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Abstract 

Heavy metals are important environmental pollutants and many of them are toxic even at very low concentrations. As 

a result of human activities such as mining and smelting of metalliferous, electroplating, gas exhaust, energy and fuel 

production, fertilizer and pesticide application etc. metal pollution has become one of the most serious environmental 

problems today. Aim of the present investigations was to determine lead, cadmium and chromium accumulation and 

distribution in the grass species Echinochloa colona. In the present study experiments were conducted using grass species 

Echinochloa colona L. The species belongs to Poaceae family. Echinochloa colona commonly known as Jungle rice has an 

Indian origin. The accumulations of heavy metals (Lead, Cadmium and Chromium) in the plant body were compared with 

that of the control experiments. Bioconcentration factor of lead was 0.93, cadmium BCF was 35.26 and chromium BCF was 

3.51. Based on the total accumulations and bioconcentration factor values the grass species has accumulated metals in the 

following order chromium> cadmium> lead. The Echinochloa colona can be used as an effective phytoextractor of metals. 
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Introduction 

Phytoremediation is the direct use of green plants 

for removal, degradation, or containment of 

contaminants in soils, sludges, sediments, surface water 

and groundwater. This technology exploits the natural 

ability of green plants to accumulate a variety of 

chemical elements and transport them from the substrate 

to above ground parts. The ability to accumulate heavy 

metals to high levels and to tolerate elevated levels of 

toxic metals has been reported in a number of plants. 

Phytoremediation is widely accepted as a cost-effective 

environmental restoration technology. There are 

conventionally physicochemical soil remediation 

engineering techniques such as soil washing, 

incineration, solidification, vapor extraction, thermal 

desorption and disposal as waste etc these methods 

usually cause secondary air and ground water pollution 

or destroy the plant productive properties of soils (Oh    

et al., 2013). Phytoremediation is an alternative to 

engineering procedures that are usually more destructive 

to the soil (Lasat, 2002). Phytoremediation is one of the 

promising methods for reclamation of soils contaminated 

with toxic metals by using hyper accumulator plants 

(Baker et al., 2000; Ghosh and Singh, 2005; Lazaro       

et al., 2006). 

Helianthus annuus accumulate Pb in the leaf and 

stem so it could be used in the restoration of abandoned 

mines and factories sites contaminated with elevated Pb 
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levels in the soil (Boonyapookana et al., 2005). 

Hemidesmus indicus has also been shown to be a Pb 

hyperaccumulating plant species, but the heavy metal 

was mainly accumulated in roots and shoots (Chandra   

et al., 2005). The Sesbania drummondii transform lead 

nitrate in the nutrient solution to lead acetate and sulfate 

in its tissues and accumulate in roots and leaves (Sharma 

et al., 2004). Shen et al. (2002) suggested when cabbage 

(Brassica rapa L.) and wheat (Triticum aestivum L. 

grown in Pb-contaminated soils, revealed a significantly 

increased concentrations of Pb in the shoots and roots. 

The root of B. juncea plant accumulated more heavy 

metals than the shoot and seed. B. juncea plant 

accumulates more percent of Cd in the root than Pb. It 

indicates that there was a limited transport of Cd from 

root to shoot due to the strong Cd binding proteins in the 

roots (Hassan, 1996). 

Heavy metals are currently of much environmental 

concern. They are harmful to humans, animals and tend 

to bioaccumulate in the food chain. Activities such as 

mining and smelting of metal ores, industrial emissions 

and applications of insecticides and fertilizers have all 

contributed to elevated levels of heavy metals in the 

environment (Alloway, 1994). Some works have 

indicated Indian mustard (Brassica juncea) as an 

effective species in lead remediation because of its great 

biomass production, but it accumulated 95% of lead in its 

roots (Bigonia, 1998). Cadmium and lead are the most 

dangerous metals for human health. Cadmium is a 

mobile element, easily absorbed by roots and transported 

to shoots. It is uniformly distributed in plant organs while 

in the case of the poorly mobile elements (i. e. lead) their 

level decreases in the following order: roots > shoots > 

leaves > fruits > seeds (Sekara et al., 2005). Straczynski 

(2000) recommended hemp and flax for cadmium 

phytoextraction.  

Materials and Methods 

The present study is to estimate the absorption 

capacity of the heavy metals using Echinochloa colona 

and to calculate the bioconcentration Factors (BCF) for 

three heavy metals. Echinochloa colona commonly 

known as, Jungle rice has an Indian origin. Now it is 

widely distributed in tropics and subtropics, including 

South and Southeast Asia and tropical Africa. Terrestrial, 

tufted, erect herb, rooting at nodes.  Roots fibrous. White 

or brown. Stems flat, hairy. Nodes glabrous. Stipules 

absent. Leaves alternate spiral, sessile, linear, more than 

2 cm long/wide, apex acute, base clasping, parallel 

veined and ligule is absent. Flowers bisexual, grouped 

together in a terminal spike or panicle, sessile, purple or 

brown, petals not visible.  Fruit is a nut (Hilu Khidir, 

1994; Gamble, 2008). 

Echinochloa colona plants were grown in pots 

filled with garden soil. The seedlings were collected 

from the uncontaminated soils. All the selected seedlings 

were of uniform size and free of any disease symptoms. 

The heavy metals selected for the study were Lead 

Cadmium and Chromium. The uptake was estimated for 

every 20 days for a total period of 60 days, in total plant. 

In addition a control blank set of experimental pots was 

also maintained. The heavy metals were dissolved in 

distilled water to prepare stock solution of 1000 ppm for 

each metal. The calibration curves for each heavy metal 

were also prepared. A blank reading was also taken to 

incorporate necessary correction factor. The heavy metal 

solutions of 5 mg/L was prepared from the stock and
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Table 1. Accumulation of Lead, Cadmium and Chromium (mg/kg biomass) in Echinochloa colona 

Heavy metal Control 20th day 40th day 60th day 

Total 

accumulation 

Lead 20.13±0.19 25.31±0.11 28.84±0.18 28.95±0.1 8.82 

Cadmium 0.21±0.18 1.83±0.19 8.05±0.13 13.11±0.16 12.9 

Chromium 9.51±0.19 19.03±0.16 39.41±0.19 57.24±0.13 47.73 

Fig. 1. Morphological structure of Echinochloa colona 

 

Fig. 2. Accumulation of Lead, Cadmium and Chromium (mg/kg biomass) in Echinochloa colona 

 

administered to the plants and care was taken to avoid 

leaching of water from the pots. The metal uptake was 

estimated once in every 20 days. The sample plants were 

removed from the pots and washed under a stream of 

water and then with distilled water. The collected plants 

were air dried, then placed in a dehydrator for 2-3 days 

and then oven dried for four hours at 100ºC. The dried 

samples of the plant were powdered and stored in 

polyethylene bags. The powdered samples were 

subjected to acid digestion. A 1 gm of the powdered 

plant material were weighed in separate digestion flasks 

and digested with HNO3 and HCl in the ratio of 3:1. The 

digestion on hot plate at 110ºC for 3-4 hrs or continued 

till a clean solution was obtained. After filtering with 
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Whatman No. 42 filter paper the filtrate was analyzed for 

the metal contents in AAS. 

Bioconcentration Factor 

Bioconcentration factor (BCF) was used to 

determine the quantity of heavy metals absorbed by the 

plant from the soil. This is an index of the ability of the 

plant to accumulate a particular metal with respected to 

its concentration in the soil and is calculated using the 

formula (Cobbett 2003). BCF = Metal concentration in 

tissue of whole plant / Initial concentration of metal in 

soil. The higher the BCF value the more suitable is the 

plant for Phyto-extraction (Blaylock et al., 1997). 

Results and Discussion 

Accumulation of Lead (mg/kg) in Echinochloa colona 

 The total accumulation of lead in Echinochloa 

colona was 8.82 mg/kg in 60 experimental days. The 

initial concentration of lead was 20.13 mg/kg which 

increased to 28.95 mg/kg by the end of the experimental 

period. The accumulation was 5.18 mg/kg in the first 20 

days. By 40th day the concentration of lead reached to 

28.84 mg/kg in an increase of 3.53 mg/kg from 20 to 40 

days. Thereafter the accumulation stabilized. By the 60th 

day the accumulation was 28.95 mg/kg showing an 

increase of only 0.11 mg/kg from 40th day to 60th day. 

Accumulation of Cadmium (mg/kg) in Echinochloa 

colona 

 The back ground concentration of cadmium was 

0.21 mg/kg in the beginning of the experiment which 

increased to 13.11 mg/kg in 60 days, showing a total 

accumulation of 12.9 mg/kg. In the first 20 days of 

experimental period the accumulation of cadmium was 

slow and later increased to 8.05 mg/kg to 13.11 by 40th 

and 60th days respectively. The accumulation was 

maximum between 20 and 40 days. 

Accumulation of Chromium (mg/kg) in Echinochloa 

colona 

 The total accumulation of chromium in 

Echinochloa colona in the 60 experimental days was 

47.73 mg/kg. The back ground concentrations of 

chromium in the beginning of the experiment were 9.51 

mg/kg. The accumulation in the plant continued up to 

60th day. By 20th day the accumulation reached to 19.03 

which further increased to 39.41 and 57.24 by 40th and 

60th days, respectively. The accumulation was highest 

between 20 and 40 days and lowest in first 20 days. 

Echinochloa colona 

Echinochloa colona recorded highest total 

accumulation of among all metals for chromium (47.73 

mg/kg), cadmium (12.9 mg/kg) and lead (8.82 mg/kg) in 

descending order of total accumulation. From the total 

accumulations Echinochloa colona is a good absorber of 

chromium and cadmium. Though it absorbs lead in good 

quantities, but this rate of accumulation is not sufficient 

for use on field. Bioconcentration factor values were also 

calculated. The Bioconcentration factor of lead was 0.93, 

Cadmium Bioconcentration factor was 35.26 and 

Chromium Bioconcentration factor was 3.51. Based on 

the BCF the grass species was used to remove these three 

metals from contaminated soil. 

Conclusion 

Phytoremediation is a broad term that has been 

used since 1991 to describe the use of plants to reduce 

the volume, mobility, or toxicity of contaminants in soil, 

groundwater, or other contaminated media. 

Phytoremediation is a low cost, solar energy driven and 

natural cleanup technique, which are most useful at sites 

with shallow, low levels of contamination. 

Phytoremediation is amenable to a variety of organic and 
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inorganic compounds and may be applied either in situ or 

exsitu. In addition to this, it is easy to implement and 

maintain, does not require the use of expensive 

equipment or highly specialized personnel and is 

environmentally friendly and aesthetically pleasing to the 

public (USEPA, 2000). The present study was to 

estimate the absorption capacity of the heavy metals 

using Echinochloa colona and to calculate the 

Bioconcentration Factors (BCF) for three heavy metals. 

Based on the total accumulations and Bioconcentration 

factor values the grass species has accumulated metals in 

the following order chromium> cadmium> lead. The 

Echinochloa colona can be used as an effective 

phytoextractor of metals. 
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