low concentrations by serving
as components of enzymes, structural proteins, pigments
and also helping to maintain the ionic balance of cells
(Kosolapov et al., 2004). These and other trace elements
are important for proper functioning of biological systems
and their deficiency or excess could lead to a number of

disorders. Food chain contamination by heavy metals has
become a burning issue in recent years because of their
potential
accumulation
in
biosystems
through
contaminated water, soil and air.
As observed by Begun et al. (2009), large quantities of
pollutants have continuously been introduced into
ecosystems as a consequence of urbanization and
industrial processes. Metals are persistent pollutants that
can be biomagnified in the food chains, becoming
increasingly dangerous to human beings and wildlife.
Therefore, assessing the concentrations of pollutants in
different components of the ecosystem has become an
important task in preventing risk to natural life and public
health. Heavy metals enter into the environment mainly
via three routes namely: (i) deposition of atmospheric
particulate, (ii) disposal of metal enriched sewage
sludges and sewage effluents and (iii) by-products from
metal mining process. Soil is one of the repositories for
anthropogenic wastes. Biochemical processes can
mobilize them to pollute water supplies and impact food
chains. Heavy metals such as Cu, Cr, Cd, Ni, and Pb are
potential soil and water pollutants. Globally, the problem
of environmental pollution due to heavy metals has
begun to cause concern in most large cities since this
may lead to geoaccumulation, bioaccumulation and
biomagnifications in ecosystems.
Heavy metal contaminants in the environment are
eventually deposited in soils in some form of a low
solubility compound, such as pyrite (Huerta-Diaz and
Morse, 1992) or sorbed on surface-reactive phases, such
as Fe and Mn oxides (Cooper et al., 2005; HamiltonTaylor et al., 2005). Lead (Pb) is the most common
environmental contaminant found in soils. Unlike other
metals, Pb has no biological role, and is potentially toxic
to microorganisms (Sobolev and Begonia, 2008). Its
excessive accumulation in living organisms is always
detrimental. Furthermore, Pb exposure can cause
seizures, mental retardation, and behavioral disorders in
human beings. Heavy metal exposure to human beings
occurs through three primary routes namely inhalation,
ingestion and skin absorption. All these occur in myriads
of places including auto-mechanic workshops. Generally,
toxic metals cause enzyme inactivation, damage cells by
acting as antimetabolites or form precipitates or chelates
with essential metabolites. According to USDA (2000),
acute (immediate) poisoning from heavy metals is rare
through ingestion or dermal contact, but it is possible.
Chronic problems associated with long-term heavy
metal exposures are mental lapse (lead); toxicological
effects on kidney, liver and gastrointestinal tract
(cadmium); skin poisoning and harmful effects on kidneys
and the central nervous system (arsenic). There is a link
between long term exposure to copper and decline of
intelligence in young adolescents (Lenntech, 2009).
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Chronic cadmium exposures result in kidney damage,
bone deformities, and cardiovascular problems (Goyer
and Clarkson, 2001). Human diseases have resulted
from consumption of cadmium contaminated foods
(Kobayashi, 1978; Nogawa et al., 1987). The threat that
heavy metals pose to human and animal health is
aggravated by their low environmental mobility, even
under high precipitations, and their long term persistence
in the environment (Mench et al., 1994; Chirenje et al.,
2004). For instance, Pb, one of the more persistent
metals, was estimated to have a soil retention time of 150
to 5000 years (Sobolev and Begonia, 2008). Also, the
average biological half-life of Cd, another accumulation
poison similar to lead, has been estimated to be about 18
years (Forstner, 1995).
As a result of low environmental mobility of those
metals, a single contamination episode could set a stage
for a long-term exposure of human, microbial, fauna, flora
and other edaphic communities to metal, necessitating
long-term monitoring effort to assess effects of the
metals. Studies have shown that long-term heavy metal
contamination of soils has harmful effects on soil
microbial activity, especially microbial respiration and
enzyme activity (Doelman and Haanstra, 1984; Brookes,
1995; Szili-Kovács et al., 1999; Holtan-Hartwig et al.,
2002; Begonia et al., 2004). Toxic effects of heavy metals
on microorganisms manifests in numerous ways such as
decrease in litter decomposition and nitrogen fixation,
less efficient nutrient cycling and impaired enzyme
synthesis (Baath, 1989). Aside from long-term metalmediated changes in soil enzyme activities, many reports
have shown large reductions in microbial activity due to
short-term exposure to toxic metals (Doelman and
Haanstra, 1979; Hemida et al., 1997).
Bacterial activity, measured by thymidine incorporation
technique, has been shown to be very sensitive to metal
pollution both under laboratory (Diaz-Ravina and Baath,
1996a; Diaz-Ravina and Baath, 1996b) and field
conditions. Moreover, habitats that have high levels of
metal contamination show lower numbers of microbes
than uncontaminated habitats (Kandeler et al., 2000). All
these have deleterious effects on agriculture, and
ultimately human beings. Short-term and long-term
effects of pollution differ depending on metal and soil
characteristics (Kádár, 1995; Németh and Kádár, 2005).
In the after-effect of heavy metal pollutions, the role of
pollutant bounding or leaching increases, which
determine their bioavailability and toxicity. Heavy metal
pollution of the soil also has negative side effects on
plants. Anoliefo et al. (2001) showed a phytotoxic effect
of soil collected from abandoned mechanic village and
reported that the soil depressed and inhibited plant
growth.
Some studies conducted in Nigeria regarding soil
pollution problems associated with motor vehicle wastes
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have been reported by Onianwa et al. (2002), Ipeaiyeda
and Dawodu (2008), Olusoga and Osibanjo (2007),
Iwegbue (2007), and Adie and Osibanjo (2009). Iwegbue
(2007) studied metal fractionation in soil profiles at motor
mechanic waste dumps around Port Harcourt, Rivers
state, and observed that the metals present were
relatively mobile, but more in the surface than in the
subsurface. The exception was chromium, which
migrated fastest at depths between 15 and 30 cm, and in
the order of decreasing mobility, the paper identified six
metals notably: Cd > Zn > Pb > Cu > Cr > Ni. Ipeaiyeda
and Dawodu (2008) studied the heavy metals
contamination of topsoil and their dispersion in the
vicinities of reclaimed auto vehicle repair workshops in
Iwo, Osun state, due to poor management of wastes
generated. It was found that Pb (133±66 mg/kg) was the
most significant contaminant, followed by Ni (11.5±3.3
mg/kg), and Hg (9.4±4.6 mg/kg). The paper noted a
general trend of dispersion as Pb>Ni>Hg>Cr>Zn at the
sites.
The soil-plant barrier limits transmission of many heavy
metals through the soil-crop-animal food chain, with the
exception of Cd, Zn, Mo, and Se. Cadmium, which has
lower affinity for metal-sorbing phases (for example,
oxides) has the greatest potential for transmission
through the food chain in levels that present risk to
consumers (Chaney and Ryan, 1994; Chaney et al.,
1999). Heavy metal pollution of soil entails plant uptake
causing accumulation in plant tissues and eventual
phytotoxicity and change of plant community (Ernst 1996;
Zayed et al., 1998; Gimmler et al., 2002). Given the
foregoing, it is particularly imperative to continue to
conduct research on heavy metals and their impacts on
the environment and propose ways through which the
negative impacts can be mitigated. One of such studies is
reported in this paper.
MATERIALS AND METHODS
Soil sampling
Seven auto-mechanic workshops spread over the city of Ibadan
were randomly selected for investigation. A green, uncontaminated
site at the Institute of Agricultural Research and Training, Moor
Plantation, Ibadan, Nigeria was used as control. Soil samples were
obtained in triplicates at each site at depths of 0 to 15; 15 to 30; 30
to 45; and 45 to 60 cm using a depth calibrated soil auger. Each
sample was immediately placed in a fresh plastic bag and tightly
sealed. All the samples were transported to the laboratory where on
arrival, analytical procedure commenced in earnest. These
investigations were conducted in the month of July, 2010.

Heavy metal analysis
The soil was spread on a clean plastic sheet placed on a flat
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Table 1. General information on the mechanic villages studied.

S/N

Site

1
2
3
4
5
6
7

A
B
C
D
E
F
G

Area

Location (LGA)

Agbowo
Apete
Dugbe
Ijokodo
Mokola
Bodija Oju-irin
Ojoo

Ibadan North
Iddo
Ibadan
Ibadan North west
Ibadan
Ibadan North
Akinyele

Year
established
1985
1985
1995
1980
1990
1985
1985

No. of
workshops
20
20
20
70
15
50
50

No. of vehicles
handled daily
200
200
200
700
150
500
500

LGA: Local Government Area.

surface and air-dried in open air in the laboratory under room
conditions for 24 h. Afterwards, the soil was sieved on a 2 mm sieve
and 5 g sample was taken from the sieved soil and put in a beaker.
10 ml of nitric/perchloric acid, ratio 2:1 was added to the sample.
This sample was digested at 105°C. Next, HCl and distilled water,
ratio 1:1 was added to the digested sample and the mixture
transferred to the digester again for 30 min. The digestate was then
removed from the digester and allowed to cool to room
temperature. The cooled digestate was washed into a standard
volumetric flask and was made up to the mark with distilled water.
Determination of the heavy metals was done in an atomic
absorption spectrophotometer (AAS model 210 VGP) after
calibrating the equipment with different standard concentrations as
follows:
Pb: 1, 2 and 5 ppm.
Cd: 0.5, 1 and 2ppm.
Cr: 1, 2 and 5ppm.
Ni: 1, 2 and 5 ppm.
pH which was determined with an electronic JENWAY glass
electrode pH meter (model 3510).

Water sampling and analysis
Water samples were obtained from dug wells on each of the sites
following standard water sampling procedure. Each sample was
directly collected into a factory-fresh 1.5 L plastic bottle, with cap
securely tightened. After collection the bottles were placed inside
ice coolers for transportation to the laboratory where they were then
transferred to the refrigerator. Laboratory analysis commenced the
same day. The methods used are all detailed in APHA, AWWA,
WPCF (1998).

RESULTS AND DISCUSSION
The results are given in Tables 1 to 10.
Heavy metals in soil samples at the auto mechanic
villages
From Table 9, in terms of concentrations of the heavy
metals in the soil layers, Pb generally has the highest

while Cd generally has the least and the order observed
for this study is Pb > Cu > Cr > Ni > Cd. Furthermore as
observed in Table 4 regarding depth through the soil
layers, the highest concentrations of Pb were recorded in
the 0 to 15 cm layer while the least were recorded in the
45 to 60 cm of the soil in most cases and this shows a
linear correlation of reduction with depth through the soil
layers. This observation of higher retention of Pb in the
top layers of the soil corroborates the finding of Davies
(1995) which stated that lead is especially prone to
accumulation in surface horizons of soil because its low
water solubility results in very low mobility. The exception
to this is the case of sample D for lead where the highest
value (15,100 mg.kg-1) recorded in the 30 to 45 cm depth
was several times that recorded at the surface. Lead (Pb)
occurs naturally in all soils, in concentrations ranging
from 1 to 200 mg.kg-1, with a mean of 15 mg.kg-1
(Chirenje et al., 2004).
From Tables 4 and 9, it is noticed that the measured
values of Pb are several multiples outside this range and
this suggests that an external intervention has caused a
departure from the normal. Some exceptionally high
values of lead have also been reported in the literature
and most were in one way or the other connected to
manufacturing sites of vehicle batteries. Adie and
-1
Osibanjo (2009) found a range of 243 to 126,000 mg.kg
in soils from the premises of a battery manufacturing
plant. Nwoko and Egunjobi (2002) found Pb
concentrations which were described as being highly
elevated in soil and vegetation in an abandoned battery
factory site. Of environmental and health concern,
although apparently not connected to auto-mechanic
workshops, is the reported case of 10,000 mg.kg-1 found
in topsoils in a village in Zamfara State, Nigeria (Purefoy,
2010). In that case, local miners, unknown to them, for a
long time were bringing Pb associated gold ores sourced
from surrounding mines for processing in the village and
putting the villagers at serious risk. Several deaths were
reported. Only location B in this present study had its
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Table 2. Activities carried out on the vehicles at the auto-mechanic villages and their contributions to soil pollution.

S/N
1.

Activity
Servicing of vehicle engines.

Contribution to soil pollution
Discharging dirty engine oil on the ground.

2.

Repair of transmission systems.

Spilling of transmission oil on the ground.

3.

Repair of fuel tanks.

Pouring of petrol and diesel on bare ground.

4.

Repair or charging of batteries.

Pouring of electrolyte on the ground. Discarding lead
plates on waste dumps on site.

5.

Repair of braking systems.

Spilling of brake fluid on bare ground.

6.

Repair of clutch systems.

Spilling of clutch fluid on ground.

7.

Overhauling of vehicle engines.

Discharge of engine oil, sludge and interior scrapings on
the ground.

8.

Panel beating of vehicle bodies and
scraping of old vehicle body coats.

Metal bits, metallic colour coats and dusts are scraped to
bare ground.

9.

Grinding, threading, wiring and other
working of metal parts during repair.

Metal bits are filed onto bare ground, waste wires and
solders are dropped.

10.

Greasing and oiling of parts.

Greases and oils spill on the ground.

11.

Welding and soldering of vehicle parts.

Discarding of waste solder and electrodes on soil dumps.

12.

Spray painting of vehicle bodies, rims
and other vehicle parts.

Accidental spills of paints on the ground. Waste product
of spraying amass on dumpsite.

13.

Rainfall.

Washing dirt from roofs and bogged vehicles onto the
ground.

14.

Washing of vehicles and parts.

Contaminated washwater containing hydrocarbons, acids,
soaps and other chemicals pour on the soil.

15.

Improper human toileting and wastes
discharge.

Human wastes deposited to the ground.

Table 3. Copper content (mg.kg-1) of soils at four depths at auto-mechanic villages in Ibadan Nigeria.

Sample
A
B
C
D
E
F
G
Control

1
476.00
13.00
39.75
160.88
24.68
1.48
65.65
10.05

2
75.00
8.60
74.90
5.73
57.50
19.52
11.08
4.30

3
41.70
8.58
3.70
102.23
8.10
27.45
9.48
8.37

4
26.38
7.05
13.23
4.28
86.20
22.40
23.05
7.87

Values are means of three measurements. Depths 1 = 0 to 15 cm, 2 = 15 to 30 cm, 3 = 30 to 45 cm, 4 = 45 to 60
cm.
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Table 4. Lead content (mg.kg-1) of soils at four depths at automechanic villages in Ibadan, Nigeria.

Sample
A
B
C
D
E
F
G
Control

1
2672.50
85.75
109.00
77.00
2882.50
11.75
667.50
<0.05

2
557.50
45.00
622.50
25.75
334.25
298.50
18.25
<0.05

3
255.50
33.50
17.75
15100.00
22.00
199.75
24.00
<0.05

4
211.75
30.00
19.25
19.50
730.00
105.75
30.75
<0.05

Table 7. Cadmium content (mg.kg-1) of soils at four depths at
auto-mechanic villages in Ibadan, Nigeria.

Sample
A
B
C
D
E
F
G
Control

Values are means of three measurements. Depths 1 = 0 to 15 cm, 2 =
15 to 30 cm, 3 = 30 to 45 cm, 4 = 45 to 60 cm.

1
17.23
0.62
0.50
0.43
BDL
BDL
1.10
<0.002

2
0.41
BDL
0.40
BDL
BDL
BDL
BDL
<0.002

3
0.45
BDL
BDL
BDL
BDL
0.45
BDL
<0.002

4
BDL
BDL
BDL
BDL
3.11
0.27
2.33
<0.002

Values are means of three measurements. Depths 1 = 0 to 15 cm,
2 = 15 to 30 cm, 3 = 30 to 45 cm, 4 = 45 to 60 cm. BDL: the heavy
metal was below detectable limit in the soil sample analysed.

Table 5. Chromium content (mg.kg-1) of soils at four depths at
auto-mechanic villages in Ibadan, Nigeria.

Sample
A
B
C
D
E
F
G
Control

1
17.50
11.75
15.75
5.50
9.25
9.75
29.75
19.75

2
8.75
3.00
10.25
6.00
2.25
8.00
6.50
6.25

3
21.50
6.75
3.50
13.50
8.00
11.75
16.50
8.50

Table 8. pH of soils at four depths at auto-mechanic villages in
Ibadan Nigeria.

4
2.00
10.75
4.50
11.50
15.25
5.35
9.00
8.25

Values are means of three measurements. Depths 1 = 0 to 15 cm, 2
= 15 to 30 cm, 3 = 30 to 45 cm, 4 = 45 to 60 cm.

Sample
A
B
C
D
E
F
G
Control

1
6.1
5.8
5.9
6.2
5.7
5.8
6.2
5.8

2
5.4
5.7
5.8
5.8
5.7
5.7
5.8
5.7

3
5.4
5.8
5.6
5.7
5.6
5.7
5.1
5.8

4
5.0
5.7
5.2
5.6
5.6
5.5
4.8
5.8

Values are means of three measurements. Depths 1 = 0 to 15 cm, 2 =
15 to 30 cm, 3 = 30 to 45 cm, 4 = 45 to 60 cm.

Table 6. Nickel content (mg.kg-1) of soils at four depths at automechanic villages in Ibadan, Nigeria.

Sample
A
B
C
D
E
F
G
Control

1
25.00
6.00
7.75
8.00
5.50
0
20.75
BDL

2
10.25
6.25
0.75
6.50
5.00
9.00
10.25
BDL

3
5.25
11.50
BDL
7.50
BDL
11.00
BDL
BDL

4
2.50
2.00
BDL
11.75
19.00
7.25
10.75
BDL

Values are means of three measurements. Depths 1 = 0 to 15
cm, 2 = 15 to 30 cm, 3 = 30 to 45 cm, 4 = 45 to 60 cm. BDL: the
heavy metal was below detectable limit in the soil sample
analysed.

-1

maximum and minimum values of Pb below 200 mg.kg
while the others were higher.
The explanation for these observations is that these

elevated Pb values are due to ongoing lead deposition in
soils within the mechanic villages and its consequent
retention in the soil upper layers. This is much more
obvious when the Pb values are compared to those
measured at the control site where <0.05 mg.kg-1 of lead
was measured at all the specified depths. This provides
further evidence that Pb is gradually building up in the
soil on locations of these mechanic villages. A ready
source of the Pb is vehicle batteries which are repaired or
otherwise handled in these locations. USEPA (2008)
stated that Pb is considered a hazard when it is equal to
-1
or exceeds 400 mg.kg in bare soil. Canada set the
criteria for Pb in commercial premises as 260 mg.kg-1
(CCME, 2009). It is seen from Table 9 that with the
exception of samples B and F, the maximum values of
lead measured in all the locations is much higher than
400 mg.kg-1. This in itself constitutes sufficient ground for
concern as regards the contributions of these automechanic villages to the Pb content of the soil at their
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respective locations. In fact the situation assumes a
higher level of importance when the values are compared
with those shown in Table 11 which shows the limits of
heavy metals concentrations in soils in some other
countries. Only Luxembourg and the United Kingdom set
the maximum permissible limits for Pb in soil as 300
mg.kg-1.
The limits are lower in the other countries namely
-1
Austria and France, 100 mg.kg of soil; Germany, 70
-1
mg.kg of soil; Netherlands and Sweden, 40 mg.kg-1 of
soil. This situation points at a far reaching recognition of
excessive levels of Pb in soil as potently dangerous and
the need to regulate it to yet lower levels. Reasons for
elevated Pb levels in soil are basically anthropogenic.
Due to past uses of lead in industrial processes and
consumer products (for example paint, gasoline, diesel,
other petrochemicals, accumulators), urban soils often
contain high lead concentrations, up to 1840 mg.kg-1 or
more (Curtis and Smith, 2002). In this present study the
elevated Pb levels in these urban soils are definitely due
to activities (Table 2) in these auto mechanic villages.
Table 9 shows that soil Cu values ranged from 1.48 to
476.0 mg.kg-1 and these were recorded at locations F
and A respectively. The highest value measured is
several times higher than the statutory limits in all the
countries shown in Table 11. For the control soil, the
range was 4.30 to 10.05 mg.kg-1. Looking further at Table
3, it is seen that three measurements were above the 100
mg.kg-1 mark and two of these were recorded in the
topsoil in samples A and D while the third was at the
depth of 30 to 45 cm for sample D. All the locations
(including the control samples) with the exception of C, E
and F recorded their highest values for Cu in the 0 to 15
cm depth.
The highest values were measured in the 15 to 30 cm
depth for C; 30 to 45 cm depth for F and 45 to 60 cm
depth for E. Townsend et al. (2003) found that the mean
concentrations of arsenic, chromium and copper in
control soil samples studied were 1.34, 8.62 and 6.05
mgkg-1 respectively. Another study noted that average
copper concentration in Canadian soil is estimated to be
-1
-1
20 mg·kg , with a range between 2 and 100 mg·kg
(British Columbia Ministry of Environment, Lands and
Parks, 1992). These values are compatible with the
values obtained in the control samples of this study as
shown in Tables 3, 5 and 9. Slightly elevated values of
copper are however noted in the study samples. Elevated
levels of copper on these auto-mechanic locations are
traceable to the use of copper conductors and wires,
tubes, solders and myriads of other maintenance items
made from copper. According to Alloway (1990) and
Lenntech (2009) when copper ends up in soils, it strongly
attaches to organic matter and minerals. As a result, it
does not travel very far after release. Perhaps this
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explains why the highest values of copper recorded on
most of the locations were in the 0 to 15 cm depth. As a
result of this limited mobility, applied copper tends to
accumulate in soil (Slooff et al., 1989).
On copper rich soils, only a limited number of plants
has a chance of survival. In surface water, copper can
travel great distances, either suspended on dust particles
or as free ions. Soil types have finite holding capacities
for copper ions, and leaching can occur when the copper
levels applied exceed this capacity (Adriano, 1986). With
respect to Cr, Table 9 shows that the overall measured
range was from 2.0 to 29.75 mg.kg-1 found in samples
from locations A and G respectively. The measured
range for control soil was 6.25 to 19.75 mg.kg-1. These
ranges were within the limits set for all the countries
shown in Table 11. However, the maximum value
measured is above the limit of 22 mg.kg-1 set by Canada
(CCME, 2009). Looking closely at Table 5 it is noticed
that for locations B, C and G, the highest values were
found in the 0 to 15 cm depth. For locations A, D and F,
the highest values were found in the 30 to 45 cm depth,
while the 45 to 60 cm depth in location E recorded the
highest value of Cr. It was observed that with the
exception of location C, the values of Cr measured at
depth 30 to 45 cm were higher than those measured at
depth 15 to 30 cm in all the other locations. Only in
location C was a consistent reduction in Cr content from
the topsoil down through the soil profile found and even
at the deepest layer a slight increase in Cr content was
measured.
Location D on the other hand, showed an increase in
Cr content with depth from the top soil with a slight
decrease at the deepest layer of the profile. Chromium is
one of those heavy metals the environmental
concentration of which is steadily increasing due to
industrial growth, especially the development of metal,
chemical and tanning industries. Other sources of
chromium permeating the environment are air and water
erosion of rocks, power plants, liquid fuels, brown and
hard coal, and industrial and municipal waste. Although
there is no risk of chromium contamination on a global
scale, local permeation of the metal to soil, water or the
atmosphere might result in excessive amounts of this
pollutant in biogeochemical circulation (Wyszkowska,
2002). As observed by Ghosh and Singh (2005) nonbiodegradability of chromium is responsible for its
persistence in the environment; once mixed in soil, it
undergoes transformation into various mobile forms
before ending into the environmental sink (Bartlett and
James, 1983; Bartlett, 1988). Although Cr toxicity in the
environment is relatively rare, it still presents some risks
to human health since chromium can be accumulated on
skin, lungs, muscles fat, and it accumulates in liver,
dorsal spine, hair, nails and placenta where it is traceable
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Table 9. Maximum and minimum measured values of heavy metals contents (mg.kg-1) of soils at automechanic villages in Ibadan Nigeria.

Sample/location

Measured limits
Max.
Min.

Cu
476.00
26.38

Pb
2672.50
211.75

Cr
21.50
2.00

Ni
25.00
2.50

Cd
17.23
0.41

B

Max.
Min.

13.00
7.05

85.75
30.00

11.75
3.00

11.50
2.00

0.62
BDL

C

Max.
Min.

74.90
3.70

622.50
109.00

15.75
3.50

7.75
BDL

0.50
BDL

D

Max.
Min.

160.88
4.28

15100.00
19.50

13.50
5.50

11.75
6.50

0.43
BDL

E

Max.
Min.

86.20
8.10

2882.50
22.00

15.25
2.25

19.00
BDL

3.11
BDL

F

Max.
Min.

27.45
1.48

298.50
105.75

11.75
5.35

11.00
BDL

0.45
BDL

G

Max.
Min.

65.65
9.48

667.50
18.25

29.75
6.50

20.75
BDL

2.33
BDL

Control

Max.
Min.

10.05
4.30

<0.05
<0.05

19.75
6.25

BDL
BDL

<0.002
<0.002

A

BDL: the heavy metal was below detectable limit in the soil sample analysed.

Table 10. Heavy metal content (mg/l) of water from dug wells at auto mechanic
villages in Ibadan Nigeria.

Sample
A
B
C
D1
D2
E
F
G
Control

Cd
nd
nd
nd
nd
nd
nd
nd
nd
nd

Cu
4.55
5.88
7.85
8.40
9.02
6.20
4.65
7.35
0.15

Pb
nd
nd
nd
nd
nd
nd
nd
nd
nd

Cr
nd
nd
nd
nd
nd
nd
nd
nd
nd

Ni
nd
nd
nd
nd
nd
nd
nd
nd
nd

nd: the heavy metal was not detected in the water sample analysed.

Table 11. Allowable limits of heavy metal concentrations in soil (mg.kg-1).

Heavy metal
Cd
Cr
Cu
Ni
Pb

Austria
1 to 2
100
60 to 100
50 to 70
100

Source: ECDGE (2010).

Germany
1
60
40
50
70

France
2
150
100
50
100

Luxembourg
1 to 3
100 to 200
50 to 140
30 to 75
50 to 300

Netherlands
0.5
30
40
15
40

Sweden
0.4
60
40
30
40

United Kingdom
3
400
135
75
300

Adelekan and Abegunde

to various heath conditions (Reyes-Gutiérrez et al.,
2007).
-1
Nickel manifested a range of 2.0 to 25.0 mg.kg found
on locations B and A respectively (Table 9), while it was
below detection limit in the control soil. The maximum
value is well within the limits set for Ni in all the countries
with the exception of Netherlands, and Denmark
(ECDGE, 2010). Both countries set a limit of 15 mg.kg-1
for Ni. In a few samples, Ni was found to be below the
detection limit (Table 6). Locations A and C manifested a
consistent reduction in Ni content of the soil with depth
from the top layer down through the profile. In locations
A, C and G, the highest values of Ni were found in the 0
to 15 cm depth of soil. In locations B and F, the highest
values were obtained in the 30 to 45 cm depth while they
occurred in the 45 to 60 cm depth at locations D and E
(Table 6). In the 0 to 15 cm depth at location F, Ni was
found to be below the detection limit. The concentrations
of Ni found in this study are compatible with those
reported in the literature. For instance, Lenntech (2009)
pointed out that the nickel content in soil can be as low
-1
-1
as0.2 mg.kg or as high as 450 mg.kg although the
-1
average is about 20 mg.kg .
The UK Soil and Herbage Survey found total nickel
concentrations in the range 1.16 to 216 mg.kg-1 for rural
UK soils, with a mean value of 21.1 mg.kg-1. Urban UK
soils were found to contain nickel concentrations in the
range 7.07 to 102 mg.kg-1, with a mean value of 28.5
mg.kg-1 (Environment Agency, 2007). A survey of soils in
Scotland (Berrow and Reaves, 1986) reported a
geometric mean concentration of Ni in soil of 27 mg.kg-1;
and a survey of soils in England and Wales by McGrath
and Loveland (1992) reported a geometric mean
concentration of 20 mg.kg-1. Therefore, soils from these
auto-mechanic villages do not appear to contain
abnormally high values of Ni. Global input of nickel to the
human environment is approximately 150,000 and
180,000 metric tonnes per year from natural and
anthropogenic sources respectively, including emissions
from fossil fuel consumption, and the industrial
production, use, and disposal of nickel compounds and
alloys (Kasprzak et al., 2003).
Nickel is known to accumulate in plants and with intake
of too large quantities of Ni from plants grown on nickelrich soils (such as tea, beans, vegetables), there are
higher chances of developing cancers of the lung, nose,
larynx and prostrate as well as respiratory failures, birth
defects and heart disorders (Duda-Chodak and
Blaszczyk, 2008; Lenntech, 2009). In water, nickel
derives from biological cycles and solubilization of nickel
compounds from soils, as well as from the sedimentation
of nickel from the atmosphere. Uncontaminated water
usually contains about 300 ng Ni/dm-3. Farm soils contain
approximately 3 to 1000 mg.kg-1 of Ni in soil, but the Ni
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concentration can reach up to 24,000 to 53,000 mg.kg
of Ni in soil near metal refineries and in dried sludge,
respectively (Denkhaus and Salnikov, 2002; Sutherland
and Costa, 2002). Exposures by inhalation, ingestion or
skin contact occur in nickel and nickel alloy production
plants as well as in welding, electroplating, grinding and
cutting operations which are done in auto-mechanic
workshops.
In 2008, nickel received the shameful name of
“Allergen of the year” (Gillette, 2008). According to the
report the frequency of nickel allergy is still growing, and
it cannot be explained only by fashionable piercing and
nickel devices used in medicine (like coronary stents and
endoprostheses). All those observations along with those
earlier reported caused an increased interest in the
impact of nickel on human health (Sivulka, 2005). For
50% of the samples the Cd content was below the
detection limit and this situation was found spread
through all the locations and at various depths (Table 7).
It was also true for the control soil where Cd was found to
be <0.002 mg.kg-1 at all the depths investigated. Two
possible reasons may be ascribed to this kind of situation
of low occurrence of Cd in soil. The first is that the
aggregate Cd levels in the sludge applied to soil may be
low. However, since these are auto mechanic workshops
which have existed for several years (Table 1), the
possibility of that is remote. The other explanation is the
mobility of Cd through the soil layers. Cadmium tends to
be more mobile in soil systems than many other heavy
metals (Alloway, 1995). Although the measured values
showed a range of 0.41 to 17.23 mg.kg-1 (Table 9). The
majority however are less than 1.0 mg.kg-1.
The maximum value found in this study is several
multiples of the limits shown in Table 10 and such a high
value occurred in just one sample. Only the United
Kingdom and Luxembourg have Cd limit of 3 mg.kg-1
while the rest have a lower limit. Only 2 of the measured
values in this study are above 3.0 mg.kg-1. A soil Cd limit
of 1 mg.kg-1 is set in Norway (Reimann et al., 1997),
Germany, Ireland, Spain and Portugal (ECDGE, 2010).
Switzerland set a value of 0.8 mg.kg-1 for Cd (FOEFL,
1987) while Sweden set 0.4 mg.kg-1 (ECDGE, 2010).
More than 50% of the measured values in this present
study were below 1 mg.kg-1. Several of these findings find
support in a study by Kabala and Singh (2006) which
investigated the vertical distribution of Cd as well as its
potential mobility in soil profiles exposed to copper
smelter emissions. It found that Cd ranged from 1.06 to
1.40 mg.kg-1 overall. The depths at which the minimum
and maximum concentrations of Cd were found varied
from site to site in the 4 different sites where the soil
samples were obtained. It found significant Cd leaching
from surface horizons to subsoil and concluded that
mobility of Cd is relatively high in surface horizons. It
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Table 12. Regulatory limits on heavy metals present in sludge applied to soils.

S/N

Heavy metal

1.
2.
3.
4.
5.

Cadmium
Chromium
Copper
Lead
Nickel

Maximum concentration in
sludge (mg/kg)
85
3000
4300
420
75

Annual pollutant loading
rate (mg/kg)
1.9
150
75
21
0.90

Cummulative pollutant
loading rate (mg/kg)
39
3000
1500
420
18

Source: USEPA (1993).

posited that Cd is more mobile than either Cu or Pb. Kuo
et al. (1983) made similar conclusions while emphasizing
higher vertical mobility of Cd as compared to Cu and Zn
in soils in a study conducted in Montana, USA.
In this present study, more than 90% of all the samples
met the limits for Cd set out in Table 11. The lack or
presence of only trace amounts of Cd in subsoils as
shown in Table 7 indicates negligible leaching to lower
soil horizons and little risk of groundwater contamination.
Further evidence for this position is found in Table 10
which shows heavy metal content of water from dug wells
located on these mechanic villages. Cd was found to be
below detection limit in all the samples. Soil chemistry
also influences cadmium mobility and uptake by plants.
As with other metals, low pH increases mobility.
Absorption/desorption of cadmium is about 10-fold more
rapid than for lead (Curtis and Smith, 2002). Chronic
cadmium exposures result in kidney damage, bone
deformities, and cardiovascular problems (Goyer and
Clarkson, 2001).
Suggested measures for remediation of soil at the
auto-mechanic villages
Some remediation activities are required on these automechanic villages particularly in respect of Pb. A good
point to begin the remediation engagements is to adapt
measures which are in place in other climes as a first
step. In order to prevent heavy metals toxicity on soils,
attempts have to be made to regulate the heavy metals
contents of sludge that can be directly released to the soil
in the auto mechanic villages. Presently there appears to
be no enforced regulation in place at these automechanic villages. Prevention of soil contamination is far
better than any form of remediation process. Table 12
shows regulatory limits of heavy metals in sludge applied
to soil adapted from USEPA (1993). Beyond setting
regulatory limits, USDA (2000) highlights the following
management practices which although will not remove
the heavy metal contaminants, but will help to immobilize

them in the soil and reduce their potential for adverse
effects from the metals on the environment.
The kind of metal (cation or anion) must be considered.
The measures are:
1) Increasing the soil pH to 6.5 or higher. It is noticed that
pH values measured in all the soil samples were less
than 6.5 (Table 8).
2) Draining wet soils.
3) Applying phosphate.
4) Carefully selecting
contaminated soils.

plants

for

use

on

metal-

Research has demonstrated that plants are effective in
cleaning up contaminated soil through phytoremediation
(Wenzel et al., 1999). Phytoremediation is a general term
for using plants to remove, degrade, or contain soil
pollutants such as heavy metals, pesticides, solvents,
crude oil, polyaromatic hydrocarbons, and landfill
leacheates. Wildflowers were recently used to degrade
hydrocarbons from an oil spill in Kuwait. Hybrid poplars
can remove ammunition compounds such as TNT as well
as high nitrates and pesticides (Brady and Weil, 1999).
Olusoga and Osibanjo (2007) studied the incidence of
heavy metals on an abandoned dumpsite of a leadbattery manufacturing company in Olodo outside Ibadan,
Nigeria. It observed lead toxicity on a number of plant
species found on site. Chromolena odoratum was the
most abundant plant species found on site but it
manifested no evidence of lead toxicity despite
-1
accumulating up to 241 mg.kg concentration in its
tissues. This weed was therefore suggested for use as
phytoremediation of the contaminated site. Many plants
can thrive in soil contaminated to levels that are often
orders of magnitude higher than current regulatory limits
which are often set relatively independent of plant
tolerance limits and are most often derived from human
health and aquatic toxicology end points (Cunningham
and Ow, 1996).
Hyperaccumulation is a natural ability of some plant
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Table 13. Harmful health effects of excessive levels of heavy metals in drinking water.

Heavy metal
Cadmium

Harmful health effects
Neurotoxin, hypertension, carcinogenic, teratogenic, mutagenic, liver and kidney
dysfunction.

-1

WHO guideline value (mgl )
0.003

-1

Chromium

Chronic toxicity (above 5 mgl ), Bleeding of the gastrointestinal tract, cancer of
the respiratory tract, ulcers of the skin and mucus membrane.

0.05

Copper

Toxic taste, unpalatibility for consumption.

2.0

Lead

High blood levels can inhibit haem synthesis, cause irritation, mental retardation,
brain damage; produce tumour.

0.01

Nickel

Carcinogenic, negatively affects reproductive health.

0.02

species, normally wild species, and normally quite
unusual or even rare species that grow on naturally
metal-rich areas of the earth, which have evolved to take
up huge amounts of metals. Hyperaccumulators are
conventionally defined as species capable of
accumulating metals at levels 100-fold greater than those
typically measured in common nonaccumulator plants
(Reeves and Baker, 1999; Chaney et al., 1994).
Phytoremediation takes advantage of plants nutrient
utilization processes to take in water and nutrients
through roots, transpire water through leaves, and act as
a transformation system to metabolize organic
compounds, such as oil and pesticides. Alternately, they
may absorb and bioaccumulate toxic trace elements
including the heavy metals (Olusoga and Osibanjo,
2007).

who do not have enough copper in their diet can be more
susceptible to adverse effects from lead (ATSDR, 2005).
Despite the fact that Cu is essential to plants and
animals, is presently not classified as a carcinogen, yet
the high levels of Cu found in these water samples are
still of concern. Although mammals have efficient
mechanisms to regulate copper stores such that they are
generally protected from excess dietary copper levels,
however at high enough levels, chronic overexposure to
copper can damage the liver and kidneys (EFS, 2005).
Releases of copper into the environment at these auto
mechanic villages can possibly be from working with
copper products such as wires, pipes, sheet metal,
solders, rivet and fossil fuel combustion, although more
investigation is needed in order to ascertain the specific
sources.

Heavy metals in ground water samples in the auto
mechanic villages

CONCLUSIONS AND RECOMMENDATIONS

World Health Organization (1996) set the maximum
permissible limits of heavy metals in drinking water as
-1
-1
follows; Cadmium (0.003 mgl ), Chromium (0.05mgl ),
-1
-1
Copper (2.0 mgl ), Lead (0.01 mgl ) and Nickel (0.02
mgl-1). With the exception of copper, all water samples
analysed in this project were fully within these limits and
therefore posed no danger to consumers as far as these
specific heavy metals are concerned (Table 10). For
copper, all the samples with the exception of control, did
not meet the WHO guideline value. The value of the
control sample was 0.15 mgl-1. The deleterious health
effects of excessive levels of heavy metals in drinking
water vary and these are shown in Table 13 (WHO, 1993,
1996, 2004). Copper has been shown to have a
protective effect against cadmium poisoning, and people

Elevated values of Pb, Cu, and Cr were found in soils on
locations at the auto-mechanic villages when compared
to control samples and established guidelines of several
countries. No evidence of elevated values of Ni in soils
was found however it was found that Pb generally has
the highest concentrations in the soil layers while Cd
generally has the least and the order observed for this
study is Pb > Cu > Cr > Ni > Cd. The concentrations of
Pb in soil as obtained in the study were higher than the
values obtained by Ilemobayo and Kolade (2008),
Ipeayeida and Dawodu (2008) and Nwachukwu et al.
(2010) in other auto-mechanic locations. The values of
Pb obtained from this study were above the permissible
level for soils, in several countries.
This raises significant environmental concern and calls
for urgent attention and appropriate response. Soil
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samples from some locations also exceeded the
regulatory limits in the cases of Cr, Cu, and Cd. Strict
compliance to regulatory limits in sludge to be released
from these villages into the environment is
recommended.
The suggested phyto-remediation measures of soil
should also as a matter of urgency be started at these
locations. The groundwater samples met the WHO (1993,
1996, 2004) guideline values set for Pb, Cd, Cr and Ni
but exceeded the limit for Cu. More investigation is
needed to specifically identify the cause(s) of elevated
levels of Cu in groundwater at all these locations.

ACKNOWLEDGEMENT
The authors thank Rotas Soil Lab Limited located at 10,
Balogun Kobomoje Close, Ring Road, Ibadan, Oyo State,
Nigeria for assisting in the laboratory analysis of the soil
and water samples.
REFERENCES
Adie GU, Osibanjo O (2009). Assessment of soil pollution by slag from
an automobile battery manufacturing plant in Nigeria. Afr. J. Environ.
Sci. Technol., 3(9): 239-250, September. Available online at
www.academicjournals.org/ajest.
Adriano DC (1986). Trace elements in the terrestrial environment.
Springer Verlag, New York.
Aina M, Matejka G, Mama D, Yao B, Moudachirou M (2009).
Characterization of stabilized waste: evaluation of pollution risk. Int. J.
Environ. Sci. Technol., 6(1): 159-165.
Agency for Toxic Substance and Disease Registry, ATSDR (2005).
Toxicological profile for copper. Human Health Fact Sheet. Argonne
National Laboratory, EVS. http://www.atsdr.cdc.gov/toxpro2.html.
Alloway BJ (1990). Soil processes and the behaviour of metals. In:
Heavy metals in soils, B.J. Alloway, ed. Blackie and Son Ltd.
Glasgow.
Alloway BJ (1995). Cadmium. In: Heavy Metals in Soils, Second
Edition (BJ Alloway, ed.). Blackie, New York, pp. 122-151.
Anoliefo GO, Edegbai BO (2000). Effect of Spent Engine Oil as a Soil
Contaminant on the Growth of Two Egg Plant Species, Solanum
melongena L and solanum incanum L. J. Agric. For. Fish., 1: 21-25.
APHA, AWWA, WPCF (1998). Standard Methods for the Examination of
th
Water and Wastewater, 20 Edn. Washington D.C.
Bartlett RJ, James B (1983). Behavior of Chromium in Soils: VII.
Adsorption and Reduction of Hexavalent Forms. J. Environ. Qual., 12
(2): 177-181.
Bartlett RJ (1988). Mobility and Bioavailability of Chromium in Soils.
Adv. Environ. Sci. Technol., 20: 267-304.
Baath E (1989). Effects of Heavy Metals in Soil on Microbial Processes
and Populations. Water Air Soil Pollut., 47(3-4): 335–379.
Begonia MT, Begonia GB, Miller G, Gilliard D, Young C (2004).
Phosphatase Activity and Populations of Microorganisms from
Cadmium and Lead Contaminated soils. Bull. Environ. Contam.
Toxicol., 73: 1025-1032.
Begum A, Ramaiah M, Harikrishna, Khan I, Veena K (2009). Analysis of
Heavy Metals Concentration in Soil and Litchens from Various
Localities of Hosur Road, Bangalore, India. E-J. Chem., 6(1): 13-22.
http://www.e-journals.net.
Berrow ML, Reaves GA (1986). Total Chromium and Nickel Contents of

Scottish Soils. Geoderma, 37: 15-27.
th
Brady NC, Weil RR (1999). The Nature and Properties of Soils. 12 Ed.
Prentice Hall, Upper Saddle River, NJ.
British Columbia Ministry of Environment, Lands and Parks (1992).
Toxicology of Copper and Chromium for Contaminated Sites. Ref.
No. 107-10/grf92-1. Environmental Protection Division, Victoria, BC.
Brookes PC (1995). The Use of Microbial Parameters in Monitoring Soil
Pollution by Heavy Metals. Biol. Fertile Soils, 19(4): 269-279.
Canadian Council of Ministers of the Environment, CCCME (2009).
Canadian Soil Quality Guidelines for the Environment and Human
Health: Summary Tables. In Canadian Environment Quality
Guidelines. Canadian Council of Ministers of the Environment,
Winnipeg.
Chaney RL, Green CE, Filcheva E, Brown SL (1994). Effect of Iron,
Manganese, and Zinc Enriched Biosolids Compost on Uptake of
Cadmium by Lettuce from Cadmium-contaminated Soils. In Sewage
Sludge: Land Utilization and the Environment, Eds CE Clapp, WE
Larson, RH Dowdy. Am. Soc. Agron. Madison, WI., pp. 205-207.
Chaney RL, Ryan JA, Brown SL (1999). Environmentally Acceptable
Endpoints for Soil Metals. In W.C. Anderson et al. (eds.)
Environmental availability in soils: Chlorinated Organics, Explosives,
Metals. Am. Acad. Environ. Eng. Annapolis, MD., pp. 111-154.
Chaney RL, Ryan JA (1994). Risk Based Standards for Arsenic, Lead
and Cadmium in Urban Soils. DECHEMA, Germany, pp. 1-5.
Chirenje T, Ma L, Reeves M, Szulczewski M (2004). Lead Distribution in
Near- Surface Soils of Two Florida Cities: Gainesville and Miami.
Geoderma, 119: 113–120.
Cooper DC, Neal AL, Kukkadapu, RK, Brewe D, Coby A, Picardal FW
(2005). Effects of Sediment Iron Mineral Composition on Microbially
Mediated Changes in Divalent Metal Speciation: Importance of
Ferrihydrite. Geochim. Cosmochim. Acta., 69: 1739-1754.
Cunningham SD, Ow DW (1996). Promises and Prospects of
Phytoremediation. J. Plant Physiol., 110: 715-719.
Curtis LR, Smith BW (2002). Heavy Metal in Fertilizers: Considerations
in Setting Regulations in Oregon. Oregon Department of Agriculture,
Salem, Oregon, p. 10.
Davies BE (1995). Lead. In, Heavy Metals in Soils, Second Edition (BJ
Alloway, ed.). Blackie, New York, pp. 206-223.
Denkhaus E, Salnikow K (2002). Nickel Essentiality, Toxicity, and
Carcinogenicity. Crit. Rev. Oncol./Hematol., 42: 35-56.
Diaz-Ravina, M, Baath, E (1996a). Development of Metal Tolerance in
Soil Bacterial Communities exposed to Experimentally Increased
Metal Levels. Appl. Environ. Microbiol., 62: 2970-2977.
Diaz-Ravina M, Baath E (1996b). Thymidine and Leucine Incorporation
into Bacteria Experimentally Contaminated with Heavy Metals. Appl.
Soil. Ecol., 3: 225-234.
Doelman P, Haanstra L (1979). Effects of Lead on the Soil Bacterial
Microflora. Soil Biol. Biochem., 1: 487-491.
Doelman P, Haanstra L (1984). Short-term and Long-term Effects of Cd,
Cr, Cu, Ni, Pb, and Zn on Microbial Respiration in Relation to Abiotic
Soil Factors. Plant Soil, 79: 317-321.
Duda-Chodak A, Blaszczyk U (2008). The Impact of Nickel on Human
Health. J. Elementol., 13(4): 685-696.
Environmental Agency (2007). Environmental Concentrations of Heavy
Metals in UK Soil and Herbage. UK Soil and Herbage Pollutant
Survey. Bristol: Environ. Agency. p. 7.
Environmental Fact Sheet, EFS (2005). Copper: Health Information
Summary. New Hampshire Department of Environmental Services,
ARD-EHP-9. www.des.nh.gov.
Ernst WHO (1996). Bioavailability of Heavy Metals and
Decontamination of Soils by Plants. Appl Geochem., 11: 163–167.
European Commission Director General Environment, ECDGE (2010).
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,
pp.
73-74.
http://ec.europa.eu/environment/waste/compost/pdf/hm_finalreport.pd
f.
Federal Office of Environment, Forests and Landscape, FOEFL (1987).

Adelekan and Abegunde

Commentary on the Ordinance Relating to pollutants in Soil. Ben:
Switzerland. Greenpeace Int., (1991-93) Amsterdam: Netherlands.
http://www.things.org/~jym/greenpeace/myth-of-batteryrecycling.html.
Forstner U (1995). Land Contamination by Metals: Global Scope and
Magnitude of Problem. In: Metal speciation and contamination of soil.
Allen H E, Huang CP, Bailey GW, Bowers AR (eds) CRC Press:
Boca Raton, FL, pp. 1-33.
Gazso LG (2001). The Key Microbial Processes in the Removal of Toxic
Metals and Radionuclides from the Environment. A review. Cent. Eur.
J. Occup. Environ. Med., 7(3): 178–185.
Ghosh M, Singh SP (2005). Comparative Uptake and Phytoextraction
Study of Soil Induced Chromium by Accumulator and High Biomass
weed Species. Appl. Ecol. Environ. Res., 3(2): 67-79.
http://www.ecology.kee.hu.
Gillette B (2008). Nickel named ‘Allergen of the Year’. ACDS adds to list
of substances warranting more attention. Dermat. Times, 4: 15-16.
Gimmler H, Carandang J, Boots A, Reisberg E, Woitke M (2002). Heavy
Meta Content and Distribution within a Woody Plant during and after
Seven Years continuous Growth on Municipal Solid Waste (MSW)
Bottom slag Rich in Heavy Metals. J. Appl. Bot., 76: 203–217.
Goyer RA, Clarkson TW (2001). Toxic Effects of Metals. In, Casarett
and Doullis Toxicology: The Basic Science of Poisons, Sixth Edition
(C.D. Klaassen, ed.) Mc-Graw-Hill, New York, pp. 811-867.
Hamilton-Taylor J, Smith EJ, Davison W, Sugiyama M (2005).
Resolving and Modeling the Effects of Fe and Mn Redox Cycling on
Trace Metal Behavior in a Seasonally Anoxic Lake. Geochim.
Cosmochim. Acta., 69: 1947-1960.
Hemida SK, Omar SA, Abdel-Mallek AY (1997). Microbial Populations
and Enzyme Activity in Soil treated with Heavy Metals. Water Air Soil
Pollut., 95: 13-22.
Holtan-Hartwig L, Bechmann M, Høyås TR, Linjordet R, Bakken LR
(2002). Heavy Metals tolerance of Soil denitrifying Communities: N2O
Dynamics. Soil Biol. Biochem., 34: 1181-1190.
Huerta-Diaz MD, Morse JW (1992). Pyritization of Trace Metals in
Anoxic Marine Sediments. Geochim. Cosmochim. Acta., 56: 26812702.
Ilemobayo O, Kolade I (2008). Profile of Heavy Metals from Automobile
Workshops in Akure, Nigeria. J. Environ. Sci. Technol., 1: 19-26.
Ipeaiyeda AR, Dawodu M (2008). Heavy Metals Contamination of
Topsoil and Dispersion in the Vicinities of Reclaimed Auto-repair
Workshops in Iwo Nigeria. Bull. Chem. Soc. Ethiopia, 22(3): 339-348.
Iwegbue CM (2007). Metal Fractionation in Soil Profiles at Automobile
Mechanic Waste Dumps around Port Harcourt. Waste Manage. Res.,
25(6): 585-593.
Kabala C, Singh BR (2006). Distribution and Forms of Cadmium in Soils
near a Copper Smelter. Polish J. Environ. Stud., 15(2a): 90-97.
Kádár I (1995). Effect of Heavy Metal Load on Soil and Crop. Acta
Agron. Hung., 43: 3-9.
Kandeler E, Tscherko D, Bruce KD, Stemmer M, Hobbs PJ, Bardgett
RD, Amelung W (2000). Structure and Function of the Soil Microbial
Community in Microhabitats of a Heavy Metal Polluted Soil. Biol.
Fertil. Soils, 32: 390-400.
Kasprzak KS, Sunderman Jr FW, Salnikow K (2003). Nickel
Carcinogenesis. Mutat. Res., 533: 67-97.
Kobayashi J (1978). Pollution by Cadmium and the Itai-itai Disease in
Japan. In: Toxicity of Heavy Metals in the Environment. Oehme, F.
W. (ed.) Marcel Dekker Inc., New York, pp. 199-260.
Kosolapov DB, Kuschk P, Vainshtein MB, Vatsourina AV, Wiebner A,
Kasterner M, Miler RA (2004). Microbial Processes of Heavy Metal
Removal from Carbon Deficient effluents in constructed wetlands.
Eng. Life. Sci., 4(5): 403–411.
Kuo S, Heilman PE, Baker AS (1983). Distribution and Forms of
Copper, Zinc Cadmium, Iron, and Manganese in Soils near a Copper
Smelter. Soil Sci., 135: 101.
Lacatusu R (1998). Appraising Levels of Soil Contamination and
Pollution with Heavy metals. In: Land Information System for
Planning the Sustainable Use of Land Resources. Heinike HJ,
Eckelman W, Thomasson AJ, Jones RJA, Montanarella L, Buckley B

1057

(Eds). Eur. Communities, Luxembourg, pp. 393-402.
Lenntech WT (2009). Chemical Properties, Health and Environmental
Effects of Copper. Lenntech Water Treatment and Purification
Holding B.V. www.lenntech.com/periodic/elements/cu.htm.
McGrath SP, Loveland PJ (1992). The Soil Geochemical Atlas of
England and Wales. Blackie: London.
Mench M, Didier V, Löffler M, Gomez A, Masson P (1994). A Mimicked
in-situ Remediation Study of Metal-contaminated Soils with emphasis
on Cadmium and Lead. J. Environ. Qual., 23: 58-63.
Mohiuddin KM, Zakir HM, Otomo K, Sharmin S, Shikazono N (2010).
Geochemical Distribution of Trace Metal Pollutants in Water and
Sediments of Downstream of an Urban River. Int. J. Environ. Sci.
Technol., 7(1): 17-28.
Németh T, Kádár I (2005). Leaching of Microelement Contaminants: A
Longterm Field Study. Z Naturforschung, 60: 260-264.
Nogawa K, Honda R, Kido T, Tsuritani I, Yamanda Y (1987). Limits to
Protect People Eating Cadmium in Rice, based on Epidemiological
Studies. Trace Subst. Environ. Health, 21: 431-439.
Nwachukwu MA, Feng H, Achilike K (2010). Integrated Study for
Automobile Wastes Management and Environmentally Friendly
Mechanic Villages in the Imo River Basin, Nigeria. Afr. J. Environ.
Sci.
Technol.,
4(4):
234-249,
Available
online
at
www.academicjournals.org/AJEST.
Nwoko CO, Egunjobi JK (2002). Lead Contamination of Soil and
Vegetation in an Abandoned Battery Factory Site in Ibadan, Nigeria.
J. Sustain. Agric. Environ., 4(1): 91-96.
Nwuche CO, Ugoji EO (2008). Effects of Heavy Metal Pollution on the
Soil Microbial Activity. Int. J. Environ. Sci. Tech., 5(3): 409-414.
Olusoga TO, Osibanjo OO (2007) Contamination of Soil with Battery
Wastes: Prospects for Phytoremediation. Eur. J. Sci. Res., 17(1): 610. www.europeanjournals.com/ejsr.htm.
Onianwa PC, Jaiyeola OM, Egekenze RN (2002). Heavy Metal
Contamination of Topsoil in the Vicinities of Auto-repair Workshops,
Gas stations and Motor parks in a Nigerian city. J. Toxicol. Environ.
Chem., 84(1-4): 33-39.
Onianwa PC (2001). Roadside Topsoil Concentrations of Lead and
other Heavy Metals in Ibadan, Nigeria. Soil Sediment. Contam.,
10(6): 577-591.
Purefoy C (2010). Lead clean-up in Nigerian Village is Life-or-Death
Race
Against
Time.
Cable
News
Network.
http://edition.cnn.com/2010/WORLD/africa/06/13/nigeria.lead.clean.u
p/index.html?htp=C1.
Reeves RD, Baker AJM (1999). Metal-accumulating Plants. In
Phytoremediation of Toxic Metals: Using Plants to Clean up the
Environment eds, Raskin, BD Ensley, John Wiley & Sons Inc, New
York, pp. 193-229.
Reimann C, Boyd R, De Caritat P, Halleraker JH, Kashulina G,
Niskavaara H, Bogatyrev L (1997). Topsoil (0-15 cm) Composition in
the Eight Artic Catchments in Northern Europe (Finland, Norway and
Russia). Environ. Pollut., 95(1): 45–56.
Reyes-Gutiérrez LR, Romero-Guzmán ET, Cabral-Prieto A, RodríguezCastillo R (2007). Characterization of Chromium in Contaminated Soil
Studied by SEM, EDS, XRD and Mössbauer Spectroscopy. J. Miner.
Mater. Characterization Eng., 7(1): 59-70.
Sivulka DJ (2005). Assessment of Respiratory Carcinogenicity
Associated with Exposure to Metallic Nickel: A review. Regul. Toxicol.
Pharmacol., 43: 117-133.
Sobolev D, Begonia MFT (2008). Effects of Heavy Metal Contamination
upon Soil Microbes: Lead-induced Changes in General and
Denitrifying Microbial Communities as Evidenced by Molecular
Markers. Int. J. Environ. Res. Public Health, 5(5): 451.
Sutherland JE, Costa M (2002). Nickel. In: Heavy Metals in the
Environment. Sarkar B (ed.) Marcel Decker Inc., New York.
Slooff W, Clevan RF, Janus JA, Ros JPM (1989). Integrated Criteria
Document Copper. Report No. 758474009. National Institute of
Public Health and Environmental Protection, Bilthoven, Netherlands.
Szili-Kovács T, Anton A, Gulyás F (1999). Effect of Cd, Ni and Cu on
Some Microbial Properties of a Calcareous Chernozem soil. ed.,

1058

Int. J. Phys. Sci.

Kubát J, In Proc. 2nd Symposium on the “Pathways and
Consequences of the Dissemination of Pollutants in the Biosphere.”
Prague, pp. 88-102.
Tam NFY, Wong YS (2000). Spatial Variation of Heavy Metals in
Surface Sediments of Hong Kong Mangrove Swamps. Environ.
Pollut., 100(2): 195-205.
Townsend T, Solo-Gabriele H, Tolaymat T, Stook K, Hosein N (2003).
Chromium, Copper and Arsenic Concentrations in Soil Underneath
CCA-Treated Wood Structures. Soil Sediment. Contam., 12: 779798.
United States Environmental Protection Agency, USEPA (2008).
Allowable
Limits
for
Lead
in
Soil.
www.epa.gov/lead/pubs/leadhaz.htm.
United States Environmental Protection Agency, USEPA (1993). Clean
Water Act, Section 503: 58(32). www.epa.gov.
United States Department of Agriculture, USDA (2000). Heavy Metals
Contamination, Soil Quality Urban Technical Note 3, Natural
Resources Conservation Service.
Wenzel WW, Adriano DC, Salt D, Smith R (1999). Phytoremediation: A
Plant-microbe Based Remediation System. 457-508. In Adriano DC,
et al., (ed.) Bioremediation of Contaminated Soils. American Society
of Agronomy, Madison, WI.

Wyszkowska J (2002). Soil Contamination by Chromium and its
Enzymatic Activity and Yielding. Polish J. Environ. Stud., 11(1): 7984.
World Health Organization, WHO (2004). The Guidelines for Drinking
Water
Quality,
Third
edition.
www.who.int/water_sanitation_health/dwq/gdwq3rev.
World Health Organization, WHO (1993). World Health Organization.
Guidelines for Drinking-Water Quality. 2nd Edn., Vol. 1,
Recommendations, WHO, Geneva.
World Health Organization, WHO (1996). World Health Organization.
Guidelines for Drinking-Water Quality. 2nd Edn, Vol. 2, Health
Criteria and Supporting Information, WHO, Geneva.
Yuan CJ, Shi B, He J, Liu L, Jiang G (2004). Speciation of Heavy
Metals in Marine Sediments from the East China Sea by ICP-MS with
Sequential Extraction. Environ. Int., 30(6): 769- 783.
Zayed A, Lytle CM, Qian JH, Terry N (1998). Chromium Accumulation,
Translocation and Chemical Speciation in Vegetable Crops. Planta,
206: 293-299.

