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Abstract: This study was to evaluate the phytoremediation potentials of Phaseolus vulgaris (Beans plant) 
and soil for the metals Cd, Cu, Pb, and Zn. Set of laboratory pot experiment were conducted, viable beans 
seed were planted into 2kg soil spiked with the salt of the heavy metals. The soil received the salt of Zn 
as Zn(SO4)3.6H20, Pb as Pb(NO3)2, Cd as Cd(NO3)2, and Cu as Cu(SO4)2 at a concentration of 1000ppm and 
1500ppm respectively. A separated soil with untreated soil was used to serve as a control. Irrigation was 
done with 500ml of water after every five days in the evening hours for eight (8) weeks. Samples of the 
soil and beans were collected at the end of the experiment, the plant were wash with water and carefully 
separated into root, shoot, and seed, dried with the soil ground and sieve. The grounded soil, roots, 
shoot, and seed of the experimental plant as well as the control were analyzed for heavy metals. 
Following digestion with aqua-regia using Atomic Absorption Spectrophotometer (AAS). The BCF, EF, and 
TF were evaluated for the different metals. The Phaseolus vulgaris (Beans plant) may serve as 
phytostablizers or metal excluders of Cd, Cu, Pb, and Zn in the soil for having higher values of BCF and EF 
than TF. Phaseolus vulgaris (Beans plant) may also serve as a phytoextraction for metals in 
contaminated soil for having higher TF values. 
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1.0 Introduction 
Heavy metals are considered significant pollutants because they are non-biodegradable and 
would accumulate in the soil. Furthermore, heavy metals harmful to the environment because 
they get in creatures and plants and enter the human body through the food chain. With the 
rapid development of industry, especially mining and smelting, heavy metals cause significant 
pollution problems. Electroplating, dyeing, tanning, steel and automobile manufacturing, 
painting, and other chemical industries discharge the toxic substance into the environment 
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(Dhal et al. 2013; Singha and Sarkar 2015; Padmavathy et al. 2016). The large number of heavy 
metals entering into water or soil would break the dynamic balance between soil, water, and 
creature (Valderrama et al. 2010; Barrera-Díaz et al. 2012). In China, nearly all the 
concentrations of heavy metals, such as Cr, Ni, Cu, Pb, Zn, As, Hg, and Cd are higher than their 
background value in soil (Wei and Yang 2010). Chromium (Cr) is a highly toxic pollutant because 
of its high mobility and toxicity, even with a low concentration (Martí et al. 2013). Cr exists in 
the environment in different oxidation states, and the two most stable conditions are trivalent 
(Cr (III)) and hexavalent (Cr(VI)) (Dhaletal.2013). Chromium exists in four compound forms in 
soil. Two of them are trivalent (Cr(III)) anions: Cr3+ and CrO2−, and the other two states are 
hexavalent (Cr(VI)) anions: Cr2O72− and CrO42− (Khezami and Capart 2005). The migration and 
transformation among the four different forms are influenced by organic content, soil pH, 
redox potential, etc. Cr (III) is more stable than Cr (VI), and the two states can transmit into 
each other under certain conditions (Hellerich and Nikolaidis 2005). The toxicity of chromium is 
closely related to the valence state. Cr (III) is one of the necessary micro-nutrients for the 
creature in a low dosage. However, the Cr(VI) is 100 to 500 times more toxic than Cr(III) (Kanwal 
2012; Toma et al.2015.) and is carcinogenic, mutagenic, and teratogenic (Flora 2000). Most Cr 
has accumulated in the shallow soil surface, 0–20cm below the soil surface. Soil can be firmly 
adsorbed Cr (III), so once Cr (III) gets into the soil through waste, it will be readily adsorbed by 
soil colloids. Compared with Cr (III), Cr (VI) exists as an ionic state in soil solution with higher 
mobility in the soil system and aquatic environment. Cr (VI) is hard to be absorbed by soil 
particles, and it would transport with groundwater. Hence, Cr (VI) takes a significant threat to 
the groundwater, surface water, and plant ecosystem. Cr (VI) is easy to be absorbed by the 
human body and accumulated in an organ. Cr plays a crucial role to maintain human health. 
Still, excessive Cr can produce great harm to health, such as respiratory system disease and 
gastrointestinal problems, cause allergic contact dermatitis, and even lead to cancer (Dhal et al. 
2013). According to the World Health Organization (WHO), the maximum contaminates level 
for Cr (VI) in drinking water is 0.05 mg/L (Bolan et al. 2003). For those reasons, Cr(VI) is 
regarded as a high hazardous pollutant.  
 
Cu (II), is one of the most widely used heavy metals in the industry, is considered a 
micronutrient but is extremely toxic to the living organism under relatively high concentrations 
A. Oztürk, et al. (2004) Y. Nuhoglu, et al.  (2002). To reduce the harm caused by heavy metals to 
soil and plants, the European Union has established maximum heavy metal limits for soil and 
industrial by-products such as biosolids and composts to be applied to fields. The soil criteria for 
Cu (II) set by the European Union is 140mgkg−1 Department of Agriculture for Scotland, (1958). 
Hence, removal of Cu (II) from the soil and groundwater has been the subject of many studies 
M. Alkan et al.  (2001), S. Veli et al. (2007). Clay is a typical, highly weathered soil. It is widely 
distributed all over the world and contains a significant amount of Al and Mg oxides. Such soils 
have strong physical and chemical adsorption capacity, due to the soil particles with the large 
surface area, and carry a negative charge. Besides, different from other high permeability 
media such as sand, the unique mineralogy of clay such as porosity, pore size, and pore 
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structure must be considered when studying clay’s absorbability. Several previous studies have 
focused on the absorbability of clay. 
 
For instance, Tassanapayak et al. (2008) investigated the efficiency of clay in heavy-ion sorption 
and found that it can be utilized as potential heavy metal adsorbents in wastewater treatment. 
Hasine et al. (2008). Also studied the role of clay properties in heavy metal ion sorption and 
desorption with a series of experiments and found that soil composition would greatly affect 
the sorption efficiency. Li et al. (2003). Pointed out that once the clay is contaminated, it is very 
difficult and it will take a very long time to remove the pollutants. Adsorption is usually a 
primary process for the accumulation of heavy metals in soils while desorption is a 
straightforward process for the removal. The study of adsorption and desorption processes is of 
utmost importance for understanding how heavy metals are transferred between the aqueous 
and solid phases. In soils, heavy metals can be adsorbed as compounds like ions and complexes 
or exchangeable forms P. M. Huang et al. (1995). Virtual interfaces involved in heavy metal 
adsorption in soils are predominantly inorganic colloids Shah et al. (2006). A heavy metal such 
as Cu (II) can be absorbed into the soil and desorbed under certain conditions R. Segura et al. 
(2006). The mobility of heavy metals is often affected by soil characteristics, such as pH, 
amount of organic matter, temperature, and the types of ions. 
 
Sources of heavy metals pollution 
Heavy metals are derived from two major sources: natural and anthropogenic. Anthropogenic 
contamination of the environment with heavy metals is the most widely distributed and most 
deleterious. This is probably a result of their instability and solubility and hence bioavailability 
(Abdu et al., 2011a). Human activities such as smelting, mining, agricultural activities such as 
mineral fertilizer and sewage sludge application and pesticide use, industrialization, metal-
containing waste disposal, and military activities such as weapon testing are varieties of 
anthropogenic heavy metal contamination sources. Building materials like paints, cigarette 
smoke, metallurgy or smelting, aerosol cans, and sewage discharge are all anthropogenic 
sources of heavy metals (Abdu, 2010). Colouring of plastics during manufacturing is achieved 
through the addition of pigments containing heavy metals. Coating of cutleries, industrial and 
hand tools, airplane parts, automobile, and truck parts with heavy metals such as Cd are 
common anthropogenic sources of pollution (Kirkham, 2006). The use of Cd as luminescent 
dials and rubber curing also contribute to heavy metal pollution (Adriano, 2001). Wearing and 
tearing of automobile parts is a major exposure route of heavy metals to the environment. 
Cadmium can be released from automobile tires as it wears which can be transported into the 
sewage system through run-off (Kirkham, 2006) or as particulate matter into the atmosphere. 
Weathering and pedogenesis are the major natural sources of heavy metals. Mineral ores like 
galena, cerussite, cassiterite, and arsenopyrite can undergo dissolution through chemical 
weathering thereby releasing heavy metals contained in their structure (Abdu, 2010; Abdu et 
al. 2011b). Heavy metals are constituents of primary and secondary minerals through the 
process of inclusion, adsorption and solid solution formation termed as co-precipitation 
(Sposito, 2008). Acid rain and dew are also natural sources of heavy metal pollution (Nriagu, 
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1990). Atmospheric dust storms, wild forest fires, and volcanic eruptions are input routes for 
natural heavy metal pollution (Naidu et al., 1997). The effect of pedogenic heavy metal 
pollution may override that of anthropogenic sources especially when the parent material 
contains a high level of heavy metal (Brown et al., 1999). oxides and hydroxides of iron, 
aluminum, and manganese are major soil chemical components contributing to heavy metal 
mobility in the soil (Tack et al., 2006). Large affinity of the crystalline and amorphous form of 
this metal oxides and hydroxides for heavy metal influences the movement and sorption of 
metals in soil (Abdu, 2010). The binding effect of organic matter on soil components also 
influences the availability of heavy metals (Naidu et al., 2003). The diverse functional groups in 
organic substances which often dissociate easily under alkaline conditions also affect the 
availability of toxic heavy metals in the soil. Formation of metal-organic compounds in the soil is 
achieved through the interaction of humic substances with sesquioxides such as oxides of Fe, 
Al, and Mn. Heavy metals occluded in the oxides of these metals are often referred to as 
relatively active fractions (Shuman, 1985). Agbenin (2002), however, observed the inhibitory 
effect of soil organic matter on the crystallization of heavy metal occluded in Mn and Fe oxides 
in soils of the Nigerian savanna. The chemistry of the aqueous soil phase exerts a profound 
influence on metal mobility. Acidic conditions tend to increase the mobility of heavy metals as a 
result of proton competition and decreased negative binding sites (Horckmans et al., 2007). 
Conversely, at elevated soil pH, heavy metals such as Pb may be precipitated as insoluble 
hydroxides. However, the functional groups present in organic matter may dissociate under 
alkaline conditions thereby increasing the bioavailability of organic matter-bound heavy metals 
(Fine et al., 2005). Competition for metal cations by organic complexing ligands and soil 
colloidal surface especially at elevated pH also increases heavy metal mobility and 
bioavailability in soil (Abdu, 2010). This might be attributed to the pH-dependent 
dissolution/precipitation and redox reactions of the hydrated metal oxides in the soil (Tack et 
al., 2006). Soil pH is often the most important soil chemical properties influencing heavy metal 
mobility in the soil. It exerts a strong influence on metal solubility, adsorption, and desorption 
processes and metal speciation in the soil–solution interface. Christensen (1984) observed a 
twofold increase in heavy metal concentrations in soil solution due to a unit increase in soil 
solution pH. Bioavailability is a term used to describe the release of a chemical from a medium 
of concern to living receptors such as plant roots (Adriano, 2001) and microbes. Concerning 
heavy metals, it is defined as the fraction of metal in the soil that is accessible to the food chain, 
plants (Misra et al., 2009), and other components of the soil microbial biomass. Mycorrhizal 
fungi under symbiosis can increase the adsorptive surface area of plant roots thereby 
influencing heavy metal uptake (Alloway, 1995). Wang et al., (2009) reported modification of 
heavy metal movement and fixation as a result of root excretion of organic acids that form 
complexes and chelates with metal ions. 
 
METHODOLOGY 
Sample collection    
The soil sample was collected using the method recommended by (Petersen, 1994). 100m2 of 
the land was divided into ten equal sized grid cells of 10m2. A steel augur was use to dig the soil 
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to a depth of 25cm. Samples was collected from all cells and thoroughly air dried, mixed and 
stored in large plastic bags. 
 
Experimental pot Design 
Pot culture experiment was conducted using 2 kg soil treated or spiked with the soluble salt of 
the metals Zn, Cd, Cu, and Pb based on early research Ahalya et al. (2005). The soil will have 
received the salt of Zn as Zn(SO4)3.6H2O, Pb as Pb(NO3)2 and Cd as Cd(NO3) at a concentration of 
1000ppm, 1500ppm for Cu, Cd, Zn and Pb respectively, whereas, Soil and Beans were planted in 
to the pots. Separate pots containing the same amount (2 kg) of untreated soil was used to 
serve as a control. Plastics trays were placed under each pot and the leached was collected and 
put back in their respective pots in other to prevent loss of nutrients and trace element from 
the samples (Garba et al., 2011).  
 
SAMPLE PREPARATION 
Sample Preparation 
The sample of the plant and soil was collected at the end of the experiment; the plant was wash 
thoroughly in the laboratory with distilled water, carefully separated in to; root, shoot, and 
seed. These were dried at room temperature to a constant weight, ground and sieved through 
a 2 mm nylon sieve according to Lombi et al. (2001). The soil sample were dried at 105 C to a 
constant weight, ground and then sieved through a 2 mm mesh, subjected to further analysis. 
The dried soil sample was characterized for some physicochemical properties (Lombi et al., 
2001). 20cm3 of concentrated nitric acid was carefully added to 1g of pre-treated soil in a 
250cm3 beaker. The mixture was allowed to stand for 1hour. Then 15cm3 of concentrated per 
chloric acid was added. The mixture was digested on a sand bath to the appearance of white 
fumes. The digest was dissolved in 0.10moldm–3 hydrochloric acid, filtered into a 50cm3 
volumetric flask and made to mark. A blank was prepared by heating a mixture of 20cm3 
concentrated nitric acid and 15cm3 of per chloric acid to almost dryness and then diluting to 
50cm3 with 0.10moldm3 hydrochloric acid. The sample and blank solutions was stored at low 
temperature before analysis (IITA, 1979).  

 
Digestion of plant Sample  
The sieved samples were digested by weighing 0.5g into an acid washed porcelain crucible and 
placed in a muffle furnace for about 4 hour at 500 C. The crucible was removed from the 
furnance and cooled; 10ml of 6M HCl acid was added to the sample in the crucible and heated 
for about 15minute. A drop of the acid was added to the mixture and heated to dryness. This 
will be allowed to cool. Additional 1ml of the 6M HCl was added and swirled gently followed by 
the addition of 10ml distilled water and heated on steam bath to complete dissolution. The 
mixture was then be allowed to cool and filtered through a Whatman filter paper into a 50 ml 
volumetric flask and make up to the mark with distilled water (Radojevic and baskin, 1999). A 
blank was equally be prepared following the same procedure but without the sample. Analysis 
of the digested samples was done using atomic absorption spectroscopy (AAS). 
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Digestion of Soil Sample 
One gram (1.0 g) of the dried and sieved soil samples was placed in a 100 ml volumetric flask. 
Fifteen millilitre (15 ml) of concentrated HNO3, H2SO4, and HCIO4 acid in a ratio of (5:1:1) was 
added and heated at 80 C until colourless solution is obtained. This was then being filtered 
through a Whatman filter paper no. 42 and diluted to 50 ml with distilled water (Allen et al., 
1986). Analysis of the digested samples for the metals was carried out using Atomic Absorption 
Spectroscopy 
 
Determination of Soil pH  
 Procedure  
Twenty grams of the sieved soil sample was placed in a 50 cm  beaker; 20 cm  of water was 
added, stirred with glass rod and allowed to stand for 10 minutes. Then, stirred again and the 
pH meter was immersed into the water/soil suspension and the reading noted. Three replicate 
analysis was done and the average taken as the final pH. The pH meter was rinsed with water 
for each soil sample in order to obtain the accurate result that is required (Bodeck et al., 1988). 
 
Particle Size/ Soil Texture  
Procedure 
Fifty gram (50 g) of the soil was pulverized and placed in a tall, slender jar (35 cm height and 6 
cm in diameter) to about a one-quarter full of soil. De-ionized water was added until the jar is 
three-quarters full. A teaspoon of powdered, non-forming dishwasher detergent was also 
added. The jar was shaken for 15minutes to break apart the soil aggregates and separates the 
soil into individual mineral particles. The jar was kept undisturbed for 3 days. The soil particles 
that settled after 1 minute according to its size marked on the jar depth as the sand. After 2 
hours, the level of silt was marked on the jar, and after 3 days clay particles was settle and 
marked on the jar (Agbenin, 1995). 
 Calculation  
 
% Sand =  Thickness of sand х 100 
                    Total thickness 
 
% Clay =  Thickness of clay х 100 
                    Total Thickness 
 
% Silt   =  Thickness of silt х 100 
                     Total Thickness 
(Agbenin, 1995). 
 
Cation Exchange Capacity  
Determination by BaCl2 Compulsive Exchange Method:  
Preparation of Reagents Barium chloride (0.1M BaCl2.2H2O) solution: 24.428g of BaCl2.2H2O 
was dissolved in a 1L standard volumetric flask containing 800 cm3 of water then diluted to the 
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mark. Barium chloride (2mM BaCl2.2H2O) equilibrating solution: Dilute 20 cm3 of the 0.1 M 
BaCl2 solution to 1 L with water. Magnesium sulphate (0.1 M MgSO4.7H2O) solution: 24.648 g of 
MgSO4.7H2O was dissolved in a 1L standard volumetric flask that contains about 800cm3 of 
water and diluted to the mark with distilled water.  Magnesium sulphate (1.5mM and 5mM 
MgSO4.7H2O) solution: 15 cm3 and 50 cm3 of the 0.1M MgSO4 solution was diluted separately 
with water and made up to 1L in a standard volumetric flask respectively. Sulphuric acid (0.05M 
H2SO4) solution: 2.8 cm3 of concentrated H2SO4 (98% v/v, sp.gr. 1.84) was poured into a 1L 
standard volumetric flask almost filled with water, shaken thoroughly and allowed to cool 
before it is made to the mark with distilled water (Gillman and Sumpter, 1986). 
  
Procedure  
Two grams (2.0 g) of soil was weighed into a 30 cm3 centrifuge tube and 20cm3 of 0.1M 
BaCl2.2H2O solution was added, shaken for 2 hours, centrifuged at about 4,000 rpm and 
decanted. Then 20 cm3 of 2mM BaCl2.2H2O solution was added and shaken for 1 hour 
vigorously at first to disperse soil pellet; it was then being centrifuged and the supernatant 
discarded. The pH of the slurry was determined. To the slurry, 10.00 cm3 of 5mM MgSO4 
solution was added and shaken gently for one hour. The conductivity of the 1.5 mM MgSO4 
solution was determined (this should be ~300 umhos). The conductivity and the pH of the 
sample solution was adjusted (as necessary) using 0.1 M MgSO4 and 0.05 M H2SO4 solutions 
respectively until the solution conductivity and pH were that of the 1.5 mM MgSO4 solution 
(Gillman and Sumpter, 1986). 
 
 Calculation 
CEC (meq/100g) = [Total Mg added(meq) - Mg in final solution (meq)] x 50; where Total Mg 
added (meq) = 0.1 meq [meq in 10 cm3 of 5mM MgSO4 solution] + meq added in 0.1 M MgSO4[ 
cm3 of 0.1 M MgSO4 x 0.2 meq/cm3 (0.1 M MgSO4 solution has 0.2 meq/cm3)] and Mg in final 
solution (meq) = total solution (cm3) x 0.003 (meq/cm3) [1.5mM MgSO4 solution has 0.003 
meq/cm3]. The value 50 is to convert the dilution factor from 2 g of soil to 100g (Gillman and 
Sumpter, 1986). 
 
Determination of Soil Organic Carbon 
The percentage carbon was determined from a previous study, conducted by Erik 
Beiegrohslein, using the same soil samples (Beiergrohslein, 1998). The percentage organic 
matter in the sample was determined from the percentage carbon based on the relation OM % 
= C % × 1.732 (Zhang, 2004).  OM% represents the percentage organic matter in the soil and C% 
is the percentage carbon in the soil. 
  
Determination of Organic Matter  
Preparation of Reagent 
Potassium dichromate solution (0.2M): 49.04 g K2CrO7 was dissolved in water and made up to 
1L in a standard volumetric flask. Ferrous ammonium sulphate solution (0.4 M): 156.90 g of the 
sulphate salt was dissolved in water, 20 cm3 concentrated H2SO4 was added and shaken; the 
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solution was made up to 1L. Concentrated phosphoric acid (85% v/v) and Ferrous was serves as 
an indicator. 
 
Procedure 
One gram of the soil sample was weighed into 250 cm3 conical flask and 10 cm3 of 0.2 M K2CrO7 
solution was added and then swirled gently to disperse the soil in solution. Then 20 cm3 of 
concentrated H2SO4 was added quickly and then thoroughly mixed. The mixture was allowed to 
cool for 30 minutes after which 200 cm3 of water was added, followed by 10cm3 of 
concentrated phosphoric acid and 2-3 drops of ferroin indicator. The solution was titrated 
against 0.4 M ferrous ammonium sulphate solution. A colour change from bluish green to 
brilliant green indicated the end point. A blank titration was carried out using deionized water 
without the soil sample (Walkley and Black, 1973). 
 
Calculation 
Organic matter (OM) = 10(B – S) x 12 x 1.72 x 100 x 3.10 ZB x 12/4000 x 0.77  
where B = titre value for blank, S = titre value for sample, Z = weight of soil sample used, 1.72 = 
factor for organic matter from carbon, 0.77 = Walkley‘s recovery factor, 12/4000 = meq weight 
of carbon, 10 = conversion factor for units (Walkley- Black, 1973).. Therefore,  
% OM  =  ( B−S) х 6.7      
                    ZB 
The Bioconcentration Factor (BCF) of metals was used to determine the quantity of heavy 
metals that is absorbed by the plant from the soil. This is an index of the ability of the plant to 
accumulate a particular metal with respect to its concentration in the soil (Ghosh and Singh, 
2005a) and is calculated using the formula: BCF=Root/Soil   
 
DETERMINATION OF THE MOVEMENT OF METALS FROM ROOTS TO PLANTS   
To evaluate the potential of plants for phytoextraction the translocation factor (TF) was used.  
This ratio is an indication of the ability of the plant to translocate metals from the roots to the  
aerial parts of the plant (Marchiol et al., 2004). and is calculated using the formula:    
   
         TF=Shoot/Root   
 
The enrichment factor (EF) is calculated as the ratio between the plant shoot concentrations 
and sediment concentrations (metal concentration in shoot/metal concentration in sediments 
or soil) by Branquinho et al. (2007). 

EF = 
    

    
 

 
Statistical data Handling 
All statistical data handling was performed using SPSS 12 package. Difference in mean 
concentration of the heavy metals among the different samples was detected using one-way 
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ANOVA, followed by multiple comparisons using Turkey test. A significant level of (P ≤ 0.05) was 
used throughout the study. 
 4.4 Expected Outcome: The result of this study is expected to indicate the uptake and 
accumulating ability of soil and plant for the heavy metals; Cu, Zn, Cd and Pb 
 
Results and Discussion 
 
Physicochemical Properties of the Experimental Soil 
 
The physicochemical properties of the experimental soil are as shown in Table 1 below. The 
taxonomy classification of the soil was found both to be sandy loam with pH of (6.25 and 7.39). 
The less acidic nature of the soil is generally within the range for soil in the region; soil pH plays 
an important role in the sorption of heavy metals, it controls the solubility and hydrolysis of 
metal hydroxide, carbonate and phosphates (Garba et al., 2011). A very low organic carbon was 
observed in both the soil sample (0.53 and 0.37). Low organic matter content in both the soil 
samples was observed (0.90 and 0.64) as well as low cation exchange capacity (CEC) (4.09 and 
3.87 mol/100kg soil). CEC measure the ability of soil to allow for easy exchange of cations 
between it surface and soil. The low level of clay and CEC indicate the permeability and 
leachability of metals in the soil. Appreciable amount of silt was observed in both sample i.e. 
(20.70 and 23.20), silt improves the soil, resulting in better plant growth. 
 
Table 1: The Physicochemical Properties of the Experimental Soil                       
Parameters   Soil 1                Soil 2             Soil 3                Soil 4                Soil 5             Soil 
6 
pH                                6.27±0.004    6.66±0.021         6.70±0.002      7.39±0.012       5.02±0.006  
6.01±0.016 
EC (dsm-1)                   0.38±0.006    0.84±0.002         0.76±0.015      0.92±0.021       0.78±0.008   
0.13±0.002 
CEC (mol/100kg soil)  4.09±0.007    3.87±0.005         5.89±0.008       6.00±0.006      5.91±0.004   
5.02±0.008 
Organic Carbon (%)    0.53±0.005    0.37±0.003         0.49±0.012       0.57±0.007      0.41±0.023   
0.22±0.017 
OMC (%)                     0.91±0.005    0.64±0.007         0.84±0.004      0.93±0.005       0.74±0.004   

0.62±0.003 
Silt (%)                        20.70±0.006   23.20±0.021      22.32±0.032    21.04±0.014    20.50±0.065  
22.02±0.01 
Sand (%)                      14.70±0.004   12.20±0.006      10.64±0.008   13.002±0.004   14.57±0.012  
14.02±0.06 
Clay (%)                      64.60±0.003  64.60±0.007      64.65±0.016   63.65±0.008      63.89±0.019  
63.02±0.07 
Textural Class              Clay              Clay                   Clay                Clay                  Clay               Clay 
KEY: Soil 1=Gashua, 2=Dawayo, 3=Potiskum, 4=Mamudo, 5=Nguru, 6=Garbi 
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Uptake and Translocation of Heavy Metals by Beans Plant 
Table 2 below shows the uptake, accumulation and translocation of the metal copper, zinc, 
cadmium and lead by the beans plant at different level of the elements spiked in the soil along 
with the control. The results show that, the highest level of zinc (421.3±36.6) was found in 
(table 6 B1) the Root, and it corresponds to the pot spiked with highest level of zinc in A1 
(1500ppm). The level was observed to increase proportional to the concentration spiked.  The 
control has the lowest or not detected level of the element absorbed, translocated and 
accumulated in both the root, shoot and the seed. The result show that the value of zinc in 
shoot was found to be (144.5±2.7) and in seed was found to be (128.1±1.5), the lowest level 
was found in seed with the value of (-18.13±0.03), (-15.61±0.01) in shoot and in root was found 
to be (1.05±0.08). Table 3 also the highest level of lead was found in Al (table 7) with the value 
of (276.1±54.3) in root, (81.1±30.5) in shoot and seed which content the value of (59.6±5.5). 
The lowest level was found in seed with the value of (-2.4±0.2), and (-0.3±0.4) in shoot, and 
root found to be (4.3±0.1). Table 4 Cadmium was found to be (248.4±6.4) in root with the 
highest value as compare to values in shoot and seed with (102.7±3.9) and (78.2±0.6) 
respectively. It contents the lowest value as the soil spiked with the lowest 1000ppm with the 
values of (5.2±0.1), (4.7±0.1), and (4.5±0.1) in root, shoot, and seed respectively. Table 5 Copper 
has the value of (383.4±33.8) in root and (100.6±18.2) in shoot and (55.7±3.0) in seed, the table 
showed the uptake and accumulation by the plant; at the different concentration of the 
element Cd, Pb, Zn, and Cu, spiked into the experimental pots at different concentration. The 
results showed that, the higher the level of element spiked into the experimental pot, the 
higher the concentration translocated to the seed. For instance, the control has no value 
detected in the soil, root, shoot, and seed. The 1000ppm spiked in to the pot the level was 
found to be (2.4±0.6) in the seed, (11.1±0.8) in shoot and in root with the higher value of 
(44.8±0.1). 
 
Table 6 shows the level of zinc accumulated in the seed is (128.6±1.5) was higher than what 
was retained in the when the level in the pot was 1000ppm (15.8±3.2), the value was also 
higher in root and shoot (421.4±3.6) and shoot (144.1±2.7), when the amount spiked was 
decrease to 1000ppm the value was reduce to (308.7±29.1) in root and (18.8±1.0) in shoot 
respectively. Table 7 Lead was found to have the highest value in root (491.7±3.5) when spiked 
with 1500ppm, (206.1±1.8) in shoot and (116.0±0.8) in seed. When the amount spiked reduced 
to 1000ppm the value also reduced to (433.5±3.4) in root and in shoot was found to be 
(31.5±0.7) and in seed (31.5±0.8). Table 8 Cadmium also has the value of (557.1±0.9) in root 
and (106.1±1.8) in shoot and (98.0.0±0.8) in seed when the amount spiked was increase to 
1500ppm, when the amount was reduced to 1000ppm the value also reduces to (36.9±0.3) in 
root, and in shoot was found to be (21.3±0.2), and (19.0±0.1) in seed. Table 9 Copper has the 
lowest value in seed when spiked with 1000ppm (13.1±1.8), in shoot been found to be 
(14.5±0.8) and in root it was (137.1±1.6) but when spiked with 1500ppm the value was increase 
to (470.6±3.7) in root and in shoot was found to be (171.4±2.0) and in seed was found to have 
the value of (131.0±1.1) in seed as shown in the Table below. Table 10 Showed the variation in 
the level of zinc, in experimental pot spiked with the element 1000ppm and 1500ppm. The 



 
 

 International Journal of Pure & Applied Science Research            

  journals@arcnjournals.org                                                                                                          138 | P a g e  
 

uptake and translocation of the element was found to increase as the level spiked in the 
experiment pot increases. For instance, the level in the root, shoot, and seed of the control was 
observed at the lowest value. When the soil was spiked with 1500ppm (Zn), the level observed 
to have the higher value, in the root, zinc was found to be (271.1±5.7), and in shoot was found 
to be (26.2±2.0) and (2.5±2.0) in seed, as compare to 1000ppm the value were decrease to (-
1.62±0.28) in root and (-11.18±0.19) in shoot and (-12.52±0.29) in seed. 
 
Table 11 Lead has the value of (312.4±25.6) in root and in shoot was found to be (47.1±13.7), in 
seed (37.5±2.2), the lowest value of lead was found to be in seed (-12.52±0.29), and in shoot it 
was found to be (-10.1±0.19), and in root was found to be (-1.82±0.28). Table 12 Cadmium, the 
uptake and distribution of the metal Cd in the root, shoot and seed along with its translocation, 
enrichment and Bioconcentration concentration observed when spiked with 1500ppm the 
value was found to be higher than what was translocated to the root, shoot, and seed with the 
values of (128.6±2.8), (57.0±1.7), and (45.1±0.3) respectively. The lowest value was found in the 
shoot (7.9±0.1), and (10.2±0.1) in seed and (11.6±0.2) in root. Table 13 Copper with the highest 
value was found in the root with the value of (224.2±15.7), (44.0±8.2) in shoot, and (23.4±0.9) 
in seed, the lowest value was found to be in seed with (-0.1±0.5), (4.2±0.5) in shoot and 
(24.0±0.2) in root respectively. The uptake and distribution of the metal Zn in the root and 
shoot along with its translocation, enrichment and Bioconcentration factors are displayed in 
table. It shows that most of the metals were absorbed and accumulated in the root with 
appreciable of translocation to the shoot, and seed. The accumulation in the root was found 
proportional to the level of the metal spiked into the experimental pots. In another words, the 
higher the level spiked the higher the concentration in the root. For instance, when the level 
spiked was 1000ppm, the concentration in the root, shoot, and seed was found to decrease, 
When the amount spiked was increased to 1500ppm, the accumulation in the root, shoot, and 
seed equally increases.  
 
 Table 2: Levels (ppm) of Zn in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil                  Root       Shoot         Seed            BCF       TF           EF   
 
1000            10.65±0.24    1.05±0.08       -15.61±0.01   -18.13±0.03     0.098    -14.867   -
1.466 
 
1500      586.0±0.24    324.7±10.2      63.5±3.8           13.3±2.6         0.554     0.196      
0.108 
 
Control        2.09±0.91              0.15± 0.70      0.002±0.18 ND              0.072     0.013       
0.001 
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis  and Multiple comparison according to Turkey Test. SD= Standard Deviation  
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Table 3: Levels(ppm) of Pb in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil           Root           Shoot         Seed               BCF       TF          EF   
 
1000             20.8±1.6         4.3±0.1            -0.3±0.4        -2.4±0.2           0.207    -0.069     -0.014 
 
1500      520.0±34.7      276.1±54.3      81.1±30.5      59.6±5.5           0.531    0.294       0.156 
 
Control         1.69±0.06       1.02±0.03        0.68±0.01         ND                0.603     0.667      0.402 
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis and Multiple comparison according to Turkey Test. SD= Standard Deviation. 
Table 4: Levels(ppm) of Cd in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil           Root           Shoot       Seed               BCF          TF               EF   
 
1000               6.1±0.1         5.2±0.1          4.7±0.01     4.5±0.02           0.852        0.904           0.771 
 
1500        406.6±3.3     248.4±6.4      102.7±3.9      78.2±0.6           0.611        0.413          0.253 
 
Control         3.05±0.082    1.5±0.068     0.65±0.010     0.002±0.001     0.491        0.433          0.213 
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis  and Multiple comparison according to Turkey Test. SD= Standard Deviation  
 
Table 5: Levels(ppm) of Cu in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil             Root             Shoot            Seed                BCF       TF           EF   
 
1000              102.0±3.5        44.8±0.1          11.1±0.8         2.4±0.6             0.439    0.248       0.109 
 
1500        696.4±18.4     383.4±33.8      100.2±18.2      55.7±3.0           0.551    0.261       0.144 
 
Control          0.35±0.21        0.01±0.20          ND                   ND                 0.028        
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis  and Multiple comparison according to Turkey Test. SD= Standard Deviation  
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Table 6: Levels(ppm) of Zn in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil             Root             Shoot         Seed                BCF         TF             EF   
 
1000               510.4±4.1       308.7±29.1     18.8±1.0        15.8±3.2         0.601       0.061         0.037 
 
1500        990.1±29.1     421.4±36.6      128.5±2.7      144.1±1.5       0.426       0.305        0.129 
 
Control          4.21±1.15       2.19±0.69        1.69±0.13      0.70±0.02       0.520       0.772        0.401 
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis  and Multiple comparison according to Turkey Test. SD= Standard Deviation  

 
Table 7: Levels(ppm) of Pb in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil             Root             Shoot               Seed                BCF       TF      EF   
 
1000               628.3±3.6       433.5±3.4           31.5±0.7          31.5±0.8         0.689    0.073   0.050 
 
1500         124.9±1.1       491.7±3.5           206.1±1.8       116.0±0.8        3.937    0.419   1.650 
 
Control           ND                    ND                    ND                     ND 
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis  and Multiple comparison according to Turkey Test. SD= Standard Deviation  
 
 
Table 8: Levels(ppm) of Cd in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil             Root             Shoot            Seed             BCF       TF           EF   
 
1000               873.8±4.8       36.9±0.3          21.3±0.2         19.0±0.1        0.042    0.577       0.024 
 
1500        228.9±215.2     157±0.9          106.1±1.8        98±0.8          0.686    0.676      0.464 
 
Control           ND                   ND                  ND                  ND                
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis  and Multiple comparison according to Turkey Test. SD= Standard Deviation  
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Table 9: Levels(ppm) of Cu in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil             Root             Shoot         Seed                BCF       TF           EF   
 
1000               522.9±3.6       137.1±1.6      14.5±0.8        13.1±1.8        0.262        0.106       0.028 
 
1500         679.1±15.0     470.6±3.7      171.4±2.0      131.0±1.1      0.693        0.364       0.252 
 
Control            ND                   ND                   ND              ND 
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis  and Multiple comparison according to Turkey Test. SD= Standard Deviation  
 
 
Table 10: Levels(ppm) of Zn in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil             Root             Shoot            Seed                BCF       TF            EF   
 
1000               3.58±1.99       -1.62±0.28      -11.18±0.19    -12.52±0.29      -0.453    6.901     -3.123 
 
1500        476.8±9.1        271.1±5.7        26.2±2.0          2.5±2.0           0.569     0.097      0.055 
 
Control         4.15±1.25         3.05±0.68     2.00±0.16           0.15±0.05       0.735     0.656     0.481 
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis and Multiple comparison according to Turkey Test. SD= Standard Deviation  
 
Table 11: Levels(ppm) of Pb in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil             Root               Shoot                 Seed                BCF       TF         EF   
 
1000               20.3±0.8       -1.62±0.28          -11.18±0.19      -12.52±0.29      -0.089    5.549   -0.498 
 
1500        507.8±16.2     312.4±25.6          47.1±13.7        37.5±2.2           0.615     0.151    0.093 
 
Control            ND                  ND                      ND                   ND 
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis  and Multiple comparison according to Turkey Test. SD= Standard Deviation  
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Table 12: Levels(ppm) of Cd in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil             Root             Shoot        Seed             BCF           TF             EF   
 
1000               15.0±0.1       11.6±0.2          7.9±0.1         10.2±0.1       0.773         0.681   0.527 
 
1500        571.0±0.9      128.6±2.8        57.0±1.7       45.1±3.0       0.225         0.443   0.099 
 
Control           ND                 ND                    ND                ND 
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis  and Multiple comparison according to Turkey Test. SD= Standard Deviation  
 
 
Table 13: Levels(ppm) of Cu in Soil, Shoot, Root, Seed of Phaseolus vulgaris (Beans plant). and 
its Translocation (TF), Enrichment (EF) and Bioconcentration Factor (BCF) 
Amount  
Spiked              Soil             Root           Shoot       Seed                BCF         TF          EF   
  
1000               55.4±1.8       24.0±0.2          4.2±0.5       -0.1±0.5             0.433      0.175     0.076 
 
1500        534.8±9.4      224.2±15.7      44.0±8.2      23.4±0.9           0.419      0.196     0.082 
 
Control            ND                ND                   ND               ND 
Data are presented as Mean ±SD.  No significant different was observed at p < 0.05 using 
ANOVA Analysis and Multiple comparison according to Turkey Test. SD= Standard Deviation  
 
CONCLUSION 
From the result obtained and the translocation factor (TF), Bioconcentration Factor(BCF) and 
Enrichment Factor(EF) calculated, it can be concluded that, the Phaseolus vulgaris (Beans 
plant), may serve as phytostabilizers or metal excluders of Zn, Pb , Cd and Cu  in the soil for 
having higher values of BCF and EF than TF.  Phaseolus vulgaris (Beans plant), may stabilize 
element for having higher value of BCF and EF than the TF and May also serve as Cd 
Phytoextractor or Metal indicator for having higher value of TF than the EF, whereas Phaseolus 
vulgaris (Beans plant), may serve as a phytoextractor for Cd and Cu or Metal Indicator in soil for 
having higher TF values.   
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