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ABSTRACT 

Phytoremediation is biotechnological application of plants for waste utilization and 

conversion to reduce, assimilate, degrade and metabolize environmental pollutants such as heavy 

metal, hydrocarbons, fertilizers, pesticide, organic and inorganic loads in soil and water. 

Phytoremediation includes different plant technologies as Phytoextraction, Phytodegradation, 

Phytovolatization, Rhizofilteration, Phytostabilization. This paper addresses definition and brief 

description of phytoremediation techniques and its practical application in wastewater treatment and 

restoring   soil.  
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INTRODUCTION 
Phytoremediation is a technology that uses plants to degrade and extract contaminants from 

soil and wastewater. This technology has received attention lately as innovative and good alternative 

to present treatment methods. Which cause secondary pollutants. It is efficient treatment method. It 

is a “Green Revolution” in the field of innovative cleanup technologies. Phytoremediation gained 

attention over the last several years. The process is going on naturally for centuries. Numbers of 

plants have been tested to find appropriate plant for phytoremediation so as to treat soils containing 

heavy metals and contaminants in wetlands. To treat wastewater.  As water flows through various 

layers of phyto bed containing plants. Not every plant is suitable for phytoremediation. The 

godfather of phytoremediation and study of hyper accumulator plants may is Robert Richard 

Brooks14. Hyper accumulator plants are those that can uptake heavy metals more than one present of 

their dry weight. Now soils have become increasingly polluted by heavy metals and other chemical 

pollutants due to human activities. This threatens everything ecosystems, water resources. This all 

have bad effect on food cycle. As contaminants enters the food chain. And has a bad effect on human 

health. The use of plants for remediation of soils and water wastewater has gained acceptance in the 

past two decades. As a cost effective method. A variety of wastewater can be treated as municipal 

wastewater, industrial wastewater, coal pile runoff, landfill leachate, mine drainage, and 

groundwater. 

PHYTOREMEDIATION TECHNIQUES 
 There are plant processes applicable in wastewater treatment and purification. In removing 

excessive organic matter from water reservoirs and in improving of soils polluted with heavy metals. 

Phytoremediation processes rely on the ability of plants to take up and metabolize, accumulate and 

degradation of contaminants. Plants are selected on basis of their growth rate, root depth it has, its 

ability to survive contaminants in root zone.  

Phytoextraction 
 It is uptake of contaminant from soil, surface water, groundwater in to the root. It is planting 

a crop of known species that is known to accumulate a particular contaminant from soil or water. 

This is in return converted into plant biomass. This is useful in separating heavy metal from water. 

This is a concentration tech. The plants must be able to survive high concentration of heavy metals 

and produce large amount of biomass. Another approach is releasing degrading microorganism in the 

soil that help the uptake process of contaminant. It is generally limited to the root zone. Corn  is 

hyper accumulator of heavy metals and also fast growth rate and absorb zinc, iron, lead. 
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Figure 1. Phytoremediation Process[9] 

 

Phytovolatization 
 Phytovolatiztion is the uptake and release of a contaminant by a plant to atmosphere through 

leaves. This is during photosynthesis. Plants release the contaminant in a less toxic form. This is 

mainly applied to groundwater, soil and sludge’s. Water uptake is affected by climatic and seasonal 

condition and daily temperature variation. Root of plant which may be deep shallow root or small but 

large numbers of root. Young roots grow faster and absorb the nutrients at higher rate than older 

ones.  Extensive Mercury from soils has been shown to move from a plant into air in a less toxic 

form during transpiration. Mercury in soil is more dangerous than in air as it may enter food chain 

and even contaminate groundwater as water flows through the soils it may get carry with it. Reduce 

danger to environment. 

Phytodegradation 

 It is microbial degradation of the contaminant in the root zone of plant the rhizosphere. The 

main mechanism is the plants absorb the organic compounds from the soil and convert them into less 

toxic form or helps in increasing plant biomass. This may occur within or outside of the plant in the 

root zone. The contaminant degrading microorganisms are secreted in the soil by the plant roots. 

Uptake is dependent on contaminants solubility. This process is affected by microbial population. 

Physicochemical characteristic of soil and mainly depends on plant type. Indian mustard might be 

able to reduce chromium. 
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Rhizofilteration 
 Rhizofilteration is absorption onto roots of the plant organic matter that is in solution. This 

method is used in treatment of wastewater from industries or water containing heavy metals. The 

plants used in this method must be able to survive inorganic compounds such as lead, mercury and 

organic matter which results in low oxygen concentration in water. Extensive root system that grows 

rapidly so as to produce large amount of surface area for microorganisms to act. This tech does not 

work with sludge’s and sediments. Water hyacinth is used for removal of heavy metals from 

wastewater.  

Phytostabilization 
 This is stabilization of contaminants by binding. This method is used in soil remediation. It 

prevents groundwater contamination. Plants must have deep root zone that provides adsorption and 

accumulation of contaminants in the tissue. Mine waste containing copper was stabilized by grasses.  

ADVANTAGES AND DISADVANTAGES OF PHYTOREMEDIATION 
 It can even be applied for industrial wastewater that contains heavy metals. Reclamation of 

the polluted soil in situ. Make sites aesthetic. And even attract birds towards it. Helps in making 

natural habitat for birds. It does not require huge equipment. Greatly cost effective. As there is no 

mechanical equipment and requires only planting of new younger plants when old ones die. Thus it 

is Solar powered. Produce biomass for renewable energy. It can be operated in almost all media 

aquatic, soil, sediment, sludge. It can also be built in existing sewage treatment plant as a tertiary 

treatment. We can also use plants for phytoremediation that will provide some income to 

owners.However phytoremediation also has limitations. Pollutants are treated only near the root zone 

not enough deep in the soil. It is applicable only to the upper layer of the soils and not deep enough. 

And the harvested biomass contains hazardous pollutants which may enter human food chain and 

animal. Long time needed for effective treatment. Age of the plants also affects treatment. 

Transpiration rates due to sun/ shade exposure can affect plant uptake. Phytoremediation site must be 

large enough to grow plants. We have to select most appropriate plant to phytoremediation new 

plants have been studied for their suitability for phytoremediation of wastewater and soils. 

APPLICATIONS 

 Phytoremediation are more suitable for schools, hotels, hospitals and smaller communities. It 

will be more successful on small scale as it will be more easy to operate. The application can be 

classified based on mechanism involved extraction of contaminant from soil, sediment, sludge or 
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groundwater, transpiration of contaminant from plant to air, immobilization of contaminants in root 

zone, degradation of contaminant or a combination of these. The problem is that roots don’t reach far 

enough into ground not more than five to six meters. And disposal of plant biomass after 

hyperaccumulation has taken place. As the biomass will decompose and finally end in soil but in less 

harmful form. Extensive root system of the plants used can prevent soil erosion.  This increases soil 

productivity as well as soil aeration. It can be applied at diversity of pollutants such as pesticides, 

crude oil, explosives, chlorinated solvents and heavy metals in soil. Trees having deep root system 

and high transpiration rates are also being analyzed in phytoremediation of landfill leachates and 

pesticides contaminants. 

CONCLUSION 
 Phytoremediation is an environmental friendly and economical approach to treat the 

wastewater naturally. That supports the goal of sustainable development. Reduce water and air 

pollution. And soil is restored. So far the phytoremediation processes are poorly understood further 

studies are needed to finding more efficient remediating plants and microbes.  
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