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ABSTRACT 
Treatment of heavy metal toxic from the environment is the major concern in present scenario. Bacopa monnieri was used to 
phytoremediation of lead (Pb) from effluent. Effluent from industries were collected and standardized as 5, 10 and 15ppm. The 
experiment was carried out for 50 days and analyzed for each 5 days. Plant was maintained with and without chelating agent 
EDTA. Pb concentration in the roots and shoots of the plant, settled in soil, remaining in effluent was analyzed. Pb Concentration in 
the roots was higher in compared to the concentration in shoot. The growth of the plant was compared to the controlled one and it 
shows the chelating agent does not affect the growth of the plant but effluent did. It shows slight variation between with and 
without chelating agent but controlled on shows high growth. Overall, Bacopa Monnieri shows good tolerance and remediation 
towards lead contamination. 
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INTRODUCTION 

 

The global problem concerning contamination of the environment as a consequence of human activities is 

increasing. Most of the environmental contaminants are chemical by- products and heavy metals [1, 2]. The 

human activities that contaminate soils with large quantities of heavy metals are industrial and mining 

industries, fuel burning and fuel production, intensive agriculture and sludge dumping [2, 3, 4, 5]. Heavy metals 

accumulated in soil can affect flora, fauna, and human living in the vicinity or downstream of the contaminated 

sites [1].Unlike organic molecules, which are easily biodegradable into harmless small molecules in the soil, the 

metal pollutants are very tough to be removed from air, water and soil. Over vast varieties of heavy metals, lead 

(Pb) is termed to be one of the most hazardous pollutants, which can greatly affect human health, if consumed 

directly or indirectly and it affects agricultural soil by ripping it off of its fertility and growth. The fundamental 

sources from which lead pollution emerges is through, industrial activities like mining and smelting of Pb ores. 

The other major sources are industrial effluents, fertilizers, pesticides and municipal sewage sludge [6]. It has 

detrimental effects on both biotic and abiotic components in the environment. Lead toxicity degrades seed 

germination, plant growth, dry biomass of roots and shoots, reduction in cell division and inhibition of 

photosynthesis [7] and the disruption of mineral nutrition [8].Lead is naturally occurring, but is often released 

into the environment from artificial sources. Lead has been mined, smelted, refined and used for hundreds of 
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years. It has been used as an additive in paints and gasoline, leaded pipes, solders, crystals and ceramics. Natural 

levels of Pb in soil are usually below 50 mg kg–1, but mining, smelting, and refining activities have resulted in 

substantial increase in Pb levels in the environment, especially near mining and smelting sites, near some types 

of industrial and municipal facilities, and in areas adjacent to highways. Lead released into the environment 

makes its way into the air, soil and water. Lead can remain in the environment indefinitely as dust. The Pb in 

fuels contributes to air pollution, especially in urban areas. Soils near highways, freeways, and smelting 

facilities have higher levels of Pb than soils in other areas because of their exposure to Pb dust, which 

accumulates over time [1]. Lead may also contribute to a variety of health effects. When Pb is absorbed in the 

body, it will produce different behavior, psychological and cognitive changes, es- pecially in children [1]. It 

affects an individual in such a way that its respective accumulation within the body leads to a decline in the 

mental, cognitive, and physi- cal health of the individual.Various techniques are used for cleaning up Pb-

contaminated soils. Recently, heavy metal phytoextraction has emerged as a promising, cost-effective 

alternative to the conventional engineering-based remediation [8, 9, 10]. Phytoremediation is an alter- native 

method that uses plants to clean up a contaminated area [11, 12, 13, 14, 15, 16]. It is relatively easy to 

implement, and can reduce remedial costs while restoring the habitat. However, the plant species being used 

must grow well in toxic levels of heavy metal conditions and can produce high biomass [13]. The success of 

phytoremediation is greatly de- pendent upon the choice of plant species to be used. Plant species must adapt to 

the extreme conditions and must be relatively tolerant to a high concentration of metals in soil [12]. Recently, 

phytoremediation technology is obtaining tremendous attention and importance for the exclusion of pollutants 

from both soil and water. F For sites which are strongly heavy metal polluted, phytoremediation is made 

possible by introducing hyperaccumulator plants, as they can tolerate, uptake and translocate exceeding levels of 

heavy metal toxicity [17]. A vast knowledge about the tolerance mechanism and the sequence of uptake, 

translocation and storage of heavy metal in plants is of great importance [8]. Aquatic ecosystems are more prone 

to heavy metal pollution when compared to terrestrial ecosystem and their magnitude of impact is also higher 

because of their sensitivity. Large amount of municipal sewage and industrial effluents are being let out into 

water bodies in metropolitan cities, where there is higher percentage of pollution. So, there is an emergency for 

the need of remediation techniques, at lower cost, for the benefit of polluted and populated areas. In order to 

remove the contaminants like heavy metals from water bodies, the technique of phytoremediation is followed. 

The aquatic ecosystems are prone to heavy metal pollution when compared to terrestrial ecosystem. In order to 

remove the contaminants like heavy metals from water bodies, the technique of phytoremediation is followed. 

And, it is necessary to first identify the suitable water plant, with high biomass. For this, Bacopa Monnieri  is a 

free floating plant found in the aquatic suburbs is chosen. This is chosen for its easily cultivatable and high 

biomass nature. Though this species can accumulate heavy metals, there is scarcity in information about its 

reaction towards lead exposure under hydroponic environment [18, 19, 20, 21, 22, 23, 24]. In this study, we 

cogitate that, the aquatic plants has the potential to withstand stress at cellular level, which is due to its high 

tolerance capability against heavy metals. The results achieved in this study, would be useful for the further 

studies regarding the role of Bacopa Monnieri, in efficient lead tolerance and detoxification energy requirement 

and strategy adopted by the plants. 

 

MATERIALS AND METHODS 

 

2.1. Effluent and Plant preparation: 

Lead (Pb) contaminated effluent was collected from the battery industries and standardized by using 

Atomic Absorption Spectroscopy (AAS). Uptake of heavy metals by plants in a metal contaminated and normal 

soil was studied in pot culture experiment. Aquatic plant Bacopa monnieri was collected from contaminated free 

environment. Plants were grown in pots and were irrigated with known heavy metal solutions in the 

concentration of 5, 10 and 15ppm heavy metal solution (Pb) were added to the pots. In controls normal water 

was used. The plant sample was uniform in size and which were free of disease symptoms. The pots were filed 

with 5 kg of garden soil. The plants were watered once every day and care was taken to avoid leaching of water 

from the pots. The plants were harvested after each 5 days from each pot plant samples for heavy metal analysis 

for 50days. Throughout the experiment plants were maintained in triplicates. The mean values of the results 

were taken for the further study. 

 

2.2. Sample Analysis: 

Concentration in root and shoots of the plant, soil and effluent were analyzed by using AAS following acid 

digestion procedure. The collected samples were washed with distilled water remove dust particles. The samples 

were then cut to separate the roots and shoots. The different parts (roots and shoots) were air dried and then 

placed in an oven at 1000C. Dried samples of different parts of the plants were ground into a fine powder using 

pestel and mortar and stored in polyethylene bags, until used for acid digestion. 
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2.3. Acid Digestion Method: 

Concentration in root and shoots of the plant, soil and effluent were analyzed by using AAS following acid 

digestion procedure. The collected samples were washed with distilled water remove dust particles. The samples 

were then cut to separate the roots and shoots. The different parts (roots and shoots) were air dried and then 

placed in an oven at 1000C. Dried samples of different parts of the plants were ground into a fine powder using 

pestel and mortar and stored in polyethylene bags, until used for acid digestion. 

 

Results: 

3.1. Concnetration in Root: 

Concentration of Pb content in aquatic plant was analyzed and shown in the figure 1 and 2.  From fig 1 and 

2, the concentration in root was more in 15ppm pot plant than the other. At the same time, the comparison 

between with EDTA and without EDTA plant shown that there was a slight increase in uptake of heavy metal 

by EDTA induced plant. In both types, there was a gradual increase in the uptake of heavy metal throughout the 

period. But comparing 5ppm and 10ppm, 5ppm plant shows high accumulation of lead at the end of the 

experiment in without EDTA than the with EDTA. 

  
 

Fig. 1: Concentration in Root for Without EDTA      Fig. 2: Concentration in Root for With EDTA 

 

3.2. Concentration in Shoot:  

The above fig 3 and 4, the concentration of shoot shows the same result as for the concentration of root. But 

translocation ability of plant was not much impact on with EDTA. 15ppm shows better translocation ability with 

EDTA than compared to other plants. 

 

  
 

Fig. 3: Concentration in Shoot for Without EDTA     Fig. 4: Concentration in Shoot for EDTA 

 

3.3. Concentration in Soil: 
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Concentration in soil was analyzed by using AAS and figured as above (fig 5 and 6). As concentration 

increases the excess concentration that does not bind in plant starts settled in soil. In both cases 15ppm settled 

high content in the soil compared to others. But 5 and 10ppm settled well in without EDTA than in with EDTA. 

  
 

Fig. 5: Concentration in Soil for Without EDTA     Fig. 6: Concentration in Soil for EDTA 

 

3.4. Degradation Rate: 

From fig 7 and 8, degradation rate was highly influenced by using EDTA. Without EDTA 5ppm was started 

degraded only on 35th day compared to 20th day of experiment in with EDTA. At the same time degradation 

rate for 10ppm was higher in without EDTA than the other one. For 15ppm the degradation was less than 

10ppm in the case for without EDTA and higher than the 5 and 10ppm in using EDTA. 

 

  
 

Fig. 7: Degradation rate of plant for Without EDTA      Fig. 8: Degradation rate of plant for EDTA 

 

3.5. Growth Rate of Plant: 

Fig 9 and 10 shows the growth rate of plant by with and without EDTA. Plant growth rate was tested 

against controlled plant (without effluent). As we seen above figure EDTA induced plant growth rate was 

reduced. Controlled plant shows higher growth compared to other cases. 
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Fig. 9: Growth Rate of plant Without EDTA                    Fig. 10: Growth Rate of plant for EDTA 

Discussion: 

In 5ppm, accumulation of Pb concentration in root was more in without EDTA. This is due to the reason 

that free Pb ions in the effluent starts bind to the EDTA and translocate to the root and shoot. But the number of 

free Pb ions is less compared to the 10ppm and 15ppm. Due to this reason Pb ions in EDTA induced plant was 

not translocate as high as without EDTA. The same phenomenon applies for the concentration of shoot and the 

amount of Pb contaminant settled in soil. The heavy metal concentration in roots showed higher accumulation 

values than shoots this imply relevant availability in the sediments. Roots of Phragmites australis and Typha 

domingensis accumulated a great quantity of heavy metals because of their cortex parenchyma with large 

intercellular spaces [25]. Previous studies on the accumulation of various heavy metals by aquatic macrophytes 

have also shown that the accumulation of most heavy metals was higher in roots than stems and leaves [26]. 

This means that the roots of the investigated species have an important capacity in the accumulation process of 

the heavy metals. Degradation rate was higher in with EDTA than without EDTA. Degradation rate of 10ppm is 

more than 5 and 15ppm because of the Pb ions in 5ppm was not high to have more contact with the free spaces 

in the root and in 15ppm due to high Pb ions the free space in the root was not sufficient to uptake the heavy 

metal. 

 

Conclusion:  

The Heavy metal accumulation and degradation was done by using with and without EDTA. Using EDTA 

as chelating agent for the treatment of Pb contaminant for the uptake of heavy metal is higher than without 

EDTA. Also the degradation rate was higher in for the case of EDTA.  In both cases the growth of the plant was 

mostly affected by the effluent not much by the chelating agents. EDTA agent was more favorable to the higher 

concentration than the lower concentration. Overall, Bacopa Monnieri is suitable for the treatment of Pb 

contaminant effluent.  
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