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Phytoremediation 1
Contaminated sites can be remediated by chemical, physical or biological techniques. The
available techniques may be grouped into two categories: (a) ex-sifu techniques which re-
quire removal of the contaminated soil for treatment on- or off site and (b) in-situ methods,

Subgroups of Phytoreme- |
Abstracts I6_7 which remediate without excavation of contaminated soil. In-situ techniques are favored over

diation

the ex-situ techniques due to their lower cost and reduced impact on the ecosystem. The in-
situ remediation of contaminated sites by using plants is termed as Phytoremediation. Since
the mid-1990s, remediation of contaminated soils, groundwater and surface water has been
addressed by this new technology — phytoremediation — involving plants and plant—microbe
systems.
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The term phytoremediation is derived from Greek word phyto=plant and Latin word remedium= restoring balance.
Thus the term explains the use of plant for the treatment of  environmental problem. It consists of the treatment of con-
taminant in soil, water and air. Plants have the ability to hyperaccumulate or bioaccumulate the contaminants from the sur-
rounding environment in which they are growing. They can also degrade or render the contaminants harmless in soils, wa-
ter or air. Contaminants such as metals, pesticides, solvents, explosives, and crude oil and its derivatives, have been miti-
gated in phytoremediation projects worldwide.

Several subgroups of phytoremediation have been identified:

1. Phytoextraction: plants remove the contaminant from the environment and concentrate them in the harvestable parts
of plants.

2. Phytostabilisation: plants reduce the mobility and bioavailability of pollutants in the environment either by immobili-
zation or by prevention of migration.

3. Phytodegradation: chemical modification of environmental substances as a direct result of plant metabolism, often re-
sulting in their inactivation, degradation (phytodegradation), or immobilization (phytostabilization).

4. Rhizofiltration: filtering water through a mass of roots to remove toxic substances or excess nutrients. The pollutants
remain absorbed in or adsorbed to the roots.

5. Phytovolatilisation: removal of substances from soil or water with release into the air, sometimes as a result of phyto-
transformation to more volatile and/or less polluting substances.

6. Phytostimulation: enhancement of soil microbial activity for the degradation of contaminants, typically by organisms
that associate with roots. This process is also known as rhizosphere degradation.
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Advantages of phytoremediation over other remediation techniques:
9 It is in-situ remediation technique hence more economically and environmentally viable. There is no need to excavate
and transport the contaminated media. Hence reducing the cost of treatment and risk of spreading the contaminant.
9 Itis less disruptive to the environment and preserves the natural structure and texture of the soil.
9 Aesthetically pleasing than traditional methods, hence accepted by the general public.
9 There is possibility of the recovery and re-use of valuable metals when metal phytoextraction is the purpose.
Apart from the above benefits, the growing plants can also provide additional benefits like carbon sequestration, soil qual-
ity improvement and biomass.
Phytoremediation of Inorganic Contaminants

J The two major processes involving the phytoremediation of inorganic
) -. contaminants- metals and radionuclide include phytoextraction and phy-
'%J/;hmv.,laﬁﬁ,aﬁm tostabilization. In order to survive, plants have developed, on one hand,

efficient and specific mechanisms by which metals are taken up and trans-
formed into physiologically tolerant form, providing the essential ele-

e— ments for metabolic functions. On the other hand, excess of these essen-
tial elements or those toxic ions that do not play a role in metabolism,
have to be metabolically inactivated. There are three different strategies

: - adopted by the plants growing on contaminated and metalliferous soils:
o . - . Metal exclusion: Plants effectively prevent metal from entering their ae-
e Phytostabilization

Phtostimo rial partsover a broad range of metal concentrations in the soil; however,
Figure 1: Different forms of Phytoremediation they can still contain large amounts of metals in their roots.

Metal indication: Plants accumulate metals in their above-ground tissues and show
poor control over metal uptake and transport processes. The metal levels in the tissues
of these plants generally reflect metal levels in the soil.

>

accumulator

Metal accumulation and sequestration: Plants take up large amounts of metal, and
transfer the metal to the shoots where it is accumulated. Accumulator species have
evolved specific mechanisms for detoxifying high metal levels accumulated in the
cells. These mechanisms allow bioaccumulation of extremely high concentration of
metals. An extreme strategy for metal tolerance, and in sharp contrast to metal exclu-
sion, is hyperaccumulation. »
Metal concentration in soil
Phytoextraction Figure 2: The three different
Phytoextraction (or phytoaccumulation) is a process by which plants remove con- strategies of metal uptake
taminants from soils, sediments or water and concentrate them into their harvestable parts.
The process in which larger-than-normal amounts of contaminants are taken up by plants is called hyperaccumulation. In
general, this process has been tried more often for extracting heavy metals than for organics. The plants absorb contami-
nants through the root system and store them in the root biomass and/or transport them up into the stems and/or leaves.
Once the plants have grown and absorbed the metal pollutants they are harvested and disposed of safely. This process is
repeated several times to reduce contamination to acceptable levels. In some cases it is possible to recycle the metals
through a process known as phytomining, though this is usually reserved for use with precious metals. Several metal accu-
mulator plants, for example, Acanthopanax sciadophylloides (Mn), Maytenus founieri (Mn), Sasa borealis (Ni), Alyssum
sps.(Ni), Clethra barbinervis (Co), Clethra barbinervis (Cd, Zn), Thlaspi caerulescens (Cd, Zn), Arabidopsis halleri (Cd,
Zn), Thlaspi rotundifolium ssp. (Pb), Cepaeifolium (Pb), T. caerulescens (Pb), Sesbania drummondii (Pb), Pteris vittata
(As) and Brassica juncea Czern (Se) have been reported to hyperaccumulate respective metals.

indicator

excluder

Metal concentration in plants

Phytoextraction can further be categorized as: natural phytoextraction, where plants naturally take up the con-
taminants in soil unassisted; and induced phytoextraction or chelate assisted phytoextraction, in which some chemical
chelating agents are added to soil to increase metal solubility or mobilization so that the plants can absorb them more eas-
ily. Several chelating agents like ethylene diamine tetra acetic acid (EDTA), trans-1,2-diaminocyclohexane-N’, N’, N’-
tetraacetic acid (CDTA), diethylene triamine pentaacetic acid (DTPA), citric acid, maleic acid etc. form more soluble com-
plexes with the metal ions, there by facilitating there uptake.
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Table 2: Plants known for remediation of different heavy metals

Metals Plant suggested
Cadmium Solanum nigrum L., Populus spp., Salix calodendron, Arabis paniculata,
Eleocharis acicularis, Helianthus annus, Cannabis sativa
Nickel Alyssum, Brassica juncea, Helianthus annus, Cannabis sativa
Arsenic Pteris vittata, Pteris cretica cv Mayii
Chromium Salix, Helianthus annus
Lead Brassica juncea, Eleocharis acicularis, Cannabis sativa
Silver, Copper, Zinc Eleocharis acicularis

Phytostabilization

Unlike phytoextraction, phytostabilization focuses on the formation of a vegetative cap where sequestration
(binding and sorption) processes immobilize metals within the plant rhizosphere reducing metal bioavailability and,
thus, livestock, wildlife, and human exposure. The plant canopy serves to reduce eolian dispersion while plants roots
help prevent water erosion and leaching. Thus, phytostabilization is a containment strategy wherein a vegetative cap is
created for the long-term stabilization of the heavy metal contaminated substrates. The plants primary purposes are to:
(1) decrease the amount of water percolating through the soil matrix, which may result in the formation of a hazardous
leachate, (2) act as a barrier to prevent direct contact with the contaminated soil and (3) prevent soil erosion and the dis-
tribution of the toxic metal to other areas. Phytostabilization can occur through the sorption, precipitation, complexa-
tion, or metal valence reduction.

Some measurements like bioconcentration factor and translocation factor have been used to define phytoex-
traction and/or phytostabilization. The Bioconcentration factor (BF) is defined as the total element concentration in
shoot tissue/total element concentration in substrate, whereas, the translocation factor (TF), is defined as the total ele-
ment concentration in shoot tissue/ total element concentration in root tissue. For phytoextraction the values for both BF
and TF should be greater than one, whereas, if the goal is phytostabilization, these values should be less than one.

Table 3: Plant characteristics for phytoextraction and phytostabilization

Phytoextraction Phytostabilization

General plant characteristics High biomass; rapid growth rate. Large canopy or good ground cover; peren-
nial; deeply rooting

Bioconcentration Factor (BF) | >1 <1

Translocation Factor (TF) >1 <1

Rhizofiltration

The concept of rhizofiltration is similar to that of phytoextraction but instead of soil, it results in the remediation
of contaminated water. The contaminants are either adsorbed onto the root surface or are absorbed by the plant roots.
An ideal plant for rhizofiltration should have rapidly growing roots with the ability to remove toxic metals from solution
over extended periods of time. Plants used for rhizofiltration are not planted directly in situ but are acclimated to the
pollutant first. Plants are hydroponically grown in clean water rather than soil, until a large root system has developed.
Once a large root system is in place the water supply is substituted for a polluted water supply to acclimatize the plant.
After the plants become acclimatized they are planted in the polluted water. The rhizofiltration system consists of a
feeder layer which is made of several centimeters deep artificial soil that anchors the plant above the stream of contami-
nated water. The application of fertilizer to this feeder layer helps in the development of an extensive root system that
grows through the screen on the bottom of the feeder layer and into the water below. As the roots reaches the underly-
ing water layer they uptake the polluted water and the contaminants along with it. After they become saturated they are
harvested and disposed off safely.

Certain varieties of sunflowers have been identified as having the highest metal removal capacity of all the
plants tested. Within several hours small amounts of roots of hydroponically grown sunflower plants are able to remove
various heavy metals (lead, copper, uranium, strontium, cesium, cobalt, zinc) from water to reach concentrations meet-
ing accepted water standards.
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Phytoremediation of Organic Contaminants
The use of micro-organisms for the biore-
MECHANISMS MECHANISMS mediation of organic pollutant has been
FOR ORGANICS FOR INORGANICS  well established. However, the use of
plants for the remediation of organic con-
ATMOSPHERE taminants has recently gained popularity
Contaminant in &ir 5 - Phytovolatilization ——f w— 4- Phytovolatihzation due to higher biomass produced by plants
as compared to microorganisms. The fact,
that green plants are capable of metaboliz-
ing or mineralizing organic molecules
—— 3. Phyioaceumulation through a series of chemical reactions ener-
' gized by sunlight, became the basis of this
, technique. The mechanisms of phytoreme-
g— - Rhizofiliration diation of organic pollutant mainly include
the direct plant uptake of organic pollut-
ants, degradation by plant-derived degrada-
tive enzymes, and stimulated biodegrada-
| - Phytostabilization —wm d—— | - Phytostabilization tion in plant rhizosphere. Phytoremediation
efficiency is close related to physicochemi-
IMPACTED MEDIA IMPACTED MEDIA  cal properties of organic pollutants, envi-
ronmental characteristics, and plant types.
The organic contaminants such as PCBs
(polychlorinated biphenyls), TCEs
(trichloroethylenes), PAHs (polyaromatic
hydrocarbons), pesticide residues, explosives, solvents, industrial chemicals etc., can be degraded or converted into non-
toxic forms by plant metabolism. In some cases the microorganisms living in association with plant roots may also me-
tabolize these substances in soil or water.
The phytoremediation of organic contaminants can be brought about by different processes such as phytodegra-
dation or phytotransformation, phytostimulation and Phytovolatilization.

PLANT

Contaminantin Plamt 4 - Phytodegradation ——»

3. Rhizofiltration  ——
SOIL
Contaminant in
Rhizosphere

REMEDIATED
CONTAMINANT

2+ Rhizodegradation ——»

Figure 3: Fate of contaminant in soil, plant and atmosphere contin-
uum; Source: Phytoremediation Decision Tree, 1999. Interstate Tech-
nology and Regulatory Cooperation Work Group, USA)

Table 3: Plants known for remediation of organic pollutant

Organic Pollutants Plant suggested
Dibenzofuran Trifolium repens L
Polynuclear aromatic hydrocarbon(P AH) and Polychlorinated biphenyls (PCB) Zostera marina
Atrazine Lolium multiflorum, Vetiver sp.
Naphthylic acetic acid Phragmites australis
Petroleum hydrocarbons Mirabilis jalapa
lindane, trifluralin Ryegrass
Polycyclic aromatic hydrocarbon alfa-alfa, Trifolium pretense

2.4,6-trinitrotoluene Anabaena sp.

Phytotransformation (Phytodegradation)
Phytotransformation or phytodegradation is a process by which organic contaminants are broken down through internal
and external metabolic processes driven by the plant. The external metabolic processes include the release of chemicals
(such as enzymes) that hydrolyse organic compounds into smaller units that can be absorbed by the plant. The contami-
nants directly taken up by plants are acted upon by metabolic enzymes released within plant cell. Several plant enzymes
have been identified that breakdown ammunition wastes, chlorinated solvents such as TCE (Trichloroethane), and others
which degrade organic herbicides.

For phytodegradation to occur within the plant, the compounds must be taken up by the plant and then
metabolized by various metabolic pathways. Uptake of organic compound is dependent on hydrophobicity,
solubility, and polarity. Moderately hydrophobic organic compounds are most readily taken up by and
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translocated within plants. Very soluble compounds (with low sorption) will not be sorbed onto roots or translocated
within the plant. Hydrophobic (lipophilic) compounds can be bound to root surfaces or partitioned into roots, but cannot
be further translocated within the plant. Nonpolar molecules with molecular weights <500 will sorb to the root surfaces,
whereas polar molecules will enter the root and be translocated. Plant uptake df organic compounds can also depend on
type of plant, age of contaminant, and many other physical and chemical characteristics of the soil.

Metabolism within plants has been identified for a diverse group of organic compounds, including the herbicide atrazine,
the chlorinated solvent TCE, and the munition TNT. Other metabolized compounds include the insecticide DDT, the
fungicide hexachlorobenzene (HCB), PCP, the plasticizer diethylhexylphthalate (DEHP), and PCBs in plant cell cul-
tures. The term "Green Liver Model" is used to describe phytotransformation, as plants behave analogously to the human
liver when dealing with these organic compounds. After uptake, plant enzymes increase the polarity of the foreign com-
pound by adding functional groups such as hydroxyl groups (-OH). This is known as Phase I metabolism. In the second
stage of phytotransformation, known as Phase II metabolism, plant biomolecules such as glucose and amino acids are
added to the polarized foreign compound to further increase the polarity (known as conjugation). Phase I and II reactions
serve to increase the polarity and reduce the toxicity of the compounds, although many exceptions to the rule are seen.
The increased polarity also allows for easy transport of the foreign compound along aqueous channels. In the final stage
of phytotransformation (Phase III metabolism), a sequestration of the foreign compound occurs within the plant that
form a complex structure that is sequestered in the plant. This results in the safe storage of foreign compound that does
not affect the functioning of the plant. However, in some cases the proper disposal of these plants become necessary in
order to avoid toxicity to other organism feeding on them.

Phytovolatilization

Both organic and inorganic contaminants can be remediated by plants through phytovolatilization. In this proc-
ess the water soluble contaminates are taken up by plants, transformed into volatile form and then released into the at-
mosphere during transpiration. The contaminant may become modified along the way by plant metabolism and then
transpired in the atmosphere. Phytovolatilization has mainly been applied to ground water, but it can be applied to soil,
sediments, and sludges. One of the major advantage of phytovolatilization is that the contaminants could be transformed
into less toxic form before release in the atmosphere.

Several plants have been tested to phytovolatilize organic contaminants. The researchers at the University of
Washington have extensively studied the use of poplars in the phytoremediation of chlorinated solvents. Alfalfa
(Medicago sativa) has been studied by Kansas State University researchers for its role in the phytovolatilization of TCE.
Black locust species were studied for use in remediating TCE in groundwater.

Among the inorganic contaminants the mercury and selenium has been found to be phytovolatilized. Indian mus-
tard (Brassica juncea) and canola (Brassica napus) have been used in the phytovolatilization of Se. Selenium (as sele-
nate) was converted to less toxic dimethyl selenite gas and released to the atmosphere. Kenaf (Hibiscus cannabinus) and
tall fescue (Festuca arundinacea) have also been used to take up Se, but to a lesser degree than canola. Scientist has also
engineered some plants for effective phytovolatilization of non biodegradable organic and inorganic contaminants.
Arabidopsis thaliana has been genetically modified to produce mercuric reductase that converted mercuric salts to less
toxic elemental mercury and released it to the atmosphere. Phytovolatilization has also been found successful in tritium
(3H), a radioactive isotope of hydrogen, it is decayed to stable helium with a half-life of about 12 years reported.

Phytostimulation (Rhizodegradation)

Phytostimulation or rhizodegradation or plant-assisted bioremediation, is the breakdown of contaminants in the
soil through microbial activity that is enhanced by the presence of the root zone in the soil. The rhizosphere provides a
specific niche for soil microorganisms to live. Presence of plant roots and root exudates provide many benefits for mi-
croorganism growth and activity. The release of exudates by the plant roots-such as sugars, alcohols, enzymes and ac-
ids in rhizosphere may serve as energy sources for microorganisms (yeast, fungi, and/or bacteria). Plant roots can also
affect soil conditions by increasing soil aeration and moderating soil moisture content, thereby creating conditions more
favorable for biodegradation by indigenous microorganisms. Thus, increased biodegradation could occur even in the ab-
sence of root exudates. The microorganisms during their nutrition consume and degrade or transform organic substances
into their simpler form, thus causing degradation of organic molecules. Likewise, the microorganisms can also degrade
harmful organic substances such as fuels, solvents, pesticides into harmless products through biodegradation.

In many studies it has been observed that the presence and absence of rhizosphere in soil, has directly influenced
the degradation of organic contaminant present in the soil. In many studies, degradation of petroleum hydrocarbons,
polycyclic aromatic hydrocarbons (benzopyrene, anthracene, pyrene), benzene, toluene, pesticides (atrazine, meto-
lachlor, trifluralin, 2,4-D, 2,4,5-T), chlorinated solvents (TCE, TCA), pentachlorophenol, polychlorinated biphenyls and
surfactants (linear alkylbenzene sulfonate and linear alcohol ethoxylate), has been found to be more pronounced in
vegetated soil when compared to non vegetated soil.
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Abstracts

Comparative bioremediation potential of four rhizospheric microbial species against lindane
P.C. Abhilash, Shubhi Srivastava and Nandita Singh

Eco-Auditing Group, National Botanical Research Institute, Council of Scientific & Industrial Research, Rana Pratap Marg, Lucknow
226 001, Uttar Pradesh, India Chemosphere, Volume 82, Issue 1, January 2011, Pages 56-63

Four microbial species (Kocuria rhizophila, Microbacterium resistens, Staphylococcus equorum and Staphylococcus cohnii subspecies
urealyticus) were isolated from the rhizospheric zone of selected plants growing in a lindane contaminated environment and acclima-
tized in lindane spiked media (5-100 £g mL—"). The isolated species were inoculated with soil containing 5, 50 and 100 mg kg—'of
lindane and incubated at room temperature. Soil samples were collected periodically to evaluate the microbial dissipation kinetics,
dissipation rate, residual lindane concentration and microbial biomass carbon (MBC). There was a marked difference (p < 0.05) in the
MBC content and lindane dissipation rate of microbial isolates cultured in three different lindane concentrations. Further, the dissipa-
tion rate tended to decrease with increasing lindane concentrations. After 45 d, the residual lindane concentrations in three different
spiked soils were reduced to 0%, 41% and 33%, respectively. Among the four species, S. cohnii subspecies urealyticus exhibited
maximum dissipation (41.65 mg kg—") and can be exploited for the in situ remediation of low to medium level lindane contaminated
soils.

Keywords: Lindane; Kocuria rhizophila; Microbacterium resistens; Staphylococcus equorum; Staphylococcus cohnii subspecies
urealyticus; Bioremediation

Biological removal of arsenic pollution by soil fungi
Pankaj Kumar Srivastava, Aradhana Vaish, Sanjay Dwivedi, Debasis Chakrabarty, Nandita Singh and Rudra Deo Tripathi

National Botanical Research Institute, Rana Pratap Marg, Lucknow - 226001, India. Science of the Total Environment, Volume 409,
Issue 12, 15 May 2011, Pages 2430-2442

Fifteen fungal strains were isolated from arsenic contaminated (range 9.45-15.63 mg kg' ') agricultural soils from the state of West
Bengal, India. Five fungal strains were belonged to the Aspergillus and Trichoderma group each, however, remaining five were identi-
fied as the Neocosmospora, Sordaria, Rhizopus, Penicillium and sterile mycelial strain. All these fungal strains were cultivated on
medium supplemented with 100, 500, 1000, 5000 and 10,000 mg I' ' of sodium arsenate. After 30-day cultivation under laboratory
conditions, radial growth of these strains was determined and compared with control. Toxicity and tolerance of these strains to arse-
nate were evaluated on the basis of tolerance index. Out of fifteen, only five fungal strains were found resistant and survived with tol-
erance index pattern as 0.956 (sterile mycelial strain) > 0.311 (Rhizopus sp.) > 0.306 (Neocosmospora sp.) > 0.212 (Penicillium
sp.) > 0.189 (dspergillus sp.) at 10,000 mg I' ' of arsenate. The arsenic removal efficacy of ten fungal strains, tolerant to 5000 mg I’
arsenate, was also assayed under laboratory conditions for 21 days. All these strains were cultivated individually on mycological broth
enriched with 10 mg I ' of arsenic. The initial and final pH of cultivating medium, fungal biomass and removal of arsenic by each
fungal strain were evaluated. Fungal biomass of ten strains removed arsenic biologically from the medium which were ranged from
10.92 to 65.81% depending on fungal species. The flux of biovolatilized arsenic was determined indirectly by estimating the sum of
arsenic content in fungal biomass and medium. The mean percent removal as flux of biovolatilized arsenic ranged from 3.71 to
29.86%. The most effective removal of arsenic was observed in the Trichoderma sp., sterile mycelial strain, Neocosmospora sp. and
Rhizopus sp. fungal strains. These fungal strains can be effectively used for the bioremediation of arsenic-contaminated agricultural
soils.

Keywords: Arsenic; Fungi; Agricultural soil; Tolerance; Removal; Biovolatilization

Arsenic accumulation pattern in 12 Indian ferns and assessing the potential of Adiantum capillus-veneris, in comparison to
Pteris vittata, as arsenic hyperaccumulator

Nandita Singh, Anshita Raj, P.B. Khare, R.D. Tripathi and Sarah Jamil

National Botanical Research Institute, Council of Scientific and Industrial Research, Lucknow 226 001, India. Bioresource Technol-
ogy, Volume 101, Issue 23, December 2010, Pages 8960-8968

The present study was undertaken to evaluate the ability of some Indian ferns to accumulate and tolerate arsenic. Twelve species of
Indian ferns were exposed to 10 mg L' *arsenic as sodium arsenate for 15 days in hydroponic system. Depending on the arsenic uptake
in the plant parts — Pteris vittata, Pteris cretica, Adiantum capillus-veneris and Nephrolepis exaltata may be categorised as arsenic
accumulator. Further, 4. capillus-veneris plants were grown in arsenic contaminated soil (200-600 mg kg' j under green-house condi-
tion, to assess its arsenic accumulation and tolerance mechanism, in comparison to known As-hyperaccumulator — P. vittata Linn.,
growing in the same conditions. The experiment identified A. capillus-veneris having a potential to tolerate arsenic up to 500 mg kg' *
The plants were analysed for the extent of oxidative stress, as a result of arsenic accumulation. A. capillus-veneris was able to detoxify
the arsenic stress through induction of anti-oxidant defence system.
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Transgenic plants for enhanced biodegradation and phytoremediation of organic xenobiotics
P.C. Abhilash , Sarah Jamil and Nandita Singh

Eco-Auditing Group, National Botanical Research Institute, Council of Scientific & Industrial Research, Rana Pratap Marg, Lucknow
226 001, Uttar Pradesh, India. Biotechnology Advances, Volume 27, Issue 4, July-August 2009, Pages 474-488

Phytoremediation — the use of plants to clean up polluted soil and water resources — has received much attention in the last few years.
Although plants have the inherent ability to detoxify xenobiotics, they generally lack the catabolic pathway for the complete degradation
of these compounds compared to microorganisms. There are also concerns over the potential for the introduction of contaminants into
the food chain. The question of how to dispose of plants that accumulate xenobiotics is also a serious concern. Hence the feasibility of
phytoremediation as an approach to remediate environmental contamination is still somewhat in question. For these reasons, researchers
have endeavored to engineer plants with genes that can bestow superior degradation abilities. A direct method for enhancing the efficacy
of phytoremediation is to overexpress in plants the genes involved in metabolism, uptake, or transport of specific pollutants. Further-
more, the expression of suitable genes in root system enhances the rhizodegradation of highly recalcitrant compounds like PAHs, PCBs
etc. Hence, the idea to amplify plant biodegradation of xenobiotics by genetic manipulation was developed, following a strate gy similar
to that used to develop transgenic crops. Genes from human, microbes, plants, and animals are being used successfully for this venture.
The introduction of these genes can be readily achieved for many plant species using Agrobacterium tumefaciens-mediated plant trans-
formation or direct DNA methods of gene transfer. One of the promising developments in transgenic technology is the insertion of mul-
tiple genes (for phase 1 metabolism (cytochrome P450s) and phase 2 metabolism (GSH, GT etc.) for the complete degradation of the
xenobiotics within the plant system. In addition to the use of transgenic plants overexpressed with P450 and GST genes, various trans-
genic plants expressing bacterial genes can be used for the enhanced degradation and remediation of herbicides, explosives, P CBs etc.
Another approach to enhancing phytoremediation ability is the construction of plants that secrete chemical degrading enzymes into the
rhizosphere. Recent studies revealed that accelerated ethylene production in response to stress induced by contaminants is known to in-
hibit root growth and is considered as major limitation in improving phytoremediation efficiency. However, this can be overcome by the
selective expression of bacterial ACC deaminase (which regulates ethylene levels in plants) in plants together with multiple genes for the
different phases of xenobiotic degradation. This review examines the recent developments in use of transgenic-plants for the enhanced
metabolism, degradation and phytoremediation of organic xenobiotics and its future directions.

Keywords: Phytoremediation; Cytochrome P450s; Glutathione S-tranferases; Bacterial enzymes; Transgenic plants; Metabolism; Or-
ganic xenobiotics

News

Plants working to combat pollution

Examining phytoremediation — using plants to mitigate pollution

Last year was a "pretty good" one for Phytorestore, according to CEO Thierry Jacquet. This small company is the French market leader
in a promising, but still marginal sector, phytoremediation, or more simply, using plants to mitigate pollution."The plants are actually an
alibi," says Jean-Louis Ducreux, who heads the Atelier d'Ecologie Urbaine, a consultancy specialising in these processes. "It's the bacte-
ria attached to their roots that do the real work." The contaminants are digested or, in the case of heavy metals that cannot be broken
down, trapped by the plant fibres. The type of vegetation — grass, reeds, bamboo, irises, maize, sorghum, willow, poplar — depends on
their ability to break down or sequester pollutants.

The most advanced processes concern water purification. Plant-based remediation systems are becomingly increasingly common in
small country towns in France. Larger towns, such as Honfleur or Caen, are using Phytorestore-designed gardens to filter water as it
leaves conventional sewage plants. "At the outlet we obtain water clean enough to swim in," Jacquet says.Reflecting growing interest,
large water utilities such as Lyonnaise des Eaux or Veolia are also deploying plant remediation systems alongside conventional waste-
water processing facilities.Soil remediation is still at the research-and-development stage. Here the aim is to fix pollutants in the con-
taminated soil, or to "transfer pollutants from the soil to the vegetation, using plants with a high rate of uptake which are then harvested",
says Valérie Bert, a research engineer at France's Institute of the Industrial Environment and Risk Management (Ineris). This year the
institute will be experimenting various techniques at Creil, north of Paris. Research labs are still investigating comparable methods for
combating air pollution.Plant-based methods have many advantages. (Source: Guardian Weekly, Date: 11 January 2011)

Phytoremediation to reduce pollution

SANGAREDDY: Medak district, particularly Patancheru and Pasamylaram, has been dealing with high pollution levels in the country.
Even the industrialists were worried about the pollution problem and trying to reduce it to the possible extent while not compromising on
the production side. The industrialists were recently introduced to a new technology — Phyto Remediation, an eco-friendly energy saving
solutions — to clean the pollution and they were expressing eagerness to test the technology. Phyto Remediation is a technology that uses
large varieties of plants to clean the contaminated sites. It is sustainable, low maintenance and easy to implement, according to Mr. B.
Sravan, representative of Honey-Technologies. It has tied up with AYALA Water and Ecology, an Israel-based company, which has
been implementing the technology since 90s. AY ALA has been into research for identifying the best plants that reduces different pollut-
ants, he added. The system can be implemented for cleaning rivers and lakes, treating industrially polluted sites, in treating municipal
and agricultural wastage, ecological parks, treating the polluted smoke released by the industries and treatment of contaminated soil —
degradation of sludges. (Source: The Hindu , Date: 6™ August, 2010)
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Books

Title: Plant Adaptation and Phytoremediation
Publisher: Springer

Editors: M Ashraf, M Ozturk, M S A Ahmad
ISBN: 9048193699

Year: 2010

Title: Phytoremediation and Rhizoremediation

Publisher: Springer

Series: Focus on Biotechnology

Editors: Martina Mackova, David Dowling, Tomas Macek
Hardcover ISBN: 978-1-4020-4952-1

Softcover ISBN: 978-90-481-7238-2

Year: 2006

Title: Dynamics and Bioavailability of Heavy Metals in the
Rootzone

Publisher: CRC Press

Author: H. Magdi Selim

ISBN: 9781439826225

Year: 2011

Upcoming Conferences:
Title: 1st Biotechnology World Congress

Venue: Dubai, UAE
Contact: http://www.biotechworldcongress.con/
Date: 14™ -15" February,2012

Title: Southeastern In Situ Soil and Groundwater Remediation

Conference (Redox Tech)

Venue: Raleigh, North Carolina

Contact: http://redox-tech.com/conference.htm
Date: 6" - 7" March, 2012

To,

Title: Eco Summit, 2012- Ecological Sustainability: Restoring the
Planet's Ecosystem Services

Venue: Columbus, Ohio, USA

Contact: http://www.ecosummit2012.org/conference-
exhibitors.html

Date: 30" September-5" October, 2012

Title: Marine Microbiology and Biotechnology: Biodiscovery,
Biodiversity and Bioremediation

Venue: Western Gateway Building , University College Cork,
Cork, Ireland

Contact: n.oleary@ucc.ie
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