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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, and 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 separate 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 was washed with 
water and carefully separated into roots, shoots, and seeds, 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. 
 
Keywords: Keywords: Soil, Metal, Absorption, and Plant. 

 

 
 
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 (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 
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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: Cr2O

72− 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 structure must be considered when studying clay’s adsorbability. 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 
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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 S.S.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. 
  
 METHODOLOGY 
 Sampling Area 

This study was conducted at Nguru (Nguru and Garbi) Local Government Area of 
Yobe State of Nigeria. Nguru (or N'Gourou) (Nguru and Garbi) is a Local Government 
Area in Yobe State, Nigeria. Its headquarters are in the town of Nguru near the Hadejia 
River at 12°52′45″N 10°27′09″E. It has an area of 916 km² and a population of 150,632 at 
the 2006 census. The town probably dates from around the 15th century. There is a variety 
of landscape types in the area, including the protected Hadejia-Nguru wetlands of Nguru 
Lake, and the "Sand Dunes", a semi-desert area. 

 
 

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 used to 
dig the soil to a depth of 25cm. Samples were 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 by  Ahalya et al. (2005). The soil 
will receive 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 
washed thoroughly in the laboratory with distilled water, and 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 was 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 
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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). 
 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 be 
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 
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% 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 
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 be 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 were 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). 
 
 3.9 Determination of Soil Organic Carbon 

The percentage of carbon was determined from a previous study, conducted by Erik 
Beiegrohslein, using the same soil samples (Beiergrohslein, 1998). The percentage of organic 
matter in the sample was determined from the percentage of carbon based on the relation OM % 
= C % × 1.732 (Zhang, 2004).  OM% represents the percentage of organic matter in the soil and 
C% is the percentage of carbon in the soil. 
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  The Bioconcentration Factor (BCF) of metals was used to determine the number 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 
ANOVA, followed by multiple comparisons using Turkey test. A significant level of (P ≤ 0.05) 
was used throughout the study. 
  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 play an important role in the sorption of heavy metals, it control 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. 
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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 5=Nguru 

 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 
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  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 content 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 
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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). 
 

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. 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). 
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. 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. Showed the variation in the level of zinc, in experimental pot spiked with the element 
1000ppm and 1500ppm. The 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. 

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). 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. 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.  
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Table 4.2: 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  
 
Table 4.3: 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 difference was observed at p < 0.05 using 
ANOVA Analysis and Multiple comparisons according to Turkey Test. SD= Standard Deviation  
 
Table 4.4: 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 comparisons according to Turkey Test. SD= Standard Deviation  
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Table 4.5: 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 difference was observed at p < 0.05 using 
ANOVA Analysis and Multiple comparisons according to Turkey Test. SD= Standard Deviation  
 

 Plants with exceptional metal-accumulating capacity are known as hyperaccumulator 
plants (Cho-Ruk, K. et al., 2006). Phytoremediation takes the advantage of the unique and 
selective uptake capabilities of plant root systems, together with the translocation, 
bioaccumulation, and contaminant degradation abilities of the entire plant body (Hinchman et 
al., 1998). The accumulation and translocation of Zinc in experimental pot spiked with the levels 
of 1000ppm, 1500ppm and Zn, for Phaseolus vulgaris (Beans plant), it was observed that, 
uptake of zinc at concentration of 1000ppm, and 1500ppm in the experimental pots were found 
in the soil but with maximum amount translocated to the root at higher level than the seed in the 
plant Phaseolus vulgaris (Beans plant)  (Table 4.2).The stat istical analysis using One Way 
ANOVA and multiple comparisons by tukey test showed that there is no significance difference 
at (P˂0.05). Observation has been made with the report of Shiva et al. (2016), who reported that 
the plant Phaseolus vulgaris (Beans plant).  Accumulated high level of the metal Zn in the root 
(421.4±36.6ppm) compare to the shoot and seed (144.8ppm and128.1ppm) respectively. The 
results were found statistically different at P˂0.05, Zn is rapidly transported via the xylem to the 
shoot (Riceman and Jones, 1958). In rice plant, adequate Zn supply leads to a high proportion of 
Zn located in the shoots (especially stems), while with toxic level of Zn supply (150 μmol/L), a 
higher proportion of total Zn may accumulate in the roots (Jiang et al., 2007). The efficiency of 
root-to-shoot-to-seed translocation is theoretically dependent on four processes (Lasat et al., 
1996; Palmgren et al., 2008): (1) Zn sequestration in the root; (2) efficiency of the radial 
symplastic passage; (3) xylem loading capacity; and, (4) Zn movement efficiency in the xylem 
vessels. It has been suggested that decreased root cell sequestration may facilitate enhancing Zn 
root-to-shoot-seed translocation in the hyperaccumulators (Yang et al., 2006). It has been 
reported that, in a non-accumulator plants much more of zinc absorbed are sequestered in the 
root, possibly via storage in the vacuoles and rendered unavailable for translocation to the shoot 
(lasat et al., 1998). It has been envisaged that, the first symptom to present itself in most species 
exhibiting Zn toxicity is a general chlorosis of the younger leaves (Ren et al., 1993; Fontes and 
Cox, 1995). Depending on the degree of toxicity this chlorosis can progress to reddening due to 
anthocyanin production in younger leaves (Harmens et al., 1993 
 Lead (Pb) 
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High concentration of Pb accumulated by Phaseolus vulgaris (Beans plant) 1000ppm and 
1500ppm Pb were found in the root, the same observation was made for the plant. The statistical 
analysis using One Way ANOVA and multiple comparisons by tukey test showed that there is no 
significance difference at (P˂0.05) as shown in Appendix 2.  
No noticeable symptoms were observed in the germination and growth of the experimental 
plants for Phaseolus vulgaris (Beans plant) (figure 4.5a and b) compare with the control 
experiment (Figure 4.9a and b). Although at 1500ppm poor growth of Phaseolus vulgaris 
(Beans plant) was observed (Figure 4.5a), this effect did not however show at higher level of the 
element (1500ppm Pd). Report has it that, when plants are exposed to lead, even at micromolar 
levels, adverse effects on germination and growth can occur (Kopittke et al. 2007). Earlier study 
has shown also that, lead induced inhibition of seed germination in Hordeum vulgare 
(Tomulescu et al., 2004). Lead adsorption onto roots has been documented to occur in several 
plant species: Vigna unguiculata (Kopittke et al., 2007), Festuca rubra (Ginn et al., 2008), 
Brassica juncea (Meyers et al., 2008), Lactuca sativa (Uzu et al., 2009), and Funaria 
hygrometrica (Krzesłowska et al., 2010). Lead is not an essential nutrient for plants, majority of 
Pb is easily taken up by plants from the soil and accumulated in root while only small fraction 
was translocated upward to the seeds (Patra et al., 2004). At the molecular level, the mechanism 
by which lead enters roots is still unknown. Lead may enter the roots through several pathways, 
and a particular pathway is through ionic channels. Although, lead uptake is a non-selective 
phenomenon, it nonetheless depends on the functioning of an H+/ATPase pump to maintain a 
strong negative membrane potential in rhizoderm cells (Wang et al., 2007). Inhibition of lead 
absorption by calcium is well-known (Kim et al., 2002) and is associated with competition 
between these two cations for calcium channels (Huang and Cunningam 1996). 

Once lead has penetrated into the root system, it may accumulate there or may be 
translocated to aerial plant parts. For most plant species, the majority of absorbed lead 
(approximately 95% or more) is accumulated in the roots, and only a small fraction is 
translocated to aerial plant parts, as has been reported in Vicia faba, Pisum sativum, and 
Phaseolus vulgaris (Shahid et al. 2011), V. unguiculata (Kopittke et al., 2007), Nicotiana 
tabacum, (Gichner et al., 2008), Lathyrus sativus (Brunet et al., 2009), Zea mays (Gupta et al., 
2009), Avicennia marina (Yan et al., 2010), non-accumulating Sedum alfredii (Gupta et al., 
2010), and Allium sativum (Jiang and Liu, 2010). This is in agreement with results of this study 
for Pb in the plants. However, these reasons are not sufficient to explain the low rate of lead 
translocation from root to seed. Report has it that, the endoderm, which acts as a physical barrier, 
plays an important role in this phenomenon. Indeed, following apoplastic transport, lead is 
blocked in the endodermis by the Casparian strip and must follow symplastic transport (Pourrut 
et al., 2017). Although many metals display the translocation restriction phenomenon mentioned 
above, this phenomenon is not common to all heavy metals. Notwithstanding, this phenomenon 
in plants is both specific and very intense for lead. 
 Cadmium (Cd) 

In this study exposing Phaseolus vulgaris (Beans plant) to Cd showed different growth 
rate at 1000ppm, and 1500ppm.  Accumulation of the element in the parts of the plant increases 
as the concentration of the spiked Cd increases with high level observed in the roots at 1500ppm 
Cd (Table 4.3). The result was found statistically different at P˂0.05 as shown in Appendix 2. 
Low concentration of Cd was retained in the seed at 1000ppm Cd in the experimental pots. This 
observation is in agreement with the report of Hartel et al. (1998), who observed higher shoot Cd 
accumulation in bread wheat cultivar reflects differential distribution of Cd between roots, shoots 
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and seed and is not the result of the slightly greater uptake by bread wheat roots. Similar 
observation was made on Cyperus rotundus accumulation capacity by Subhashini and Swamy 
(2014). Report has it that the plant was found to accumulate high level of Cd in the root. Sao et 
al. (2007) also reported that high level of metal Cd was found in the root (2.17±0.04) with shoot 
having (1.14±0.03).  Generally it is suggested that the important uptake route in plants are the 
roots, and it is expected that roots will have a higher uptake as compared to the shoot, and seed 
(Fritioff and Greger, 2007). It has been reported that, the accumulation of Cd in the shoots of an 
emergent plant is generally dependent on the roots as its primary source (John et al., 2008). Root 
morphology plays an important role in the ability of plants to accumulate heavy metals generally 
plants with long, fine roots formed a larger root system which in turn helps in efficient 
acquisition of nutrients or metal than those plants which have a short and thick root (Xie and Yu, 
2003). A heavy metal ATPase was suggested to be involved in Cd accumulation in vacuoles of 
root cells causing Cd retention in roots and decreasing the transport to the shoot and seed 
(Miyadate et al., 2011). 
Translocation of Cd from root to seed has been studied in several species, including ryegrass 
Secale cereal, (Jarvis et al., 1976), tomato (Lycopersicon esculentum; Petit and vande Geijn, 
1978), bean (Phaseolus vulgaris; Hardiman and Jacoby, 1984), maize (Yang et al., 1995), and 
durum wheat (Jalil et al., 1994). Movement of Cd from roots to seed is likely to occur via the 
xylem and to be driven by transpiration from the leaves. Evidence for this was provided by Salt 
et al. (1995), who showed that ABA-induced stomatal closure dramatically reduced Cd 
accumulation in shoots of Indian mustard. In this study however, high level of Cd was observed 
in root (248.4±6.4) of Phaseolus vulgaris (Beans plant), this is when the level in the soil was 
increased to 1500ppm (Table 4.4). The statistical analysis using One Way ANOVA and multiple 
comparisons by tukeys test showed that there is no significance difference at (P˂0.05) as shown 
in Appendix 2. This observation is in agreement with the report of Hartel et al. (1998), who 
observed higher shoot Cd accumulation in bread wheat cultivar reflects differential distribution 
of Cd between roots and shoots and is not the result of the slightly greater uptake by bread wheat 
roots. As described earlier Cd not only prefers to form bonds with sulphydryl ligand groups, but 
also binds to N and O ligand groups. Thus, cysteine and other sulphydryl- containing compounds 
(phytochelatins, glutathione etc.) and various organic acids (citrate) and other amino acids in 
xylem sap could be important in transporting Cd from roots to shoots to seed (Hasan et al., 
2009).  The presence of Cd decreased the content of chlorophyll and carotenoids and increased 
non-photochemical quenching in Brassica napus (Larsen et al., 1998). Similarly, the synthesis 
and level of chlorophyll decreased in other plant species under the influence of the cadmium ( 
Stiborova et al., 1986; Griffiths et al., 1995; Pandey et al., 2007).   
 COPPER 

Copper is a heavy metal, present in soil, water and air, usually in trace amounts. 
However, rapid industrialization and urbanization during the recent past have caused 
accumulation of Cu and many others trace elements in varied habitats where from the acquisition 
by the plants and their further transfer to human and animal population may affect the life forms 
seriously. There are a number of reports of stimulation of growth in higher plants by low 
concentrations of Cu in the nutrient medium (Mishra and Kar, 1974; Welch, 1981). In this study 
absorption of Cu when its concentration in the soil was amended with; 1000, and 1500ppm Cu 
showed no sign of toxicity effect on C. rotundus plant (Figure 4.7a).Similarly H. vulgare plant 
exposed to Cu showed no visible phenotypical changes at different spiked concentration of, 
1000ppm and 1500ppm Cu. Copper has been classified as one among the essential micro 
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nutrients and remains associated with some metallo enzymes. Browen et al. (1987) have 
demonstrated that Cu is an essential micronutrient for H.  vulgare which failed to complete its 
life cycle in the absence of Cu and addition of Cu to the growth medium completely alleviated its 
deficiency symptoms. On the other hand, physiological role of copper and its toxic effects on 
higher plants (Seregin and Kozhevnikova, 2006) and phytotoxic effects of the metal have also 
been observed (Agarwal et al., 1976). Growth of most plants species is adversely affected by 
tissue concentration above 50 µgg-1 dry weight. Report has that; it is toxic at elevated 
concentration in plant (srivastava et al., 2005).  

The result was found statistically different at P=0.05. It has been extensively reported that 
the higher concentration of Cu was found in the above-ground root of plants rather than in the 
seeds (Shallari et al., 1998; Broadhurst et al., 2004; Bani et al., 2007). Nevertheless, different Cu 
distribution patterns were observed in other plant species. For example, Marques et al. (2009) 
reported that in Rubus ulmifolius, Cu was only distributed in the root. In this study, much of the 
metals were observed to accumulate in the root for Phaseolus vulgaris (Beans plant). The result 
was found statistically different at P˂0.05 as shown in Appendix 2.  In an endemic serpentinic 
Proteaceae of New Caledonia Grevillea exul var. exul, Cu was highest in the roots, lower in 
stems with a higher accumulation in the basal part than in the upper one and, not detectable in 
leaves (Rabier et al., 2008). The high amount of Cu in the roots and the poor translocation to the 
seed in D. innoxia may be explained by a sequestration of Cu on the cation exchange sites of the 
xylem parenchyma vessel walls in roots and immobilization in the vacuoles of the root cells 
(Jean et al., 2008). Uptake of Cu by plants depends upon various factors, the most important of 
course, being the ionic, Cu concentration in the medium ( Roth et al., 1991).The Soil pH values 
below 5.6 seem to favour the absorption of Cu and is largely due to the fact that the 
exchangeable Cu content of the soil increases with the increasing soil acidity (Mizuno, 1968).  

The TF value of Cd in Phaseolus vulgaris (Beans plant), at 1000 is 0.904 at 1500 is 0.413 
where as control has no TF value as shown in table 4.5. This shows that the plant Phaseolus 
vulgaris (Beans plant), has the ability to absorb and translocation the metal Cd to the above 
ground tissue. The BCF value of less than was observed at 1000 and 1500ppm while at the BCF 
value is greater than one which indicated the ability of the plant to translocation the metal Cd as 
shown in table 4.5. Whereas the control has the TF value of 1.01 as shown in table 4.5. This 
shows that the plant Phaseolus vulgaris (Beans plant),can absorb and translocation the metal Cd 
to the root at 1000 and 1500ppm.Although at 1000 and 1500 the value is 0.577 0and 0.676 
respectively as shown in table 4.9, the TF value is greater than one as well as control which 
shows that the metal Cd stored at the shoot. The BCF value are greater than one at 1000 and 
1500ppm which also indicate the ability of the plant Phaseolus vulgaris (Beans plant), to absorb 
and accumulate Cd metal whereas at 1500 the BCF value is less than one. The plant may also be 
Cu Phytoextractor or Metal indicator for having higher value of TF than the BCF and EF. The 
TF Value of Cu metal  in Phaseolus vulgaris (Beans plant), at 1000  is  0.248  and at  1500   is  
0.261, where  as the  control has a no TF value as  shown  in  table  4.5.  This shows that the 
plant Phaseolus vulgaris (Beans plant), can absorb ground tissue. The BCF value of both the 
three concentration are higher than one which indicate the ability of the plant to absorb and 
accumulate the metal Cu as shown in table 4.5.Whereas in Phaseolus vulgaris (Beans plant), the 
TF value of Cu metal at1000 is 0.106 at 1500 is 0.364 where as the control has no TF Value. 
Which indicate that the plant Phaseolus vulgaris (Beans plant), has the ability to absorb and 
accumulate the metal Cu in the root zone of the plant. The BCF values are all greater than rest of 
the elemental concentration which also indicated the ability of the plant to absorb Cu metal. The 
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plant may serve as phytostabilizers or metal excluders of Cu in the soil for having higher values 
of BCF and EF than TF. 

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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