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ABSTRACT 
 
This study focuses on the bioavailability of some metals in Mangifera indica, Parkia biglobosa, 

Proposis africanus, Anacardium occidentale and Manihot esculenta plants grown on an abandoned coal mine 
overburden. The analytical technique used in this study is energy dispersive x-ray fluorescence spectrometry. 
The results indicate that the plants have the tendency to bioaccumulate the metals studied in this order: 
Proposis africanus > Anacardium occidentale > Manihot esculenta > Parkia biglobosa > Mangifera indica. 
The various concentrations of the observed metals in the plants grown in overburden soil were considerably 
lower than those observed from the control soil. This however was attributed to the increase in the sorption of 
metals with increasing pH. The concentration of metals in the overburden plants ranged from 0.60 – 18.00 
mg/kg (Ti); 1.03 – 1.78 mg/kg (Cr); 5.81 – 67.27 mg/kg (Mn); 6.03 – 51.17 mg/kg (Fe); 0.30 – 2.91 mg/kg 
(Ni); 2.32 – 15.66 mg/kg (Cu); 0.54 – 6.15 mg/kg (Re); 3.50 – 8.90 mg/kg (Au); 0.16 – 3.69 mg/kg (Zn); 0.69 
– 3.55 mg/kg (Sr); 14.04 – 111.57 mg/kg (Ru); 0.67 – 2.84 mg/kg (Y) and 1.79 – 15.22 mg/kg (Ba). For the 
control plants 50 Km from mine site overburden, the observed concentration ranged from 2.34 – 14.40 mg/Kg 
(Ti); 1.16 – 2.56 mg/kg (Cr); 4.19 – 54.95 mg/kg (Mn); 15.05 – 101.50 mg/kg (Fe); 0.79 – 4.56 mg/kg (Ni); 
5.99 – 24.45 mg/kg (Cu); 2.77 – 10.77 mg/kg (Re); 4.70 – 12.00 mg/kg (Au); 0.08 – 49.08 mg/kg (Zn); 1.10 – 
5.08 mg/kg (Sr); 41.37 – 210.24 mg/kg (Ru); 1.18 – 4.10 mg/kg (Y) and 0.29 – 7.52 mg/kg (Ba). The values 
obtained are far above World Health Organization tolerable daily intake and are attributed to the nature of the 
soil in the mineral rich coal basin. 
© 2014 International Formulae Group. All rights reserved. 
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INTRODUCTION 

Plants have the natural ability to absorb 
metals. Some of these metals are essential 
mineral nutrients such as Cu, Co, Fe, Mo, Mn, 
Ni and Zn, others like Cd has no known 
physiological activity. This inherent ability of 
plants to take up metals makes them useful in 
phytoremediation. This can only be achieved 

if the following factors are taken into 
consideration: the extent of soil 
contamination; metal availability for uptake 
into roots, and plant ability to intercept, 
absorb, and accumulate metals in shoots 
(Ernst, 1996). 

Several studies have shown that soil 
microorganisms possess mechanisms capable 
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of altering environmental mobility of metal 
contaminants with subsequent effects on the 
potential for root uptake (Lasat, 2002). In 
addition, soil microorganisms have been 
shown to exude organic compounds which 
stimulate bioavailability and facilitate root 
absorption of a variety of metal ions including 
Fe2+ (Crowley et al., 1991; Bural et al., 2000), 
Mn2+ and possibly Cd2+ (Salt et al., 1995). 
Microbes have been shown to catalyse redox 
transformations leading to changes in soil 
metal bioavailability and potential for 
phytoextraction. In addition, the exudation of 
organic compounds from roots has been 
shown to affect root absorption of certain 
metals. In soil, metals exist as a variety of 
chemical species in a dynamic equilibrium 
governed by soil physical, chemical, and 
biological properties (Chaney, 1988). The 
kinetics of this interaction, which ultimately 
dictates the extent of metal bioavailability, is 
poorly understood. Only a fraction of soil 
metal is readily available (bioavailable) for 
plant uptake. The majority of soil metals are 
commonly found as insoluble compounds 
unavailable for transport into roots. With the 
exception of mercury, metal uptake into roots 
occurs from aqueous phase. In soil, some 
metals such as Zn and Cd occur primarily as 
soluble or exchangeable, readily bioavailable 
form. Others such as Pb occur as insoluble 
precipitates (phosphates, carbonates, and 
hydroxy-oxides) which are largely unavailable 
for plant uptake (Pitchell et al., 1999). 
Binding and immobilization within the soil 
matrix can significantly restrict the potential 
for metal phytoextraction (Thangavel and 
Subbhuraam, 2004). 

Plants possess highly specialized 
mechanisms to stimulate metal bioavailability 
in the rhizosphere, and to enhance uptake in 
roots (Romheld and Marschner, 1986). 
Transport across root cellular membrane is an 
important process which initiates metal 
absorption into plant tissues. The electrical 
charge prevents metal ions from diffusing 
freely across the lipophilic cellular 
membranes into the cytosol (Hart et al., 1998). 
Increased mobility of metals can be stimulated 
by plant roots which include changes in pH, 

reducing capacity and the amount and 
composition of exudates (Bernal and 
McGrath, 1994) and use of chelating agents 
(Violante et al., 2010). Previous work have 
shown that some trace metals like Ni is a 
component of a number of enzymes, including 
glyoxalates, reductase, ureases, and a few 
superoxide dismulases and hydrogenases 
(Kupper and Kroneck, 2007). Some of the 
objectionable increases in the concentration of 
some of these heavy metals may be attributed 
to mineral compositions and soil amendments 
(Begonia et al., 2005). 

The aim of this work is to investigate 
the bioavailable heavy metals in some plants 
grown on a coal mine site overburden using 
energy dispersive x-ray fluorescence 
spectrometric technique. 

 
MATERIALS AND METHODS 

The equipment used in this study is 
MiniPal ED-XRF (Panalytical B.V. MiniPal 4 
model Lelyweg, Netherlands) and the 
chemical used is cellulose acetate binder. 

 
Sample preparation 

The plant samples were obtained from 
an overburden close to Panel 10B coal mine 
pit at Achokpa, Kogi State, Nigeria (Figures 1 
and 2). The parts of the plants used are the 
stem and leaf. The plant samples used for this 
bioavailability study are Mangifera indica L, 
Manihot esculenta, Anacardium occidentale, 
Parkia biglobosa and Proposis africanus. The 
samples were obtained and dried at room 
temperature. They were then pulverized to a 
particle size of <5 µ using a mortar and pestle 
and stored in a polythene bag. In the absence 
of further treatment, 20 g of the samples were 
individually and intimately mixed with a 
binder in the ratio of 5:1 cellulose acetate 
binder and pelletised at a pressure of 10-15 
tons/inch2 in a pelletizing machine (Robert, 
1992). The pelletized samples were stored in 
desiccators for analysis. 

 
Analytical processes 

X-ray fluorescence spectrometry is 
widely used in the analysis of solid, liquid and 
gaseous petroleum samples. Simple sample 
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preparation, high accuracy and precision and 
good detection limits are the principle reasons 
for this choice and make it an excellent 
technique for production control. The 
measurement condition used for the analysis 
of the elements in the samples is the Kα 
fluorescent lines for each element were used 
to set up the calibrations. Calibrating many 
identical systems for the same application is 
time consuming. The integrated re-calibration 
package in the MiniPal software makes it 
possible to calibrate only one system and to 
transfer this calibration to the other systems 
without re-measuring all standards again. 

 
Preparation of standards 

A set of toxic heavy elements and non-
metals standards from BCS/CRM and 
BCS/Euro standards was used to set up the 
calibrations. The trace element composition 
and homogeneity of these standards were 
assessed using ICP-MS and NAA as 
independent and reliable analytical methods. 

 
Instrumentation 

The measurements were performed 
using a Panalytical B.V. MiniPal 4 model 

EDXRF spectrometer Lelyweg, Netherlands. 
It runs on a new version of software for 
MiniPal spectrometers that adds considerable 
flexibility for fast elemental analysis across 
the full spectrum of the entire periodic table. 
The MiniPal 4 software includes a variety of 
features that simplify applications set-up and 
data handling, such as re-calibration, spectra 
comparison, robust application defaults and 
extended calibration options. This instrument 
is equipped with a rhodium anode tube, 5 tube 
filters, a helium purge facility, high-resolution 
lithium -silicon drift detector and a 12-
position removable sample changer with 
sample spinner. The tube setting is software 
controlled with a maximum power of 9 W. 
The measuring time for each sample is 60 
seconds in an air medium. 

 
Voltage settings 

The voltage settings for the analysis of 
various metals are in the following range: 
Na→Cl (4-12 V). The optimised voltage used 
is 8 V. K→V (12-20 V) has an optimised 
voltage of 18 V. Cr→Co (20-25 V) with an 
optimsed voltage of 25 V and Ni→Ag (25-30) 
with an optimized voltage of 28 V. 

 

 
 

Figure 1: Map of Nigeria showing Kogi State. 



E. OKORIE and J. N. EGILA / Int. J. Biol. Chem. Sci. 8(1): 394-403, 2014 

 

 397 

 
 

Figure 2: Map of Kogi State, Nigeria, showing Okaba (study area). 
 

 

RESULTS 
The results of the ED-XRF analysis of 

Mangifera indica L, Manihot esculenta, 
Anacardium occidentale, Parkia biglobosa 
and Proposis africanus samples from mine 
overburden are presented in Table 1 while that 
from control plant 50 km from mine 
overburden are presented in Table 2. 

The bioavailability of metals in the 
plants studied; Mangifera indica L (mango), 
Manihot esculenta (cassava), Anacardium 
occidentale (cashew), Parkia biglobosa 
(ugba) and Proposis africanus (okpeyi) 
indicates elevated levels in some of the metals 
on the plants. Titanium levels in mango stem 
is 7.80 mg/kg while a concentration of 0.60 
mg/kg was recorded at the leaf. The observed 
level at the control mango stem is 4.32 mg/kg 
and 2.34 mg/kg at the leaf. The concentration 
observed at the ugba stem and leaves are 4.98 
mg/kg and 4.14 mg/kg respectively, while at 
the control ugba plant, the observed 

concentrations at the stem and leaf are 3.24 
mg/kg and 6.00 mg/kg respectively. Okpeyi 
stem and leaf in the mine overburden are 2.52 
mg/kg and 4.92 mg/kg respectively while in 
those grown in control soil are 14.40 mg/kg 
and 7.20 mg/kg respectively. Cashew stem 
and leaf had elevated levels of Ti in the mine 
overburden with values of 18.00 mg/kg and 
5.22 mg/kg respectively, while those grown 
on the control soil indicated concentrations of 
4.56 mg/kg and 3.24 mg/kg respectively. The 
concentration of Ti in cassava stem and leaf 
are 1.86 mg/kg and 3.90 mg/kg respectively, 
while that of cassava grown on control soil are 
5.88 mg/kg and 2.46 mg/kg respectively. 

Chromium was not detected in mango 
and ugba plants but was observed in cashew 
stem and leaf with concentrations of 1.51 
mg/kg and 1.78 mg/kg respectively, while in 
cassava leaf and okpeyi stem, the recorded 
concentrations are 1.03 mg/kg and 1.64 mg/kg 
respectively. In contrast to the above result, Cr 
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was detected in the control plants with a range 
of 1.16 – 2.53 mg/kg. Mango and cassava 
leaves showed no detectable concentrations of 
Cr. Cassava stem and leaf in the overburden 
soil recorded concentrations of Mn as 10.85 
mg/kg and 10.08 mg/kg respectively, while 
the values obtained from control soil are 5.04 
mg/kg (stem) and 4.65 mg/kg (leaf). The 
concentrations of Mn observed for cashew in 
overburden are 6.67 mg/kg (stem) and 16.28 
mg/kg (leaf), while that of control soil are 
4.19 mg/kg (stem) and 14.73 mg/kg (leaf). 
Ugba plant in overburden has Mn as 5.81 
mg/kg (stem) and 31.62 mg/kg (leaf); that of 
control soil are 5.43 mg/kg (stem) and 16.90 
mg/kg (leaf). The above results indicate that 
Mn concentration in the overburden is more 
than that of control soil.  

Iron is the second most abundant metal 
in the earth’s crust. Therefore the results 
obtained for Fe in the analysis of plant 
samples grown on mine overburden and 
control soil are quite high. The observed 
ranges for plants grown on mine overburden 
are 6.03 – 51.17 mg/kg, while that for control 
soil 15.05 – 101.50 mg/kg. Copper absorption 
by plants grown on mine overburden ranged 
from 2.32 – 15.66 mg/kg. Okpeyi plant has 
the highest concentration with values of 13.50 
mg/kg (stem), and 15.66 mg/kg (leaf), 
followed by cashew plant with concentrations 
of 8.79 mg/kg (stem) and 14.70 mg/kg (leaf). 
The observed concentration from control soil 
plants ranged from 5.99 – 24.45 mg/kg. 
Okpeyi plant has the highest concentration 
with values of 24.42 mg/kg (stem), and 21.81 
mg/kg (leaf) followed by cashew plant – 
15.58 mg/kg (stem) and 17.74 mg/kg (leaf). 

Rhenium was detected in plant samples 
from both soils. Observed levels of Re in 
plants from overburden soil ranged from 0.54 
– 6.31 mg/kg. Okpeyi plant has a slightly high 
concentration of 5.69 mg/kg (stem) and 6.15 

mg/kg (leaf), followed by cashew with 
concentrations of 3.08 mg/kg (stem) and 6.31 
mg/kg (leaf). In the control plant samples, the 
observed concentration of Re ranged from 
2.77 – 10.77 mg/kg. Accordingly, Okpeyi has 
a concentration of 10.77 mg/kg (stem) and 
8.46 mg/kg (leaf), while cashew plant has a 
concentration 5.54 mg/kg (stem) and 6.77 
mg/kg (leaf). This trend is closely applied to 
the biosorption of Au in plants from the soil 
samples studied. In overburden soil plants, Au 
ranged from 3.50 – 8.90 mg/kg, while in the 
control soil it ranged from 4.70 – 12.00 
mg/kg. However, Okpeyi plant showed a 
concentration of 7.10 mg/kg (stem) and 8.90 
mg/kg (leaf), while cashew plant has 
concentrations of 0.0 mg/kg (stem) and 7.80 
mg/kg (leaf). In the control plants, detected 
concentrations of Au in Okpeyi are 0.0 mg/kg 
(stem) and 12.00 mg/kg (leaf), while for 
cashew, the observed concentration of Au are 
8.50 mg/kg (stem) and 9.80 mg/kg (leaf). 

Zinc sorption in plants from the soil 
samples is relatively low except cassava stem 
with a detected concentration of 49.08 mg/kg 
from control soil. The range of Zn in 
overburden soil is 0.16 – 3.69 mg/kg, while 
for control soil, the concentration of Zn 
ranged from 0.08 – 49.08 mg/kg. Ruthenium 
had the highest concentration in all the plants 
analysed. For plants grown on mine 
overburden soil, Ru biosorption ranged from 
14.04 – 111.57 mg/kg. Okpeyi has the highest 
biosorption concentration with values of 98.67 
mg/kg (stem) and 111.57 mg/kg (leaf). This 
was followed by cassava with values of 58.14 
mg/kg (stem) and 34.08 mg/kg (leaf). Ru was 
not detected in cashew plant. Considerably 
high concentrations were observed in ugba 
leaf (51.16 mg/kg) and stem (39.32 mg/kg); 
mango stem (52.30 mg/kg) and leaf (14.04 
mg/kg).
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Table 1: Results of ED-XRF analysis of some selected plant samples grown on open pit mine site overburden (mg/kg). 
 

 Ti Cr Mn Fe Ni Cu Re Au Zn Sr Ru Y Ba  
Mango stem 7.80 ND 27.82 23.80 0.79 7.67 ND ND ND 3.30 52.30 1.81 8.50  
Mango leaf 0.60 ND 67.27 6.03 0.30 2.32 0.54 ND 0.16 0.69 14.04 0.67 2.69  
Ugba stem 4.98 ND 5.81 30.38 2.12 8.87 3.08 ND 0.72 2.03 39.32 1.34 7.07  
Ugba leaf 4.14 ND 31.62 29.12 1.49 8.79 3.85 4.30 0.80 3.55 51.16 1.97 15.22  
Okpeyi stem 2.52 1.64 7.05 18.69 2.20 13.50 5.69 7.10 3.69 2.28 98.67 ND ND  
Okpeyi leaf 4.92 ND 44.18 44.45 2.91 15.66 6.15 8.90 2.49 ND 111.57 ND ND  
Cashew stem 18.00 1.51 6.67 51.17 1.57 8.79 3.08 ND 0.48 2.12 ND ND 3.58  
Cashew leaf 5.22 1.78 16.28 35.00 2.67 14.70 6.31 7.80 0.80 ND ND 2.84 ND  
Cassava stem 1.86 ND 10.85 13.72 1.89 10.63 4.92 5.00 1.52 2.79 58.14 ND 4.48  
Cassava leaf 3.90 1.03 10.08 34.86 1.26 7.75 3.08 3.50 1.85 1.61 34.08 ND 1.79  

Mangifera indica L. (Mango), Parkia biglobosa (Ugba), Proposis africanus (Okpeyi), Anacardium occidentale (Cashew)  
and Manihot esculenta (Cassava) 

ND: Not Detected. 
 

Table 2: Results of ED-XRF analysis of some selected plant samples grown on control soil – 50Km from open pit mine site (mg/kg). 
 

 Ti Cr Mn Fe Ni Cu Re Au Zn Sr Ru Y Ba 
Mango stem 4.32 1.30 6.59 25.27 1.57 8.79 4.00 4.70 ND ND ND ND ND 
Mango leaf 2.34 ND 23.64 15.05 1.26 7.27 3.38 ND 0.40 1.44 45.24 ND ND 
Ugba stem 3.24 1.16 5.43 28.49 4.09 6.87 3.00 ND 0.08 5.08 46.68 1.18 7.52 
Ugba leaf 6.00 1.30 16.90 53.97 1.65 8.79 3.85 6.20 2.17 1.95 71.27 ND 4.48 
Okpeyi stem 14.40 2.53 6.12 101.50 4.56 24.45 10.77 ND ND ND 210.24 4.10 ND 
Okpeyi leaf 7.20 2.26 54.95 71.4 3.93 21.81 8.46 12.00 2.33 ND 159.39 4.02 ND 
Cashew stem 4.56 1.92 4.19 32.83 2.44 15.58 5.54 8.50 0.08 ND 143.45 ND ND 
Cashew leaf 3.24 2.19 14.73 24.01 2.99 17.74 6.77 9.80 0.40 ND 121.44 2.68 ND 
Cassava stem 5.88 1.23 5.04 26.67 1.26 7.83 ND ND 49.08 1.52 41.37 ND 0.29 
Cassava leaf 2.46 ND 4.65 20.23 0.79 5.99 2.77 ND 2.89 1.10 ND ND ND 
Mangifera indica L. (Mango), Parkia biglobosa (Ugba), Proposis africanus (Okpeyi), Anacardium occidentale (Cashew)  
and Manihot esculenta (Cassava) 
ND: Not Detected. 
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DISCUSSION 
The Ti concentration in cashew stem of 

overburden and Okpeyi stem of control soil 
are quite high. These plant parts may be used 
as hyper accumulators for Ti detoxification 
from polluted soils. This effective xylem 
loading may be due to smaller sequestration of 
metals in the root vacuoles of the plants (Lasat 
et al., 1998). The distribution of Cr in a 
contaminated soil may not necessarily be 
uniform, and in most agricultural soils the 
highest concentrations are usually found near 
the soil surface (Robinson et al., 2003). This 
may partly be responsible for the variations in 
the distribution of Cr in plants grown on mine 
overburden and control soil. The observed 
values in okpeyi and cashew plants in the 
control soil exceed maximum permissible 
limits in plants (1300 µg/kg) (ATSDR, 1989). 

Manganese sorption in the plants 
grown on mine overburden and control soils 
showed a range of 5.81 – 67.27 mg/kg for 
mine overburden and 4.19 – 54.95 mg/kg 
control soil. Okpeyi leaf in both soils showed 
a high values at 44.18 mg/kg and 54.95 mg/kg 
for overburden and control soil respectively. 
Thus okpeyi leaf can be a good source of 
hyper accumulator for Mn detoxification in 
soil (Baker, 1981). Mango stem and leaf 
grown on mine overburden also showed 
elevated levels of Mn with concentrations of 
27.82 mg/kg and 67.27 mg/kg respectively, 
while that of control soil have values of 6.59 
mg/kg and 23.64 mg/kg respectively for stem 
and leaf. Thus mango can act as a hyper 
accumulator for Mn removal for contaminated 
soil. Mn accumulation in humans above the 
provisional guideline value of 0.3 mg/K will 
lead to apparent ill effects (WHO, 1981). 
Another possible reason for the high Mn 
concentration observed may be attributed to 
the fact that affinity of trace elements for Mn 
oxide was usually much greater than Fe and 
Al oxides (Violante et al., 2010). 

Expectedly, soil organic matter and 
clay soils have been identified as having the 
capacity to contain Fe, therefore the higher Fe 
concentration observed in the control plant 
more than the plants grown on mine 
overburden soil may be as a result of the 
above factor. These are made possible through 
the formation of Fe – complexes. Okpeyi leaf 
and stem in control soil were observed to 
contain the highest amount of Fe in their stem 
and leaf – 101.50 mg/kg (stem) and 71.40 
mg/kg (leaf). The maximum permissible limit 
for Fe in foods is 1 mg/kg; therefore the 
values of Fe obtained from the above plants 
are quite higher than the World Health 
Organization limit (WHO, 1983). The uptake 
of Ni is carried out mainly by root systems via 
passive diffusion and active transport (Seregin 
and Koznevnikova, 2006). This may partly be 
responsible for the observed concentrations in 
all the plant samples studied. It has been 
observed that Cu2+ and Zn2+ inhibit Ni2+ 
uptake competitively, these three soluble 
metal ions seem to be absorbed by the same 
transport system (Körner et al., 1987). In 
addition, soluble Ni compounds could also be 
absorbed via the Mg ion transport system, 
because of the similar charge/size ratio of the 
two metal ions (Oller et al., 1997). Maximum 
permissible limit of Ni in foods is 5 µg/kg 
body weight (WHO, 1991). 

Since soils are often contaminated with 
various metals such as Cu (McGrath et al., 
2001), it is not surprising that the observed 
concentrations of Cu are at elevated levels in 
both sampled soil plants. Another factor 
which may be responsible for the Cu detected 
may be due to the presence of Zn and Fe in 
the samples (Chaney, 1988). The low pH of 
control soil due to the presence of humus 
substance may also have contributed to the 
higher Cu content in the control soil plant than 
in the overburden plants. The presence of Re 
in both plants may be attributed to the 
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presence of the metal in the soil, since most 
heavy metals are present in the soil. 
Interestingly, Okpeyi and cashew plants 
showed a similar pattern of metal biosorption 
in all the metals studied. These two plants can 
be good candidates for bioremediation of 
contaminated soils. 

The low values of Zn uptake may be 
ascribed to low uptake across the plasma 
membrane, sequestration in a subcellular 
organelle and precipitation as insoluble salts 
(Lasat et al., 1996). In slightly, basic anoxic 
marsh sediment environments, Zn is 
effectively immobilized and not bioavailable 
(Gambrell et al., 1991). Very high abundances 
of soluble Zn are present under well oxidized 
conditions at pH 5 to 6.5, whereas low 
abundances of soluble Zn are present at pH 8 
under all redox conditions and at pH 5 to 6.5 
under moderately and strongly reducing 
conditions (Gambrell et al., 1991). In polluted 
environments, most Zn is scavenged by non-
detrital carbonate minerals, organic matter and 
oxide minerals and is less mobile than Cd and 
Pb (Prusty et al., 1994). Okpeyi plant grown 
in overburden soil has Zn concentrations 3.69 
mg/kg (stem) and 2.49 mg/kg (leaf). Cassava 
concentration in the same soil is 1.52 mg/kg 
(stem) and 1.88 mg/kg (leaf). In plants grown 
on control soil Okpeyi showed Zn 
concentrations of 0.0 mg/kg (stem) and 2.33 
mg/kg (leaf), while cassava values of Zn are 
49.08 mg/kg (stem) and 2.89 mg/kg (leaf). 

Strontium was detected in plants grown 
in overburden and control soils. However, all 
the plants grown in overburden soil show 
considerable quantities of Sr with a range of 
0.69 – 3.55 mg/kg. The observed 
concentrations in control soil plants are 1.10 – 
5.08 mg/kg. The observed concentration of Ru 
in the plants grown on control soil are quite 
significant with Okpeyi plant having the 
highest concentration of 210.24 mg/kg (stem) 
and 159.39 mg/kg (leaf); followed by cashew 

plant with observed concentrations of 143.45 
mg/kg (stem) and 121.44 mg/kg (leaf). This 
trend is similar to trends where Okpeyi and 
cashew plants showed high tendency to 
biosorb more of the metals studied. Being in 
the region of a coal belt, this is also an 
indication that the soil is rich in Ru. Ythium 
and barium were detected in small amounts in 
plants grown on both soils. Ugba plant 
showed high tendency to absorb Y and Ba 
from overburden soil with observed 
concentrations of 1.34 mg/kg (stem, Y), 1.97 
mg/kg (leaf, Y), 7.07 mg/kg (stem, Ba) and 
15.22 mg/kg (leaf, Ba). This trend was also 
observed for control plant where ugba plant 
has the highest absorption of Ba with 
concentrations of 7.52 mg/kg (stem) and 4.48 
mg/kg (leaf). 
 

Conclusion 
Bioavailability of metals in some 

selected plants grown on mine overburden and 
control soil farmlands have been shown to 
contain considerable quantity of the metals 
studied. The results also indicate that Okpeyi 
and cashew show a similarity in the 
biosorption of the metals. This however is an 
indication that the two plants can be good 
candidates for soil remediation. Metals like Ti 
and Mn were higher in concentration from 
plants grown in overburden that the plants 
from control soil. The mining activities 
contributed significantly to the low levels of 
metals observed in the overburden plants than 
from control soil plants. This partly was 
attributed to the fact that most trace metals 
mobility occurred at undisturbed surfaces, 
thereby increasing the rate of biosorption in 
plants. This however was not the case in 
plants grown on overburden soil. 
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