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Abstract: Soils may be contaminated by the accumulation of heavy metals and metalloids through the emissions from
rapidly expanding industrial areas, mine tailings, disposal of high metal wastes, leaded gasoline and paints, application of
fertilizers, animal manures, sewage sludge, pesticides, wastewater irrigation etc. Excessive accumulation of heavy metals
can have deleterious effects on soil fertility and productivity, disrupts ecosystem functioning and can lead to serious health
risks to animals and human beings. Many methods of preventing or removing these pollutants from soils are identified,
however, most of these conventional remedial processes are expensive and adversely affect the soil fertility and productivity.
Therefore, phytoremediation which uses higher plants to reduce contaminant levels in soil is an eco-friendly and cost
effective technology. The objective of this review is to discuss the different mechanisms of phytoremediation, their
potentials, limitations, and techniques to enhance the phytoremediation efficiency.
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INTRODUCTION

Heavy metal is defined as d-block element of
periodic table which may be transition metal,
metalloid, lanthanoids or actinoids, having metallic
properties, atomic weight more than calcium, density
>5 Mg/m?®, have great capacity to form complexes
with organic matter and often associated with
contamination and potential toxicity (Duffus, 2002).
As per the role of heavy metals in living
systems, these are classified into two groups:
essential and non-essential. Some metals like Mn,
Fe, Ni, Cu and Zn are essential for plant growth,
development and physiological functions at low
concentration that is why known as essential heavy
metals (Gohre and Paszkowski, 2006). Most of heavy
metals are cofactors of enzymes. Some of them are
involved in important processes such as
photosynthesis (Mn, Cu), DNA transcription (Zn),
hydrolysis of urea into carbon dioxide and ammonia
(Ni), legume nodulation and nitrogen fixation (Co,
Zn, Co), flowering and seed production (Cu, Zn),
especially when their availability is very low. Second
groups i.e. non-essential heavy metals includes
elements like Cd, Pb, Hg and As which are not
required by living organisms or plants for any
physiological functions (Peng et al., 2009). Heavy
metals are highly carcinogenic, teratogenic and
mutagenic even at low or trace concentration.
Phytotoxicity is mainly associated with accumulation
of non-essential heavy metals which generally have
very low toxicity thresholds (Clemens, 2006). The
major hazardous heavy metals concerned with
environmental and health issues are As, Cd, Cr, Cu,
Pb, Hg, Ni, Se, Mo, Zn, Tl, Sb (Basta et al., 2005,
Wright, 2007 and Gosh, 2010). Among these, Cd
and Pb are the most dangerous metals for human
health (Sekara et al., 2005). Heavy metals at higher

*Corresponding Author

concentrations may disturb the normal physiology
and biochemistry of living systems, can block the
essential functional groups, displace other metal ions,
or modify the active configuration of biological
molecules. Threshold toxic limits of heavy metals in
soil and plants and their associated health risk to
humans are given in table 1.

Heavy metals may exist in colloidal, ionic,
particulate and dissolved phase. They also have high
affinity for humic substances, organo-clays and
oxides coated with organic matter (MacCarthy, 2001
and DeVolder et al.,, 2003). The soluble forms of
heavy metals may be ions or organo-metallic chelates
or complexes and their solubility or retention is
controlled by pH (Ross et al., 2003), amount of metal
, Cation exchange capacity, organic carbon content
(DeVolder et al., 2003), oxidation state of metals and
the redox potential of the system. Among these
factors, soil pH is predominant and solubility of
heavy metals is increased with decrease in pH.
Sources of heavy metals in soil

Heavy metal can be introduced into any system from
natural or anthropogenic sources. Naturally heavy
metals are released into the soil, sediments or
aqueous system through chemical as well as physical
weathering of igneous, metamorphic rocks and soil.
They are also generated from volcanic activities,
wind erosion, forest smoke fire and fossil fuels.
These metals may also be derived from
remobilization from natural soils due to the changes
in local redox conditions and the corrosion of
subsurface engineering structures due to prolonged
submergence under acidic groundwater. Whereas on
other hand, anthropogenic sources such as mines,
foundries, smelting of ores, electroplating, gas
exhaust, coal burning power plants etc. also releases
heavy metals and imposes a harmful threat to
humans as well as environment. Among these
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factors, mining contribute the maximum in
contamination of soil followed by agriculture and
wastewater. The most hazardous trace-elements such
as As, Cd, Co, Cu, Mn, Pb and Zn were found,
mainly around industry and mining areas and poses
risk to human and ecological health. The materials
generated from various industries such as textile,
tanning, petrochemicals from accidental oil spills or
utilization of petroleum-based products, and
pharmaceutical facilities are highly variable in
composition (Sumner, 2000 and DeVolder et al.,
2003). Industrial activity has led to very high heavy
metal concentrations on the environment, which are
in general 100-1000 fold higher than those in the
Earth’s crust, and in turn, living organisms can be
exposed to even higher levels. Second major source

of heavy metal contamination is related to
agricultural issues that include (i) uses of
agrochemicals such as fertilizers, pesticides,

fungicides, (ii) application of manures and bio-solids
(iii) utilization of waste water for crop production.
The fertilizers which are used to supply
micronutrients contain trace amounts of heavy metals
(e.g., Cd and Pb) as impurities and continued
application of these fertilizers may significantly
increase the content of heavy metals in the soil.
Other than  micronutrient fertilizers, certain
phosphatic fertilizers also supply Cd, Pb and other
potentially toxic elements such as F, Hg and As to
the soil (Raven et al., 1998). Besides fertilizers,
commonly used pesticides or fungicides for insect-
pest or disease control of field crops also contain
heavy metals like Cu, Hg, Mn,Pb, Zn etc. (Jones and
Jarvis, 1981). Bordeaux mixture, a Cu-containing
fungicide, is most widely used for field crops while
for fruit orchard, lead arsenate is fairly extensively
used to control parasitic insects. Arsenic containing
compounds are also used to control cattle ticks and
pests in banana. The application of various bio-solids
(e.g. livestock manures, composts, and municipal
sewage sludge) in the fields to maintain soil fertility
and productivity inadvertently lead to the
accumulation of heavy metals such as As, Cd, Cr,
Cu, Pb, Hg, Ni, Se, Mo, Zn, TI, Sb etc. in the soil
(Basta et al., 2005). In the pig and poultry industry,
Cu and Zn are added to diets as growth promoters
and As is a part of poultry health products, so
manures produced from animals on such diets
contain high concentrations of As, Cu, and Zn and
repeated application of such manures cause
considerable buildup of these metals in the soil and
may have the potential to cause contamination of the
soil (Sumner, 2000). Most commonly found heavy
metals in bio-solids include Pb, Ni, Cd, Cr, Cu, and
Zn. Heavy metal concentrations in bio-solids are
determined by the nature and intensity of industrial
activity and type of process employed during the bio-
solids treatment and production. Several studies
suggest that agriculture based on waste water
irrigation accounts for 50 percent of vegetables

supply to the urban areas (Bjuhr, 2007). Although, it
is considered that waste water contains relatively low
concentrations of heavy metals, however, long-term
utilization of such waste water for irrigation purpose
may lead to accumulation of heavy metals in the soil.
Remedial measures of heavy metals contaminated
soils

Remediation refers to any process or technique with
the help of which concentrations of contaminants are
reduced below the threshold levels so that associated
health hazardous can be eliminated (Martin and
Ruby, 2004). Due to immutable nature of heavy
metals, metal-contaminated soils are notoriously hard
to remediate. For remediation of heavy metal-
contaminated soils, selection of appropriate remedial
process depends on physical and chemical form of
the contaminants of concern, soil properties and site
conditions. Among the best demonstrated available
technologies for remediation of heavy metals
contaminated soils, immobilization, soil washing and
phytoremediation are most frequently used. Each of
these remediation technologies has its specific
benefits and limitations.

1. Immobilization: Immobilization refers to the
process in which heavy metals remains in the soil
itself but reduce the toxicity by decreasing its
bioavailability through in situ immobilisation
processes (Diels et al., 2002). Immobilization uses
organic and inorganic amendments to reduce the
bioavailability and toxicity of heavy metals. These
immobilizing amendments alter the physicochemical
states of metal and transform them into more
geochemically stable forms via sorption, ion
exchange, precipitation, redox reactions and
complexation phenomena (Hashimoto et al., 2009
and Wang et al., 2009). The mostly commonly used
inorganic amendments include clay, cement, fly ash,
blast furnace slag, calcium carbonate, Fe/Mn oxides,
charcoal, zeolites, minerals, phosphates (Ling et al.,
2007 and Fawzy, 2008) whereas organic
amendments include bitumen, organic composts,
manures and microbes (Farrell, 2010) or a
combination of organic-inorganic amendments may
be used. Immobilization mainly includes stabilization
or vitrification process. Vitrification is defined as
high-temperature treatment of contaminated soil that
volatilize/destroy volatile metals. However, because
of very complexed nature of soil, immobilization is
not so successful.

2. Soil Washing: It is defined as a volume reduction
process in which contaminants are washed off from
the soil with the help of aqueous solutions or
chemicals. Washing solution may be water or
aqueous solution of acids, alkali, solvents or
surfactants (Chen and Hong, 1995 and Wuana et al.,
2008). Organic acids such as oxalic, citric, formic,
acetic, malic, succinic, lactic and fumaric acids also
dissolve the metal and make it available to biota
(Labanowski et al., 2008). Soil washing can be
performed in situ or ex situ depending on nature of
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soil and contaminant to be removed and extent of
contamination. Soil washing is an efficient remedial
process and eliminates the contaminants for longer
time period. However, the most important problem is
associated with disposal of hazardous waste solution.
Secondly, it is high cost process that is economically
infeasible. Also, the hazardous acids if persist in soil
for longer time, they may cause adverse effects on
plant growth and soil fertility and subsequently
causes negative impacts on the ecosystem.

3. Phytoremediation The term phytoremediation
was coined by llya Raskin in 1994, it consists of
Greek word “phyto” means ‘‘plant’’, and the Latin
suffix “remedium” means ‘‘able to cure’” or
“restore’’ (Cunningham et al, 1996). So,
phytoremediation is defined as an in situ remedial
process that uses plants to remove, transfer, stabilize,
and destroy contaminants in soil, sediments or
aqueous system. It is also termed as green
remediation, botanoremediation, agroremediation, or
vegetative remediation. Efficiency of
phytoremediation depends on the nature of
contaminant to be removed, its bioavailability and
soil properties (Cunningham and Ow, 1996).
Phytoremediation is an emerging non-destructive,
aesthetically pleasing and cost effective strategy to
clean up the contaminated soil. Additionally, it is
socially acceptable technology. In contrast to its
many positive aspects, limitations of
phytoremediation includes: (i) all type of plants are
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not suitable for removal of all type of contaminants,
in tern, its success is limited by growing habit of
plants in specific environmental and soil conditions it
is dependent on the growing conditions required by
the plant, (ii) it is a slow process and takes longer
time than other technologies (iii) success is
dependent on the tolerance of the plant to the
pollutant. Most of the conventional remedial
technologies are expensive and inhibit the soil
fertility, hence, in order to deal with these
contaminants in  an  eco-friendly  manner,
phytoremediation is most suitable option.

Different mechanisms of phytoremediation
Phytoremediation is a broad term that has been used
since 90’s to describe the use of plants to remediate
the  contaminated media (USEPA, 2000).
Phytoremediation includes six main mechanisms
namely Phytostablisation, Phytoextraction,
Rizofiltration, Phytodegradation, Rizodegradation
and Phytovolatilisation (Figure 1). Use of the
mechanism depends on the nature of the contaminant
to be dealt with and soil conditions. Out of these six
mechanisms of phytoremediation, for remediation of
heavy metal contaminated soils, potentially used
technologies are phytoextraction
(phytoaccumulation), phytostabilization, and
phytofiltration (Garbisu and Alkorta, 2001). Further
among these three, phytoextraction is most primarily
used (USEPA, 2000).

Pollutant accumulates
in harvestable parts of
(o9 o tissue
| bt /
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From Pilon-Smits. Annu. Rev. Plant Biol. 2005, 56: 15-39

Figure 1: Different mechanisms of phytoremediation

Phytoextraction: It is defined as the process in
which plants uptake the metal contaminants by roots
from soil and then accumulate the contaminant into
the above ground parts such as shoots, leaves etc.
That is why it is also termed as phytoaccumulation.
The discovery of hyperaccumulator plants lead to the
idea of using plants for remediation of metal
contaminated soils (Raskin and Ensley, 2000). A
hyperaccumulator is defined as the plant species that

have potential to accumulate high concentrations of
metals in their foliage and often it is endemic (Raskin
et al., 1997 and Brooks, 1998). Generally, it is
believed that hyperaccumulator is capable of
accumulating the metal about 100 times higher as
compared to non-accumulating plants (McGrath et
al., 2002). About 400 plants species have been
discovered and identified as hyperaccumulators and
these plant species differ widely in their potential of
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phytoextraction for different heavy metals (Table 2).
Majority of hyperaccumulator plants reported belong
to the families like Asteraceae, Brassicaceae,
Caryophyllaceae, Cyperaceae, Cunouniaceae,
Fabaceae, Flacourtiaceae, Lamiaceae, Poaceae,
Violaceae and Euphobiaceae. Among these reported
families, Brassicaceae had the largest number of taxa
viz. 11 genera and 87 species. Metals such as Ni, Zn,
Cu are best studied for phytoextraction because these
metals are preferred by majority of plants for uptake
and accumulation. Hyperaccumulator plants used for
phytoextraction purpose should have the following
characteristics: (i) should extract high concentration
of heavy metals from contaminated soil (ii) have
capacity to translocate the extracted metals to the
above ground biomass (iii) should have fast growing
habit and produce large quantity of plant biomass
and (iv) have capacity to tolerate high levels of metal
(Brennan and Shelley, 1999 and Garbisu et al.,
2002). Plants suitable for phytoextraction also have
been are characterized by shoot-to-root metal
concentration ratio (also termed as Translocation
factor) of >1 (McGrath et al., 2002, Yoon et al.,
2006). Ali et al, 2012 observed that root
bioconcentration factor of Trifolium alexandrinum
for Zn, Pb, Cu and Cd were 4.242, 1.544, 1.071 and
0.604, respectively. The phytoextraction is fairly
inexpensive technology as compared to conventional
methods. Major limitation  associated  with
phytoextraction is disposal of harvested above
ground biomass. Volume reduction of contaminated
material can be achieved by ashing or composting
(Garbisu et al., 2002). Harvested biomass can also be
used for land filling or may be used for metal
recovery (Salt et al., 1998 and Koppolu and
Clements, 2003).

Phytovolatilization: Phytovolatilization process uses
the naturally occurring or genetically modified plants
to absorb metals from the soil/sediments/water,
transforming them into less toxic, volatile gaseous
into plants and releasing them into atmosphere
(USEPA, 2000). This process is applicable only for
those heavy metals which can exist as gaseous forms
in environment such as As, Hg, and Se may exist as
gaseous species in environment. Remediation of
heavy metals contaminated soils  through
phytovolatilization has been observed in several
studies. Unlike phytoextraction, problem of disposal
of harvested biomass is not associated with
phytovolatilization. However, it is a promising
technology for remediation of volatile heavy metals,
but it is likely to be recycled through precipitation
and re-deposited back into lakes and oceans
(USEPA, 2000).

Phytostabilization: This mechanism of
phytoremediation uses plant species to stabilize the
heavy metals in soil through absorption and
accumulation by plant roots (Vamerali et al., 2009).
It is also termed as in-place inactivation.
Phytostabilization may also occur through

precipitation or complexation of heavy metals within
rhizosphere by exudates secreted by plant roots. The
most important task is to find out suitable plant
species (Rizzi et al., 2004 and Mendez and Maier,
2008). This technique is useful for the remedial of
Pb, As, Cd, Cr, Cu and Zn contaminated soils.
However, this technology reduces the entry of toxic
metals by decreasing their uptake by plants, but its
drawback is that contaminants still remain in soil.
Phytodegradation: Phytodegradation is defined as
breakdown of toxic compounds into simpler
molecules by plant metabolism after the toxic metals
has been uptaken by the plants and translocated to
above ground tissues (Trap et al., 2005). This is also
termed as phytotransformation.

Rhizofiltration: Rhizofiltration is defined as
adsorption and precipitation of toxic metals onto
plant roots and roots are harvested after they become
saturated with contaminants. Plants utilized may be
terrestrial or aquatic in nature, however, because of
having fibrous and longer roots, terrestrial plants are
preferred (Raskin and Ensley, 2000). It is applicable
for aqueous system where toxic elements are present
in groundwater, irrigation water or wastewater.
Metals suitable for rhizofiltration include Pb, Cd, Cu,
Ni, Zn, and Cr etc. (USEPA, 2000). Potential of
several plant species such as sunflower, Indian
mustard, tobacco, rye, spinach, and corn have been
studied for removal of lead from water.
Rhizodegradation: Rhizodegradation is defined as
the breakdown of toxic metals/contaminants into less
toxic forms within the rhizosphere. This degradation
or break down can be carried out by microbes present
in rhizosphere or by exudates (includes sugars,
amino acids or amino sugars etc.) secreted by plant
roots. This process is also known as
phytostimulation.

Ways to improve efficiency of phytoremediation
Most of metals are immobile in nature so
phytoremediation rate and efficiency are limited by
solubility and diffusion of metals to root surface.
There are a number of ways to enhance the efficiency
of phytoremediation which includes uses of
microbes, chelates, organic manures and compost,
other chemicals like fertilizers, fungicides, genetic
modified plants etc.

Chelating agents: Chelating agents increase metal
bioavailability and plant uptake and increases
efficiency of phytoextraction. Chelating agents may
be organic and inorganic although inorganic are most
commonly used (Quartacci et al., 2006). Various
inorganic chelates used are ethylene diamine
tetraacetate (EDTA), ethylene diamine disuccinate
(EDDS), nitrilo triacetate (NTA), di ethylene
triamine pentaacetic acid (DTPA) and cyclohexane
diamino tetraacetic acid (CDTA) (Ramprakash et al.,
2009). Among these, EDTA is most frequently used
to enhance the uptake of several heavy metals
(Huang et al., 1997). Other than these inorganic
chemicals, low molecular weight organic acids like
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acetic, citric, oxalic, fumaric and succinic acids may
also be wused to improve efficiency of
phytoremediation (Chen et al., 2003 and Wenger et
al.,, 2003). Singh et al., 2013 reported that all the
chelating agents increased Ni desorption from Ni
spiked soil, however, order of effectiveness of
chelating agents for desorption in Ni was followed as
: NTA>CDTA>DTPA>CA. They also reported that
desorption was highest in first extraction followed by
second, third and fourth successive extraction. The
increased uptake might have been due to increased
availability of Ni in soils due to addition of chelating
agents resulting in its higher accumulation in roots
and shoots and higher dry matter yields of both the
components of B. juncea (Ishikawa et al., 2006).
Amongst the commercial crops grown in this region
B. juncea has been reported to produce high biomass
and accumulate significant amount of heavy metals.
Ramprakash et al., 2013 reported that mean uptake
of Cr by shoot increased from 303.25 pg pot™ in
control to 389.57, 696.17, 868.19 and 427.43 pg pot™
due to application of CDTA, CA, NTA, FYM,
respectively (Table 3). EDDS is structural isomer to
EDTA, however, its efficiency to improve is mainly
associated with Cu or Zn or Pb (Tandy et al., 2004).
Application of microbial inoculants in combination
with chelating agents further improves the efficiency
of phytoextraction as reported by Panwar et al.,
2011. They conducted an experiment with Brassica
juncea grown on a spiked soil with EDTA, farmyard
manure, vermicompost and microbial inoculants
(Azotobacter and Pseudomonas) and it was observed
that application of microbial inoculants, EDTA,
FYM and vermicompost significantly increased Cd
uptake and highest uptake was recorded with
vermicompost treatment (Table 4).

Genetic engineering/ modified plants: With the
help of genetic engineering technique, transgenic
plants are developed which have manipulated
capacity to uptake, accumulate and can tolerate high
concentration of pollutant. Genes which are involved
in metabolism and detoxification of pollutants are
identified and manipulated thus enhanced
phytoextraction is achieved in several studies (Meda
et al., 2007 and Reisinger et al., 2008). Genetic
engineering also improved phytovolatilization
potential of Indian mustard as reported by Banuelos
et al., 2005. They tested three transgenic lines of
Indian mustard, over expressing the genes encoding
enzymes adenosine triphosphate sulfurylase (APS),
v-glutamyl cysteine synthetase (ECS) and glutathione
synthetase (GS), for their potential to remove Se
from contaminated sediment. The APS, ECS and GS
transgenic plants accumulated 4.3, 2.8 and 2.3 fold
more Se in their leaves than wild type, respectively
(Figure 2). Improved ability of APS Indian mustard
may be due to the reason that APS plants over
express ATP sulfurylase, a rate-limiting step in the
conversion of selenate to selenite. This enables APS
plants to rapidly convert selenate via selenite to

organic-Se forms, while wild type plants accumulate
mostly selenate. Secondly, APS plants may
accumulate high concentrations of Se in shoots by
accumulating more Se in nontoxic organic Se forms
such as non protein amino acid methyl seleno
cysteine (Met-SeCys). ECS and GS would have
increased Se uptake and assimilation through
increased activity of sulfate permease and ATP
sulfurylase.

Humic Acids: Best part of organic matter which has
significance importance in agriculture is humus,
which is well decomposed part by action of
microbes. Humic substances (humic acid+fulvic
acid+humin) maintain soil fertility and productivity
by improving soil chemical, physical and biological
properties such as retention capacity, porosity,
aggregate stability, cation exchange capacity etc.
Other than these functions, humic acid typically
contains of heterocyclic compounds with carboxylic,
phenolic, alcoholic and carbonyl functional groups
and this characteristic play a vital role in enhancing
nutrient uptake and also heavy metals by plants. This
is attributed to the reason that humic acids being
acidic in nature increases solubility and
bioavailability of heavy metals (Bianchi et al., 2008).
That is why humic acids can be used to improve
phytoremediation as alternatives to inorganic
chelating agents. In contrast to this, humic acids can
also decreases the mobility of some toxic metals and
results in phytoaccumulation (Halim et al., 2003).
Therefore, contradictory results have been reported
related to mechanism of humic acids in improving
phytoremediation.

Mycorrhizae Fungi: Role of mycorrhizae is well
known in increasing nutrient uptake by exploiting
more volume of soil. This positive effect is also
applicable for improving phytoextraction by
increasing uptake of heavy metals also (Giasson et
al., 2005). However, high concentration of toxic
metals can also adversely affect the growth of
mycorrhizae fungi.

Bacteria: Addition of bacteria significantly improves
the microbial biomass in the rhizosphere and might
help to increase As uptake and accumulation (Table
5). The possible explanation was that the application
of arsenate reducing bacteria improved the
rhizosphere microbial environment, and increased
the number and the mycelium of microbes as well as
enhanced the biomass of the plant root systems,
which might help to take up As, hold soil As, and
prevent As losing (Yang et al., 2012).

Chemical fertilizers: Chemical fertilizers can
improve phytoextraction process by improving plant
growth. Mandal et al., 2012 phytoextracted the soil
with Pteris vittata grown for two cycles and
fertilized with di-ammonium phosphate (DAP) and
SSP. However, DAP was found more effective over
SSP in stripping more arsenic by Pteris vittata
resulting in lesser arsenic accumulation in rice crop
(Figure 3). Phosphate may compete with arsenic for
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plant uptake (Cao et al., 2003). On the other hand,
phosphate addition as an essential fertilizer for plant
development, would enhance arsenic release from
soil through competitive exchange (Smith et al.,
2002).

Possible utilization of biomass  after
phytoextraction: A serious challenge for the
commercialization of phytoextraction has been the
disposal of contaminated plant biomass especially in
the case of repeated cropping where large tonnages
of biomass may be produced. The biomass has to be
stored, disposed of or utilized in an appropriate
manner so as not to pose any environmental risk
(Blaylock and Huang, 2000). The major constituents
of biomass material are lignin, hemicellulose,
cellulose, minerals, and ash. It possesses high
moisture and volatile matter, low bulk density, and

calorific value (Ghosh and Singh, 2005). Controlled
combustion and gasification of biomass can yield a
mixture of producer gas and/or pyro-gas which leads
to the generation of thermal and electrical energy.
Composting and compacting can be employed as
volume reduction approaches to biomass reuse
(Raskin et al., 1997 and Garbisu and Alkorta, 2001).
Ashing of biomass can produce bio-ores especially
after the phytomining of precious metals. Heavy
metals such as Co, Cu, Fe, Mn, Mo, Ni, and Zn are
plant essential metals, and most plants have the
ability to accumulate them (Jadia and Fulekar, 2009).
The high concentrations of these metals in the
harvested biomass can be “diluted” to acceptable
concentrations by combining the biomass with clean
biomass in formulations of fertilizer and fodder.

Table 1. Toxic limits of heavy metals in soil and plant and their toxic responses to humans

Heavy Toxic limit in plant Toxic limit in soil Toxic response in human
metal (mg kg™) (mg kg™
Pb 30-300 600 Irreversible neurological damage, renal
disease, reproductive toxicity
Cd 5-30 100 Stomach irritations, lung damage, cancer,
bone defects
As >2.6 20 Cancer, Cardiovascular, gastrointestinal,
hepatic and renal disease, DNA damage
Cr 3-30 100 Genotoxic carcinogens, lung cancer, muscle
cramps
Hg 0.1-10 270 Brain damage, birth defects, sensory
impairment, hearing loss
Cu 100-200 600 Inhibition of dihydrophilhydratase,
accumulation in liver and kidney
Zn 100-400 1500 Inhibition of copper absorption, nausea, loss
of appetite, abdominal cramps

Source: Salt et al., 1995

Table 2. Concentrations of heavy metals in field crops obtained from field experiments

Species Metal concentrations (mg/kg)

As Cd Co Cr Cu Ni Pb Zn
Brassica carinata 12 12 - 9.8 37 7.6 50 1650
Brassica juncea 30 10 - 5.2 71 - 55 2029
Brassica napus 5.8 11 - 9 40 7 39 1400
Festuca spp. - - - 106 - - 90
Glycine max 230 2.4 - - 440 - 72 430
Helianthus annus 20 0.64 0.71 - 70 - 5 150
Hordeumvulgare 20 0.44 - - 16 - 27 334
Medicago sativa 85 53 - - 77 - 2177 -
Oryza sativa - - - - 34 - 6 90
Phaseolus vulgaris - 53 - - 2230 - 1000 1440
Pisumsatium - - - - - - 1390 -
Raphanussativus - 9.4 - 5 34 6.5 28 1450
Sorghum bicolor 240 3.7 1.8 - 540 - 100 580
Triticumsecalotriticum 21 1.9 - - 27.5 - 37 588
Zea mays 30 20 - - 1220 - 257 1200

Source :Vamerali et al., 2010
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Table 3. Effect of chelating agents and sewage sludge on Cr uptake (ug pot™) by roots and shoots of subsequent

Brassica juncea crop in Cr contaminated soil

911

SXTxCA=NS

Treatment 50DAS 80DAS

Without SS | With SS Without SS | With SS Mean

Root
Cry 34.31 53.91 128.52 154.43 92.79
Cry + CDTA 41.17 56.26 108.92 136.69 85.76
Cry + CA 98.68 133.81 201.84 232.73 166.77
Cry + DTPA 34.46 48.28 82.14 100.06 66.23
Cry+ NTA 125.72 151.55 288.49 318.95 221.18
Cry + FYM 72.87 92.99 161.19 194,57 130.41
Mean 67.87 89.47 161.85 189.57
CD (0.05) Soil=6.96, Time=6.96, Chelating agent= NS, SxT=9.84, SxCA=17.05, TXxCA=NS,
SxTxCA=NS
Shoot

Cry 51.59 124.61 469.35 567.46 303.25
Cry + CDTA 85.40 154.07 560.01 758.78 389.57
Cry + CA 335.41 530.77 881.29 1039.33 696.17
Cry + DTPA 59.36 99.43 453.53 581.73 298.51
Cry+ NTA 411.44 646.53 1125.69 1289.10 868.19
Cry + FYM 194.26 273.84 547.09 694.54 427.43
Mean 189.57 304.88 672.83 821.82
CD (0.05) Soil=38.7, Time=38.7, Chelating agent= NS, SxT=54.73, SxCA=94.8, TXxCA=NS,

Source : Ramprakash et al., 2013

Table 4. Cadmium uptake (ug pot-1) of shoots and roots of Indian mustard as influenced by different chelating

agents and bio-inoculants in Cd-enriched soil

Treatments | Control | Cdino | CdipotFYM | Cdipp+VC | Cdipo+EDTA | Mean
Shoots
(-) Microbial | 126.6 871.6 1381.6 2238.6 2139.0 1351.5
inoculants
(+)Microbial | 132.0 993.1 1485.7 2265.7 2251.2 1425.6
inoculants
Mean 129.3 932.4 1433.6 2252.2 2195.1
CD (5%) Microbial inoculants (M)=11.99, Cd=18.95, Interaction of MxCd=26.81
Roots
(-) Microbial | 36.7 233.3 395.3 477.9 417.6 312.2
inoculants
(+)Microbial | 47.0 250.6 413.0 499.7 455.0 333.0
inoculants
Mean 41.8 241.9 404.2 488.8 436.3

CD (5%) Microbial inoculants (M)=4.06, Cd=6.42, Interaction of MxCd=9.08

Source : Panwar et al., 2011

Table 5. Effectiveness of arsenate reducing bacteria to enhance arsenic removal from polluted soils by Pteris

Vittata
Arsenate reducing bacteria As conc. (mg/kg) As uptake (mg/m )
Control 615.74 c 30.47 ¢
Ts1 704.32 b 53.39b
Ts 33 886.47 a 65.04 a
Ts 37 652.55 bc 48.33 b
Ts 41 835.56 a 48.98 b
PSQ 22 698.47 b 44.04 b

Source : Yang et al., 2012
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Figure 2: Field trials of transgenic Indian mustard for phytoremediation of selenium contaminated sediment

(Source : Banuelos et al., 2005)
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CONCLUSION at a given site cannot always be attributed to just one

As highlighted above, there are several ways in
which plants are used to clean up or remediate
contaminated sites. The success of phytoremediation

of these mechanisms because a combination of
mechanisms may be at work. Phytoremediation is a
low cost, solar energy driven and natural cleanup
technique, which are most useful at sites with
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shallow, low levels of contamination. In addition to
this, it is easy to implement and maintain, does not
require the use of expensive equipment or highly
specialized personnel and is environmentally friendly
and aesthetically pleasing to the public. Although it
is an easy and cost effective process yet to become a
commercially available technology in many parts of
the world especially the developing countries like
India.
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