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ABSTRACT 

 Metalocoles in their diversified form ensure, the envisaged clean environment. This 

study was designed to assess the total contents of nine toxic metals viz., Ba, Cu, Zn, Cd, Ni, 

Al, Mg, As and Ti in the soil and plants of fireworks waste dump site, Sivakasi. The 

concentration of transfer and accumulates on of metals from soil to roots and shoots were 

evaluated in terms of Accumulation Factor (AF) and Translocation Factor (TF). Total metal 

concentrations pattern in roots were Ti> Ba> As> Zn> Cu> Ni> Al and Cd. Three plant 

species identified as hyperaccumulators are Amaranthus spinosa L., Abutilon indicum G.Don 

and Amaranthus dublis L. However, based on AFs and TFs values, most of the studied 

species found to initiate phytostabilization and phytoextraction Amaranthus dublis L. and 

Abutilon indicum G.Don are suggested for phytoextraction of As, Ti, Mg, whereas Parthenium 

hysterophoirus L., Datura metal L. and Solanum nigrum L. for rhizofiltration of soil 

contaminated with Ba, Cu, Zn, Cd, Ni, As and Ti. This hyperaccumulation process involves 

absorption and concentration the metals in their roots and shoots. These metal 

hyperaccumulating plants when transplanted on fireworks polluted soil would serve as 

natural decontaminants of metals. 

KEYWORDS: Hyperaccumulator, Fireworks pollution, Accumulation Factor, Translocation 

Factor. 
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 INTRODUCTION 

 Pollution of the environment with 

toxic metals has been increased by the 

onset of the industrial revolution. Sivakasi 

is a home town to around 765 fireworks 

and 447 match box manufacturing units 

(The Hindu, 17.09.2012). For preparation 

of crackers various chemical elements 

including eight heavy metals are being 

used. Naturally some plants are commonly 

growing in and around the fire cracker unit 

to render harmless of these toxic metals 

and make verdant land for agriculture. 

 Biodiversity prospecting would 

lead to the discovery of wild plants that 

would lean polluted environments of the 

world. Biodiversity prospecting offers 

several opportunities of which the most 

important is to save as much as possible 

the world’s immense variety of ecosystem 

(Prasad and Freitas, 2003).  

Phytoremediation is one of the promising 

methods for reclamation of soil 

contaminated with toxic metals using 

hyperaccumulator plants (Baker et al., 

2000; Ghosh and Singh, 2005). Plants 

accumulating metals to exceptionally high 

concentrations in their shoots are called 

hyperaccumulators (Bakers and Brooks, 

1989; Baker et al., 2000; Reevas and 

Baker 2000; Ma et al., 2001). 

The use of plants species to 

decontaminate and remediate polluted 

soils with heavy metals is not common in 

Sivakasi. Transfer of toxic elements from 

soil and polluted water from fire-cracker 

and match box manufacturing units to 

plants is of great concern 

(Ramasubramanian et al., 2004; 

Ramasubramanian and Jayaprakash 2007). 

Any heavymetal hyperaccumulator or 

tolerant plant species is yet to be studies 

form the fire cracker contaminated soil. In 

this study eight plant species belonging to 

six families were investigated for metals 

such as Barium, Zinc, Copper, Cadmium, 

Aluminium, Magnesium, Nickel, Arsenic 

and Titanium from fire-cracker industry 

sites of Sivakasi. The aim of the present 

study was to assess the total metal 

concentration of selected metals in the soil 

and plant samples. Species which have the 

potential for phytoremediation process 

such as phytostabilization and 

phytoextraction were also identified. 
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MATERIAL AND METHODS 

 Five firecracker dumping sites 

were selected for the collection of plants 

and soil samples. Plant species collected 

were the most common / dominant species 

at these sites. A total of eight species such 

as Amaranthus spinosa L., Tephrosia 

purpurea Pers., Abutilon indicum G.Don., 

Amaranthus dublis L., Parthenium 

hysterophoirus L., Datura metal L., 

Solanum nigrum L. and Cleom viscosa L. 

were collected during February and March 

2012. The plant samples collection was by 

the method of Malik et al., (2010). Entire 

plant samples including roots, stems and 

leaves of each species were collected from 

each site and mixed to form a composite 

sample, placed in labelled bags and 

transported to laboratory for further 

analysis. Before analysis, from each plant 

roots and mixture of stems and leaves were 

carefully removed and washed (for 2 – 3 

minutes approximately) with tap water and 

with deionized water to remove any soil 

surface dust. 

 Plant samples were dried a room 

temperature for two weeks, pulverized and 

passed through 2mm stainless steel sieve. 

Soil samples (3 – 5 replicated) at 0 – 20 

cm depth from rhizophere of each plant 

were taken from each site from where 

plant samples was rooted. Soil samples (a 

composite mixture) were air dried at room 

temperature for two weeks, crushed and 

pulverised to pass through 2mm sieve. The 

metal concentration of each plant and soil 

samples was analysed using method of 

Baker et al., (1994). Each samples was 

digested in a mixture of nitric acid and 

perchloric acid (10:1) the solution was 

centrifuges at 5000 rpm for 5 minutes, 

double filtered with Whatman filter paper 

No.1 and the collection was analysed for 

metal concentration by Atomic Absorption 

Spectrometry (Model AA 6300). 

 The accumulation factor (AF) of 

metal was used to determine the quantity 

of metal absorbed by the plant from the 

soil and was calculated using the formula 

(Nirmal Kumar et al., 2009). 

Accumulation Factor (AF) = 

ionconcentratggyavilabilitsoilMean

LeavesStemsRootsggionconcentratplantMean

)/(

)()/(



 

 To evaluate the potential of the 

species for phytoextraction, the 
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translocation factor (TF) was calculated 

(Mellem et al., 2009). This ratio is an 

indication of the ability of the plant to 

translocate metals from the root to the 

aerial parts of the plant (Marchiol et al., 

2004). It is represent by the ratio 

Translocation Factor (TF) = 

)(

)(

RootsionsconcentratMetal

LeavesStemsionsconcentratMetal 
 

RESULTS 

 During the present study, heavy 

metals such as Ba, Cu, Zn, Cd, Ni, Al, Mg, 

As and Ti were accumulated in particular 

wild plant components in a high 

concentration (Table – 1). It was observed 

that high content of Ba was accumulated in 

roots of Amaranthus spinosa L. (148.35), 

Cu in Parthenium hysterophoirus L. 

(29.67) Al in Tephrosia purpurea Pers. 

root (35.14), Ni in the root of Parthenium 

hysterophoirus L. (31.69) Mg in Abutilon 

indicum G.Don. root (37.94) Ti in roots of 

Amaranthus spinosa L. (174.65) and 

arsenic in Abutilon indicum G.Don. root 

(47.35). Heavy metal also accumulate in 

leaves at different concentrations present 

study revealed that Amaranthus spinosa L. 

accumulate Ba (110.43) and Ti (101.37) in 

their leaves Tephrosia purpurea Pers. 

accumulate Zn (44.24) and Al (18.69) in 

leaves. The leaves of Amaranthus dublis 

L. showed high concentration of nickel 

(17.35) and the leaves of Parthenium 

hysterophoirus L. accumulate high 

concentration of nickel (17.35) and the 

leaves of Parthenium hysterophoirus L. 

accumulate high concentration of Cu 

(18.46) and Cd (10.91). 

 On other hand, it was observed that 

the heavy metal such as Mg, Ni, As and 

Cd were present in a low concentration n 

particular plant component. The lowest 

concentration of Mg (0.94) fund in 

Solanum nigrum L. stem. The lowest 

concentration of Ni (1.520 was found in 

Abutilon indicum G.Don.  root and As 

content in Parthenium hysterophoirus L. 

(1.96) root. 

 Most of the plant species had the 

accumulation factor greater than on 

(AF>1). In general, the accumulation 

factor values Ba, As and Ti was highest as 

compared to other metals (Table – 2). The 

accumulation factor values of Ba (2.081, 

1.927) was high in Amaranthus spinosa L. 

and Arsenic (91.927, 1.811 and 1.528). 
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and Amaranthus spinosa L. for Titanium 

(1.664). The higher accumulation factor in 

various studied wild plant components 

could be found as Ba> As> Ti> Zn> Al> 

Mg> Cd> Co. 

 Among the plant species screened 

for Ba, Cu, Zn, Cd, Ni, Al, Mg, As and Ti, 

most of the species were efficient to take 

up and translocate more than one heavy 

metal from roots to shoots. Variations 

between Translocation Factor (TF) values 

were found (Table – 2). The highest 

translocation factor value was found for 

Abutilon indicum G.Don., Datura metal L. 

and Tephrosia purpurea Pers. 3.158 for 

Ni, 2.597, 2.597 for Mg and 2.108 for Mg. 

Abutilon indicum G.Don. was efficient in 

translocating metals such as Ni, Cu, Mg 

and Ti from roots to shoots. Amaranthus 

dublis L. had translocate metal such as  Ni, 

Mg, As, Ti, Cd, Al, Zn and Ba showed TF 

> 1. 

 Table – 2 indicates that the all eight 

plant species screened for total metal 

concentration showed value of TF>1 for 

one or more heavy metals, four species 

such as Amaranthus spinosa L., Tephrosia 

purpurea Pers., Abutilon indicum L. and 

Amaranthus dublis L. had AF > 1. Three 

plant species such as Abutilon indicum 

G.Don., Amaranthus dublis L. and 

Tephrosia purpurea Pers. had TF>1 for six 

heavy metals. 

DISCUSSION 

 Plants are known to sequester and 

stimulate the degradation of organic 

contaminants in soil (Anderson and Walsh, 

2007). The Sequestration of heavy metal 

by plants in an effective method of 

reducing heavy metal contamination in soil 

(Cunningham et al., 1995). Sequestration 

of toxicants by plants is an important area 

of phytoremediation research. Some wild 

plants are known to accumulate a variety 

of toxicants from fire-cracker contaminant 

soil. In view of its biodiversity prospects 

of metalocoles has been gaining 

importance in the rehabitilization of fire-

cracker contaminated sites. 

 The concentration of heavy metals 

was moderate in roots could be due to 

increased mobility of heavy metals form 

soil to root indicated the tendency of roots 

to accumulate good amount of metals from 

soil and transfer a little to above ground 

biomass. These results were confirmed 
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with the findings of Jarvis et al., (1976) 

and Leita et al., (1991). Who noticed 

modrate accumulation of heavy metals in 

root system. It reveals that roots acts as 

barriers to transfer the toxic metals 

through soil-plant system (Jones and 

Clemant, 1972). Mechanism of metal 

accumulation was found significant in 

terms of Accumulation Factor (AF) of a 

particular plant component. Root showed 

high accumulation of heavy meals 

(174.65), followed by moderate 

accumulation in leaves (110.43) and poor 

content in stem (20.11), this results were 

coinciding with the findings of Nirmal 

Kumar et al., (2009). 

 Accumulation Factor and 

Translocation Factor values are greater 

than 1 (>1) has been used to evaluate the 

potential of plant species for 

phytoextraction and phytostabilization 

(Yoon et al., 206; Li et al., 2007). The 

results indicated that Abutilon indicum 

G.Don. had highest TF values for Ni 

(3.159) than Tephrosia purpurea Pers. for 

Mg (2.108) and Amaranthus dublis L. for 

Ni (2.029). High root to shoot 

translocation of these metals indicated that 

these plants have vital characteristics to be 

used in phyto-extraction of these metals as 

indicated by Ghosh and Singh (2005) and 

Lazaro et al., (2006). Plant species with 

slow plant growth, shallow root system 

and small biomass production are 

generally not preferred for 

phytoremediation (Malik et al., 2010). 

These three plant species such as 

Amaranthus spinosa L., Abutilon indicum 

G.Don. and Amaranthus dublis L. had 

high biomass and based on high 

translocation factor (TF) values could have 

enormous potential to be used for 

phytoextraction of Ni, As, Ba and Zn than 

other species which showed TF>1 for 

different metals. A sequence of decreasing 

translocation values: Ni > Mg > As > Zn 

>Ba > Ti > Cu >Al > Cd was found for 

plant species.it is easy for plant species 

with translocation factor greater than one 

(TF>1) to translocate metals from roots to 

shoots than those which restrict metals in 

their roots. High metal accumulation may 

be attributed to well develop detoxification 

mechanism based on sequestration of 

metal ions in vacuoles, by binding them on 

appropriate ligands such as organic acids, 

proteins and peptides in the presence of 
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enzymes that can function at high level of 

metalicions (Cui et al., 2007) and metal 

exclusion strategies of plant species 

(Ghosh and Singh 2005). Plant species 

with high translocation factor (TF) values 

were suitable for phytoextraction generally 

requires translocation of heavy metals in 

easily harvestable plant parts (Yoon et al., 

2006). According to Ghosh and Singh 

(2005) phytoextraction is a process to 

remove the contaminants from soil without 

destroying soil structure and fertility. 

 Accumulation Factor (AF) of 

studied plant species were highest for Ba 

followed by As and Ti. Four plant species 

showed accumulation factor (AF>1) for 

one or more than one meals. Based on 

higher accumulation factor values (AF) 

Amaranthus spinosa L., Abutilon indicum 

G.Don. and Amaranthus dublis L. was 

efficiently accumulated three heavy metals 

viz. Ba, As and Ti. The results coincide 

with the findings of Malik et al., (2010). 

The results indicate that the three plant 

species are hyperaccumulator that is 

Amarantus spinosa L., Abutilon indicum 

G.Don. and Amaranthus dublis L. for Ba, 

Ni, As respectively. All other species are 

either phytostabilization of rhyzofiltration 

because they accumulate Ba, Cu, Zn, Cd, 

Ni, Al, Mg, As and Ti in less than 100mg / 

kg (Baker and Brooks 1989). Though all 

higher plants are capable of accumulating 

heavy metals in different concentrations, a 

significant difference in metal 

accumulation exist between and within 

plant populations (Mellam et al., 2012). 

 In could be concluded that the fire-

cracker waste could be phytoremediated 

by introducing the hyperaccumulator and 

phytostabilized plants on fire-cracker 

polluted sites to remove the toxicity and 

make the environment sans pollution for 

sustainable agriculture. 
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