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Abstract: This study was conducted to investigate heavy metal (Cd, Cu, Mn, Ni, Pb, and Zn) concentrations in
soils and selected plants (Cowpea, Vigna unguiculata; Maize, Zea mays; Milk leaf, Euphorbia heterophylla and
Siam weed, Chromoleana odorata) around Fagbohun dumpsite, Ikere-EKkiti, Nigeria. Soils and plants samples
were taken at 0 m, 50 m and 100 m sampling distances and control soil sampled taken from the adjacent
farmland. The concentration of Pb, Ni, Cu, Zn and Mn in the dumpsite soils showed to be generally lower than
the permissible limits except Cd, implying a concerned pollution level. But the metal contents are higher than
the permissible thresholds in the plants except Cu, indicating atmospheric deposition of heavy metals in the
plants. Accumulation factor (AF) indicates selected plants are of good phyto-extraction potentials except Milk
leaf (Cu). Pb, Zn and Mn are highly mobile while Cd and Cu has low mobility in all the plants but Ni is highly
mobile only in Maize and Siam weed at 0 m sampling distance.
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I.  Introduction

Proliferation of basic industrial processes as a result of increasing population and urbanization has
greater impact on the environment causing pollution. Environmental pollution sources of heavy metals in urban
areas are both anthropogenic including industrial emission, traffic emission, fossil fuel combustion, waste
disposal and incineration, and agriculture practices [1, 2, 3, 4] and natural, involving rock weathering and ore
deposits [5, 6]. Urbanization is promoting a concern for farmers to use contaminated land for food crops
production [7]. In urban and peri-urban areas, land contamination with toxic metals is common as a result of
industrial and municipal activity [8]. It has been observed that the larger the urban area, the lower the quality of
the environment. Hence, solid waste disposal and management have reached a critical stage in major towns and
cities of Nigeria [9]. Heavy metals soil contamination is a serious environmental problem. Remarkably, if enters
the food chain as a result of their uptake by edible plants growing in the contaminated soils such as dumpsites.

Dumpsite is an old traditional method of waste disposal similar to landfill method of waste
management and are often established in disused quarries, mining or excavated pits away from the residential
areas [10]. Poor management of dumpsite could create a number of adverse environmental impacts such as
leachate that contains the potentially toxic heavy metals which pollute the underground soil bed. The heavy
metals concentration in soils should be monitored within the target values and not to exceed the intervention
values stipulated by the regulatory bodies. According to Wuana and Okieimen [11], target values indicate the
soil quality levels aimed at for soil’s sustainability and functionality for human, animal, and plant life while the
intervention values indicate the quality for which the functionality of soil for human, animal, and plant life are,
or threatened with being seriously impaired. Toxic metals cannot be biodegraded but accumulate in the soil
having long persistence time interacting with the soil components and consequently pose environmental
problems [12] and enters into food chain through plants or animals [14, 15]. Prolonged consumption of
contaminated foodstuff may lead to the unceasing accumulation of toxic metals in the liver and kidney of
humans resulting in the disturbance of biochemical processes, such as, liver, kidney, cardiovascular, nervous
and bone disorders [15, 16]. Heavy metals contamination in agronomic crops particularly vegetables [17, 18, 19,
20] cannot be underestimated being an important components of human diet and the heavy metals contamination
of food items is one of the major aspects of food quality assurance.

Several parameters has been used to investigate heavy metal uptake by plants grown on a contaminated
soils. Chojnacka et al. [21] and [22, 23] used (bio)accumulation factor, (B)AF (ratio of metal concentration in
plant to metal concentration in soil) to investigate heavy metal uptake by plants. Zabin and Howladar [24] and
[17, 25] has also investigated heavy metal uptake by plants using mobility index (MI) or translocation factor
(TF) which is the ratio of metal concentration in one part of plant (root, stem or leaves) to the metal
concentration in the former part (soil, root or stem). Similarly, [17, 26, 27] used enrichment factor (EF) and it is
defined as a relative abundance of a chemical element in soil compared to the relative abundance in a local con-
trol site. These factors are based on the root uptake of metals and the surface absorption of atmospheric metal
deposits [28]. Phytoextraction is the accumulation of sufficient heavy metals concentration by plants, translocate
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and store such metals at the aboveground parts [29] thereby reducing the heavy metals concentration in the soils
to regulatory levels with relatively few repeated cropping [30, 31]. Phytostabilization on the other hand is the
process by which the root plants exudates to stabilize, demobilize and bind the heavy metal contaminants into
the soil matrix through accumulation, thereby reducing their bioavailability [32]. Many studies showed that
there is difference in metal accumulation between different plant species, and even though the same plant
species have different uptake and translocation properties to heavy metals in plant parts [33, 34, 35, 36].

There are no records of accessing the heavy metal concentration in both soils and plants growing
naturally in and around Fagbohun dumpsite. This study therefore, was conducted to determine the heavy metals
(cadmium, Cd; copper, Cu; lead, Pb; manganese, Mn; nickel, Ni and zinc, Zn) content in soils and selected plant
species growing naturally at Fagbohun dumpsite, and to evaluate the potential of heavy metals accumulation and
mobility in these plants at Fagbohun dumpsite using accumulation factor (AF) and mobility index (MI).

Il.  Materials and Methods

2.1. Description of the Study Area

Fagbohun dumpsite is located in Ikere-EKkiti, Ekiti State, Nigeria and geographically located at the
coordinates 7°30°N and 5°14°E. The dumpsite is bordered by an automobile workshop, road network and
normally receives commercial and domestic wastes. It has been put into use as dumpsite for more than two
decades. The area is characterized with an average annual rainfall of 2239 mm distributed over a period of seven
months rainy season (April — October) with a bi-modal peak in June and September. It has a relative humidity of
60-80% and the minimum and maximum temperature of 23°C and 32°C respectively.

2.2. Sample collection

Three composite soil samples were collected at a depth of 0 — 15cm from the soil surface, at a distance
of 50m interval starting from the center of the dumpsite (Om, 50m and 100m). Control soil sample was taken
from the adjacent farmland to the dumpsite. Four plants; Cowpea, Maize, Milk leaf and Siam weed, representing
the major plants growing in the area of Fagbohun dumpsite were also collected at the same distances the soils
were sampled for the study. At each sampling points, three replicates of each plants were collected by carefully
uprooting them. All samples were separately kept in a sampling bags before transported to the laboratory.

2.3. Preparation and analysis of samples

The soil samples were air dried, crushed and sieved with a 0.5 mm mesh size sieve. The selected heavy
metals available in soil samples were leached in the laboratory according to [37]. 1g each of the prepared soil
samples were accurately weighed into a series of acid washed beakers covered with wash glass; 30 mL of 1:1
HNO;: deionized water were added to each of the beakers containing the soil. They were each boiled gently on a
hot plate in the hood while stirring intermittently until the volume reduced to about 5 mL. Exactly 10 mL of 1:1
HNO;: deionized water were again added and the procedure was repeated. The second 5 mL for each case were
diluted appropriately with standard flasks and preserved at 4°C.

The plant samples were thoroughly washed with deionized water to remove all adhering soil particles.
The plant samples were weighed to determine the fresh weight and dried in an oven at 80°C for 72 hours to
determine their dry weight [38]. The dry samples were crushed in a mortar and the resulting powder digested by
weighing 0.5 g of oven-dried ground and sieved sample (<1 mm) into a nitric acid-washed porcelain crucible
and placed in a muffle furnace for four hours at 500°C. The crucibles were removed from the furnace and
cooled. 10 mL of 6M HCI was added, covered and heated on a steam bath for 15 minutes. Another 1 mL of
HNO; was added and evaporated to dryness by continuous heating for one hour to dehydrate silica and
completely digest organic compounds. Finally, 5 mL of 6 M HCI and 10 mL of water were added and the
mixture heated on a steam bath to complete dissolution. The mixture was cooled and filtered through a
Whatman no.1 filter paper into a 50 mL volumetric flask and made up to the mark with distilled water.

The concentration of Pb, Ni, Cd, Cu, Zn, and Mn in soil and plant samples was determined in
triplicates directly on each of the final solution using Atomic Absorption Spectroscopy (AAS).

2.4. The accumulation factor (AF) or Transfer Factor (TF)
The accumulation factor or transfer factor is the index of the plants’ ability to accumulate metals from
the soils and was calculated as follows [21, 22, 23].
AF=  Cplant
Csoil
Where, Cplant and Csoil are the concentration of the heavy metal (mg kg™) in the plant parts and the
soils respectively.
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2.5. Mobility Index (MI) or Translocation Factor (TF)
The mobility index or translocation factor is the index of heavy metals to move from the soils to the
leaves through roots and stems. It was calculated as follows [24, 17, 25].
MI =  Concentration of metal (mg kg) in the receiving level
Concentration of metal (mg kg™) in the source level
Statistical analysis of data was carried out using Microsoft Office Excel 2010 and the figures were presented
with mean values of triplicates.

I11.  Results and Discussion

3.1. Concentration of heavy metals in the Fagbohun dumpsite and control soils

The The Fig. 1 showed the mean concentration of heavy metals in the soils from the Fagbohun
dumpsite and the control soil. The concentration of the heavy metals in the centre of the dumpsite (0 m) is more
than 40% higher than the content in the control soil except for Ni. The mean values of the heavy metals decrease
as you move away from the studied dumpsite except for Ni which had its highest mean value of 18.16 mg kg™ at
100 m sampling distance. Of all the metals, Mn had the highest mean value of 449.83 mg kg™ (0 m) while Cu
had the lowest mean value of 7.83 mg kg™ (50 m). Generally, the dumpsite soils had higher mean values for the
heavy metals than the control soil except for Cu at 100 m sampling distance.
The Cu mean concentration were 8.50 and 18.00 mg kg™ in the control and dumpsite soils respectively. The
mean concentrations of Cu in the studied area were generally below the 38.9 mgkg™ world unpolluted soil
average reported [39] and were far below the threshold level of 100 mg kg™ [40]. Likewise, the Cu content in
the studied dumpsite was over 50% less than the target and intervention values of 36.0 and 190.0 mg kg™ [41].
Herselman et al., [42], reported the range of Cu in soils of South Africa to be between 3—117 mg kg™, with an
established maximum tolerable level (MTL) value of 100 mg kg™. The mean cadmium (Cd) concentration
varied from 0.35 mg kg™ in the control soil to 27.50 mgkg™ at the dumpsite (0 m). The world average soil Cd
concentration is estimated at 0.41 mg kg™ [39]. This should raise an immediate concern, since the values
recorded at the various sampling distances in the dumpsite were higher than the guideline value of 3 mg kg™
stipulated by European Union [40] and the 17 mg kg™ intervention value specified for Nigeria soils [41]. The
high Cd concentration in the soil may be attributed to large quantities of automobile battery dumped at the study
area, and it has been reported that batteries are good source of several heavy metals including Pb, Cd, and
chromium (Cr) that present great health risk even in low concentration [43].

The mean Mn concentration in the control soil was 268.41 mg kg™ while the dumpsite (0 m) had
449.83 mg kg' and were below the world mean concentration of 488 mg kg™ estimated by [39] for
uncontaminated soils and also far below the threshold level of 2000 mg kg™ given by European Union [40]. The
high content of Mn could be attributed to its use in electroplating of motor vehicles’ parts which form a
substantial part of the waste dumped at the studied site. Manganese has not been considered to be a polluting
metal in soils and its maximum allowable concentration (MAC) value in agricultural soils is estimated at the
range 1500-3000 mg kg™ [39]. Shanahan [44] reported up to 2700 mg kg™ Mn concentration in contaminated
soils of riparian areas. The highest mean concentration (18.16 mg kg™) of Ni in the studied area was recorded at
100 m sampling distance away from the dumpsite. Generally, the Ni mean concentration values in both control
and dumpsite soils were below the threshold level of 50 mg kg™ [40], target value of 35.0 mg kg™ [41] and
posed none known threat/hazard associated with nickel. The concentrations of HNO3-extractable Ni varied in
Norwegian surface agricultural soils from 6.25 to 136.88 mg kg™ with an average of 30.43 mg kg™ [45].
According to [42], soils of South Africa contain Ni within the range of 3.43-159 mg kg™, and the maximum
permissible level in agricultural soils, established in 1997, is 50 mg kg™

Mean concentration of Zn in the control soil and the dumpsite (0 m) were 98.52 and 161.85 mg kg™
respectively. This apparent diminishing of Zn concentration away from the dumpsite almost certainly confirms
the waste as the potential source of contamination and their concentration in plants. The Zn values were below
the 300 mg kg™ threshold level in soil [40]. However, the Zn concentration in the dumpsite soils were higher
than the world unpolluted soil average concentration of 70 mg kg™ [39] and the target value of 140.0 mg kg™
[41] but the mean values were generally far below the intervention value of 720 mg kg™ set for soils of Nigeria
by DPR [41]. Range for Zn in soils of South Africa is given as 12-115 mg kg™, at established highest MTL
value of 185 mg kg™ [42]. Likewise, lead, Pb mean concentration in the soils were lower than the threshold and
world mean values of 100 and 27 mg kg-1 respectively for uncontaminated soils, as stipulated and reported by
[40] and [39] respectively. The mean Pb contents were also below the target value of 85.0 mg kg™ stipulated by
DPR [41] for Nigeria soils. Basically, the heavy metal concentrations in the soils were in the order of Mn > Zn >
Cd > Pb > Cu >Ni in the Fagbohun dumpsite (0 m) and Mn > Zn > Ni > Cu > Pb > Cd in the control site.
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3.2. Concentration of heavy metals in sampled plants

The The mean concentration of heavy metals in the sampled plants; Maize (0 m), Siam weed (50 m)
and Milk leaf (100 m), growing in the Fagbohun dumpsite were shown in the Fig. 2. The obtained results
indicated that heavy metals concentrations in the plants varied with the plant type and levels of heavy metals in
the soil.

The mean concentration of Pb in plants sampled at varying distance at the Fagbohun dumpsite vary
from 35.12 to 42.07 mg kg™*. These values indicates that Pb content in the plants growing in the dumpsite area
posed threat to the health of both human and animals that consumes these plants as the values were well higher
than the generalized agronomic crops’ permissible level of 0.5-10 mg kg™ by [39] and European Union [40]
permissible level of 0.43 mg kg™ for vegetables. Necessary mitigating measures should be taking to remove the
excess Pb from Fagbohun dumpsite. In general, root vegetables are moderate accumulators and leafy vegetables
are high accumulators [46]. Silanpaa and Johnson [47], following their worldwide experiment in 30 countries,
reported Pb concentration in young wheat and corn plants to range from 0.2 to <1 mg kg™ with highest Pb
contents observed in plants from Belgium, Hungary, Italy, Malta, and Mexico. The mean Cu concentration in
the plants were below the permissible levels of 20 mg kg-1 [40] for vegetables and the generalized permissible
level of 5-20 mg kg™ for agronomic crops [39]. Reimann et al., [48] and Fishelson et al., [49] stated that plants
growing on Cu-polluted sites tend to accumulate higher amounts of it, especially near industrial areas, and in
soils treated with Cu-bearing herbicides. The Zn mean concentrations in the sampled plants were more than 50%
above the stipulated permissible levels of 50-100 mg kg™ [39] for various crops and 50 mg kg™ for vegetables
[40]. The high Zn concentration in the sampled plants is explainable, since Zn is an essential trace element for
humans, animals and higher plants [50, 51].

Cadmium, Cd and Nickel, Ni concentrations in the sampled plants from the dumpsite were generally
above the permissible levels of 0.2 mg kg™ [39, 40] and 1-10 mg kg™ [39] for generalized agronomic crops and
vegetables posing health risk to food chain in the studied area. The Cd and Ni content of plants is of great
concern as their pathway to man and animals. Eriksson [52] reported Ni content in barley and wheat grown in
Sweden at mean values of 0.15 and 0.16 mg kg-1 respectively. Conversely, [53] reported a much higher Ni
content for meadow grass (13-75 mg kg™) and forest grass (10-100 mg kg™) from Taiga zone of Western
Siberia. [39], wrote that Cd and Ni are readily available to plants from both air and soil sources and its
concentration increases rapidly in plants grown in polluted areas. The mean concentration of Mn in the sampled
plants vary 461.26 to 475.33 mg kg-1 and were above the 300 mg kg™ permissible level stipulated by [39] for
generalized agronomic crops but were below the 500 mg kg™ stipulated by [40] for vegetables. Mn
concentration above 1000 mg kg™ in plants has often been reported for several more resistant species or
genotypes [54, 44, 55]. The hyperaccumulator plants (Phytoacca Americana L.) absorbed Mn from the
contaminated soil up to 13,400 mg kg™ in leaves [56].

Generally, the heavy metals concentrations in the sampled plants at the Fagbohun dumpsite decreases
as you move away from the dumpsite (0 m) and the trend appeared as Mn > Zn > Pb > Ni > Cd > Cu.
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Figure 1. Concentration of heavy metals in Figure 2. Concentration of heavy metals in selected plants from
Fagbohun dumpsite and control soils Fagbohun dumpsite

3.3. Accumulation factor of heavy metals in Fagbohun dumpsite

Table 1 summarizes the heavy metals accumulation factor (AF) in sampled plants from the study area.
Accumulation factor of heavy metals is essential to investigate the human health risk index [23]. Values greater
than 1 indicate a net accumulation by the plant and potential to phyto-extract heavy metals [57, 58] whereas
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values below 1 show net accumulation in the soil. Generally, therefore, the plant species sampled are
hyperaccumulators for Pb, Ni, Cd, Zn, Cu and Mn as the AFs are greater than 1 except the milk leaf which
showed to be of low accumulation potential for Cu (0.88, 0.98 and 0.01 at 50 m and 100 m sampling distances
correspondingly). However, the milk leaf had the highest accumulation factors for Pb (13.03) and Cd (18.40).
The generally high accumulation of the heavy metals in the sampled plants may be due to atmospheric
deposition of the metals from non-ferrous metal activities, fossil combustion, etc. which can be absorbed into
foliage and translocated into the plants. In green spinach grown near waste dumpsites in Gombe, Nigeria, [17]
reported accumulation factors of 2.41, 2.07 and 1.29 for Cd, Pb and Zn respectively. The trend of heavy metals
accumulation by the sampled plants at the studied dumpsite was generally in the order of Pb > Mn > Zn > Ni >
Cd > Cu. Chen et al. [59], reported that Cu?* ions inhibit Ni** ions influx and uptake competitively as they are
absorbed by the same transport system in plants. But the findings in this work showed that Ni accumulation is
higher than that of Cu which contradicted the early findings of [24] that Cu was much more accumulated than
Ni in all plant species studied in their work. This higher Ni content may be attributed to lithogenic factors.

3.4. Mobility index (M1) or translocation factor (TF) of heavy metals in Fagbohun dumpsite

According to [60], MI or TF is an essential indicator that allows the assessment of mobility or
translocation of heavy metals in plants. The mobility indices of heavy metals in the sampled plants were
presented in Table 2. Mobility index greater than 1 indicates high mobility of such heavy metal from the source
level to the receiving level (plant parts). Pb, Zn and Mn showed high mobility or translocation potentials in all
the sampled plants’ parts. An indication that the plant roots are able to solubilize and take up the heavy metals
from very low levels in the soil, even from nearly insoluble precipitates. However, Ni only had mobility indices
above 1 in Maize and Siam weed at 0 m sampling distance and in Milk leaf (Soil-Roots) and Siam weed (Roots-
Stems) both at 50 m sampling distance. Whereas, the mobility indices indicates low mobility potentials (M1 < 1)
for Cd and Cu in all the sampled plants’ parts except the milk leaf that showed a greater mobility (MI = 7.33)
potential for Cd at 100 m sampling distance. This together with other plants species with mobility factor higher
than 1 has the ability to take up and translocate the studied heavy metals into the plant parts thereby suitable as
phyto-stabilizers. The mobility index (MI) of the heavy metals in Fagbohun dumpsite generally followed an
order: Pb > Mn > Zn > Ni > Cd > Cu.

Table 1. Accumulation factor of heavy metals in Fagbohun dumpsite

Sampling Sampled Plant Pb Ni Cd Cu Zn Mn
Distance (m)

0 Maize 6.20 3.34 148 117 3.05 3.17

Siam Weed 5.18 3.58 181 117 3.09 331

50 Maize 5.90 2.37 1.25 1.67 3.14 3.34

Milk Leaf 4.37 2.56 1.89 0.88 311 3.17

Siam Weed 6.16 2.85 1.83 1.98 3.24 3.24

100 Milk Leaf 4.10 2.47 1.88 0.98 3.25 3.13

Cowpea 457 2.37 2.52 155 3.21 3.14

Milk Leaf 13.03 0.72 18.4 0.01 3.21 3.13

IV.  Conclusion

The concentration of Pb, Ni, Cu, Zn and Mn in the soils of Fagbohun dumpsite revealed to be generally
lower than the permissible limits and target value except Cd, implying a concerned pollution level of Cd.
Whereas, all the selected metals studied were of higher concentrations far above the agronomic permissible
thresholds except Cu in all the selected plants growing at the dumpsite, thereby posing health risk to the food
chain through human and animals. The high contents of these heavy metals in the plants tissues despite the low
concentrations observed in the soils is due to long period of uptake by the plants and that the heavy metals are
readily available to the plants in their soluble forms in the soil solution.

The severity of heavy metal pollution in plants can be understood by computing common pollution
indices. The high accumulation factors (> 1) of the heavy metals validates the high accumulated contents of
these heavy metals in the plants growing at the Fagbohun dumpsite. This is an indication that the plants except
Milk leaf (Cu) are potential phyto-extractors and that the soil is not the only source of these heavy metals in the
plants growing at the dumpsite. The study also revealed that Pb, Zn and Mn were highly mobile in the all the
sampled plants from soil to leaves through roots and stem while on the other hand, Cd and Cu were of low
mobility in the plants growing at Fagbohun dumpsite. However, Ni showed to be of high mobility from soil to
the leaves of Maize and Siam weed at the centre of the dumpsite (0 m) through the roots and stems but of low
mobility or translocation potential in other plants at both 50 m and 100 m sampling distances. Mobility index
greater than 1 is an implication that such plant is a potential phyto-stabilizer for such heavy metal.
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Table 2. Mobility index of heavy metals in Fagbohun dumpsite

Sampling Sampled Plant Plant Part Pb Ni Cd Cu Zn Mn
Distance (m)
0 Maize Soil-Roots 2.24 1.07 0.52 0.45 1.02 1.06
Roots-Stems 1.80 1.16 0.48 0.35 1.01 1.05
Stems-Leaves 2.20 1.10 0.48 0.36 1.10 1.05
Siam Weed Soil-Roots 1.70 1.16 0.59 0.44 1.03 1.00
Roots-Stems 1.61 1.22 0.56 0.32 1.02 1.09
Stem-Leaves 1.86 1.18 0.66 0.40 1.04 1.10
50 Maize Soil-Roots 1.78 0.70 0.38 0.59 1.03 1.06
Roots-Stems 1.92 0.89 0.41 0.45 1.04 1.14
Stems-Leaves 2.19 0.78 0.46 0.62 1.06 1.13
Milk Leaf Soil-Roots 1.58 1.06 0.63 0.37 1.03 1.06
Roots-Stems 1.26 0.77 0.62 0.19 1.03 1.05
Stems-Leaves 1.52 0.71 0.64 0.31 1.04 1.06
Siam Weed Soil-Roots 1.87 0.87 0.56 0.84 1.05 1.06
Roots-Stems 2.06 1.04 0.64 0.50 1.09 1.14
Stems-Leaves 2.22 0.96 0.62 0.64 1.09 113
100 Milk Leaf Soil-Roots 1.45 0.09 0.57 0.35 1.05 1.06
Roots-Stems 1.35 0.79 0.67 0.38 1.09 1.04
Stems-Leaves 1.29 0.78 0.67 0.25 1.10 1.02
Cowpea Soil-Roots 1.53 0.80 0.86 0.58 1.06 1.05
Roots-Stems 1.45 0.80 0.87 0.57 1.07 1.04
Stems-Leaves 1.60 0.76 0.78 0.40 1.07 1.04
Milk Leaf Soil-Roots 4.67 0.30 7.33 0.001 1.09 1.06
Roots-Stems 434 0.23 6.12 0.0003 1.06 1.03
Stems-Leaves 3.98 0.19 4.64 0.0002 1.04 1.02
References
[1]. S. Y. Nurul, M. P. Sarva, Z. A. Ahmad, N. S. I. Sharifah and H. Zailina, Health risk assessment of heavy metal in urban surface soil
(Klang District, Malaysia). Bulletin of Environmental Contamination and Toxicology, Vol. 94 (5), 2015, DOI: 10.1007/s00128-
015-1544-2
[2]. V. A. Asaah and A. F. Abimbola, Heavy metal concentration and distribution in surface soils of Bassa Industrial Zone |, Douala,
Cameroon, Arabian Journal of Science and Engineering, Vol. 31(2A), 2006, pp. 147 - 158.
[3]. O. Selinus, B. Alloway, J. A. Centro, R. B. Finkelman, R. Fuge, R. Lindh and P. Smedley, Medical geology, Elsevier Academic
Press, 2005, Pp. 812.
[4]. B. J. Alloway, Soil pollution and land contamination, in R. M. Harrison (ed.), Pollution: causes, effects and control, The Royal
Society of Chemistry, Cambridge, 1995.
[5] F. Arik and T. Yaldiz, Heavy metal determination and pollution of the soil and plants of Southeast Tavsanli, Kutahya, Turkey.
Clean-Soil, Air, Water, Vol. 38, No. 11, 2010, pp. 1017 - 1030.
[6]. J. Yoon, X. Zhou and L. Q. Ma, Accumulation of Pb, Cu and Zn in native plants growing on a Florida site, Science of the Total
Environment, Vol. 368, 2007, 456-464.
[7]. G. Nabulo, Assessing risks to human health from peri-urban agriculture in Uganda, PhD thesis, University of Nottingham, 2009.
[8]. M. Adeel and N. M. Riffat, Human health risk assessment of heavy metals via consumption of contaminated vegetables collected
from different irrigation sources in Lahore, Pakistan, Arabian Journal of Chemistry, Vol. 7, 2014, 91-99.
[9]. M. Inuwa, F. W. Abdulrahman, U. A. Birnin Yauri, and S. A. Ibrahim, Analytical assessment of some trace metals in soils around
the major industrial areas of Northwestern Nigeria, Trends in Applied Sciences Research, Vol. 2, 2007, pp. 515-521.
[10].  N. Abdus-Salam, Assessment of Heavy Metals Pollution in Dumpsites in Ilorin Metropolis. Ethiopia Journal of Environmental
Studies and Management. 2 (2), 2009, 92-99.
[11]. R. A. Wuana and F. E. Okieimen, Heavy metals in contaminated soils: A review of sources, chemistry, risks and best available
strategies for remediation, International Scholarly Research Network- Ecology, 2011, Pp. 20, doi:10.5402/2011/402647
[12]. E. Pehlivan, A. M. Ozkan, S. Dinc, and S. Parlayici, Adsorption of Cu?" and Pb?" ion on dolomite powder, Journal of Hazardous
Materials, Vol. 167, no. 1-3, 2009, pp. 1044-1049.
[13]. O. O. Dosumu, N. Salami and F. A. Adekola, Comparative study of trace element levels, Bulletin of the Chemical Society of
Ethiopia, Vol. 17(1), 2003, 107-112.
[14]. K. Cambra, T. Martinez, A. Urzelai and E, Alonso, Risk analysis of a farm area near a lead- and cadmium-contaminated industrial
site, Soil Sediment Contamination, Vol. 8, 1999, 527-540.
[15]. L. Jarup, Hazards of heavy metal contamination, British Medical Bulletin, 68, 2003, 167-182.
[16].  World Health Organization, Cadmium, Environmental Health Criteria, VVol. 134, 1992, Geneva.
[17]. E. M. Onyedika and E. E. Okon, Bioaccumulation and mobility of cadmium (Cd), lead (Pb) and zinc (Zn) in green spinach grown
on dumpsite soils of different pH levels, Bulletin of Environment, Pharmacology and Life Sciences, Vol. 4 (1), 2014, 85-91.
[18]. V. M. Ngole, Using soil heavy metal enrichment and mobility factors to determine potential uptake by vegetables, Plant Soil and
Environment, Vol. 57 (1), 2011, 75-80.
[19]. S. Khan, S. Rehman, A. Z. Khan, M. A. Khan and T. Shah, Soil and vegetables enrichment with heavy metals from geological
sources in Gilgit, northern Pakistan. Ecotoxicology and Environmental Safety 73, 2010, 1820-1827.
[20]. S.Khan, Q. Cao, Y. M. Zheng, Y. Z. Huang, Y. G. Zhu, Health risks of heavy metals in contaminated soils and food crops irrigated
with wastewater in Beijing, China Environmental Pollution. 152, 2008, Pg. 686—692.
[21]. K. Chojnacka, A. Chojnacki, H. Gorecka and H. Gorecki. Bioavailability of heavy metals from polluted soils to plants, Science of
the Total Environment 337, 2005, 175— 182.
[22]. W. Coates, Tree species selection for a mine tailings bioremediation project in Peru, short communication in biomass and bio-
energy, 28(4), 2005, 418-423.
[23]. Y. J. Cui, Y. G. Zhu, Y. Zhai, Y. Huang, Y. Qiu, and J. Liang, Exposure to metal mixtures and human health impacts in a

contaminated area in Nanning, China, Environment International, 31, 2005, 784-790.

DOI: 10.9790/2402-091118591 www.iosrjournals.org 90 | Page



Monitoring of Selected Heavy Metal Uptake by Plant around Fagbohun Dumpsite, Ikere-EKiti...

[24].
[25].
[26].
[27].
[28].

[29].
[30].

[31].
[32].
[33].
[34].
[35].
[36].
[37].
[38].
[39].
[40].
[41].
[42].
[43].
[44].
[45].
[46].
[47].
[48].
[49].
[50].

[51].
[52].

[53].

[54].
[55].

[56].
[57].
[58].
[59].

[60].

S. A. Zabin and S. M. Howladar, Accumulation of Cu, Ni and Pb in Selected Native Plants Growing Naturally in Sediments of
Water Reservoir Dams, Albaha Region, KSA, Nature and Science, 13(3), 2015, 11-17.

N. J. I. Kumar, H. Soni, R. N. Kumar and I. Bhatt, Hyperaccumulation and mobility of heavy metals in vegetable crops in India,
The Journal of Agriculture and environment, 10, 2009, 29-38.

M. D. Mingorance, B. Valdés and S. R. Olivioa, Strategies of heavy metal uptake by plants growing under industrial emissions.
Environment International, 33, 2007, 514-520.

A. Mtanga, and J. Machiwa, Assessment of heavy metal pollution in sediment and polychaete worms from the Mzinga Creek and
Ras Dege mangrove ecosystem, dar es Salaam, Tanzania, Western Indian Ocean Journal of Marine Science, 6, 2007, 125-135.

A. Kachenko and B. Singh, Heavy metals contamination of home grown vegetables near smelters in NSW, Super soil: Australian
New Zealand Soils Conference, 5-9 December 2004, University of Sydney, Australia.

H. Ali, Phytoremediation of heavy metals- Concepts and applications, Chemosphere, 91, 2013, Pg. 869-881.

B. Kos, H. Greman, and D. Lestan, Phytoextraction of lead, zinc and cadmium from soil by selected plants, Plant, Soil and
Environment, vol. 49, no. 12, 2003, pp. 548-553.

S. Clemens, M. G. Palmgren and U. Kramer, A long way ahead: Understanding and engineering plant metal accumulation. Trends
Plant Science, 7, 2002, 309-315.

V. T. Bieby, R. S. A. Siti, B. Hassan, I. Mushrifah, A. Nurina and M. Muhammad, A review on heavy metals (As, Pb, and Hg)
uptake by plants through phytoremediation, International Journal of Chemical Engineering, 2011, Pp. 31, doi:10.1155/2011/939161

E. Stoltz and M. Greger, Accumulation properties of As, Cd, Cu, Pb, and Zn by four wetland plant species growing on submerged
mine tailings, Environmental and Experimental Botany, 47, 2002, Pg. 271-280.

D. Baldantoni, A. Alfani, P. Di Tommasi, G. Bartoli and A. V. De Santo, Assessment of macro and microelement accumulation
capability of two aquatic plants, Environmental Pollution, 130, 2014, Pg. 149-156.

H. Yang, Z. Shen, S. Zho and W. Wang, Heavy metals in wetland plants and soil of Lake Taihu, China, Environmental Toxicology
and Chemistry, 27 (1), 2008, 38-42.

S. D. Guala, F. A. Vega and E. F. Covelo, Heavy metal concentrations in plants and different harvestable parts: A soil-plant
equilibrium model, Environmental Pollution. 158, 2010, 2659-2663.

R. Miroslav and N. B. Vladimir, Practical Environmental Analysis, (2nd edition) (Cambridge, UK: Royal Society of Chemistry
publishers, 2005).

I. Raskin, R. D. Smith and D. E. Salt, Phytoremediation of metals: Using plants to remove pollutants from the environment. Current
Opinion in Biotechnology, 8(2), 1997, 221.

A. Kabata-Pendias, Trace elements in soils and plants (4th edition) (Florida: CRC Press Taylor & Francis Group, 6000 Broken
Sound Parkway NW, Suite 300, Boca Raton, FL 33487-2742, 2011).

European Union, Commission regulation (EC) No. 1881/2006 of 19 December 2006 setting maximum levels for certain
contaminants in foodstuffs, Official Journal of the European Union Legislation, 364, 2006, 5-24.

Department of Petroleum Resources, Environmental guidelines and standards for the petroleum industry in Nigeria, Ministry of
Petroleum Resources, Lagos, Nigeria, 1991, Pg. 35-76.

J. E. Herselman, C. E. Steyn and M. V. Fey, Baseline concentration of Cd, Co, Cr, Cu, Pb, Ni and Zn in surface soils of South
Africa, South African Journal of Science, 101, 2005, 509-512.

S. Yufang, C. Ying, Wu Pingping and Y. Yibin, Health risk assessment of heavy metals in vegetables grown around battery
production area. Scientia Agricola, Vol. 71(2), 2014, 126-132.

J.0. Shanahan, J.E. Brummer, W.C. Leininger and M.W. Paschke, Manganese and zinc toxicity thresholds for mountain and Greyer
willow, International Journal of Phytoremediation, 9, 2007, Pg. 437-452.

A. Almas, B. R. Singh and T. E. Sveitrup, The impact of the nickel industry in Russia on concentrations of heavy metals in
agricultural soils and grass in Sor-Varanger, Norway, Norwegian Journal of Agricultural Science, 9, 1995, 61-74.

P. D. Alexander, B. J. Alloway and A. M. Dourado, Genotypic variation in the accumulation of Cd, Cu, Pb and Zn exhibited by six
commonly grown vegetables, Environmental Pollution, 144, 2006, 736-745.

M. Sillanpaa and H. Jansson, Status of cadmium, lead, cobalt and selenium in soils and plants of thirty countries, FAO Soil Bulletin,
Rome, 65, 195, 1992.

C. Reimann, J.H. Halleraker, G. Kashulina, 1. Bogatyrev, Comparison of plant and precipitation chemistry in catchments with
different level of pollution on the Kola Peninsula, Russia. Science of the Total Environment, 243/244, 1999, 169-191.

L. Fishelson, A. Yawetz and A. S. Perry, The Environmental Health Profi le (EHP) for the Acre Valley (Israel): xenobiotics in
animals and physiological evidence of stress, Science of the Total Environment, 144, 1994, 33-45.

V. Pahalawattaarachchi, C. S. Purushothaman and A. Vennila, Metal Phytoremediation Potential of Rhizophora mucronata (lam.),
Indian Journal of marine science 38(2), 2009, 178-183.

B. J. Alloway, Heavy metals in soils (1st edition) (London, UK: Halsted Press, John Wiley and Sons Inc., 1996) 34, Pg. 122-151.

J. E. Eriksson, Concentrations of 61 trace elements in sewage sludge, farmyard manure, mineral fertilizers, precipitation and in oil
and crops, Swedish EPA. Rep 5159, 2001, Stockholm.

E.G. Niechayeva, Heavy metals in taiga zone of Western Siberia, 2nd International Conference of Heavy Metals, Radionuclides and
Elements—Biofills in the Environment, 2002, 115-121, Semipalatynsk, Kazakhstan (in Russian).

D. Ferrando, Manganese hyperaccumulation by plants, 2010, Access: 25.01.2010: http://www.botany.unimelb.edu.au/botany

Y. Min, T. Boging, Y. Meizhen and |. Aoyana, Accumulation of manganese in a hyperaccumulator- Phytolacca Americana,
Minerals Engineering 20, 2007, 188-190.

K. J. Peng, C. L. Luo and W. X. You, Manganese uptake and interactions with cadmium in the hyperaccumlator- Phytolacca
Americana L., Journal of Hazardous Materials, 154, 2008, 674 — 681.

L. F. Juarez-Santillan, C. A. Lucho-Constantino, G. A. Vazquez-Rodriguez, N. M. Ceron-Ubilla and R. I. Beltran-Hernandez,
Manganese accumulation in plants of the mining zone of Hidalgo, Mexico, Bioresource Technology 101, 2010, 5836-5841.

M. S. Li, Y. P. Luo and Z.Y. Su, Heavy metal concentration in soils and plant accumulation in a restored manganese mine land in
Guangxi, South China, Environmental Pollution, 147, 2007, 168-175.

C. Chen, D. Huang and J. Liu, Functions and toxicity of nickel in plants: recent advances and future prospects. Clean. 37 (4-5),
2009, Pg. 305-313.

F. J. Zhao, R. E. Hamon, and M. J. McLaughlin, Root exudates of the hyperaccumulator Thlaspi caerulescens do not enhance metal
mobilization, New Phytologist, Vol. 151(3), 2001, pp. 613-620.

DOI: 10.9790/2402-091118591 www.iosrjournals.org 91 | Page


http://www.botany.unimelb.edu.au/botany

