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Quality of natural resources like soil, water and biosphere is greatly affected by environmental pollution. Any
unfavourable changes in natural resources lead negative effects on organisms which ultimately affects humans. Natural events
such as volcanic eruptions, continental drift as well as anthropogenic activities such as mining, metal working industries,
combustion of petroleum fuels lead emission of heavy metals and accumulation of these chemicals in ecosystem. Phytoremediation
is alow cost effective ecofriendly technology in which higher plants and their associated microorganism are used according to their
potential to minimized contaminants from soil and water resources. The present paper focuses a brief review of Phytoremediation
as an emerging green technology for removal of pollutant from natural resources.
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Soil and water are very essential resources for the
sustainability of agriculture and mankind. Anthropogenic
activities create many pollution sources such as emission,
effluents and solid discharge from industries, vehicle
exhaustion and metals from smelting and mining industries.
In agriculture use of insecticides and pesticides, disposal of
industrial and municipal wastes is responsible for soil and
water toxicity (McGrath et al., 2001). Each pollutant has its
own damaging effect on life of plants, animals and humans.
Sources of contamination that add heavy metals to soils and
water is a matter of serious concern because they remain in
environment for a long period of time and are cause of
carcinogenicity to humans (Garbisu and Alkorta, 2001;
Gisbertetal.,2003).

Recently the term phytoremediatiion has been
substituted by the term phytotechnology to indicate all
applications in which plants are used to manage and control
pollutants, even without removing or destroying it (ITRC,
2001). This technology has greater potential to remediate
contaminants from soil and water over conventional and
costly methods. In this various plant species according to
their capability are used to degrade, extract and immobilize
contaminants from soil and water resources.
Phytoremediation potential of Eichhornia crassipes was
studied in vitro by Padhi et al., (2012); Cornell et al., (1977)
and Reddy etal., (1990).

Take up of organic contaminants from waste water

by plant roots to leaves and ultimately in plant body has
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been reported by Goel ,(2006). Using water hyacinth waste
water purification and removal of nitrogen and phosphorus
has been reported by Mandi (1994). More than 400 plant
species have been identified to have potential for polluted
soil and water remediation among them Thlaspi sp.,
Brassica sp., Sedum alfredii and Arabidopsis sp. have been
studied (Mohammad et al., 2008).
PHYTOREMEDIATION TECHNOLOGY

Phytoremediaton technologies are based upon
biological mechanisms occur in plants and their associated
rhizospheric microorganisms, such as transpiration,
photosynthesis, metabolism and mineral nutrition. At
present following processes of this technology as applicable
for remediation of toxic metals from soil and water are.
Phytoextraction

It is based on ability of certain metal-accumulating
plants to transport and concentrate polluting metals from
soil into the harvestable above ground plant parts . Some
well known plant species for phytoextraction are Indian
mustard and sunflower due to their fast growth, high
biomass, high tolerance and accumulation of metals and
other organics (Blaylock and Huang, 2000; Salt et al.,
1995b).

At present at least 45 plant families are known to
contain metal accumulating species (Reeves and Baker,
2000). A number species among them are member of
Brassicaceae including a species of Arabidopsis, A. halleri

capable of hyperaccumulation of Zn in its shoot (Reeves and
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Baker, 2000).

Recently Yanqun et al., (2005) identified Sonchus
asper and Corydalis pterygopetata as heavy metal
hyperaccumulators of Lead-Zinc.

Phytovoltilization

This process involves the release of contaminants
from the plants to the atmosphere as a gas. Terry et al.,
(1992) reported same members of Brassica sp. and some
microorganisms as good volatilizes of Selenium. Some
aquatic plants like 4zolla sp., Rabbit foot grass and Pickle
weed are the best Selenium volatilizers (Hansen et al.,1998;
Zayed et al., 2000). It is very effective technology as
volatilization completely removes the contaminants from
the polluted area in the form of gas. It does not need
harvesting and disposal of plants.

According to Lin et al., (2000) and Meagher et al.,
(2000) volatile Selenium (Se) and Hg disperse and diluted
to such an extent that it does not pose a threat. Bizily et al.
(2000) reported that in Hg-contaminated soil and sediments
microbial activity converts the highly toxic mercury into
organomercurials.

Phytostabilization

Phytostabilizatin involves the use of plants to
immobilize contaminants in the soil, sediments and ground
water through the absorption and accumulation into the
roots or the precipitation or immobilization within the root
zone. These inorganic and organic then are rendering in a
stable form (ITRC, 2001). Following three processes are
involved that determine the fate of contaminants (1)
Phytostabilization in root zone (2) Phytostabilization in root

Table: Some metal hyperaccumulator plant species
with respective metal accumulated

S.N. | Plant species Metal

1 Arabidopsis thaliana Zn,Cu,Pb
2 Thlaspi caerulescens Zn, Cd

3 Helianthus anus Cd, Cr,Ni
4 Sonchus asper Zn, Pb

5 Arabobidipsis halleri Zn, Cd

6 Thlaspi rotundifolium | Ni, Pb, Zn
7 Brassica Juncea Zn, Cd

8 Brassica napus Zn, Cd

9 Pteris vittata As

10 Sedum alfredi Pb, Zn
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membrane (3) Phytostabilization in the root cells. In these
three processes plant products like protein and enzymes can
bind and stabilize contaminants in root, root membrane and
root cell respectively (EPA, 1999).

Rhizofiltration

Rhizofiltration is concerned with the remediation
of contaminated ground water rather than remediation of
polluted soils. The contaminants are either adsorbed on the
root surface or are absorb by plant root. Plant species used
for rhizofiltration are hydroponically grown in clean water
rather than soil, until a large root system has developed. The
plants are than planted in the contaminated area where the
roots take up the water and contaminants along it (EPA,
1999).

Rhizofiltration is also a useful method to clean up
the environment using plants. Among hundreds of species
certain varieties of sunflowers are identifies as having the
highest metal removal potential. Hydroponically grown
sunflower plant root were found to remove various heavy
metals like Cu, Pb, U, Sr, Cs, Co, and Zn from water to such
an extent as it reaches its accepted standards (Ruskin et al.,
1997).

Recently Vallini et al. (2005) reported two
bacterial strains, Bacillus mycoides and Stenotrophomonas
maltophilia to have potential to detoxify Selenium.
Phytodegradation (Phytotransformation)

Phytodegradation, also called phytotransform-
ation, is the breakdown of contaminants taken up by plants
through metabolic processes within the plant, or the
breakdown of contaminants external to the plant through the
effect (Such as enzymes) produced by the plants. Pollutants
are degraded, incorporated into the plant tissues and used as
nutrients (EPA, 1999).

Phytoremediation Using Transgenic Plants

In phytoremediation potential of plant species to
remediate contaminants may improved through genetic
engineering technology. Certain naturally occurring plant
species like Brassica juncea can be genetically engineered
for enhanced phytoremediaton of heavy metals from soil
(Dushenkov et al. 1995); Helianthus anus (Dushenkov et al.
1995) and Chenopodium amaranticolor (Eapen etal., 2003)

for rhizofiltration of Uranium.
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Diderjean et al., (2002) also reported of a
successful transgenic approach with a gene for cytochrome
P450 involved in phase I of metabolism. In future this gene
may be an important tool for phytotransformation of
contaminants through herbicides in soil and water. Ruiz et al
.,(2003) suggested genetically engineered chloroplast
genome as a valuable way to obtain high expression without

any risk.

CONCLUSION

It is evident from the above mentioned account
that the phytoremediation process as a green, ecofriendly,
low cost technology which is quite important and helpful for
removing the pollutants including heavy metals, toxic
chemicals, etc. from soil and water resources. This
technology can also be useful for maintaining

environmental equilibrium.
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