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Abstract: Lead, though having several applications, is turning into an environmental pollutant 

due to improper disposal of effluents from industries and unsafe disposal of lead products. Thus, 

in order to combat detrimental effects of lead exposure, this research aims at providing an 

environmental friendly solution for decontamination of lead from polluted soil and water. 

In the first phase of this research, bioremediation of lead from soil was done using plants such as 

Sunflower (Helianthus annuus), Lucerne (Medicago sativa) and Vettiver grass (Chrysopogon 

zizanioides). The aforementioned plants were cultured for a period of about 6 months in polluted 

soil whose lead content is already known. Comparison of lead concentration in soil before and 

after the growth period of the plants was made to ascertain the amount of lead removed by the 

plants.  It was found that Medicago sativa was the most efficient in the removal of lead from soil 

since it showed a greater tolerance to lead toxicity than the other two species.  

In the second phase, bioremediation of lead from contaminated water was performed using Neem 

plant (Azadirachta indica). The plant specimens were cultivated hydroponically in water and the 

amount of lead remediated was analyzed. The results showed that 30% of lead was removed in 

bioremediation of water. 
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Introduction 

Lead, a soft, malleable heavy has been used 

in various commodities such as lead acid 

batteries, pigments, paints, solder, 

ammunition and other goods. Owing to 

improper disposal of these products, lead 

has become an environmental contaminant. 

The unsafe disposal of heavy metal laden 

wastes such as electronic wastes transfers 

these heavy metals to soil. When rainwater 

percolates through contaminated soil, the 

heavy metals are shifted to this stream of 

water. This rainwater that has been polluted 

with heavy metals is known as leachate. 

When leachate enters groundwater, the 

heavy metals gain entry into the food chain. 

One of the direct means of entry of lead into 

drinking water is from the inferior quality 

PVC pipes that use lead as a stabilizer 

during manufacturing (Malavika Vywahare, 

March 2019). Lead has been said to affect 

the functioning of neurologic, 

gastrointestinal, renal and cardiovascular 

systems in man (National Health Portal, 

2017).  
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Toxicity of lead 

According to the United States 

Environmental Protection Agency, the 

maximum allowable concentration of lead in 

public drinking water is 15 ppb. Meanwhile 

in India, appalling levels of lead greater than 

50 ppb has been found. Studies have 

recorded mean Blood Lead Level (BLL) as 

high as 68 ppb in children and 75 ppb in 

non-occupationally exposed adults 

(BretEricson et al, 2018). Cities such as 

Mumbai, Pune, Kolkata, Kochi, Nashik, 

Guwahati and Nagpur are at alarming risk of 

lead contamination (Amar Multani, 2010). 

Disruption of the biosynthesis of 

haemoglobin, anaemia, rise in blood 

pressure,  kidney damage, disruption of 

nervous systems & brain damage, reduced 

fertility due to sperm damage, diminished 

learning abilities in children have been 

established as  results of lead accumulation 

in the bio-system. The susceptibility of 

children to diseases caused by lead exposure 

is greater than that of adults. Studies have 

observed IQ decrement and Disability 

Adjusted Life Years (DALY) among the ill 

effects of lead contamination in man. For 

BLL of 68.6 ppb in children, the estimated 

average decrement in IQ was found to be 4 

IQ points by BretEricson et al using the log 

linear model described in the research, ‘An 

international pooled analysis for obtaining a 

benchmark dose for environmental lead 

exposure in children’ (Budtz-Jørgensen et al, 

2013). Thus, in order to secure the health of 

civilians and avert medical abnormalities, it 

becomes extremely essential to remove lead 

from contaminated soil and water. 

 

 

 

Previous studies on lead removal 

Several researchers around the world have 

proposed methods for lead removal from 

diverse aspects such as adsorption, 

biosorption, adsorption on nanoadsorbents, 

filtration and bioremediation. Adsorption of 

lead on activated carbons prepared from 

almond shell, olive stone, peach stone; 

adsorption on activated tea waste, zeolite, 

nanoadsorbents such as alumina, anatase, 

carbon nanotubes, chitosan, copper, iron and 

zinc oxide, magnetite, nano-clay and 

zirconium nanoparticles are some of the 

attempts that have been made to remove 

lead from water. Removal of lead from 

water using biochars, bioremediation of lead 

by Enterobacter cloacae from soil, 

biosorption by Aspergillus niger, 

Penicillium chrysogenum, Rhizopus 

nigricans, Ascophyllum nodosum, 

Sargassum natans, Chlorella fusca, 

Oscillatoria anguistissima, Bacillus firmus 

and Streptomyces sp; adsorption of lead on 

various natural waste materials such as 

animal bone powder, nile plant powder and 

ceramic; adsorption of lead from aqueous 

solution on polymetallic sea nodule are 

some of the other dimensions of lead 

removal. The bioremediation of lead from 

contaminated soil using the bacterium 

Rhodobacter sphaeroides was investigated 

by Xiaomin Li et al in their work (2016). 

In most of the existing methods, lead is 

transferred from one system to another. So 

the issue of safe disposal of the heavy metal 

still persists. Secondly, the synthesis of 

artificial adsorbents releases additional 

carbon footprint to the system. Hence in 

most cases, the net decontamination of the 

bio-system is jeopardized. 
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Objectives 

This research aims at providing an eco-

friendly solution for decontamination of soil 

and groundwater. The work proceeded in 

two phases. In the first phase, 

bioremediation of lead from soil was done 

using plants such as Sunflower (Helianthus 

annuus), Lucerne (Medicago sativa) and 

Vettiver grass (Chrysopogon zizanioides). In 

the second phase of this research, 

bioremediation of lead from contaminated 

water was performed using Neem plant 

(Azadirachta indica). The technique of 

Atomic Absorption Spectroscopy (AAS) 

was used in the quantitative analysis of lead. 

The comparison of lead levels in soil and 

water before and after the cultivation of 

aforementioned plant species reveals the 

efficiency of these plants in the removal of 

lead. 

Mechanism of decontamination 

The process followed in this approach of 

removing the contaminant involves 

bioremediation. Bioremediation is the use of 

plants or micro-organisms for the removal of 

a target element from soil or water. It 

proceeds by various mechanisms such as 

phytoextraction, phytostabilization and 

rhizofiltration among the others. The 

mechanism followed by each plant species 

used in this research is tabulated below in 

table 1 (Shuchi Patel et al, 2014).  

  

 

 

 

 

 

 

 

Table 1: Mechanism of decontamination 

Phytoextraction 

Phytoextraction is the process in which the 

heavy metal taken up by the plant’s root 

system is transported to other parts of the 

plant and sequestered. As a result, the 

formation of leachate does not take place. 

The entry of heavy metal into the food chain 

can be prevented to a large extent by 

incineration of the plant or by the recovery 

of heavy metal from the plant by 

phytomining (Vinita, 2007 and Neha et al 

2018). 

Phytostabilization 

In phytostabilization, the heavy metals are 

adsorbed on the root surface of the plant. 

Thereby their mobility in soil is reduced. As 

a result, the bioavailability of the heavy 

metal is minimized. By restricting the 

consumption of vegetative parts of the plant 

under consideration, biomagnification of 

heavy metals are substantially diminished 

(Rajiv et al, 2009). 

 

 

 

Name of the plant Mechanism 

Common 

name 

Scientific 

name 

Sunflower Helianthus 

annuus 

Phytoextraction 

Vetiver 

grass 

Chrysopogon 

zizanioides 

Phytostabilization 

Neem Azadirachta 

indica 

Phytoextraction 

Lucerne Medicago 

sativa 

Rhizofiltration 
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Rhizofiltration 

In this process, the heavy metal is taken up 

by the plant’s root by absorption or 

chemisorption or ion exchange. The 

outcome is the same as that of the previous 

mechanisms i.e. the heavy metal is 

prevented from entering the surrounding 

water body and hence the food chain 

(Anawar et al 2008; Mulligan et al 2001; 

Hester et al 2007; Sanchez et al 2009).  

Laboratory Experimentation 

Decontamination of soil 

The decontamination of soil was done by the 

use of Sunflower, Vetiver grass and Lucerne 

plants. The above plants were cultured in 

soil specimens that were collected from land 

surrounding the Vellalore dump-yard of 

Coimbatore district, Tamilnadu. By Atomic 

Absorption Spectroscopy (AAS), it was 

found that the lead content in soil was about 

1.8 ppm. The plants were grown in soil for a 

period of about 6 months. Since it was 

observed that Medicago sativa showed 

greater tolerance to heavy metal content, the 

plant was cultured in batches that contained 

calculated amounts of added electronic 

waste (e-waste) in the form of powdered 

printed circuit boards (PCBs) in 

combination with soil samples. The 

percentage weight of PCB taken in 

combination with soil was taken as 50% and 

75% in different samples on a trial and error 

basis. A quantitative analysis of lead in the 

soil was performed by AAS. The results are 

shown in table 2.  

Observation 

Over the course of the experiment, it was 

observed that, in bioremediation of soil, the 

tolerance of plants to adverse nutrient 

condition of soil decreased in the order of 

Medicago sativa > Chrysopogon zizanioides 

> Helianthus annuus. Helianthus annuus 

displayed rapid deterioration of bio-mass 

when cultured in soil and also in water when 

hydroponic culture was attempted in a 

nutrient rich medium. On the other hand, 

Medicago sativa and Chrysopogon 

zizanioides thrived well despite the high 

heavy metal content. Medicago sativa 

showed exceptional resistance even in the 

presence of electronic waste.  

Results and Discussion 

The results of Atomic Absorption 

Spectroscopy of soil samples subjected to 

decontamination are tabulated below in 

table-2 and a graphical representation of the 

same is shown in figure-1. 

Table 2: Results of AAS of soil samples 

Name of 

plant 

Composition 

of medium 

Initial 

Pb 

content 

(ppm) 

Final 

Pb 

content 

(ppm) 

Sunflower Soil 1.8 1.384 

Vetiver 

Grass 

Soil 1.8 1.422 

Lucerne Soil 1.8 1.255 

Lucerne 50% Soil, 

50% e-waste  

2.2 1.384 

Lucerne 25% Soil, 

75% e-waste 

2.5 1.675 
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Figure 1: Rate of removal of lead from soil 

 

It is seen that the residual lead content in 

soil is the least in case of Lucerne plant 

(Medicago sativa). Hence it can be said that 

the highest rate of removal is achieved by 

rhizofiltration. Medicago sativa also shows 

the highest tolerance to heavy metal toxicity. 

The above results are obtained for an 

experimental duration of about 6 months and 

an initial lead level of 1.8 ppm. For the 

removal of higher levels of lead, greater 

duration accompanied with higher intensity 

of cropping would achieve the desired 

outcome. 

Decontamination of water 

Decontamination of water was done by 

phytoextraction of lead by Azadirachta 

indica. The plant was cultured 

hydroponically in wetlands.  Light expanded 

clay aggregates (LECA) were used as 

nutrient source to the plant. The plant was 

allowed to accustom to the laboratory 

conditions for a period of 5 days and then, 

the concentration of lead in water was 

brought to 1 ppm by the addition of lead 

nitrate. For a period of 10 days, water 

samples were taken from the wetland at 

fixed intervals. The quantitative analysis by 

Atomic Absorption Spectrometry (AAS), 

the rate of removal of Pb
2+

 is ascertained. 

The results of the experiment are tabulated 

in table 3. 

Results and Discussion 

The rate of phytoextraction of lead by neem 

plant as shown by the results of AAS of 

water samples subjected to decontamination 

are tabulated below in table 3 and a 

graphical representation of the same is 

shown in figure 2. 

Table 3: Results of AAS of water samples 

Day Time Concentration 

of Pb (ppm) 

Day 1 10.00 am 1.000 

5.00 pm 0.998 

Day 2 10.00 am 0.912 

5.00 pm 0.910 

Day 3 10.00 am 0.805 

5.00 pm 0.780 

Day 4  10.00 am 0.773 

5.00 pm 0.762 

Day 5 10.00 am 0.741 

5.00 pm 0.733 

Day 6 10.00 am 0.722 

5.00 pm 0.719 

Day 7 10.00 am 0.716 

5.00 pm 0.711 

Day 8 10.00 am 0.711 

5.00 pm 0.709 

Day 9 10.00 am 0.705 

5.00 pm 0.700 

Day 10 10.00 am 0.699 

5.00 pm 0.697 
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     Figure 2: Rate of removal of lead from water 

The rate of phytoextraction can be increased 

by increasing the number of neem plants 

used to decontaminate a unit volume of 

water. 

Conclusion 

The percentage of lead removed by each of 

Medicago sativa, Chrysopogon zizanioides 

and Helianthus annuus is 30.1%, 21% and 

23% respectively.  Since Medicago sativa 

shows the highest rate of removal of lead 

and considerable tolerance to heavy metal 

toxicity, it can be regarded as a potent 

bioremediator of the heavy metal. The 

quantity of lead phytoextracted from water 

by Azadirachta indica is 30.3%. Though 

bioremediation has not yielded very high 

efficiency of heavy metal removal, the net 

efficiency of the process is very high since 

the residual carbon footprint is negligible. 

However, for enhanced accumulation of the 

heavy metal and increased rate of removal, 

longer duration of observation and increased 

intensity of cropping can be adopted.  
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