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ABSTRACT

Aims: The study examined the levels of heavy metals in tissues of maize (Zea mays L.), cultivated
on four selected dumpsites in EKkiti State, Nigeria; with a view to discouraging constant cultivation
of abandoned dumpsites.

Study Design: It is an analytical study.

Place and Duration of Study: The study was carried out in 2012 on selected dumpsites located in
Ekiti State, Nigeria.

Methodology: Representative soil samples collected from four dumpsites located in Ekiti State
were analyzed for pH, organic matter and heavy metals, prior to plant cultivation. After maturity,
heavy metals concentrations were determined in various sections of plant, using flame absorption
spectrophotometer. All determinations were carried out in triplicates using standard analytical
procedures. The results obtained were subjected to statistical analyses.

Results: The results showed that these dumpsites were grossly polluted with heavy metals when
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could thrive well

dumpsites investigated.

compared with control sites in the range: Cd (21.9-138.0), Co (11.1-60.8), Cr (9.0-29.8), Cu (7.0-
18.0), Fe (125.0-752.0), Pb (35.0-60.0), Mn (11.0-47.1), Ni (15.0-29.8), Sn (3.5-9.6) and Zn (63.0-
80.2), all in mg/kg. Moderate values of soil pH and organic matter content revealed that maize
on mentioned dumpsites.
concentrations of heavy metals in their shoot, when compared with the root, with Cr and Pb having
higher concentration range of 101-104 mg/kg and 109.9-158.2 mg/kg respectively in its shoot at all

Conclusion: Therefore, cultivation of arable crops on dumpsites should be discouraged as
constant environmental monitoring is imperative.

However, the plant accumulated elevated

Keywords: Heavy metals; maize tissues; soil; dumpsites.

1. INTRODUCTION

Attention has been given to heavy metals
because of their long standing toxicity when
exceeding specific thresholds. Their mobility in
ecosystems and transfer in food chains are
among the key issues in environmental research
on heavy metals [1]. Technological development
and the increased consumer use of heavy metal
containing materials have resulted in increase in
the extent of heavy metal contamination in the
last fifty years [2]. Heavy metals contamination of
the environment arises at all stages of metal
utilization from mining of metallic ores to disposal
of domestic and industrial wastes. Ultimately,
these metals find their way in food chain and
may subsequently be ingested by man [3].

In Nigeria, little progress has been made on
waste management because of technological,
financial and institutional constraints [4]. As a
result, indiscriminate dumping of waste has
become common practice; most dumpsites are
located close to residential area, markets,
roadside and farms [5]. Farmers have ignorantly
cultivated some arable crops on abandoned
dumpsites because of their fertility; most
dumpsites have been reported to have high
organic matter content which is one of the factors
responsible for high soil fertility [5]. It is important
to note that these crops tend to accumulate high
levels of heavy metals when cultivated on
contaminated soils when compared with
uncontaminated soils [3,5,6]. Health risk leading
to heavy metals ingestion has been widely
reported [7-9].

Chaney et al. [10] indicated that subsistence
farmers eating rice grain grown on contaminated
sites throughout their lifetime are at risk from
dietary exposure to cadmium. With greater
awareness by the governments and the public of
the implications of degraded environment on
human and animal health, there has been

increasing interest amongst the scientific
community in the development of technologies to
remediate contaminated sites [11]. Plants do not
readily absorb large amount of heavy metals; the
amount they absorb depends on their
concentration, soil pH, species and variety of
plant, the chemical composition of the soil,
among other factors. Intake of vegetables and
arable crops is an important path of heavy metals
toxicity to human being. Dietary intake of heavy
metals through contaminated arable crops may
lead to various chronic diseases. Heavy metals
bio-toxic effect depends upon their concentration
and oxidation state, kind of sources and mode of
deposition. Severe of cadmium may lead to
pulmonary effects such as emphysema,
brochiolitis and alveolitis [12]. Lead toxicity also
caused reduction in heamoglobin synthesis,
disturbance in functioning of Kkidney, joints,
reproductive and cardiovascular systems and
chronic damage to peripheral nervous
system [13].

Maize (Zea mays L.), or corn is a versatile cereal
crop that is grown widely throughout the world in
a range of agro-ecological environments. Maize
is the most important cereal crop in sub-Saharan
Africa (SSA) and an important staple food for
more than 1.2 billion people in SSA and Latin
America [14,15]. In Nigeria, maize is the most
important staple cereal after sorghum and millet
with the widest geographical spread in terms of
production and utilization among the cereals
[14,16]. Maize is grown in all parts of the country,
though it is grown slightly more in the savannah
belt of the country. About 50 species exist and
consist of different colours, textures and grain
shapes and sizes. White, yellow and red are the
most common types. Maize is capable of
continuous phytoextraction of metals from
contaminated soils by translocating them from
roots to shoots [17]. The maize plant has been
even shown to accumulate certain heavy metals
such as Cd [18] and Pb [19] above levels that
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define metal hyperaccumulation. Based on its
capability of heavy metal uptake and sensitivity
to high metal pollution, Mathé-Gaspar and Anton
[20] have grouped maize as an accumulator and
a metal tolerant plant especially for Cd and Zn.

Therefore the aim of this study was to determine
the levels of heavy metals in tissues of maize
cultivated on selected dumpsites in EKkiti State,
with a view of discouraging the practice of
cultivating on abandoned dumpsites.

2. MATERIALS AND METHODS

2.1 Sample Collection and Preparation

The soil samples used in this study were
collected in October, 2012 from four selected
dumpsites; Aba Egbira (7.41° 288'N; 5.15°
661'E), Atikankan (7.37° 032'N, 5.13° 263'E) at
Ado Ekiti and Igbehin street (7.29° 729'N; 5.13°
263'E), Moshood road (7.39° 363'N; 5.13°
9311E) at lkere EKkiti, Ekiti State, Nigeria. The
dumpsites were selected considering the volume
and nature of waste, closeness to agricultural
settlements and their age. They were randomly
collected from top of each dumpsite (0-15 cm) to
make a total of 40 samples (10 from each
dumpsite). Control samples were also taken 500
m away from each dumpsite. The samples were
characterized as sandy loam soil before air-
drying and later mixed with mechanical shaker.
They were made to pass through 4 mm mesh
size to remove fibre and non-soil particulate in
the soil samples. The pH of soil samples was
determined immediately, after sample
preparation and organic matter content of soil
was also determined prior to planting [21].

In the determination of organic matter content of
soil, 2 g of air-dried soil was placed into a
porcelain dish which mass had already been
determined. The dish and the content were
placed in a muffle furnace and the temperature
monitored until about 440C to constant weight.
It was later transferred into desiccators, where it
was allowed to cool overnight. The organic
matter content of soil was calculated by
difference.

The pH meter for the analyses was standardized
using potassium hydrogen phthalate and
ammonium buffer solution. 2 g of the soil sample
was weighed into a 50 ml beaker and 20 ml of
distiled water was added. The beaker was
allowed to stand for 30 minutes during which it
was stirred with a glass rod occasionally. The

electrode of the pH was inserted to measure the
pH and the value recorded.

Plastic pots 15 cm high and 25 cm wide was
leached with 0.01M HNOgs: this was done to
remove external heavy metals, after which
previously sieved soil samples were added. Plant
seeds for this experiment; bought from a local
market were planted in each pot after proper
identification by Plant Science Department
Herbarium of Ekiti State University, Ado EKiti.
The pots were placed in green house, where
they were constantly watered to field capacity on
a daily basis and no fertilizer was added until
maturity. The pots were placed on individual
trays on which leached water are re-added to the
bags in case of any loss to prevent heavy metals
from leaching away. On maturity, the plants were
harvested for onward laboratory analyses [21].

2.2 Soil and Plant Analysis

Harvested plants were immersed in 0.01M HNO;
to remove external heavy metals and rinsed with
distilled/de-ionized water for 1 min. They were
subsequently separated into parts: root, stem,
leaf and fruit, which were air-dried and later
oven-dried at 70C until complete dryness. Plant
samples were ashed in a furnace at 1200°C,
after digestion with dil. HNOswhile 3:1 conc.
HNO3:HCIO, was added to soil samples and
placed on hot plate, where digestion took place
for 3 hours. Heavy metals concentrations in plant
and soil samples were determined with flame
atomic absorption spectrophotomer  (Perkin
Elmer, model 306) [3,5].

2.3 Data Analysis

All determinations were performed in triplicate.
Statistical analyses were conducted using
Analysis of Variance (ANOVA) procedures and
the mean value separated by Duncan’s Multiple
Range Test (DMRT) wusing SPSS 15.0.
Significant difference was observed between
multiple treatments by LSD test, mean and
standard deviation was also calculated. The soil-
plant transfer factor, expressed as the ratio of
plant metal concentration divided by the total
metal concentration in soil and translocation
factor, the ratio of contaminant concentration in
shoot to roots were calculated.

3. RESULTS AND DISCUSSION

Table 1 presents the concentration of heavy
metals on soil collected from selected dumpsites
and control sites. Information from this Table
revealed that the concentration of heavy metals
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were found in the following range; Cd (21.9-
138.0), Co (11.1-60.8), Cr (9.0-29.8), Cu(7.0-
18.0), Fe (125.0-752.0), Pb (35.0-60.0), Mn
(11.0-47.1), Ni (15.0-29.8), Sn (3.5-9.6) and Zn
(63.0-80.2), all in mg/kg. Fe has the highest
concentration in all dumpsites investigated as
well as in control sites. However, higher
concentration of Fe has been reported in Nigeria
soils [3,5]. These metals were not all detected in
control sites, as they were lesser than the values
observed in all dumpsites, where they were
detected. This observation could be as a result of
contribution of dumping activities to heavy metals
content of dumpsites. Adefemi and Awokunmi [3]
also reported that municipal solid waste disposal
has contributed to the increase in heavy mletals
content of soil. pH and organic matter content of
dumpsites were observed to be higher that of
control site with the following values; pH (6.0-7.4,
5.5-5.6) and (7.7-9.8, 5.0-6.6), respectively. The
higher values of organic matter content of
dumpsites when compared to control sites were
responsible for their higher pH values [22].
Fernandes and Henriques [12] reported that
heavy metals are bioavailable mostly at lower
pH.

Concentration of heavy metals in the tissues of
maize (Zea maize L.) cultivated on soil collected
from selected dumpsites in Ekiti State are
presented in Table 2. The results revealed that
heavy metals were accumulated mostly in the
shoot of the plant when compared with root. The
plant accumulated very high concentration of Cr;
101-104 mg/kg and Pb; 109.9-158.2 mg/kg in its
shoot. The plant at Abaegbira dumpsite has the
highest concentration of heavy metals when
compared to other dumpsites; this could be as a
result of moderately higher organic matter

content of the dumpsite. Heavy metals
accumulation pattern of maize was in sequence
of root<stem<fruit<leaf, the highest concentration
was observed in leaf. High heavy metals
accumulating ability has been reported for cereal
crop such as sorghum (Shorghum bicolor), alfalfa
(Medicago sativa L. [23]. Though the
accumulating tendencies or efficiencies of these
plants has been employed recently in
environmental restoration [5,24,25], but peasant
farmer are not encouraged from cultivating such
plant on dumpsites for consumption as heavy
metals may eventually enter food chain. The
health risks that such habit could pose to plant
and animals had been documented [7,8,13]. The
results also showed significant differences in the
concentration of heavy metals in tissues of plant
on these dumpsites when subjected to LSD test
at p<0.05).

The results of heavy metals accumulation
efficiencies of maize are presented in Tables 3
and 4. Information obtained from Table 3
revealed that all heavy metals were transferred
from soil to plant on all dumpsites investigated
with Cr, Pb and Cu having comparatively higher
transfer factors. It was also revealed from Table
4 that all heavy metals investigated were
translocated from root to shoot. Therefore, the
higher the values of translocation factor, the
more the tendencies for the plant to accumulate
heavy metals in their tissues, most especially the
fruit which is the edible part. Transfer and
translocation factors are not only responsible for
accumulation affeciencies as a particular plant
may have varying accumulation efficiencies,
which may depend on the overall physical and
chemical properties of soil [23].

Table 1. Concentration of metals in the soil samples collected from selected dumpsites

(mg/kg)
Metal AB CON AT CON IG CON MO CON
Cd 138.0 ND 60.0 ND 58.0 ND 21.9 ND
Co 60.8 ND 47.0 ND 51.0 ND 111 ND
Cr 23.0 ND 29.8 2.0 21.2 ND 9.0 ND
Cu 11.5 10.2 7.6 0.1 7.0 1.8 18.0 11
Fe 752.0 122.1 700.1 35.0 125.0 66.0 159.0 111.0
Pb 40.3 ND 60.0 ND 59.0 ND 35.0 ND
Mn 41.3 2.1 47.1 2.3 11.0 2.0 20.2 ND
Ni 25.2 1.8 29.8 2.0 21.2 ND 15.0 ND
Sn 9.6 1.6 7.6 18 7.0 2.0 3.5 2.0
Zn 80.2 3.6 73.5 0.8 63.0 0.9 71.1 ND
pH 6.8 5.6 6.5 5.5 6.0 55 7.4 5.6
OoMC 9.8 6.6 8.7 5.5 7.7 5.0 8.9 6.2

AB: Aba Egbira; AT: Atikankan; IG: Igbehin MO: Moshood; CON: Control; OMC: Organic matter content
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Table 2. Concentration of heavy metals in tissues of Zea mays (mg/kg)

Root Stem Leaf Fruit Shoot Total
Cd AB 4.3, 6.2, 8.0, 6.2, 20.4 24.7
AT 4.0, 7.84 10.04p 6.4, 24.2 28.2
IG 3.2 5.0, 7.6, 6.0, 18.6 21.8
MO 2.4 5.6, 4.8, 5.2, 15.6 18.0
Cr AB 13.4, 25.6, 56.7, 22.6, 104.9 118.3
AT 13.0,p 24.8, 56.2, 22.4,, 103.4 116.4
MO 24.4, 23.84 55.6, 2234 101.7 126.1
Fe AB 9.1, 10.1, 14.5, 9.6, 34.2 43.3
AT 8.2 10.14 14.5, 9.6, 34.2 42.4
IG 20.1p 20.0, 22.1,, 9.8, 51.9 72.0
MO 19.8; 19.24 17.2, 17.24 53.6 734
Mn AB 6.8, 5.6, 6.8, 3.0, 15.4 22.2
AT 5.2 524 6.04p 3.0, 14.2 194
IG 4.8, 524 6.04p 3.0, 14.2 19.0
MO 3.2 4.8, 5.2, 2.8, 12.8 16.0
Pb AB 16.2, 46.2, 76.0, 36.0, 158.2 174.4
AT 142, 421, 72.1,, 36.ap 150.2 164.4
IG 10.24 30.0, 69.1,, 30.4,, 129.5 139.5
MO 9.8, 19.2. 58.6, 32.1, 109.9 119.7
Zn AB 5.6, 21.0, 324, 18.2, 71.6 77.2
AT 4.8, 17.4,, 30.64 17.44 65.4 70.2
IG 3.2, 17.0, 20.0y 16.0, 53.0 56.2
MO 3.24 16.8y 18.4, 16.0, 51.2 54.4
Ni AB 3.3, 5.2, 7.0, 5.2, 17.4 20.7
AT 3.0a 6.8, 9.1, 3.2 19.1 221
IG 2.7 4.0, 7.6, 4.0y 15.6 18.3
MO 1.4, 4.6, 3.8 3.2. 11.6 13.0
Cu AB 9.1, 10.1, 14.5, 9.6, 34.2 43.3
AT 8.2 10.1, 14.04, 9.6, 33.7 41.9
IG 8.1 10.0, 13.8p 8.0 31.8 39.9
MO 8.0 9.14 12.2, 8.0 29.3 37.3
Co AB 1.2, 3.8, 4.8, 3.2, 11.8 13.0
AT 2.4, 3.8, 3.2 3.1, 10.1 12.5
IG 1.0, 2.4, 3.2 3.1, 8.7 9.7
MO 1.8 2.4, 3.04p 2.8, 8.2 10.0
Sn AB 1.2, 2.5, 3.5, 1.8, 7.8 9.0
AT 1.0, 2.2, 5.6, 1.4, 9.2 10.2
IG 1.0, 4.0 2.0y 1.3 7.3 8.3
MO 1.0, 1.8 1.8, 1.3 4.9 5.9
Values followed by different letters differ at p<0.05 (LSD test); AB: Aba Egbira; AT: Atikankan; IG: Igbehin; MO:
Moshood

Table 3. Transfer factors of heavy metals in Zea mays cultivated on selected dumpsites

Cd Cr Fe Mn Pb Zn Ni Cu Co Sn
AB 0.2 5.1 0.1 0.5 4.3 1.0 0.8 3.8 0.2 0.9
AT 0.5 3.9 0.1 0.4 2.7 1.0 0.7 5.5 0.3 1.3
IG 0.4 54 0.6 1.7 2.4 0.9 0.9 5.7 0.2 1.2
MO 0.9 4.0 0.5 0.8 3.4 0.8 0.9 2.0 0.9 1.7

AB: Aba Egbira; AT: Atikankan; 1G:Igbehin street; MO: Moshood road
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Table 4. Translocation factors of heavy metals in Zea mays cultivaated on selected dumpsites

Cd Cr Fe Mn Pb Zn Ni Cu Co
AB 4.7 7.8 3.8 2.3 9.8 12.7 53 3.8 9.8
AT 6.1 8.0 4.2 2.7 10.6 13.6 6.4 4.1 4.2
IG 5.8 8.0 2.6 3.0 12.7 16.6 5.8 3.9 8.7
MO 6.5 4.2 2.7 4.0 11.2 16.0 8.3 3.7 4.5

AB: Aba Egbira; AT: Atikankan; IG: Igbehin street; MO: Moshood road

4. CONCLUSION

The study revealed that dumpsites are sinks for
elevated levels of heavy metals. Maize has ability
for accumulation of higher heavy metals levels in
their shoots. It is important to note that if peasant
farmers continue to cultivate maize and other
arable crops on abandoned dumpsites, this will
increase the levels of heavy metals which may
eventually enter food chain and as a result
mankind may experience possible health risk.
However, regular environmental monitoring and
restoration is imperative.
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