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Abstract. Accumulation of heavy metals – Cadmium (Cd), Lead (Pb), Zinc (Zn), Copper (Cu) and 
Manganese (Mn) in root, stem and leaves of Indian mustard (Brassica juncea L.) grown on loamy coastal 
soil amended with different doses (100, 75, 50, 20, and 10 tha-1) of municipal solid waste compost was 
assessed during a period of 45 days. Heavy metal accumulation in root, stem and leaves of the plants were 
significantly different across different amendments and sole soil (P < 0.05). The ranking order of 
accumulated and translocated concentration of the heavy metals was Pb > Zn > Cu > Cd > Mn in the 
roots, which changed to Mn > Pb > Zn > Cd > Cu in the stem and to Mn > Pb > Cd > Zn > Cu in the 
leaves of the plants. The ranking order of heavy metal accumulation in different parts of the plant was 
root>stem>leaves for Pb, Zn, Cu and Cd; however, it was stem>leaves>root for Mn across all the 
treatments. The accumulation of the metals increased gradually and significantly with the passage of time 
in days from 15 to 45 days (p < 0.05). 
Keywords: Bioaccumulation, Mobility Index, Phytoremediation, Translocation 

Introduction 

Municipal solid waste (MSW) including industrial waste when dumped in result Soil 
pollution causing heavy metal contamination of soil (Reddy and Pattnaik, 2009). The 
cause of the contamination is the presence of a broad range of inorganic and organic 
toxicants including the heavy metals, petroleum products and hazardous wastes (Ghosh 
and Singh, 2005). Heavy metals are the main component of the inorganic pollutants, and 
are at elevated concentrations (Reddy and Pattnaik, 2009). The heavy metals because of 
their persistence nature cause Soil and subsequently water pollution of the biosphere 
(Lasat, 2002). In the present century with advanced technologies and technical progress 
soil contamination by various pollutants has become one of the most significant 
environmental problems, which is likely to become more severe and widespread in the 
future. Sources of heavy metal contaminants in soils also include metal and ferrous 
mining and smelting, metallurgical industries, sewage sludge dumping, and 
contemporary agricultural practices – indiscriminate use of agricultural fertilizers 
(Alloway, 1995). Organic wastes including MSW compost are applied worldwide to 
improve soil physical properties and available soil nutrient levels and soil fertility 
ensuing in better plant growth mainly under low input agriculture (Gallardo-Lara and 
Nogales 1987; He et al., 1992; Ou eedraogo et al., 2001; Stamatiadis et al., 1999; De 
Jager et al., 2001). The main problems that can arise from excessive application of 
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MSW compost are plant toxicity due to salt contents (Stamatiadis et al., 1999) and 
accumulation of trace metals in plants which may pose a health risk when humans or 
livestock consume the plants and their products (Petruzzelli, 1996; Cabrera et al., 1989). 

Heavy metals, consequently, are of immense concern in the environment, because of 
its persistence and bioaccumulation and biomagnifications causing eco-toxicity to plants 
and animals including human beings (Kirkham, 2006). The removal of toxic heavy 
metals from waste is a major challenge for environmental managers and technologists. 
Some of the heavy metals e.g. Zn, Cu, Mn and Ni may be important essential 
micronutrients for plants, animals including human beings, while other highly toxic 
ones like Hg, Cd, As and Pb are hardly known to have any positive nutritional effects. 
Most of the heavy metals may cause toxic effects when occur in unwarranted 
concentrations, some of them even at a low concentration. Some of the heavy metals are 
not vital elements for plants, but can be readily taken up, translocated and accumulated 
in various plant parts. They pose a serious threat to human health reaching the body 
through food chains (Intawongse and Dean, 2006). Heavy metals when accumulate in 
high doses, also affect plants causing stunted growth and reducing their biomass 
production. Several effective ex-situ and in-situ remediation methods such as soil 
amendments, washing and replacement of polluted soils are applied for soil 
bioremediation, though most of them are too expensive and time consuming, and also 
require enormous amount of water and unpolluted soil (Abe et al., 2006). Now a day, 
phytoremediation has attracted great attention as a new and inexpensive environmental 
biotechnology (Salt et al., 1998) and it can be an ecosustainable mode of heavy metals 
removal using wetland plants (Rai, 2008). Phytoremediation involves the use of plants 
to remove, transfer, stabilize or degrade contaminants in soil, sediment and water 
(Hughes et al., 1997). Several comprehensive reviews have been written, summarizing 
different aspects of this novel plant- based technology (Raskin et al., 1997; Meagher, 
2000; Garbisu and Alkorta, 2001; Prasad and Freitas, 2003; Alkorta et al., 2004; Pilon-
Smits, 2005). 

Phytoremediation technology involves removal of heavy metals from soil by 
accumulating in different plant parts. It is based on the capacity of the roots to absorb, 
concentrate and translocate the toxic metals from soil to the above ground plant parts. 
For instance, roots usually show higher heavy metal concentration than shoots, because 
they are the origin, and remain in contact with the toxic metals present in the soil 
(Breckle, 1991). In practice, metal-accumulating plants are seeded or transplanted to 
metal-contaminated soil and are cultured using conventional agricultural practices. The 
roots of cultivated plants absorb the metals from the soil and translocate them to the 
above-ground plant parts. After adequate plant growth and metal accumulation, the 
above- ground parts of the plant are harvested and taken out. This results in the 
permanent removal of metals from the site. The ideal plant for use in phytoextraction 
should have the following traits: (i) ability to accumulate the metal(s) intended to be 
extracted, preferably in the aboveground parts; (ii) tolerance to high metal 
concentrations in soils; (iii) fast growth and high accumulating biomass; (iv) easily 
grown as an agricultural crop and fully harvestable (Marchiol et al., 2004). Plants of the 
Brassicaceae are found to be promising for phytoremediation of metals, and different 
genera of the Brassicaceae are known to hyper-accumulate heavy metals such as Pb, Cd, 
Zn and Ni (Prasad and Freitas, 2003). At present, Indian mustard (B. juncea) is among 
the most viable candidates for the phytoextraction of a number of metals including Cd, 
Cr, Cu, Ni, Pb, and Zn (Kumar et al., 1995; Blaylock et al., 1997). However, there are 
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other factors that directly influence heavy metal concentration within plants, such as 
climate, nature of soil on which the crop is grown and the degree of maturity of the 
plant at harvesting (Scott et al., 1996; Voutsa et al., 1996). The nature of soil is 
considered as one of the important factors that determine heavy metal content of food 
plants (Itanna, 2002; Madyiwa et al., 2002a, b). 

Though some investigations have been conducted on remediation of various heavy 
metals by different crop plants (Bunzl et al., 2001; Othman, 2001; Yusuf et al., 2002), 
little information is available on the bioaccumulation, mobility, and remediation of 
heavy metals by vegetable crop plants grown in soil amended with municipal solid 
waste compost particularly in tropical countries including India (Li et al., 2007; Gupta 
and Sinha, 2007; Gupta et al., 2008; Kumar et al., 2009). Xiong and Wang (2005) 
studied the copper toxicity and bioaccumulation in cabbage (Brassica pekinensis Rupr.) 
in China. Shyama et al. (2009) studied phytoextractive potential among mustard 
(Brassica juncea ) genotypes in Srilanka, Kumar et al. (2009) reported about hyper 
accumulation and mobility of heavy metals in vegetable crops in India. Gupta and Sinha 
(2007) showed the phytoextraction capacity of the Chenopodium album L. grown on 
soil amended with tannery sludge. The present study attempted to assess for the first 
time the bioaccumulation and determine the bio-transfer factor of Cd, Pb, Zn, Cu and 
Mn in Indian mustard (B. juncea ) grown on lateritic loamy soil amended with 
municipal solid waste compost. 

Materials and methods 

Collection of samples  

The present experiment was carried out under the field conditions in Pondicherry 
university campus. The MSW compost for the experiment was collected from the main 
garbage dumping site – Karravadikuppam of Puducherry, a small town and the 
erstwhile French colony, about 160 km from Chennai on the east coast of India, and 
brought to the university campus for amendment of soil, lateritic loamy in nature. 
 

Field experiment design  

The field experiment was conducted with randomized block design of total 21 plots, 
seven treatments each with three replicates. Each experimental plot measured 30 × 30 
cm2, which was amended with different doses of compost of MSW (100, 75, 50, 20 and 
10t ha-1), control (the sole native soil) and three pits each of 30 × 30 × 30 cm2 filled with 
the sole MSW compost. The MSW compost was broad casted on the surface and mixed 
thoroughly with the soil by hand digging 5 days prior to seed sowing. After the MSW 
compost application, seeds of B. juncea were sown on the surface of each treatment and 
also in control (without application of any MSW compost) at the density of 100 plants 
per plot per treatment. During the period of the experiment Plants were regularly 
watered with tap fitted with a shower. Plants were carefully harvested along with the 
root at 15days, 30days and 45days of the experiment, and root, stem and leaves were 
separated with the help of a sharp scalpel to carry out the heavy metal analysis of the 
plant parts i.e., roots, stem and leaves. 
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Plant analysis 

Analyses of metals of roots, stem and leaves of the plants were carried out by the 
method described by Li et al. (2007). Root, stem and leaves were washed thoroughly 
with deionized water to remove adhered soil particles, and then air-dried for 48 hours, 
followed by oven-drying at 70 °C for 48 hours and their dry weights were recorded. 
Dried plant tissue was ground to fine powder and burnt to ash at 650 °C in muffle’s 
furnace. It was digested with a mixture of HNO3 + HClO4 following the method of 
Shahmansouri et al. (2005) and Epelde et al. (2008). The total heavy metal 
concentrations (Cd, Cu, Pb, Mn and Zn) of all the plant samples were then determined 
by using Atomic Absorption Spectrophotometer (AAS) of GBC make – Model Avanta 
PM. 

 
Biological Accumulation Coefficient (BAC) and Biological Transfer Coefficient 
(BTC) 

The Biological Accumulation Coefficient (BAC) of a plant in relation to certain 
heavy metals is the metal concentration of its aboveground part (mainly leaf or leaf plus 
stem) divided by the same metal content in soil (Kumar et al., 2009). Biological 
Transfer Coefficient (BTC) is the heavy metal concentration of aboveground plant 
tissues divided by the concentration of same metal in roots (Li and Xiong, 2004; Li et 
al., 2007; Mishra et al., 2008), while Mobility Index (MI) for each level was calculated 
to determine relative translocation of metals at Level1(soil to root), Level 2 (root to 
stem) and Level 3(stem to leaves) of the plant species  by using the formula 
concentration of metal in receiving level divided by concentration of the same metal in 
the source level (Barman et al., 2000; Gupta et al., 2008; Kumar et al., 2009). 

 
Statistical Analysis 

Statistical evaluation was applied to the data collected from the study, and the values 
were presented as the mean ± SD (standard deviation). Two way ANOVA was used to 
determine the significant difference between heavy metal contents of different plant 
parts (root, stem and leaves). 

Results 

Accumulation of Heavy Metals in the plants grown in soil amended with MSW 
compost in relation to that grown in native soil 

The concentrations of the heavy metals Pb, Mn, Zn, Cd and Cu in root, stem and 
leaves of B. juncea across different treatments were compared with that of the control. 
The concentrations of the metals were higher in all plant parts under the influence of 
treatments compared to that of the control (Fig. 1, 2, 3, 4 and 5). The ranking order of 
accumulation of the heavy metals were Pb > Zn > Mn > Cu > Cd for roots and Mn > Pb 
> Zn > Cu > Cd for stem and leaves. The concentrations of Pb, Zn, Mn, Cd and Cu in 
different plant parts increased from 15 to 30 days and were highest at 45 days. The 
order of accumulation of the heavy metals in different parts of B. juncea was root > 
stem >l eaf for Pb, Zn, Cu and Cd; and it was stem>leaf>root for Mn across all the 
treatments. 
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Figure 1.  Concentration (ppm) of  Pb in different plant parts (Root, Stem and Leaves) at 15 

days, 30 days and 45 days across the treatments 
 
 
Accumulation of Pb was significantly higher in root than that of stem and leaves (p < 

0.05) across all the amendments (Table 2) (Figure 1), and on the contrast, it was 
significantly lesser in plants grown in control than that in treatments (p < 0.05) (Table 
2). 

 
 

 
Figure 2.  Concentration (ppm) of  Zn in different plant parts (Root, Stem and Leaves) at 15 

days, 30 days and 45 days across the treatments 
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Figure 3.  Concentration (ppm) of  Mn in different plant parts (Root, Stem and Leaves) at 15 

days 30 days and 45 days across the treatments 
 
 

 

Figure 4. Concentration (ppm) of  Cu in different plant parts (Root, Stem and Leaves) at 15 
days, 30 days and 45 days across the treatments 

 
 
The accumulation concentration increased significantly from 15 days to 45 days (p < 

0.05). The ranges of Pb accumulation were 36.9 to 4703.4 ppm, 34.0 to 3627.3ppm and 
33.4 to 1541.9ppm in root, stem and leaves, respectively at 15 days across the 
treatments as well as soil. Similarly, the ranges were 52.22 to 4828.7 ppm, 37.4 to 
3850.2 ppm and 34.2 to 1968.4 ppm in root, stem and leaves, respectively at 30 days 
while it ranged from 64.7 to 5405.3 ppm, 47.1 to 2036.1 ppm and 39.9 to 2123.6 ppm in 
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root, stem and leaves, respectively at 45 days across the treatments and soil. Similarly, 
Zn accumulation was significantly higher in root than that of stem and leaves (p < 0.05) 
(Table 2) (Figure 2). However, its accumulation was significantly less in plant grown in 
control than that in treatments (p < 0.05) (Table 2).The accumulation of Zn increased 
significantly from 15 days to 45 days (p < 0.05). The ranges of Zn accumulation were 
60.9 to 2638.0ppm, 49.9 to 1341.6 ppm and 46.2 to 1108.1ppm in root, stem and leaves, 
respectively at 15 days across the treatments and soil, while the ranges were 67.8 to 
2888.5ppm, 63.0 to 1572.3ppm and 53.7 to 1221.4ppm in root, stem and leaves, 
respectively at 30 days whereas it ranged from 71.9 to 5677.7ppm, 71.5 to 2434.0ppm 
and 57.8 to 1666.8ppm in root, stem and leaves, respectively at 45 days across the 
treatments and soil. The accumulation of Mn was also significantly higher in stem than 
that of leaves and root (p < 0.05) (Table 2) (Figure 3). Its accumulation was 
significantly lesser in plants grown in control than that in the treatments (p < 0.05) 
(Table 2).The accumulation of Mn increased significantly from 15 days to 45 days (p < 
0.05). Its concentration was more in stem than that in leaves and root. The ranges of Mn 
accumulation were 46.0 to 2041.5ppm, 57.0 to 3781.0 ppm and 50.1 to 3260.8 ppm in 
root, stem and leaves, respectively at 15 days across the treatments and soil. The range 
were 80.8 to 2962.9ppm, 81.4 to 4675.3 ppm and 61.0 to 3049.5 ppm in root, stem and 
leaves, respectively at 30 days, whereas it ranged from 68.9 to 2974.6 ppm, 89.8 to 
4552.3 ppm and 66.4 to 3003.4 ppm in root, stem and leaves, respectively at 45 days 
across the treatments and soil. 

 
 

 
Figure 5.  Concentration (ppm) of Cd in different plant parts (Root, Stem and Leaves) at 15 

days, 30 days and 45 days across the treatments 
 
 
Cu accumulation was as well significantly higher in root than that of stem and leaves 

(p < 0.05) (Table 2) (Figure 4); while its accumulation was significantly lesser in plant 
grown in control than that treatments (p < 0.05) (Table 2).The accumulation increased 
significantly from 15 days to 45 days (p < 0.05).The ranges of Cu accumulation were 



Satpathy – Reddy: Phytoextraction of Cd, Pb, Zn, Cu and Mn by Indian mustard (Brassica juncea L.) grown on loamy soil 
- 668 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(4): 661-679. 
http://www.ecology.uni-corvinus.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

 2013, ALÖKI Kft., Budapest, Hungary 

80.0 to 751.7 ppm, 79.0 to 669.1 ppm and 82.5 to 666.7 ppm in root, stem and leaves, 
respectively at 15 days across the treatments and soil. The range were 82.8 to 926.6 
ppm, 81.8 to 763.1ppm and 80.2 to 683.6 ppm in root, stem and leaves, respectively at 
30 days whereas it ranged from 78.1 to 1306.8 ppm, 84.7 to 764.3 ppm and 82.9 to 
754.8 ppm in root, stem and leaves, respectively at 45 days across the treatments and 
soil. Cd accumulation too was significantly higher in root than that of stem and leaves 
(p < 0.05) (Table 2) (Figure 5). Its accumulation was significantly lesser in plants 
grown in control than that in other treatments (p < 0.05) (Table 2).The accumulation of 
Cd increased significantly from 15 days to 45 days (p < 0.05).Its concentration was 
more in root than that in stem and leaves. The ranges of Cd accumulation were 41.5 to 
367.2 ppm, 13.4 to 287.8 ppm and 37.1 to 292.7 ppm in root, stem and leaves, 
respectively at 15 days across the treatments and soil; and were 50.9 to 410.2 ppm, 24.4 
to 258.8 ppm and 32.9 to 379.5 ppm in root, stem and leave respectively at 30 days 
whereas it ranged from 60.9 to 610.6 ppm, 68.0 to 258.9 ppm and 55.4 to 495.4 ppm in 
root, stem and leaves respectively at 45 days across the treatments and soil. 

 
 
Table 1. Types of treatments 

Treatments Description 
T1 100 % MSW 
T2 100 t of MSW /ha 
T3 75 t of MSW /ha 
T4 50 t of MSW /ha 
T5 20 t of MSW /ha 
T6 10 t of MSW /ha 
T7 0 t of MSW /ha (Soil) 

 
 

Percentage translocation of heavy metals from soil substrate by the plant parts 

Removal of Pb by root, and translocated to stem and leaves was 0.04 to 0.05 %, 0.01 
to 0.05 % and 0.01 to 0.02 % respectively across different treatments and control, while 
removal of Zn by root, and translocated to stem and leaves was 0.04 to 0.1 %, 0.02 to 
0.03 % and 0.01 to 0.03 % respectively across different treatments and the control. 
Removal of Mn by root and translocated to stem and leaves was 0.03 to 0.07 %, 0.05 to 
0.2 % and 0.04 to 0.1 % respectively across different treatments and native soil; while 
removal of Cu by root, and translocated to stem and leaves was 0.03 to 0.07 %, 0.03 to 
0.04 % and 0.02 to 0.03 % respectively across different treatments and native soil. 
Removal of Cd by root, and translocated to stem and leaves was respectively, 0.04 to 
0.07 %, 0.02 to 0.05 % and 0.03 to 0.04 % across different treatments and native soil. 
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Table 2. Analysis of variance (ANOVA) of concentrations of Pb, Zn and Mn in different 
parts of plants grown across different treatments 

Source of 
Variation 

SS df MS F 

Pb 
(15 days) 

    

Across treatments 25514581 6 4252430 10.54015** 
Across plant parts 4510207 2 2255103 5.589542** 

Error 4841405 12 403450.4  
Total 34866193 20   

(30 days)     
Across treatments 30087721 6 5014620 12.79857** 
Across plant parts 6182085 2 3091042 7.889117** 

Error 4701732 12 391811  
Total 40971537 20   

(45 days)     
Across treatments 28119111 6 4686519 5.64561** 
Across plant parts 6580475 2 3290238 3.963582* 

Error 9961408 12 830117.3  
Total 44660994 20   
Zn 

(15 days) 
    

Across treatments 7186309 6 1197718 8.441567** 
Across plant parts 2972066 2 1486033 10.47362** 

Error 1702601 12 141883.4  
Total 11860976 20   

(30 days)     
Across treatments 9249815 6 1541636 8.08869** 
Across plant parts 3506063 2 1753032 9.197846** 

Error 2287098 12 190591.5  
Total 15042977 20   

(45 days)     
Across treatments 29085804 6 4847634 5.676915** 
Across plant parts 18449056 2 9224528 10.80256** 

Error 10247046 12 853920.5  
Total 57781906 20   
Mn 

(15 days) 
    

Across treatments 27030781 6 4505130 23.25432** 
Across plant parts 1620388 2 810194 4.182013* 

Error 2324796 12 193733  
Total 30975965 20   

(30 days)     
Across treatments 33510183 6 5585030 19.88166** 
Across plant parts 2515287 2 1257644 4.476976* 

Error 3370964 12 280913.6  
Total 39396434 20   

(45 days)     
Across treatments 35982895 6 5997149 12.48642** 
Across plant parts 3725823 2 1862912 3.878692* 

Error 5763525 12 480293.7  
Total 45472242 20   
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Table 3. Analysis of variance (ANOVA) of concentrations of Cu and Cd in different parts of 
plants grown across different treatments 

Source of Variation SS df MS F 
(15 days)     

Across treatments 806970.9 6 134495.2 231.0974** 
Across plant parts 13419.65 2 6709.826 11.52922** 

Error 6983.816 12 581.9846  
Total 827374.4 20   

(30 days)     
Across treatments 1075092 6 179182 37.66138** 
Across plant parts 52783.7 2 26391.85 5.547172** 

Error 57092.55 12 4757.713  
Total 1184968 20   

(45 days)     
Across treatments 1528695 6 254782.6 16.31979** 
Across plant parts 186985.8 2 93492.91 5.988575** 

Error 187342.5 12 15611.88  
Total 1903024 20   
Cd 

(15 days) 
    

Across treatments 205017.4 6 34169.56 32.63258** 
Across plant parts 16816.44 2 8408.219 8.030009** 

Error 12565.19 12 1047.099  
Total 234399 20   

(30 days)     
Across treatments 237949.3 6 39658.22 45.03361** 
Across plant parts 26623.45 2 13311.72 15.11603** 

Error 10567.63 12 880.636  
Total 275140.4 20   

(45 days)     
Across treatments 403935.3 6 67322.54 15.01891** 
Across plant parts 54168.63 2 27084.32 6.04221** 

Error 53790.22 12 4482.518  
Total 511894.1 20   

Level of significance **P < 0.01; *P < 0.05 
 
 
The Bio-Accumulation Coefficient (BAC) and Bio-Transfer Coefficient (BTC) 

The BACs explain the accumulation of the heavy metals in different parts of the 
plant across the treatments with respect to soil as the substrate. The range of BACs of 
Pb for the plant was 1.9 to 2.2, 2.0 to 2.7 and 2.3 to 3.1 at 15, 30 and 45 days, 
respectively across different treatments and the soil. The range of BACs of Zn for the 
plant was 1.6 to 2.3, 1.8 to 2.7 and 2.5 to 4.8 at 15, 30 and 45 days, respectively across 
different treatments and the control. The range of Mn was 2.7 to 4.9, 4.1 to 5.0 and 5.0 
to 11.2 at 15, 30 and 45 days, respectively across different treatments and the soil. The 
range of BACs of Cu was 2.3 to 2.7, 2.6 to 3.5 and 2.8 to 4.2 at 15, 30 and 45 days, 
respectively across different treatments and the soil whereas for Cd the range was 1.7 to 
2.5, 2.3 to 4.3 and 2.9 to 4.4 at 15, 30 and 45 days, respectively across different 
treatments and the soil. The range of BACs showed that higher concentration of Pb, Zn, 
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Cd and Cu were accumulated in root than stem and leaves, while accumulating 
concentration of Mn was higher in stem and leaves than that of root. 

The BTCs indicate the mobility of the heavy metals across different plant parts 
across the treatments. It is the transfer of heavy metals from root to aerial parts (stem + 
leaves). The range of BTC of Pb was 1.0 to 1.8, 0.8 to 1.4 and 0.8 to 1.6 at 15, 30 and 
45 days, respectively across different treatments and the control. The range of Zn was 
0.7 to 1.6, 0.6 to 1.7 and 0.6 to 1.8 at 15, 30 and 45 days, respectively across the 
treatments and control. The range for Mn was 2.2 to 6.9, 1.8 to 5.5 and 2.1 to 6.4 at 15, 
30 and 45 days, respectively across different treatments and the soil. The range for Cu 
was 1.5 to 2.0, 1.0 to 2.0 and 0.8 to 2.1 at 15, 30 and 45 days, respectively across the 
treatments and the control whereas for Cd, the range was 1.0 to 1.6, 0.9 to 1.6 and 0.9 to 
2.0 at 15, 30 and 45 days respectively across the treatments and soil. The range for 
Accumulation of the heavy metals (Pb, Zn, Mn, Cu, and Cd) in B. juncea is positively 
and significantly (p < 0.001) correlated with the concentration of the heavy metals 
present in different treatments (Table 2). 

 
Mobility of Heavy Metals across the plant parts 

Mobility Index (MI) showed mobility and transport of heavy metals through different 
levels: Level 1, Level 2 and Level 3 in the plants, which becomes functional to 
understand the translocation mechanism of heavy metals across the plant parts, such as 
root, stem and leaves. 

In Level 1, the range of MI for Pb was 1.0 to 1.5, 0.8 to 1.0 and 0.7 to 0.9 at 15 days, 
30 days and 45 days, respectively across the treatments and native soil. In Level 2, the 
range of mobility factor was 0.7 to 1.0, 0.7 to 0.9 and 0.4 to 1.2 at 15 days, 30 days and 
45 days, respectively. In Level 3, the range of mobility factor was 0.2 to 1.0, 0.2 to 0.9 
and 0.3 to 1.0 at 15 days, 30 days and 45 days, respectively across the treatments and 
soil. 

The MI for Zn in Level 1 ranged from 0.8 to 1.0, 0.9 to 1.4 and 1.1 to 2.1 at 15 days, 
30 days and 45 days, respectively across the treatments and native soil; in Level 2, the 
range was 0.4 to 0.8, 0.4 to 0.9 and 0.4 to 1.0 at 15, 30 and 45 days respectively, across 
the treatments and native soil, and in Level 3, the range was 0.6 to 1.0, 0.5 to 0.9 and 
0.4 to 0.8 at 15, 30 and 45 days respectively, across the treatments and soil. 

The MI for Mn in Level 1 ranged from 0.8 to 1.0, 0.9 to 1.7 and 1.0 to 1.6 at 15 days, 
30 days and 45 days, respectively across the treatments and soil; in Level 2, the range 
was 1.2 to 3.7, 1.0 to 3.1 and 1.3 to 3.5 at 15 days, 30 days and 45 days, respectively 
across the treatments and soil, and in Level 3, range was 0.8 to 0.9, 0.7 to 1.0 and 0.5 to 
1.0 at 15, 30 and 45 days across the treatments and soil. 

In Level 1, the MI for Cu ranged from 0.9 to 1.0, 0.9 to 1.8 and 0.9 to 2.2 at 15 days, 
30 days and 45 days respectively across the treatments and soil. In Level 2, the range 
was 0.9 to 1.0, 0.8 to 1.0 and 0.5 to 1.1 at 15, 30 and 45 days respectively and across the 
treatments and soil. In Level 3 the range was 0.7 to 1.0, 0.6 to 1.2 and 0.8 to 1.0 at 15 
days, 30 days and 45 days respectively across the treatments and soil. 

In Level 1, for Cd however, the MI ranged from 0.9 to 1.0, 1.1 to 2.2 and 1.2 to 2.3 at 
15 days, 30 days and 45 days respectively across the treatments and soil. In Level 2, the 
range was 0.3 to 0.8, 0.3 to 0.6 and 0.3 to 1.1 at 15 days, 30 days and 45 days 
respectively across the treatments and soil. In Level 3 the range was 1.0 to 2.8, 1.3 to 
2.1 and 0.8 to 2.7 at 15 days, 30 days and 45 days, respectively across the treatments 
and soil. 



 

 

Table 4. Mobility Index of the heavy metals across the treatments at 15,30 and 45 days respectively in level-1.2 and 3 

   Pb   Zn   Mn   Cu   Cd  
Intervals Treatments L-1 L-2 L-3 L-1 L-2 L-3 L-1 L-2 L-3 L-1 L-2 L-3 L-1 L-2 L-3 

 T1 1.0 0.8 0.4 0.8 0.5 0.8 1.0 1.9 0.9 1.0 0.9 1.0 1.0 0.8 1.0 

 T2 1.0 0.9 0.3 1.0 0.5 0.9 1.0 2.2 0.9 0.9 1.0 0.7 1.0 0.3 1.0 

 T3 1.2 0.9 0.5 1.0 0.4 0.7 0.9 1.2 0.9 1.0 0.9 0.7 1.0 0.3 1.3 

15 Days T4 1.0 0.7 0.5 0.9 0.6 1.0 0.8 1.2 0.8 1.0 0.9 0.7 0.9 0.4 1.5 

 T5 1.1 1.0 0.4 1.0 0.6 0.9 1.0 1.5 0.8 0.9 0.9 0.7 0.9 0.4 1.7 

 T6 1.0 1.0 0.2 1.0 0.6 0.6 1.0 3.7 0.9 0.9 0.9 0.9 1.0 0.3 1.5 

 T7 1.5 0.9 1.0 0.9 0.8 0.9 0.9 1.2 0.9 0.9 1.0 1.0 1.0 0.3 2.8 

 T1 0.9 0.8 0.5 0.9 0.5 0.8 1.4 1.6 0.7 1.2 0.8 0.9 1.1 0.6 1.5 

 T2 0.8 0.8 0.2 1.0 0.8 0.5 1.0 2.4 0.8 1.6 0.6 0.9 1.0 0.5 1.8 

 T3 0.9 0.9 0.4 1.2 0.4 0.6 0.9 1.7 1.0 1.8 0.6 0.6 1.4 0.3 2.1 

30 Days T4 0.9 0.6 0.3 0.9 0.9 0.7 1.4 1.1 1.0 1.0 0.9 1.2 2.2 0.3 1.7 

 T5 0.8 0.7 0.2 1.2 0.6 0.8 1.7 1.2 0.7 1.0 0.9 0.9 1.2 0.4 1.9 

 T6 0.8 0.9 0.2 1.4 0.7 0.5 1.5 3.1 0.8 1.0 0.8 1.0 1.2 0.4 1.7 

 T7 1.0 0.7 0.9 1.0 0.9 0.9 1.5 1.0 0.7 0.9 1.0 1.0 1.2 0.5 1.3 

 T1 0.8 0.4 1.0 1.8 0.4 0.7 1.4 1.5 0.7 1.7 0.6 1.0 1.6 0.4 1.9 

 T2 0.7 0.7 0.3 2.1 0.4 0.6 1.2 2.7 0.5 2.0 0.5 0.9 1.4 0.4 2.0 

 T3 0.9 1.2 0.4 1.8 0.5 0.4 1.0 1.6 1.0 2.2 0.5 0.8 1.5 0.3 2.7 

45 Days T4 0.9 0.7 0.5 3.0 0.4 0.6 1.6 1.4 0.7 1.9 0.7 0.8 2.3 0.3 1.7 

 T5 0.8 0.9 0.6 1.2 0.8 0.6 2.1 1.1 1.0 1.0 1.1 0.8 1.4 0.6 1.6 

 T6 0.8 0.9 0.4 1.5 0.4 0.8 1.5 3.5 0.8 1.2 1.0 0.8 1.2 0.6 1.2 

 T7 0.8 0.7 0.8 1.1 1.0 0.8 1.3 1.3 0.7 0.9 1.1 1.0 1.4 1.1 0.8 

L-1 = Level-1 (Soil to Root), L-2 = Level-2 (Root to Stem), L- 3= Level-3 (Stem to Leaves) 
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Discussion 

The present study showed that B. Juncea absorbed the heavy metals – Cr, Cu, Mn, 
Zn and Cd and translocated them to the aerial parts, stem and leaves. In consistence to 
the present findings Gupta et al. (2008) assessing the heavy metal accumulation in three 
species of macrophytes, showed the translocation of Fe, Cr, Cu, Mn, Zn and Cd from 
soil to shoot through root. Plants absorb and translocate both the essential and non-
essential elements from soils and soils amended with municipal organic solid waste 
compost. The accumulation of heavy metals in different plant parts is known to depend 
upon the amount of metals present in the soil and its amendments, and the level of 
heavy metal accumulation differs within and between species of plants (Huang and 
Cunningham, 1996; McGrath et al., 2002). (Bernal et al., 2005) in their study found that 
although organic amendments play an important role in the availability of these 
elements, their effects will change with time and soil pH conditions. (Marchiol et al., 
2004) measured the concentration of heavy metals in the tissues of canola and radish 
plants grown on polluted soil substrate was higher than in the control which was also 
found in the present study. 

The accumulation of Pb, Zn, Cu and Cd in B .juncea in the present study was more in 
root followed by stem and leaves, whereas accumulation of Mn was more in stem 
followed by leaves and minimum in roots root. The higher accumulating concentration 
of heavy metals in different plant parts in B .juncea indicated that it is a 
hyperaccumulator. The present concentrations of Pb, Cd, Zn, Cu and Mn are higher 
compared to the recommended tolerable levels proposed by joint FAO/WHO Expert 
Committee on Food Additives for leaves, stem and root of different vegetables, which 
are 0.3, 5.0, 60.0, and 40.0 mg kg-1 in Cd, Pb, Zn, and Cu, respectively (Codex 
Alimentarius Commission, 1984; Farooq et al., 2008), while the permissible limit for 
Cu and Zn are < 200 and <500 mg kg−1 dry wt of leaves (Food Standards Committee, 
1950) (guidelines, UK), and for Cd and Pb are < 2 and < 3 mg kg−1 dry wt of leaves 
(FAO/WHO, Codex Alimentarius, 2001a, b) which are lower compared to the levels 
recorded in the present study. 

Pichtel and Salt (1998) found, in a greenhouse study, shoot tissue of Phleum 
pratense, Agrostis capillaris and Lolium perenne accumulating 141, 122 and 120 mg 
kg−1 of Pb, respectively. Pichtel and Salt, (1998) measured Pb values for root, which 
were 9610 and 9740 mg kg−1, indicating high mobility of Pb from the soil to root. In the 
present study the Pb concentration in root is 5405.3 mg kg−1, stem 2036.1 mg kg−1 and 
leaves 2123.6 mg kg−1 which is higher than the permissible limits (FAO/WHO, Codex 
Alimentarius, 2001a, b). 

In the present study Zn concentration was found more in root 5677.7 ppm compared 
to stem 2434.0 mg kg−1 and leaves 1666.8 mg kg−1 which is however higher than the 
permissible limits (FAO/WHO, Codex Alimentarius, 2001a, b).Zinc is an essential 
element to plants. Its mean concentration in the aboveground tissues of normal plants 
was 66 mg kg−1 (Outridge and Noller, 1991), while the toxic level being up to 230 mg 
kg−1 (Borkert et al., 1998; Long et al., 2003). 

The concentration of Mn in the present study was found more in stem 4552.3 mg 
kg−1 followed by that of leaves 3003.4 mg kg−1 and root 2974.6 mg kg−1. Higher 
concentration of Mn in leaves of Chinese chestnut and sugarcane plants indicated its 
high mobility or transfer ability (Li et al., 2007), as leaf chlorophyll content requires Mn 
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for photosynthesis. In contrast, Gupta and Sinha (2007) reported higher accumulation of 
Mn in roots followed by leaves in Chenopodium. Normal concentrations of Mn fall 
within the wide range of 20-500 mg g−1 of plant dry matter, and occasionally exceed 
1000 mg g−1 in plants grown on normal soils (Reeves and Baker, 2000). The Mn 
concentration in vegetables was reported to vary from 5.10 to 162.40 mg kg−1 (Adhikari 
et al., 1998; Murtaza et al., 2003). Furthermore, an operational definition was proposed 
by Baker (1981) that in accumulator plants the Mn contents in shoots is invariably 
higher than in roots, showing a special capability of the plants to accumulate and 
transport Mn and store in their above-ground parts (Reeves and Baker, 2000; Ebbs and 
Kochian, 1998). 

The concentration of Cd in the present study was found to be higher in root 610.6 mg 
kg-1 compared to stem 258.9 mg kg-1 and leaves 495.4 mg kg-1 which is also higher than 
the permissible limits (FAO/WHO, Codex Alimentarius, 2001a, b). Thus, B. juncea is a 
hyper accumulator of Cd. Cd is known to accumulate more in roots, particularly when 
plants are grown on contaminated soil (Kabata-Pendias and Pendias, 1992). Traynor and 
Knezek (1973) reported that corn grown on Cd-enriched soils readily absorbed and 
translocated Cd to aboveground plant parts. Donghua et al., 2001 also indicated in garlic 
plant that the Cd ions were accumulated mainly in the roots, and only small amounts of 
Cd were translocated to the bulbs and the shoots.A Cd hyperaccumulator plant is 
defined as a plant species capable of accumulating more than 100 mg kg-1 (dry wt.) in 
the shoots (Baker et al., 2000). 

Copper is also an essential element for plant growth, but causes toxic effects when 
shoots or leaves accumulate Cu levels exceeding 20 mg kg-1 (Borkert et al., 1998). An 
average Cu concentration of 37 mg kg-1 was recorded in the aboveground tissues of T. 
latifolia in uncontaminated sites (Outridge and Noller 1991). Cu concentrations in roots 
were geater than the shoots in B. juncea grown in Cu amended soil (Ariyakanon and 
Winaipanich, 2006). In present study, the accumulation of Cu was found higher in roots 
1306.8 mg kg-1 than that of stem 764.3 mg kg-1 and leaves 754.8 mg kg-1 which is 
higher than the permissible limits (FAO/WHO, Codex Alimentarius, 2001a, b). The 
modest concentration of Cu found in roots could be due to its increased mobility from 
soil to roots indicating the affinity of roots to accumulate good amount of Cu and 
transferring a little to above ground plant parts. These findings are in conformation with 
that of Jarvis et al. (1976), (Leita et al., 1993; Yang et al., 2002). Xiong and Wang 
(2005) found that Cu concentration in the stem of vegetables was considerably 
influenced by its concentration in soil and increased noticeably with an increase in the 
soil. 

The order of accumulation of the heavy metals in different parts of B. juncea was 
root > stem > leaf for Pb, root > stem > leaf for Zn, root > stem>leaf for Cu and root > 
stem > leaf for Cd; and it was stem > leaf > root for Mn across all the treatments. It 
indicated the affinity of roots to accumulate good amount of metals from soil and 
transfer a little amount to above ground plant parts. These results are in conformation 
with the findings of Jarvis et al. (1976) and Leita et al. (1993), who noticed 
accumulation of heavy metals was more in root system than the aerial parts. 

The BAC indicates the bioaccumulation of heavy metals in roots from soil, and BTC 
indicates mobility of heavy metals from root to aerial plant parts. The coefficient factors 
are the main factors for selecting plants for removal of heavy metals. In the present 
study, the BAC and BTC values for Pb, Zn, Cd and Cu across the treatments are >1; 
indicating higher accumulation of the metals from soil to root as well as translocation 
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from root to aboveground plant parts. The BTC is > 1for Mn in the plant, which shows 
higher accumulation of the metal in aerial parts, i.e. stem and leaves. Li et al. (2007) 
explained the BAC and BTC of the 12 dominant plants, and reported that BAC of Cd 
was > 1, which implied the plants tended to have higher Cd accumulation in leaves, 
while for other metals like Pb, Cu and Mn, BACs were < 1 except Castanea henryi and 
Phytolacca acinosa for Mn, while the BTC in most plants had a higher Mn transfer rate. 
In particular, four plants (P. acinosa, C. henryi, Osmanthus fordii and Parthenocissus 
heterophylla) showed very high Mn transfer ability with BTC being larger than 7.5. 
Both BAC and BTC are >1 for five plant species (Erigeron canadensis, P. acinosa, O. 
fordii, C. henryi and P. heterophylla) for Cd, and two species (C. henryi and P. 
acinosa) for Mn. Gupta et al. (2008) demonstrated that Transfer Factor of heavy metals 
– Mn, Zn, Cu and Cd from soil showed average value of < 1 in tomato plants, which 
suggested less uptake of heavy metals from soil. 

Present findings revealed that Level 1 registered high mobility rate for Pb, Zn, Cu 
and Cd than Level 2 and Level 3 whereas Mn showed higher mobility rate in level 3 and 
level 2 (Table 4). The analysis also showed that the translocation of heavy metals in 
different levels (soil to root, root to stem and stem to leaves) hardly followed any 
specific pattern; it varied with the species of metal. Mn showed higher translocation 
values for leaves and stem, whereas Cd showed such values for leaves, while Pb, Zn and 
Cu showed such values for root. Gupta et al. (2008) explained that translocation of the 
heavy metals from soil to root was in sequence of Fe (0.96) > Cd (0.77) > Cu (0.52) > 
Zn (0.37) > Mn (0.28) > Cr (0.25) which were < 1. This implies that although 
distribution of metals is quite high in treated soil, their movement from soil to plant is 
restricted may be due to some physical factors like pH and CEC of soil and also because 
of some inherent resistive mechanism (phytochelation) within the plant body (Gupta et 
al., 2008). 

Conclusion 

The present study showed the heavy metal accumulation in different plant parts of 
B.juncea, a hyper accumulator grown on coastal loamy soil amended with municipal 
organic solid waste compost. The ranking order of metal accumulation in plant parts 
was root > stem > leaf for Pb, Zn, Cu and Cd; and stem > leaf > root for Mn across the 
treatments. Further, it showed that the heavy metal accumulation by the plant parts is 
highly dependent on their concentration in respective treatments. The metal 
accumulation in root, stem and leaves of B. juncea was significantly different across 
different treatments and the native soil (P < 0.05). The BAC and BTC indicated that Pb, 
Zn, Cd and Cu were accumulated more in root followed by stem and leaves while Mn 
accumulated more in stem followed by leaves and root. Translocation of Pb, Zn, Cu and 
Cd was more from soil to root whereas translocation of Mn was more from root to stem 
and stem to leaves. Mobility of the metals in plant parts does not show any specific 
pattern as it depends on metal species. Concentrations of heavy metals in different plant 
parts were found more than the permissible limits. Hence, B .juncea is a good 
accumulator and can be used in phytoremediation of heavy metals. 
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