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Abstract- The concentration of the metals; Ag, Fe, Co, Cr, Cu, 
Cd, Mn, Zn, Ni and Pb were determined in different parts of 
beans (Pharsalus vulgaris) grown in Lake-Chad research 
Institute, Maiduguri, Borno State, Nigeria using atomic 
absorption spectroscopy (AAS). To achieve this, fresh sample 
of Phaseolus vulgaris were collected in the morning hours. 
Collection was done in phases or batches. The first phase was 
collected when the crops were at their tender age (4 - 6 weeks 
of germination), the second or final phase, was done when the 
crops were ready to be harvested. Samples collected were 
washed with tap water, carefully separated into roots, stem, and 
the leaves. Dried to a constant weight in an oven at 105

O
C, 

ground and sieved using a < 2mm nylon sieve, treated using 
6M HCl and analyzed. The result showed that, at the tender 
period of 4-6 weeks of germination, the levels ranged from 
0.419 - 0.043 µg Ag/g, 0.784 - 0.263 µg Mn/g, 0.019 -0.003 µg 
Cd/g, 0.144 - 0.059 µg Cu/g, 0.146 - 0.073 µg Co/g, 0.046 -
0.009 µg Cr/g, 0.691 - 0.375 µg Zn/g, 0.069 - 0.034 µg Ni/g, 
11.171 - 5.510 µg Fe/g and 0.174 - 0.147 µg Pb/g most of 
which (the levels) were statistically different at (P < 0.05). 
These levels were found to slightly decrease at the period of 
harvesting. At this period which include the seeds, the 
concentration ranges from 0.299 - 0.024 µg Ag/g, 0.542 - 
0.255µg Mn/g, 0.015 - 0.004µg Cd/g, 0.473 - 0.022µg Cu/g, 
0.143 - 0.014µg Co/g, 0.01 - 0.005µg Cr/g, 0.644 - 0.367µg 
Zn/g, 0.219 - 0.002µg Ni/g, 5.505 - 2.598µg Fe/g and from not 
detectable - 0.147µg Pb/g most of these level were found 
statistically different at (P < 0.05). The result of this study 
showed that the levels of the entire elements determined are 
generally below the permissible levels and are therefore safe 
consumption. However, the growing popularity of beans and 
its products in recent years on the basis of its nutritional 
properties and beneficial effects calls for additional data and a 
periodical quality control. 
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I. INTRODUCTION 

Soil is a naturally occurring, unconsolidated mineral and 
organic material at the earth’s surface that provides an 
environment for living organisms and a sink or reservoir to all 
sorts of pollutants. It is a dynamic habitat for an enormous 
variety of life-forms. It gives mechanical support to plants from 
which they extract nutrients [1]. Nearly all plant nutrients are 
taken up by plant from the soil water solution in the form of 
ions, either cations or as anions. Sixteen nutrients are essential 
for plant growth and reproduction. Based on their solubility 
under physiological conditions, 17 heavy metals may be 
available for living cells and of importance for organism and 
ecosystems [2]. The understanding of the behaviour of heavy 
metal in soil-plant system is therefore imperative for safety 
purposes. 

Food legume crops represent an important component of 
agricultural food crops consumed in developing countries, 
especially in Sub-Saharan African countries, Nigeria in 
particular. They complement cereal crops as a source of protein 
and minerals. They also serve as rotation crops on the farmland 
with cereals, reducing soil pathogens and supplying nitrogen to 
the cereal crop. Food legume crops are considered vital crops 
for achieving food and nutritional security for both poor 
producers and consumers. They play an important role as a 
source of animal feed in small-holder livestock systems. Food 
legumes also have higher prices, compared to cereals, and are 
increasingly grown to supplement farmers' incomes [3]. The 
important and diverse role played by food legumes in the 
farming systems and in diets of poor people makes them ideal 
crops for achieving developmental goals of reducing poverty 
and hunger, improving human health and nutrition, and 
enhancing ecosystem resilience. According to Bojinova, et al. 
[4] and Sajwan, et al. [5] beans belonged to the group of crop 
that strongly accumulates heavy metals. 

http://en.wikipedia.org/wiki/Ion
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The source of heavy metal in plants is their growth media 
(air, soil, nutrients) from which heavy metals are taken up by 
roots or foliage. Among these metals, Fe, Mo and Mn are 
important as micronutrients. Zn, Ni, Cu, V, Co, W, and Cr are 
toxic elements with high or low importance as trace elements. 
Arsenic (As), Hg, Ag, Sb, Cd, Pb, and U have no known 
function as nutrients and seem to be more or less toxic to plants 
and micro-organisms [6, 7]. When agricultural soils are 
polluted, these metals are taken up by plants and consequently 
accumulate in their tissues [8]. Animals that graze on such 
contaminated plants and drink from polluted waters, as well as 
marine lives that breed in heavy metal polluted waters also 
accumulate such metals in their tissues, and milk, if lactating 
[9, 10]. Humans are in turn exposed to heavy metals by 
consuming contaminated plants and animals, and this has been 
known to result in various biochemical disorders. The toxic 
effect of heavy metals varies. Individual metals exhibit specific 
signs of their toxicity. The following have been reported as 
general signs associated with cadmium, lead, arsenic,  zinc, 
copper and  nickel poisoning: Gastrointestinal (GI) disorders, 
diarrhea, stomatitis, tremor, hemoglobinuria causing a rust–red 
colour to stool, ataxia, paralysis, vomiting and convulsion, 
depression, and pneumonia when volatile vapours and fumes 
are inhaled [11]. The nature of effects could be toxic (acute, 
chronic or sub-chronic), neurotoxic, carcinogenic, mutagenic 
and/or teratogenic depending on the metal in question as well 
as how it is being handled. 

Lead, for example, is the most significant toxin of the 
heavy metals, and the inorganic forms are absorbed through 
ingestion by food and water, and inhalation [12]. A notably 
serious effect of lead toxicity is its teratogenic effect. High 
levels of the metal inhibit the synthesis of haemoglobin, 
dysfunctions in the kidneys, joints and reproductive systems, 
acute and chronic damage to the central nervous system [13]. 
Several cases of human disease, disorders, malfunction and 
malformation of organs due to metal toxicity have been 
reported [14, 15]. It has become imperative therefore  to know 
whether vegetables, fruits and food crops cultivated and 
supplied, sold or consumed are safe for human consumption 
especially now that the environmental quality of food 
production are of major concern [16].  

This study therefore is aimed at evaluating the levels of the 
heavy metals; Ag, Fe, Co, Cr, Cu, Cd, Mn, Zn, Ni and Pb) in 
the beams (Phaseolus vulgaris) grown in Lake-Chad research 
Institute, Maiduguri, Borno State, Nigeria.  

 

II. MATERIAL AND METHODS 

A. Sampling Area 

Sample of beans (Phaseolus vulgaris) were collected at 
Lake Chad institution Farm Centre in Maiduguri Metropolis, 
Borno state, Nigeria.          

B. Sample Collection     

Samples of fresh Phaseolus vulgaris crops were collected 
in the morning hours. Collection was done by careful uprooting 
of the plant from the soil. This was done in phases or batches. 
The first phase was collected when the crops were at their 

tender age (4 - 6 weeks of germination), the second or final 
phase, was done when the crops were ready to be harvested. 
The samples collected were washed with water in the 
laboratory, carefully separated into roots, stem, and the leaves. 
Soil samples were equally collected from the farm land, 
beneath the roots of the plants. Samples were collected using 
hand trowel, at the depth of 0 - 15 cm form the surface as in 
[17], put in a clean polyethylene bags and transported to the 
laboratory for subsequent analysis. Collection was done in the 
month of July to October 2015.  

C. Sample Preparation and Analysis 

The separated parts of the sample collected and separated 
were dried to a constant weight in an oven at 105

O
C, ground 

and sieved using a < 2mm nylon sieve. This was then digested 
by weighing 0.5g into an acid washed porcelain crucible placed 
in a muffle furnace and heated for about 4 hours at 500

o
C. 

When cooled 10ml of 6M HCl was added and heated again for 
about fifteen minutes (15 min). Dropwise addition of the acid 
was made gently with continuous stirring and heating to 
dryness. Ten mil(s) (10ml) of distilled water was added and 
heated on steam bath for complete dissolution. The mixture 
was then allowed to cool and filtered through a Whatman No. 
541 filter paper into a 50ml volumetric flask. This was then 
made up to the mark with additional distilled water, as in [17]. 
A blank was equally prepared following the same procedure 
but without the sample. Atomic Absorption Spectroscopy 
(AAS) model AA240FS Company Variance was used to 
determine the level of the metals; Ag, Fe, Co, Cr, Cu, Cd, Mn, 
Zn, Ni and Pb.  

For the soil sample, 1.0g was digested by adding a mixture 
of 15ml concentrated HNO3, H2SO4, and HClO4 acids in the 
ratio of (5: 1: 1) in a 100ml volumetric flask. This was heated 
at 80

0
C until colourless solution was obtained. The digest was 

then filtered through a Whatman filter paper No. 42 and diluted 
to 50ml with distilled water [18]. Analysis of the digested 
samples was carried out using same Atomic Absorption 
Spectroscopy (AAS). 

 

III. RESULT 

A. Physiochemical Properties of the soil sample. 

Figure 1: below shows the physiochemical properties of the 
soil sample. The result shows that, the pH of the soil was found 
to be 5.58; this was the average pH within the range of the 
sampling sites. The effect of pH on a soil is to remove from the 
soil or to make available certain ions. Soils with high acidity 
tend to have toxic amounts of aluminium and manganese. 
Plants which need calcium need moderate alkalinity, but most 
minerals are more soluble in acid soils. Soil organisms are 
hindered by high acidity, and most agricultural crops do best 
with mineral soils of pH 6.5 and organic soils of pH 5.5 [19].

  

High pH results in low micro-nutrient mobility, EC was 30.40 
mscm

-1
; CEC 14.99meq/100g, the cation exchange capacity 

commensurate with the pH of the soil. As the pH of the soil 
increases the cation exchange capacity of the soil also 
increases. Thus an acidic soil may have low CEC which 
indicates low fertility of the soil [20]. OC 1.46%, N 0.62%. 
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Most living things in soils, including plants, insects, bacteria, 
and fungi, depends on organic matter for nutrients and/or 
energy. Organic matter holds soils open, allowing the 
infiltration of air and water, and may hold as much as twice its 
weight in water. As a source of humus, organic matter acts as a 
buffer, like clay, against changes in pH and soil moisture [21].  
Organic materials in soil increase the CEC through an increase 
in available negative charges. As such, organic matter build-up 
in soil usually positively impacts soil fertility. However, 
organic matter is heavily impacted by soil acidity as acidity 
causes many organic compounds to release ions to the soil 
solution [20]. The soil was found to be sandy loam as shown in 
figure 1. 

 

 

Figure 1.  The physiocochemical Properties of the soil Sample 

The concentration of heavy metals in brown beans at 
different stages of germination is as presented in tables 1 and 2. 
Table 1 below shows the concentration of heavy metals in the 
root, stem and leaves of the brown beans at the first stages of 
sampling (after four to six weeks of germination) as well as the 
soil. Heavy metals are defined as metals and metalloids having 
densities greater than > 5 g cm

-3
. Heavy metals may be found 

in soils naturally [22] or can be added to soils through 
anthropogenic activities (Figure 1). Natural sources of heavy 
metals such as volcanoes emissions transport of continental 
dusts, and weathering of metal-enriched rocks due to long 
exposure to air, greatly adds higher amounts of heavy metals to 
soils [23].  The anthropogenic activities may include; mining 
and smelting, excessive application of fertilizers to boost crop 
production, automobile and atmospheric deposition, extensive 
usage of toxic pesticides and   as well as application of sewage 
sludge can result in soil pollution [24, 25]. It shows that, the 
stem has the highest level of Fe (11.171 0.044ppm), followed 
by the root (6.651 0.022ppm) whereas the leaves had the 
lowest level of 5.510  0.094ppm. Second to iron in the stem, 
is zinc (Zn) with 0.691  0.026pm, the leaves had 0.644 
 0.009ppm and the root has the lowest concentration of 0.376 
 0.009ppm Zn at this stage of germination. Other metals such 
as Cu, the level ranges from 0.059  0.010ppm in the root to 

0.144  0.039ppm in the leaves. The level of Ni ranges from 
0.069  0.005ppm in the roots, and decreases to 
0.016  0.007ppm in the leaves. Manganese ranges from 
0.263  0.005ppm in the root, and increases to 
0.784 0.011ppm in the leaves. The levels 0.019  0.007ppm 
observed in the root for Cd was found to decreased to 
0.003 0.006ppm Cd in the leaves. The values 0.146 0.012; 
0.073  0.006 and 0.089 0.102ppm observed in the root, stem 
and the leaves respectively for Co. Lead has 0.174  0.005ppm 
in the root, 0.147  0.005ppm in the stem whereas 0.160 
 0.004ppm was observed in the leaves. The level of Cr was 
found to fluctuate.  The value 0.046 0.05ppm was found in 
the root, these decreases to 0.009 0.006ppm in the stem and 
increases to 0.010  0.007ppm in the leaves (Table 1). 

 

TABLE I.  THE MEAN CONCENTRATION (µG/G ±SD) OF THE METALS 

DETERMINED IN THE SOIL, ROOT, STEM AD LEAVES OF PHASEOLUS VULGARIS 

AFTER 4-6 WEEKS OF GERMNATION 

Elements 

Sample Soil Root Stem Leaves 

Ag 0.628±0.014 0.367a±0.005 0.419±0.004 0.043a±0.005 

Mn 5.530±0.007 0.263±0.005 0.484±0.008 0.784±0.011 

Cd 0.209a±0.037 0.019b±0.007 0.015a±0.008 0.003a±0.006 

Cu 0.463±0.017 0.059bc±0.010 0.085b±0.007 0.144b±0.039 

Co 0.207± 0.017 0.146c±0.012 0.073b±0.006 0.089ab±0.102 

Cr 0.295a±0.017 0.046b±0.035 0.009a±0.006 0.011a±0.008 

Zn 0.513±0.006 0.376a±0.009 0.691±0.026 0.644±0.009 

Ni 0.334±0.023 0.069b±0.005 0.034a±0.006 0.016a±0.007 

Fe 49.327±0.018 6.651±0.022 11.171±0.044 5.510±0.094 

Pb 1.816± 0.011 0.174±0.005 0.147±0.005 0.160a±0.004 
Elements with same letters within a column are not significantly different at P < 0.05 according to 

LSD test. Data are presented in mean ± SD (n = 4). SD = Standard Deviation 

 

Table 2 below shows the concentration of the metals 
determined in the roots, stem, leaves and the seed of  brown 
beans (Phaseolus vulgaris) at the final sampling stage 
(harvesting period). The result shows that, iron (Fe) was 
observed in all the samples analyzed with the roots having the 
highest concentration of 5.505±0.087ppm followed by the 
leaves (3.682±0.323ppm), the stem had the lowest level of 
2.598±0.355ppm. Highest level of Mn (0.542±0.046ppm) was 
observed in the leaves followed by the stem 
(0.426±0.069ppm), the roots had (0.255±0.008ppm) whereas 
the seed had 0.255±0.040ppm Mn. The root seem to have the 
same concentration (0.255ppm) with the seeds though they 
were found significantly different at p<0.05 according to LSD 
test.  The level of Ag in the root was 0.249±0.02ppm, these 
increases slightly in the stem to 0.299±0.055ppm; it decreases 
to 0.031±0.012ppm in the leaves and 0.02±0.007ppm in the 
seeds. Cadmium, Ni and Pb were found below detection limits 
in the seeds but has the levels; 0.012±0.00, 0.219±0.169 and 
0.147±0.005ppm respectively in the roots (Table 2). With the 
exception of Mn, most of the metals were found to decrease in 
concentration from the roots to the seeds. The level of Zn in the 
seed (0.375±0.011ppm) was found to be higher than what was 
observed in the leaves (0.367±0.014ppm). 

pH 
4% 

EC 
20% 

CEC 
10% 

N 
0% 

OC 
1% 

CLAY 
9% 

SILT 
3% 

SAND 
53% 
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TABLE II.  THE MEAN CONCENTRATION (µG/G ±SD) OF THE METALS 

DETERMINED IN THE ROOT, STEM, LEAVES AND THE SEEDS OF PHASEOLUS 

VULGARIS AT HARVESTING PERIOD 

Elements 

Sample Root Stem Leaves Seeds 

Ag 0.249a±0.024 0.299a±0.055 0.031a±0.012 0.024a±0.007 

Mn 0.255a±0.008 0.426a±0.069 0.542±0.046 0.255b±0.040 

Cd 0.012b±0.009 0.011b±0.009 0.004a±0.007 0.001b±0.010 

Cu 0.473b±0.013 0.078ab±0.011 0.117a±0.015 0.022a±0.009 

Co 0.143c±0.010 0.062ab±0.011 0.046a±0.070 0.014a±0.007 

Cr 0.010b±0.008 0.006b±0.007 0.010a±0.007 0.005a±0.008 

Zn 0.644±0.009 0.391a±0.039 0.367±0.014 0.375b±0.011 

Ni 0.219ac±0.169 0.034b±0.006 0.014a±0.007 0.002±0.012 

Fe 5.505±0.087 2.814±0.520 3.682±0.323 2.598±0.355 

Pb 0.147c± 0.005 0.016b±0.004 0.020a±0.007 ND 
Elements with same letters in a column are not significantly different at P <0.05 according to LSD. 

Data are presented in mean ± SD (n = 4). SD = Standard Deviation 

 

IV. DISCUSSION 

Legumes are rich and inexpensive source of proteins, 
carbohydrates, dietary fibres to millions of peoples worldwide. 
Most legumes that are used for foods are multipurpose plants, 
serving for animal forage as well as soil improvement due to 
their ability to fix atmospheric nitrogen.  In addition to being 
an important source of protein, legumes have been reported to 
be a good source of minerals (K, P, Ca, Mg) and trace elements 
[26, 27]. Heavy metals are potential environmental 
contaminants with the capability of causing human health 
problems if present to certain level in the food. Several cases of 
human disease, disorders, malfunction and malformation of 
organs due to metal toxicity have been reported [14]. Metals, 
such as iron, zinc and manganese are essential metals, since 
they play an important role in biological systems. Copper and 
Zinc are essential micronutrients but can be toxic when taken 
in excess. Lead and cadmium are non-essential metals as they 
are toxic, even when at low concentrations [28]. These metals 
are taken up from soils and bioaccumulated in crops, causing 
damage to plants when present at high levels and under certain 
conditions becoming toxic to human and animals that fed on 
these metal enriched plants [29].  

The result of this study shows that, Fe has the highest 
concentration of all the metals determined in the roots, stem 
and leaves of the bean (Table 1) at the early period of 
germination (4-6 weeks of germination). The concentration 
was however found to decrease when grown to maturity 
(harvesting period).  At this stage, the plant was found to 
accumulate the metal in the order root > leaves > stem > seed. 
The results were however much lower than what was recorded 
in [30] who observed (7.9–24.8 l µg/g) of Fe in different 
samples of vegetables in Pakistan. The concentration of Fe 
observed in the leaves of this study (Table 1 and 2) were also 
found very much lower than what was observed in the leaves 
of beans from the east (115.4±2.85µg/g), middle (99.9±1.92 
µg/g), south (137.1±7.50 µg/g) and northern (64.0 ±2.85 µg/g) 
district markets of Saudi Arabia [31]. The levels of the 
essential elements (Fe, Zn, Mn, Cu and Co) determined in this 
study were higher than those of toxic elements or the non-

essential elements (Cd, Pb and sometimes Ni) as indicated in 
tables 1 and 2. The concentration of these essential metals 
however was found lower than what was observed in [32].  

Cadmium (Cd) and Zinc (Zn) are trace elements that are 
readily translocated from roots to the plant tops and can be 
effectively absorbed into foliage, move around the plant, be 
accumulated in leaves and seeds and eventually into the food 
chain through the casparian strip in the roots, xylem cells 
which is driven by evapotranspiration process [33, 34]. 
Cadmium is a non-essential, highly toxic heavy metal; it does 
not play any role in biological process in living organisms. 
Thus even at low concentration Cd could be harmful to living 
organisms [35]. Cd poisoning in man could lead to anemia, 
renal damage, bone disorder and cancer of the lungs [36]. In 
this study, the level of Cd was observed in a decreasing order 
from the root to the leaves; root< stem<leaves at the 
rudimentary age of growth (4-6 weeks of germination) as 
indicated in table 1. The levels of the element observed in the 
leaves of this study were found to be far below what was 
observed in a study from the east (1.04±0.06µg/g), middle 
(2.31±10.06 µg/g), south (1.47±0.10 µg/g) and northern  
(1.65±0.05 µg/g) district markets of Saudi Arabia [31]. This 
trend was equally observed at the harvesting period with the 
seeds having the lowest concentration 0.002±0.010ppm (Table 
2). The concentration of Cd observed in the seeds of brown 
beans in this study were found lower than what was observed 
in seeds of brown beans in a study conducted from Kalak 0.09 
±0.04ppm (Khabat) location [37]. It is also lower than what 
was observed in common beans (0.178 ± 0.04ppm) as in [38]. 
Cadmium compounds are used as color pigment and in re-
chargeable nickel-cadmium batteries. It is also present as a 
pollutant in phosphate fertilizers and has a long half-life period 
of 10–30 years in bones and kidneys. It has been reported that 
cadmium is present in most foodstuffs, but the levels vary 
greatly. Excessive exposure to this element has been reported 
to cause kidney damage and/or skeletal damage [39]. 

Zinc (Zn) was found next to Fe where the stem had the 
highest concentration, followed by the leaves and the root after 
4-6 weeks of germination (Table 1). Zinc is an essential 
element to all organisms and has an important role in 
metabolism, growth, development and general well-being. It is 
an essential cofactor for large number of enzymes in the body. 
Zinc deficiency therefore may leads to coronary heart diseases 
and various metabolic disorders [40]. It has been reported that, 
except for tolerant plant genotypes which don’t exclude Zn 
from their shoots, Zn is accumulated in the leaves [41]. In this 
study, the level of Zn was found to decrease in the stem and 
leaves but gradually accumulates in the seed as the plant grows 
to maturity (Table 1 and 2). This could be attributed to 
excessive rate of transpiration by the leaves as well as the stem. 
Report has it that, young developing tissues have higher Zn 
concentration than mature tissues except for seeds. It can also 
be stored in stems and be mobilized later to growing tissues. 
Mature seeds contain Zn localized in the embryo [41]. The 
levels of Zn observed in the different parts of the plant (root, 
stem, leaves and the seeds) of this study (Table 1 and 2) were 
found below what was observed in [31, 32, 38].  Zinc (Zn) and 
Copper (Cu) have numerous functions in animals and human 
and they are essential elements for the growth of plant. Copper 
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serves as an antioxidant and helps the body to remove free 
radicals and prevent cell structure damage and Zn function as a 
cofactor for many enzymes of the body. The mean 
concentrations of Cu observed in this study (Table 1 and 2) 
were however lower than what was observed in [31, 38, 42]. 
These variations in concentrations may be attributed to 
environmental differences in terms of weather or climate, type 
of soils, fertilizer application and the level of anthropogenic 
activities taking place at the sites. 

Chromium (Cr) is a polyvalent element, found naturally in 
the air, soil, water and lithosphere [43]. It exists in the 
environment in three stable oxidation states, Cr(0), Cr(III) and 
Cr(VI) which have different toxicities and transport 
characteristics [44]. Trivalent chromium Cr (III) and 
hexavalent chromium Cr (VI) are stable. Cr (VI) is 
carcinogenic and a potential soil, surface water and ground 
water contaminant, while its reduced trivalent form is much 
less toxic, insoluble and a vital nutrient for humans [45]. 
Accidental or intentional ingestion or exposure to high level of 
Cr(VI) compounds exerts toxic effects on biological systems 
[46]. Chromium accumulates mainly in roots and shoots; 
however roots accumulate the major part, being usually only a 
small part translocated to the shoots [47, 48]. Report has it that, 
accumulation of Cr in the different parts of plant was in the 
following order; roots > stem > leaves > seed [49]. The levels 
of Cr observed in leaves of this study (Table 1 and 2) were 
found at a very low concentration compare to the findings of 
some studies done elsewhere [31, 38, 42]. The concentration of 
this metal as observed in this study can be arranged in the 
following order root > stem < leaves > seeds. It has been 
reported that, bean seeds accumulates about 0.1% Cr, while 
roots accumulated 98% [50].  

Nickel (Ni) is a microelement necessary for ordinary 
functioning of plants, animals and humans. However, in higher 
concentrations it has toxic effects. The increased quantities of 
this element may be a result of natural processes or 
anthropological factors such as, industrial processes, extraction 
and processing of ores, traffic etc. These anthropogenic 
releases can be expected to increase soil levels of trace 
elements such as,    , resulting in a concomitant increase in 
the concentration of       in plants and possibly in the food 
chain. Although Ni is considered a nonessential element in the 
nutrition of both plants and animals, it is present in substantial 
quantity in all living organisms [51]. Nickel is readily 
transported from roots to aboveground plant tissues. However 
at higher concentrations it can be toxic. Plants have been 
shown to accumulate      " in both vegetative tissues [52] and 
seeds [53], and therefore represent a source of       to primary 
and secondary consumers and ultimately man. In this study, the 
level of       before maturity was found to decreased in the 
order, root > stem > leaves (Table 1). The levels were however 
lower than what was observed in [54]. At maturity, the trend in 
the levels in the parts of beans is same only that a slight 
decrease in the concentration was observed (Table 2).   

Lead (Pb) forms various complexes with soil components 
and only a small fraction of the lead present as these complexes 
in the soil solution are phytoavailable. Once lead has been 
absorbed by the root system, it may accumulate there or may 

be translocated to aerial plant parts. Studies had it that, most 
plant species, absorbed lead (approximately 95% or more) and 
get accumulated in the roots, only a small fraction is 
translocated to aerial plant parts because there are natural plant 
barriers in the root endodermis, as has been reported in Vicia 
faba, Pisum sativum, and Phaseolus vulgaris [55, 56, 57], V. 
unguiculata [58]. Despite its lack of essential function in 
plants, lead is absorbed by them mainly through the roots from 
soil solution and thereby may enter the food chain. In this 
study, the levels of lead in the various parts of the plant (Table 
1 and 2) were found far below what was observed in studies 
done elsewhere [31, 38]. 

Cobalt (Co) is a biologically essential microelement with a 
broad range of physiological and biochemical functions. Co is 
usually contributed with vitamin B12 and its deficiency effect 
on the vitamin B12 consistency in the body. Cobalt deficiency 
is rare in human but cattle are seen effected with symptoms 
like anemia. The daily recommended range of Cobalt in human 
diet is 0.005 mg/day [59, 60, 61]. For symbiotic association, 
Cobalt is needed for N2 fixation in legumes and root nodules of 
non-legumes. The level of the element in this study was 
observed to decrease with the growth of the plant. It is found to 
decreased in the order; root > stem > leaves > seeds (Table 1 
and 2). Reports has it that According to a study carried on 
cobalt in different foods, Cobalt variation in plant based food 
such as seed, vegetables and fruits is 0.006-0.009 mg/kg [62].  

 

V. CONCLUSION 

Heavy metal contamination of vegetables cannot be 
underestimated as these foodstuffs are important components 
of human diet. Plant based food items are rich sources of 
vitamins, minerals, and fibers coupled with beneficial 
antioxidative effects. Prolonged consumption of foodstuffs 
contaminated with heavy metals may lead to chronic 
accumulation in different organs such as kidney and liver 
causing disruption of numerous biochemical processes, leading 
to cardiovascular, nervous and bone diseases. In this study, the 
level of the heavy metals determined can be arranged in the 
following order; root > stem > leaves > seeds. The levels of the 
metals determined in this study were all within the permissible 
limits or may be said to be safe for both animal and human 
consumption. 
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