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Abstract: The disposal of waste is proving to be a major public health issue and a vital factor affecting the quality of the
environment especially in the developing countries. Battery waste consists of toxic heavy metals and its incongruous disposal
on the Ori-lle battery waste dumpsite at Olodo, Ibadan has elicited public health concerns. This study was designed to
determine the concentration of lead (Pb), cadmium (Cd) and iron (Fe) within the topsoil of Ori-Ile battery waste dumpsite and
surrounding gradient point areas at Olodo, Ibadan, Nigeria. An auto-battery Waste Dumpsite (WD), Ori-lle, Olodo was
purposively selected for the study. One hundred and thirty six (136) soil samples were collected every two months (March
2008 to July 2009) from the waste dumpsite and along the along North, South, East and West (N, S, E, W) directions at 5 m
intervals from the edge of the wastedump site. Control soil samples were collected from Moor Plantation (MP), Ibadan. All
soil samples collected were analyzed for Pb, Cd, and Fe. Mean concentrations of Pb, Cd and Fe concentration (mg/kg) in
topsoil from the waste dumpsite was Pb: 4273.8+1436.7, Cd: 258.4+123.1, Fe: 7910.0£791.5 while that from North was Pb:
4693.8+£1107.9, Cd: 274.3+£94.8, Fe: 8346.7+740.0; South was Pb: 4353.3+867.0, Cd: 255.2+71.4, Fe: 8189.6+ 603.5; East was
Pb: 4351.3£832.9, Cd: 248.2+65.6, Fe: 8130.0£639.5; West was Pb: 4698.3+1020.8, Cd: 278.4+£86.9, Fe: 7851.3£676.8
respectively. These were significantly higher than values obtained from the reference soil (157.0+39.8, 2.2+1.2, 976.3+353.9
mg/kg respectively) and National Environmental Standard Regulation Agency (NESREA) limits (164mgPb/kg and
50mgCd/kg). Also, soil contamination factor values obtained were greater than 6 and this indicated severe contamination.
Overall, these results have shown that the levels of Pb, Cd and Fe in all sampled topsoil were several folds above the limits set
by NESREA. High accumulation of heavy metals was found in the topsoil of Ori-Ile battery waste dumpsite, Olodo, Ibadan
and its surroundings and this could lead to further contamination of surface water, ground water and living organisms within
this polluted sites. The health of all living biota within the area could also be negatively impacted.

Keywords: Lead, Cadmium, Iron, Heavy metals, Accumulation, Contamination Factor, Battery Waste Dumpsite,
Ori-Ile Olodo

1. Introduction

Uncontrolled open dumping on the peripheries of many
cities has resulted in the degradation of valuable land
resources and the creation of long-term environmental and
human health problems [1]. The discharge of heavy metals as
a by-product of industrial activities has been accompanied by

large scale soil pollution [2, 3]. It has been established that
ineffective management of wastes could pollute soils, leading
to the accumulation of toxic metals in the soils, transferred to
plants and consequently into animals [4]. The non-
biodegradable materials in improperly disposed wastes are
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toxic to life in the soil, while its accumulation in soil poses a
threat to plant and animal life [5]. The concern over soil
pollution stems primarily from health hazards, which results
from direct contact with the contaminated soil, vapours from
the contaminants and from secondary contamination of water
supplies within and underlying the soil [6]. Also, due to the
heavy metals constituent of some wastes, environmental risk
due to soil pollution is of particular importance for
agricultural areas. This is because of the potential harm that
such heavy metals mete out to human health [7]. Heavy
metals tend to persist in the environment indefinitely [8] and
get accumulated over time in soils. Excess heavy metal
accumulation in soils is toxic to humans and other animals
[9] and the exposure to some heavy metals in the soil can
lead to health effects that cut across different gender and ages
[10, 11]. These metals when taken into the body are capable
of causing serious health problems especially by interfering
with the normal body functions [12]. Some of these metals
like iron are useful to the body in low concentrations, but are
toxic at high concentrations, while others like cadmium and
lead have no biological functions and are highly toxic;
disrupting bodily functions to a large extent. They disrupt
bodily functions by accumulating in vital organs and glands
in the human body, such as, the kidney, liver, bone, heart and
brain [12]. They also displace vital nutritional minerals from
their proper place in the body where they ought to provide
biological functions [8]. Consequently, these metals enter the
food chain in elevated amounts and affect food quality and
safety; thus, posing threat to a country’s food production
[13]. Although, the analysis of different concentration of
accumulated toxic materials within the living organisms
consumed as food are issues of urgent attention, the non-
living materials within the environment is also of concern,
because of their interconnection with the living
environmental resources. Soil is one of such important non-
living environmental material. In cases of serious soil
contamination, the entire populations of organisms, usually
lower down in the food chains, which come into direct
contact with the polluted soil, could be destroyed and this
could in turn affect the animals higher up food chains; while
in cases of less severe soil contamination, the organisms
lower down the food chains may bio-accumulate the toxic
substances in their bodies, and the effects of the toxins may
bio-magnify in the higher animals as you go higher up the
food chains [14]. This chain of pollutions most often gets
toxic pollutants back to humans, which are omnivore and
occupy the highest position in the food pyramid. These thus
expose humans to increase concentration of pollutants
especially through many feeding channels. Pollutants such as
the heavy metals are significantly toxic because of their
accumulative nature in the different body parts and they lead
to unwanted side effects [15, 16, 17]. One other key effect of
heavy metals is the ecosystem imbalance, due to its negative

impact on the fauna and flora inhabiting terrestrial ecosystem
[6], while other effects are associated with health hazards [5,
9]. When there is contamination of soil with toxic substances,
substantial changes occur in the chemistry of the soil, which
in turn affects the well-being of plants and animal life living
in the soil, as well as the ecosystems that the soil supports
[14].

West African Battery Industry, which used to produce the
battery known as Exide Battery, between the late 1980s and
the late 2000 prompted public health concerns at Olodo area,
Ibadan, Nigeria; because the company used several places
within the area as open dumps [18, 19]. Unfortunately,
increase in population and expansion of Ibadan city in recent
times resulted in the allocation of these previously used open
waste dumps for housing development [18]. Ori-lle,
Tkumapaiyi area of Olodo is one of the several areas used as
such open dump. This particular area is now developed and
inhabited, but there was an outcall for help; based on the
series of environmental challenges the inhabitants were
facing. Although different studies have reported heavy metal
levels of other areas in Olodo [18, 19, 20, 21, 22], this study
was designed to determine the concentration of lead (Pb),
cadmium (Cd) and iron (Fe) within the topsoil of Ori-Ile
battery waste dumpsite and surrounding gradient point areas
at Olodo, Ibadan, Nigeria.

2. Materials and Methods
2.1. Study Area

The study area is a semi-urban residential and agricultural
area located on latitudes 7°24'28.1"N, longitudes 4°00'52.2"E
and elevation 176m respectively. It contained a waste
dumpsite located at Omilende village in Ikumapaiyi Area of
Olodo community, northwest of Egbeda Local Government
Area, Ibadan, Oyo-State. It is popularly referred to as Ori-lle
Waste Dumpsite. Figure 1 and 2 shows the map of Ibadan
with the location of the study site and the map of the study
area (Olodo). The study site is a large and bare expanse of
land of about 2 hectares, characterized with scanty
vegetation. The most abundant group of vegetation on and
around the waste dumpsite were the grasses, some of which
included Panicum clandestinum (corn grass), Muhlenbergia
emersleyi (bull grass) and Echinopogon ovatus (hedgehog
grass). Panicum clandestinum were most abundant in areas
surrounding the study site. The area has a bimodal rainfall
pattern which peaks in June and September. The site was
used as an unapproved waste dumpsite for battery wastes
from the now closed down company called West African
Battery Industry, who used to produce the battery known as
‘Exide Battery’. It was also used as an informal lead recovery
site by informal and local Used Lead Acid Battery operators.
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Figure 1. Map of Ibadan Showing the Ori-lle Waste Dumpsite (4) and Reference site (B). (Source: GIS Konsult, Bodija, Ibadan).

The area surrounding the waste dumpsite is inhabited by
people who are mostly peasant farmers and traders. The
reference site was located at National Center for Genetic
Resources and Biotechnology, Moor Plantation, Ibadan,
latitude 7°23°31.5”°N and longitude 3°50°46.5”E.

2.2. Sampling Procedure and Analysis

2.2.1. Soil

One hundred and thirty six (136) top soil samples were
obtained from the study site in 2008 (March, May, July and
September) and 2009 (January, March, May, and July). The

guidelines provided by USEPA [24] were employed during
sampling. The soil samples were taken at the top region only
(0-15cm deep); from the waste dumpsite and along each of
North, South, East and West (N, S, E and W) directions at 5
m intervals from the edge of the waste dumpsite. Each
gradient point direction was sampled as a straight line A to B
or Bto Cor Cto D or A to D with a midpoint M and bulked
together to form a composite sample (Figure 2 and 3).
Geographical Positioning System (GPS) was employed in
acquiring location information on specific points of sample
collection during each visit (Table 1).

Table 1. GPS Data of the Soil Sampling Points of Waste Dumpsite and Reference Site.

Gradient points Sampling distance No of samples per visit Sampling points GPS Coordinates
Elevation (m) NORTH EAST
ANO 174 07 24'29.3" 004 00' 52.6"
0Om One composite sample MNO 176 0724'28.1" 004 00' 52.2"
BNO0O 172 07 24'26.4" 004 00' 52.0"
AN10 175 07 24'29.4" 004 00' 52.3"
North 10 m One composite sample MN10 172 07 24'27.9" 004 00' 52.0"
BN10 176 07 24'26.2" 004 00' 51.6"
AN20 176 07 24'29.4" 004 00' 51.9"
20 m One composite sample MN20 174 07 24'27.9" 004 00' 51.6"
BN20 178 07 24'26.5" 004 00' 51.2"
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GPS Coordinates

Gradient points Sampling distance No of samples per visit Sampling points Elevation (m) R STULEl T
AN25 175 07 24'29.4" 004 00'51.8"
25 m One composite sample MN25 170 07 24' 28.0" 004 00' 51.3"
BN25 179 07 24'26.6" 004 00' 51.1"
AEO 174 07 24'29.3" 004 00' 52.6"
0m One composite sample MEO 172 07 24'29.4" 004 00' 53.5"
DEO 171 07 24'29.2" 004 00' 54.4"
AE10 174 07 24'29.7" 004 00' 52.6"
10 m One composite sample ME10 171 07 24'29.6" 004 00' 53.6"
DE10 172 07 24'29.5" 004 00' 54.5"
Fast AE20 171 07 24'30.0" 004 00' 52.6"
20 m One composite sample ME20 166 07 24'29.9" 004 00' 53.8"
DE20 170 07 24'29.7" 004 00' 54.4"
AE25 172 07 24'30.2" 004 00' 52.8"
25m One composite sample ME25 170 07 24'30.1" 004 00' 53.8"
DE25 169 07 24'29.9" 004 00' 54.5"
BWO 176 07 24'26.5" 004 00'51.9"
0m One composite sample MWO00 173 07 24'26.2" 004 00' 53.4"
CWo0 171 07 24'26.1" 004 00' 54.4"
BW10 181 07 24'26.1" 004 00' 51.8"
10 m One composite sample MW10 176 07 24'25.9" 004 00' 53.4"
T CWI10 171 07 24'26.0" 004 00' 54.4"
BW20 178 07 24'25.8" 004 00' 51.6"
20 m One composite sample MW20 178 07 24'25.5" 004 00' 53.3"
CW20 170 07 24'25.6" 004 00' 54.5"
BW25 179 07 24'25.7" 004 00'51.6"
25 m One composite sample MW25 176 07 24' 25.4" 004 00' 53.3"
CW25 170 07 24'25.5" 004 00' 54.6"
CSo 167 07 24'26.3" 004 00' 54.4"
0m One composite sample MS0 172 07 24'27.2" 004 00' 54.4"
DSO 169 07 24'28.9" 004 00' 54.6"
CS10 169 07 24'26.4" 004 00' 54.7"
10 m One composite sample MS10 172 0724'27.1" 004 00' 54.7"
—_ DS10 171 07 24'29.0" 004 00' 54.7"
CS20 169 07 24'26.4" 004 00' 55.0"
20 m One composite sample MS20 171 07 24'27.1" 004 00' 54.9"
DS20 169 07 24'28.9" 004 00' 55.0"
CS25 168 07 24'26.4" 004 00' 55.2"
25m One composite sample MS25 170 0724'27.1" 004 00' 55.0"
DS25 167 07 24'28.9" 004 00' 55.2"
Rdl 173 07 24'28.6" 004 00' 53.0"
Waste dumpsite . Rd2 174 07 24'28.5" 004 00' 53.8"
sample Rd One composite sample Rd3 175 07 24'26.8" 004 00' 53.3"
Rd4 175 07 24'27.1" 004 00' 52.6"
Reference site C One sample 0723'31.5" 003 50'46.5"

All topsoil samples were collected with the aid of a soil auger and hand trowel into clean, well-labeled polythene sampling
bags. The sampling bags were sealed to prevent contamination during transportation to the laboratory and were then taken to
the laboratory for processing and analysis.
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Figure 2. Schematic Diagram of Soil Sampling at Ori-Ile Waste Dumpsite.

Figure 3. Satellite Image of Ori-lle Waste Dumpsite Showing the Soil Sampling Points.



International Journal of Mineral Processing and Extractive Metallurgy 2017; 2(5): 68-78 73

The digestion of the samples was done according to the
method adopted by Adie and Osibanjo [21]. The filtrate of
the digested samples was made up to the final volume (100
ml) and analysed for Pb, Cd and Fe with Perkin Elmer
Analyst 200 Atomic Absorption Spectrophotometer (2003
Model). The procedure was repeated for all the samples and
their replicates. Reference soils were also collected and
subjected to the same procedural analysis.

2.2.2. Quality Control

Quality control of metal analysis was performed by
analysing reference samples of topsoil, and for reagents the
quality assurance scheme included blank reagents.

2.2.3. Calculated Factors
Contamination (CF) was determined for soil using the
methods adopted by Agunbiade and Fawale [25].

1. Contamination Factor (CF) is often used to access
soil contamination through the comparison of the
concentrations in the surface layer to the background
values. It is calculated using the equation:

CF = Cyo.1) /C,, (Where CF = contamination factor; C.
1) = mean of concentrations of individual metal from all
test sites; C, = baseline or background concentration of
individual = concentration of metals at control site).

CF < 1 = low contamination factor

1 < CF < 3 = moderate contamination factor

3 < CF < 6 = considerable contamination factor

CF > 6 = very high contamination factor

2. P ollution Load Index (PLI): is used to evaluate the
severity of pollution of the soils according to the definition
of Tomlinson ef al. [26]. It is calculated using the equation:

PLI=[n"1 (cs)]""

Where, Cfi is the concentration factor of each metal
obtained by the ratio of concentration of each metal in soil to
that of the metal in baseline soil; © is the geometrical mean
operator; n is the number of metals investigated and 7 is each
metal. When PLI value is below or close to one, it indicates
heavy metal loads at the baseline, while values above one
indicate heavy metal accumulation or pollution in soil from
the test site.

2.3. Statistical Analysis

The results of all the heavy metals in the soil samples were
grouped and analysed using factorial tool to compress the
data and identify patterns of relationship within them. The
results of the heavy metals in the maize parts were analysed
for level of significance using the Student’s T-test with a
significance level of p< 0.05.

3. Results and Discussion
3.1. Pb, Cd and Fe Concentrations in Soil Samples

In the topsoil samples collected from the waste dumpsite

(Rd sample) and its fringes (0-25m along the gradient
points), a wide range of soil Pb, Cd and Fe concentrations
were observed and these were compared to values obtained
from reference site (Table 2; Figure 4, 5 and 6). In Rd, N, E,
W and S soils, Pb, Cd, and Fe concentrations were
significantly higher (p< 0.05) compared with the reference
soils (C). The results indicated that Pb and Cd concentrations
exceeded the Environmental Quality Standards set by
NESREA [27] for soils in Nigeria (Table 2). However, there
was significant accumulation of Pb, Cd, and Fe in the waste
dumpsite soils and those and along each of North, South,
East and West (N, S, E and W) directions at 5 m intervals
from the edge of the waste dumpsite compared to the
reference soils. The results showed decline in mean lead and
cadmium concentration along the North (N), South (S), East
(E) and West (W) gradient points as the distance increases
from 0 m to 25 m from the edge of the waste dumpsite
(Figure 4 and 5). Overall, there was a similar pattern of lead
and cadmium distribution along the distances 0 m to 25 m in
each of the gradient points and it follows the order 0 m > 10
m > 20 m > 25 m (Table 2). The highest mean lead and
cadmium concentration in all the gradient points was at 0 m,
which is at the edge of the waste dumpsite (Table 2). For iron
however, the results showed decline in mean iron
concentration along the East (E) gradient point as the
distance increases from 0 m to 25 m from the edge of the
waste dumpsite (Figure 6). Along the North (N) gradient
point, the result revealed increase in mean iron concentration
from distance 0 m to 10 m and 20 m to 25 m. But, the result
showed a decline from distance 10 m to 20 m. Along the
South (S) and West (W) gradient points, the result showed
decline in mean iron concentration from distance 0 m to 10 m
and 20 m to 25 m; but, the result revealed an increase from
distance 10 m to 20 m respectively. Overall, there was a
similar pattern of iron distribution along the South (S) and
West (W) gradient points only while the East and North
gradient points had different pattern of iron distributions
(Table 2). The highest mean iron concentration in all the
gradient points was also at distance 0 m, which is at the edge
of the waste dumpsite.

3.2. Pb, Cd and Fe Contamination Factors and Pollution
Load Indices

The CF and PLI indices respectively, using the reference
soil concentrations of this study were significantly very high
(Rd: Pb =27.22 and 9.45, Cd = 117.27 and 15.38, Fe = 8.10
and 6.31; N: Pb=25.56 and 9.26, Cd = 97.18and 14.45, Fe =
7.99 and 6.28; S: Pb =24.60 and 9.14, Cd = 92.64 and 14.22,
Fe =791 and 6.26; W: Pb = 25.35 and 9.23, Cd = 98.09 and
14.50, Fe = 7.81 and 6.24; E: Pb = 24.81 and 9.16; Cd =
94.32 and 14.31; Fe = 8.05 and 6.30). Overall, though all the
soil CF and PLIs values were significantly very high, Rd
topsoil had the highest CF. All the soil PLI values were
above one (1) and this further indicated significant heavy
metal accumulation and pollution in soil from the study site.
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Figure 4. Mean Bimonthly Lead Concentrations in Soils of Ori-Ile Waste Dumpsite and Surrounding Gradient Points.

Key: * = significant. Each bar = Mean lead concentration across distance in each gradient points; successive colors = collection points’ lead content
(C=reference soil, Rd&=waste dumpsite soil).

Figure 5. Mean Bimonthly Cadmium Concentrations in Soils of Ori-lle Waste Dumpsite and Surrounding Gradient Points.

Key: * = significant. Each bar = Mean cadmium concentration across distance in each gradient points; successive colors = collection points’ Cadmium content
(C=reference soil, Rd&=waste dumpsite soil).

Figure 6. Mean Bimonthly Iron Concentrations in Soils of Ori-Ile Waste Dumpsite and Surrounding Gradient Points.

Key: * = significant. Each bar = Mean Iron concentration across distance in each gradient points; successive colors = collection points’ iron content
(C=reference soil, Rd=waste dumpsite soil). All sampling months are not significant at p<0.05.
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Table 2. Mean Concentrations of Pb, Cd and Fe (mg/kg) in Soils of Waste Dumpsite (Rd) and Along Experimental Garden Direction (E).

Point X Distance Pb (mg/kg) Cd (mg/kg) Fe (mg/kg)
Rd 4273.80 258.38 7910.00
EO 4351.30 248.21 8130.00
E10 4186.70 224.29 7805.41
E20 3775.80 193.62 7769.59
E25 3265.80 163.96 7712.90
NO 4693.80 274.33 7840.83
N10 4436.70 247.46 8346.68
N20 3678.30 183.50 7443.76
N25 3245.80 149.96 7585.40
SO 4353.30 255.21 8189.58
S10 4138.30 215.92 7479.18
S20 3612.50 186.92 7765.40
S25 3137.50 157.33 7466.24
Wo0 4698.30 278.42 7851.25
W10 4088.80 223.08 7465.84
W20 3766.70 192.29 7666.26
W25 3366.30 169.42 7531.25
Mean 3945.28 213.08 7762.33
SD 506.55 42.04 268.16
C 157.0 221 976.3
NESREA 164 50 N. A.

This study has revealed that Pb, Cd and Fe concentrations
in the topsoil of the waste dumpsite (Rd) and those of
distances 0 m to 25 m along its fringes in the gradient point
directions from the edge of the waste dumpsite were
significantly higher than the values obtained from the
reference site topsoil. Also, Pb, Cd and Fe concentration in
the Rd topsoil was significantly higher than those in the
distance towards N, S, E and W; and decreased with
increased distance away from Rd. Pb and Cd concentrations
obtained were several folds higher than the maximum
permissible limit of 164mg/kg and 50mg/kg by NESREA
[27].

According to Chirenje et al. [28] and Oni [1], Pb occurs
naturally in all soils in concentrations ranging from 1 to 200
mg/kg with a mean of 15 mg/kg but the values obtained in
this study for Rd topsoil and those of distances 0 m to 25 m
along the gradient point directions North, South, East and
West from the edge of the waste dumpsite were several times
beyond this range. WHO [29] reported that normal
concentrations of Pb in soil to range from 15 to 30 mg/kg but
this study Pb values were much higher than this value. Pb
concentrations obtained were at very high concentrations
than the maximum tolerable levels proposed for agricultural
soils, 90 — 300 mg kg-1[30, 31]. This shows a very high level
of Pb contamination of the topsoil of the study site. Onianwa
and Fakayode [32], in their study on lead contamination of
topsoil in the vicinity of a battery factory in Nigeria, reported
the mean lead level of 50 - 2000 mg/kg in the topsoil studied.
However, this study Pb values exceeded this range reported.
In the study of Adie and Osibanjo’s [21] on soil polluted by
slag from an automobile battery manufacturing plant in
Nigeria, a range of 243 - 126000mg/kg was reported for Pb
concentration. The mean values obtained in all the samples
on and within the vicinity of the dumpsite were within this
range and thus compare significantly with the result reported.
The range of 419.54 - 10630.04mg/kg was reported in the

studies conducted by Oyediran and Aladejana [18] on impact
assessment and safety status of the excavated waste site at
Olodo, Ibadan, Nigeria. This also corroborates the values
obtained in this study.

WHO [33] reported that the median Cd concentration in
soil of areas not known to be polluted ranges from 0.2 - 0.4
mg/kg. The cadmium concentrations obtained in this study
were far higher than these stated values. The range of 1.95 -
32.83 mg/kg obtained by Oyediran and Aladejana [18] in
their studies on battery waste polluted areas was much less
than the values obtained for Cd concentration in this study.

According to Eddy ef al [34], the background level of Fe
in natural soils was stated to range widely between 3,000 -
500,000 mg/kg on elemental composition of soil in some
dumpsites in Nigeria. The values obtained for soil iron
concentrations in this study falls within the range reported by
Eddy et al [34] as the background level of iron in natural
soils. Oyediran and Aladejana [18] reported the range of
32900.08 mg/kg - 71250.17 mg/kg for Fe concentrations in
their studies on battery waste polluted areas. The Fe
concentrations obtained in this study were several folds lower
than those reported.

All soil contamination factors (CF>6) and pollution load
indices (PLI>1) were significantly high. This confirmed high
pollution of the topsoil of the waste dumpsite and those of
distances 0 m to 25 m along the gradient point directions
North, South, East and West from the edge of the waste
dumpsite. From the contamination factor and pollution load
index values obtained, Cd was the highest contaminant in all
the top-soils sampled at the study site, followed by Pb and
Fe. The CF and PLI values for samples collected from the
waste dumpsite for Pb, Cd and Fe indicated that the topsoil
on the waste dumpsite had the highest pollution for Pb, Cd
and Fe, followed by the topsoil along the gradient point
directions in the order North, West, East and South for Pb
and East, North, South and West for iron. The contamination
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of the soil with iron is not much of a concern if not ingested,
since iron is among the required beneficial metals to plants
and animals, though absorption of very high concentration
without immediate utilization in the body could lead to
toxicity. However, cadmium and lead are of serious concern
and adequate control of their sources is paramount because of
their negative impact on biota and the ecosystem at large.

The input of heavy metals to soil from various sources
may prove detrimental to the supported primary producers,
especially through uptake beyond toxic limit and this may

facilitate their entry into the food chain. Consequently, the
resultant effect of exposure to these metals may be
detrimental to the well-being of both the producers and chain
of consumers that such soil supports due to their capacity to
affect deleteriously the biota activities: its growth, health, life
span and reproduction performance [35]. According to
Mohammed et al/ [36], working in or living near industrial
sites which utilize these metals and their compounds
increases environmental risks, as does living near sites where
these metals have been improperly disposed.

Table 3. Correlation Between Pb, Cd and Fe in Ori-lle Waste-dump Soil and Surroundings in March —September, 2008 and January —July, 2009.

March 2008 May 2008 July 2008 September 2008
Metals Pb Cd Fe Pb Cd Pb Cd Fe Pb Cd Fe
Pb 1 1 1 1
Cd 0.9690* 1 0.9709* 1 0.9029* 1 0.9762* 1
Fe 0.8216* 0.7614* 1 0.8382* 0.7816* 0.8797* 0.7392* 1 0.8345* 0.7216* 1
January 2009 March 2009 May 2009 July 2009
Metals Pb Cd Fe Pb Cd Fe Pb Cd Fe Pb Cd Fe
Pb 1 1 1 1
Cd 0.9688* 1 0.9653* 1 0.9220* 1 0.9770* 1
Fe 0.8651* 0.7781%* 1 0.9290* 0.8408* 1 0.8086* 0.8241%* 1 0.8699* 0.8328* 1

N =136 (Values with * are significant at P < 0.05).

3.3. Correlation between Pb, Cd and Fe in Topsoil Samples
The result of the determination of the correlation
coefficient of the values obtained for lead, cadmium and iron
in the topsoil samples of the waste dumpsite and those of
distance 0 m - 25 m along the gradient points directions
around the waste dumpsite indicated that there was a
significant inter-correlation at confidence limit p<0.05 (Table
3). Oni [1], Rieuwerts et al [37] and Navas and Machin [38]
stated that most soil elements showed significant inter-
correlations. The findings of this study agree with this
statement. For all of the period of sampling, there was a
significant positive inter-correlation between lead and
cadmium and between lead and iron at p<0.05, each of which
were above 0.6 respectively. Also, there was a significant
positive inter-correlation which were above 0.6, between
cadmium and each of lead and iron at p< 0.05. Iron also
showed positive and significant inter-correlation with lead
and cadmium respectively (Table 3). Therefore, there
suggests that the increase in concentration of any one of the
metals will cause a corresponding increase in the
concentration of the other two. Also, it implies that the
presence of the three metals in super-abundant concentration
indicated that the wastes discarded on the waste dumpsite
consisted of the three analyzed heavy metals in an inter-
relational measure such that the presence of higher
concentration of lead could also be the reason why cadmium
and iron were found in considerable high concentrations as
well. As such, these three metals are somehow part of the
components of the battery waste. Hence, monitoring and
evaluation of heavy metal concentration in soils, water and
other related environment is essential so as to identify
hazards to human health and prevent bioaccumulation in the
food chain or further degradation of the ecosystem [39, 40,

41]. According to Ite et al [39, 40], this is further necessary
because activities that ensure continuous evaluation of heavy
metals concentrations in the environment contribute towards
effective understanding and assessment of the ecosystem
health; since a healthy ecosystem will lead to a sustainable
and productive agro-economy.

4. Conclusion

The results obtained in this study has shown that the
topsoil samples taken from the waste dumpsite and its
surrounding gradient points using predefined sampling
points, contained very high and toxic level of lead, cadmium
and iron. Apart from this, from cursory observations, the
waste dumpsite area was bare having scanty vegetation,
despite the fact that the surrounding areas were furnished
with diverse arrays of plants. The concentration of lead,
cadmium and iron in the topsoil along the North, South, East
and West directions at 5 m intervals from the edge of the
waste dumpsite were very high. This may be due to the fact
that all these areas were also used as open waste dumpsite
before the present study was conducted. It could also be due
to the spread of the battery waste components to the other
parts of the Ori-Ile Olodo community through the dispersal
agents such as wind and water erosion or even residents
including children. Battery cases were seen within the
vicinity of the residents’ homes that were being used for
different domestic activities. This was also confirmed by
Adie and Osibanjo [21]; Iwegbue et al. [42]; Chen et al. [43]
and Oyediran and Aladejana, [18]. Therefore, continuous
exposure to the very high concentrations of the studied heavy
metals from battery wastes, as found in this study result,
would be dangerous to thehealth of all living organisms
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around Ori-lle battery waste dumpsite and especially the
human residents’ health. Therefore, intensive remediation
and decontamination measure should be carried out beyond
the waste dumpsite up to about 2km distance, to avoid any
outbreak of diseases in the near future because the area is
occupied by ignorant residents who have no knowledge of
the extent of the effect of the battery waste on their health.
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