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Heavy Metal Uptake by Corn  (Zea Mays) Grown on Contaminated Soil
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Abstract: Contaminated soil samples from a municipal waste dump site containing various levels of heavy
metals (1.121 mg/kg of Lead, 1.151 mg/kg of Copper, 0.873 mg/kg of Nickel, 2.101 mg/kg of Zinc, 2.021
mg/kg of Chromium, and 1.113 mg/kg of Cadmium) were investigated.  Corn seeds planted on the soil
were harvested after 10 weeks of planting.  Results showed that there were reductions in the levels of the
metals in the soil while there was an increase in their levels in the harvested plants.  The plants had a
fast growth and were tolerant of the metals.  Corn is recommended for removal and detoxifying of soils
contaminated with heavy metals.   
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INTRODUCTION

A major environmental concern due to dispersal of 
urban  and industrial waste generated by human
activities is the contamination of soil with heavy
metals.  Polluted soil poses a severe problem to both
health and land development. Soil lies at the
confluence of many natural systems, therefore soil
pollution, can be spread to other parts of the natural
environment. Many human diseases result from the
build up of toxic metal in soil, making remediation of
these areas crucial in the protection of human health. 
Risk reduction can be through a process of removal,
degradation of or containment of a contaminant.

Humans have exploited certain plants’ abilities to
survive in contaminated areas and to assist in the
removal of contaminants from soil. However, true
scientific study and development of these plants unique
qualities were not conducted until the early 1980’s. [14]

At this time it was recognized that certain species of
plants could accumulate high levels of heavy metals
from the soil while continuing to grow and proliferate
normally.  Phytoremediation is characterized by the use
of vegetative species for in situ treatment of land areas
polluted by a variety of hazardous substances.[15] 
Plants are especially useful in the process of
bioremediation because they prevent erosion and
leaching which can spread the toxic substances to
surrounding areas.[16] Several types of phytoremediation
being used today include phytoextraction, which relies
upon a plant’s natural ability to take up certain
substances (such as heavy metals) from the
environment and sequester them in their cells until the

plant can be harvested; phytodegredation, a means by
which plants convert organic pollutants into a non-toxic
form; phytostabilization, where a plant releases certain
chemicals that bind to the contaminant to make it less
bioavailable and less mobile in the surrounding
environment; and phytovolitization, a process through
which plants extract pollutants from the soil and then
convert them into a gas that can be safely released into
the atmosphere[13].

Specially selected or engineered plants are used in
the process of phytoremediation[3].

Some plants like Alfafa, sunflower and millet can
take up lead, copper, cadmium, iron and mercury.
While most plants exposed to high level of soil toxins
may die off, scientist have discovered that certain
plants are resistant to these toxins and even a smaller
group actually thrive[4]. Both groups of plants are of
interest, but the thriving plants show a particular
potential for remediation because some of them actually
transport and accumulate extremely high levels of soil
pollutants within their bodies. They are aptly named
hyper accumulators.

Corn (Zea mays), which belongs to the cereal
family, is a common, fast growing and seasonal  plant
in the study area.  Cereals are known to be good
accumulators of contaminants (Malgorzata and Andzej,
2005). The phytoextractive ability of corn (Zea mays)
to remove six different heavy metals in contaminated
soil is of special interest in this study. 

Methodology: The dump site, located in an auto
mechanic village in Owerri North Local Government
Area of Imo State of Nigeria, was the source of the
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contaminated soil. It is located on longitude 7o 00’ E
and latitude 5o 33’N. The village accommodates various
forms of automobile repairs and maintenance activities
ranging from engine overhaul, body panel repairs,
welding and sprays works as well as dumping of
unserviceable parts and used lubricants.

Sampling: Soil samples were collected within the
dump site at a depth of 5cm.  One set of samples was
from a contaminated point while the other set (labeled
C) was from a point within the study location which
was devoid of obvious contamination and this served
as control. Portions of each set of samples were
analyzed for Lead (Pb), Copper (Cu), Cadmium (Cr),
Cadmium (Cd), Zinc (Zn), and Nickel (Ni) using
spectrophotometric method (APHA, 1971). 15 nursery
bags containing 1kg each of soil sample and another
set of 15 bags containing soil sample C were prepared. 
Two fresh corn seeds were planted in each bag at a
depth of 4cm and spacing of 7cm.  The set-up was
placed in a green house and was watered daily. After
10 weeks of seed planting and germination, samples
from the contaminated soil (labeled I, II, III, IV and C)
from each bag were analyzed at a weekly interval for
their heavy metal content.  The soil pH values were
also taken.  At the end of 12 weeks, the plants were
uprooted, crushed (roots and shoot) and analyzed for
the same parameters. 

RESULTS AND DISCUSSION

Table 1 shows the average levels of heavy metals
found in the contaminated and control soil samples on
a weekly basis.  Table 2 shows the heavy metal levels
in the harvested plant samples.  Figure 1 shows the
variation of individual heavy metals and pH in soils
while Figure 2 shows the comparative reduction in
heavy metal levels in soil over the study period of 12
weeks.  Figure 3 shows the heavy metal levels in
harvested plant samples.

Variation of Heavy Metal Concentration in Soil
Sample

There was a steady decrease in the levels of all the
heavy metals in the contaminated soil but to various
extents(Figs. 1 and 2). The initial levels were generally
high when compared with the control (Table 1). The
following reductions in heavy metal concentrations
were observed within the 12 weeks of the study: Pb –
10.5% ; Zn - ; Cd – 9.9%; Cr – 6.4%; Cu – 19.8%
and Ni – 8.3%.  The levels of the various heavy
metals in the harvested plant sample from contaminated
soil showed an increase over the control sample
(Fig.3). Certain plant species known as
hyperaccumulators have the ability to extract elements
from the soil and concentrate them in the easily

harvested stems, shoots, and leaves[17].  Cunningham
and Owen,[2] reasoned that heavy metals are not
degradable but are bio-accumulative.   The increase in
levels of these heavy metals in the plant sample
accompanied by their corresponding decrease in soil
samples indicate that they are accumulating into the
plant through the plant root[11,17].

Effect on soil pH: The contaminated soil at the
beginning was acidic (pH 5.77) while the
uncontaminated soil had a pH of 6.81 which is near
neutral (Table 1).  With the plant germination and
growth in the soil, there was a gradual increase in pH
until it reached a value of 6.19 by the end of 12
weeks.  The initial low pH of the contaminated soil
favoured the heavy metal solubilization and uptake by
the plant[12,8,2].  Many metal cations are more soluble
and available in soil solution at low pH[9]. The
retention of metals to root organic matter is weaker at
low pH, resulting in more available metal in soil
solution for root absorption[7,3].  This is shown by the
sharp initial reduction in their levels which was
followed by a more gradual decrease at the higher pH
values subsequently. Increased soil pH is not good for
metal solubilization, because metals are more soluble
at low pH[8].

The closeness of the 12 week value of pH to that
of the uncontaminated soil indicates an effective
phytoremediation process[5].

The plant (Zea mays): A major factor influencing the
efficiency of phytoremediation is the ability of plants
to absorb large quantities of metal in a short period of
time. Hyper accumulators accumulate appreciable
quantities of metal in their tissue, regardless of the
concentration of metal in the soil as long as the metal
in question is present[6]. Although the total soil metal
content may be high, it is the fraction that is readily
available in the soil solution that determines the
efficiency of metal absorption by plant roots[8].

Comis[18] stated that hyperaccumulators have all the
characteristics of a hay crop: They should be tall, high
yielding, fast growing, easy to harvest, and deep
rooted. And they should hold onto their mineral-rich
leaves so that they can be harvested along with the
plant stems.

Corn (Zea mays) planted on the contaminated soil,
had higher levels of heavy metals than the one planted
on the uncontaminated soil (Fig. 3). The difference
indicates that they have been absorbed away from the
contaminated soil[3]. Zea mays is thus a hyper
accumulator of heavy metal since values in Table 2
show that it contains up to 0.1mg/kg of the heavy
metals[6]. It was tolerant of the targeted metals[8], and
also had a fast growth rate[9].

994



Res. J. Agric. & Biol. Sci., 6(6): 993-997, 2010

Fig. 1: Variation of Heavy Metals and pH in Soils
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Fig. 2: Comparative Reduction in Heavy Metals in Soil

Fig. 3: Levels of Heavy Metals in Harvested Plant Samples

Table 1: Average Levels of Heavy Metals (mg/kg) in Soil Samples        
Heavy Metals Soil sample before 10 weeks after 11 weeks after 12 weeks after Control Soil

planting I planting II planting III plantingIV sample C
Pb 1.121 1.101 1.061 1.003 0.610
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zn 2.101 2.010 2.007 1.982 1.020
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cd 1.113 1.072 1.062 1.002 1.101
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cr 2.021 2.005 1.912 1.875 0.701
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cu 1.151 1.051 1.002 0.923 1.801
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ni 0.873 0.805 0.803 0.801 0.061
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH 5.77 6.00 6.15 6.19 6.81
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Table 2: Levels of Heavy Metals (mg/kg) in Plants of Zea mays 
Heavy metals Experimental sample Control sample
Pb 0.124 0.003
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zn 0.208 0.002
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cd 0.401 0.002
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cr 0.214 0.001
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cu 0.212 0.001
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ni 0.118 0.001

Summary: Corn (zea mays) was able to absorb up to
0.1 mg/kg of copper, cadmium, chromium, lead, nickel,
and zinc; it was tolerant of the targeted metals and also
had a fast growth. These characteristics qualify corn as
a hyper accumulator. Its presence also increased the
soil pH from acidity to near neutrality. No soil
amendment was required. The effective reduction in
concentration of heavy metals in the soil by the plants
within 12 weeks of planting indicate that at low pH,
and over a longer period, phytoremediation with corn
is possible and a good option for detoxifying trace
metals from contaminated soils.
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