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ABSTRACT: The use of ““hioremediation™ as a technology and tool was mainly introduced to reduce the
high toxic levels of pollutants to a low level by the aid of micro-organisms. But it is less successful when
extensive metal and organic pollutants are considered. Heavy metals are poisonous for microorganisms as
they explicit direct influence on the biochemical and physiological processes. Thus, to overcome this, a new
technology of treating the pollutants was introduced, widely known as phytoremediation. Phytoremediation
is a combination of techniques used by the employment of plants to accumulate or extract the pollutant on
site within its plant parts. It is considered as the one of the best alternative to detoxify pollutants from soil
and water. This review comprehensively explains about phytoremediation and the various techniques adopt-

ed to deal with the contaminant.
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INTRODUCTION

Soil is the major component of the
terrestrial ecosystem and is also regarded as a
non-renewable resource. The soil is a complex
mixture of nutrients serving as a substrate, for
the sustenance and survival of many life forms.
The soil is traditionally the “waste disposal
site”. In  dumping and disposing off,
introduction of detrimental compounds capable
of causing pollution occurs, thus leading to the
contamination of soil, which ultimately has
dire consequences. Soil pollution usually

occurs when the components of the soil interact
with materials that are not a natural component
or are toxic in nature. Due to anthropogenic
activities, geological changes, rapid
industrialization  and  urbanization, the
introduction of the organic compounds and
elements, predominately, the heavy metals
have led to elevation in pollution; particularly
“heavy metal pollution” (Dembitsky, 2003;
Kavitha et al., 2013). Soil is open to the
introduction of heavy metals as it serves as an
interface between the atmosphere and the
earth’s crust and is the “substrate” for
agricultural and natural ecosystem (Alloway,
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1990). The excessive application of fungicides
and pesticides has also contributed to be one of
the source for accumulation of heavy metals in
the soil. These effluents are usually released out
as a result of multiple processes occurring at
commercial and industrial level. These
processes end up in the soil “the traditional
disposal site” and makes the soil polluted.

Heavy metals in actual are toxic,
non-biodegradable materials with density
greater than 5gcm=. Due to their immutable
nature, they remain persistent in the
environment and thus are pollutants of grave
concern (Garbisu and Alkorta, 2001). The
heavy metals can be transformed from its
oxidation stage to another. The pollution due to
heavy metals is a problem experienced globally
at the present (Singh and Gauba, 2014).
Accumulation of heavy metals in soil has been
reported world widely and utmost attention is
therefore required, as it not only provides us an
environmental threat, rather poses health risks
affecting human beings, plants and animals.
Approximately, about 20 metals classified as
toxic elements have been reported to introduce
pollution and threats of high risk to health of
human population (Akpor and Muchie, 2010).
The recent advancements and developments in
agricultural and industrial sectors have
although elevated the economics but have also
been responsible to introduce, population in the
environment (lkhuoria and Okieimen, 2000).
This pollution of toxic metals has been reported
to increase rapidly with the advancement in the
industrialization. Heavy metals are not
degraded easily, and can accumulate through
the food chain by human beings and other flora
and fauna producing potential health risks. The
heavy metals contaminate the environment in
several ways. The effluents discharged from
residential dwellings, industries and other

commercial processes contain heavy metals
(Akpor and Muchie, 2010). The occurrence of
heavy metals and their accumulation is directly
or indirectly related to anthropogenic activities
and various other human sources (Hussein et
al., 2005; Martin-Gonzalez et al., 2006). The
release of heavy metals without proper
treatment poses a potential threat to the public
health. The heavy metals can cause damage to
human health such as:

e  cause reduction in growth
e  have carcinogenic effect

¢ have harmful effects on the organs and
systems of the body

. In severe cases, can be fatal

e  Autoimmunity  with  complications
related to kidneys and joints

Acute and chronic diseases also occur
due to the accumulation of heavy metals at
successive levels of the food chain (Fuggle,
1982; Lone et al., 2008). The heavy metals also
have pernicious effects on the soil microbial
properties and functionality (Yang et al,
2012). Taxonomical diversity also gets
effected due to these harmful elements (Vacca
et al, 2012). Bio magnification i.e., the
increase in the concentration from lower to an
elevated level as the element is passed to
higher trophic levels in the food chain; is also
an important factor to consider as the elements
present in the food chain beyond the threshold
has health related effects. These elements
become toxic beyond a certain level and infer
the normal metabolic processes occurring in
the living organisms. The toxic effects
produced by certain heavy metals on plants
and human beings has been listed in Table.1
(Pendias and Pendias,2001; Ali et al., 2013).
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Sr. | Heavy Metal Effects caused to plants when contained in the soil as a
No contaminant
1. | Cadmium X Decreases germination of seed

X Stunted growth
X Reduces lipid content
X

important role in the detoxification of the plants

Responsible for the production of phytochetalin; which has

2. | Chromium X It decreases:
Growth
Enzymatic Activity
Results in Chlorosis
Causes damage to roots, membranes of the plant body.

3. | Mercury It enables the accumulation of phenol.

Reduces:

X X X X

the uptake of water
photosynthesis
Reduction in the antioxidant enzymes

4. | Lead X Reduction in:
Chlorophyll
Plant growth

5. | Nickel X Reduction in:

Seed germination
Protein production
Chlorophyll
Enzyme production

6. | Zinc Reduces:

Toxicity of nickel
Seed germination
Ratio of chlorophyll

7. | Copper Disruption in the process of Photosynthesis
Stunted growth

Affected reproductive processes

X X X X

Reduction in the area of thylakoid surface
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Treatment Methods for Heavy Metal
Containing Sites

Due to the human activities, the
interference with the environment has caused
the soil problem. It has got contaminated. As,
Cd, Cr, Hg and Pb are the non-essential heavy
metals, while Cu, Ni and Zn are essential
metals responsible to cause heavy metal
pollution with the causation of adverse effects
to the human and plant life. To address the
unsolved problem of pollution of heavy metals,
the treatment usually adopted as an alternative
to treat these contaminated sites includes;

»  The process of excavation

. Landfilling the excavated site

. Encapsulation, which may either be
complete or partial.

. In-situ and ex-situ treatment.

. Remediation, which involves the use of
mechanical, thermal and biological
processes that can restore the
characteristic properties of the soil,
making it useful and fertile for future use.

Several remediation technologies
have been developed. A few include (Marques
et al., 2009):

»  Soil washing

. Soil Flushing

. Solidification

. Soil Vapor extraction
. Immobilization

*  Vitrification

. Encapsulation

. Electro-kinetics

*  Thermal Desorption (Hamby, 1996;
Ohosen and Jensen, 2005)

These technologies remove heavy
metals but are expensive and sometimes make
the land useless for further activities such as
crop cultivation. Nowadays attention towards
biology based technology is gaining more
attention and thus brings us the remediation
technology in which living organisms are
employed for the accumulation and excavation
of the pollutants. The remediation technology
comprises of the following major categories:

. Bioremediation; referring mainly to the
employment of bacteria for treatment.

. Myco-remediation; referring to the use of
Fungi.

. Phytoremediation; the usage of plants for
removal and cleaning up of pollutants.

Bioremediation techniques was a
miraculous way of treating pollutants but, it
too has limitations. The heavy metals can also
affect the micro-organisms, and can explicit
direct influence on the biochemical/
physiological procedures including disruption
and deterioration of the cell organelles, and
preventing essential metabolic activities
needed by these microorganisms to thrive e.g.,
photosynthesis. Thus, to deal with this issue,
an effective green technology was introduced,
known as “Phytoremediation”. Plants have the
incredible ability of metabolizing substances
present in the ecosystem. Therefore, they can
be applied as an approach to detoxify
pollutants to a level where the area can be
remediated and regarded as safe, while
pollutants can be easily used after being
accumulated by the plants (Vidali, 2001,
Mangkoedihardio and Surahmaida, 2008). It
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would therefore not be incorrect to state,
phytoremediation as a promising technology to
clean up the contaminated areas.

Phytoremediation

Phytoremediation has been derived
from Greek words, “Phyto” and “remediation”,
meaning plant and restore respectively
(Cunningham et al., 1996). The term actually
refers to naturally occurring or genetically
engineered plants, for eliminating or cleaning
the environment (Flathman and Lanza, 1998;
Long et al., 2002; Jadia and Fulekar, 2009). The
contaminants found in the environment that are
unable to be eliminated via biodegradation that
is that they cannot be broken down to simpler
substances or are difficult to be accumulated

phytoremediation. Hence, it is the best desired
solution towards the increasing issue of soil
pollution currently faced round the globe, due
to the rapid industrialization. Due to degree of
its application and elegance in the technique,
Phytoremediation has gained quite attention at
both commercial and scientific level (Kramer
and Chardonnens, 2011; Peuke and
Rennenberg, 2005).

Phytoremediation makes use of wild
and genetically engineered plants (GMPs) to
extract pollutants and organic compounds from
soil and water. Phytoremediation and its use in
treating heavy metal pollution is not a new
application. The use of phytoremediation in
treating several heavy metals has been reported
in the literature from time to time. A list of

due to their peculiar properties, can be  jants capable of conducting phytoremediation
processed  using any technology  of a6 peen discussed in Table.3.
Sr. No | Heavy Plants (Scientific | References
Metal Name)
1. Arsenic Pteris vittata Gardea-Torresdey et al., 2005
Pityrogramma Dembitsky and Razanka, 2003
calomelanos
Corrigiola telephiifolia | Garcia-Salgado et al., 2012 |
Eleocharis acicularis Sakakibara et al., 2011
Pteris biaurita Srivastava et al., 2006
Pteris cretica Zhao et al., 2002; Srivastava et al., 2006
Pteris quadriaueita Srivastava et al., 2006
Pteris ryukyuensis Srivastava et al., 2006
Pteris vittata Baldwin and Butcher, 2007; Kalve et al., 2011
2. Cadmium | Brassica juncea L. Thorsten et al., 1999; Gardea-Torresdey et al.,
2005
Salix Gardea-Torresdey et al., 2005
Thlaspi caerulescens Lombi et al., 2001; Wu et al., 2004
Helianthus annus Jiang et al., 2003; Wang et al., 2007
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Zea mays Spirochova et al., 2003
Bidens pilosa Sun et al., 2007
Lonicera japonica Sun et al., 2007
Solanum nigrum L. Sun et al., 2007
Ambrosia artemisiifolia | Huang et al., 1997
Sedum alferedii Sun et al., 2007
Azolla pinnata Rai, 2008
Eleocharis acicularis Sakakibara et al., 2011
Rorippa globosa Wu etal., 2011
Solanum Zhang et al., 2011
photeinocarpum

3. Lead Brassica juncea Gardea-Torresdey et al., 2005
Helianthus annus Spirochova et al., 2003
Zea mays Gardea-Torresdey et al., 2005
Piptatherum miliaceum | Garcia et al.,2004
Thlaspi praecox Mikus et al., 2005
Heonidesmus indicus Sekhar et al., 2005
Ambrosia artemisiifolia | Gardea-Torresday et al., 2005
Helicotylenchus indicus | Sekara et al., 2005
Thlaspi caerluescens Wu et al., 2004
Minuarti vernia Reeves and Baker, 2000
Armenia maritime Reeves and Baker, 2000
Agrostis tenuis Reeves and Baker, 2000
Euphorbia cheiradenia | Chehregani and Malayeri, 2007

4, Zinc Piptatherum miliaceum | Garcia et al., 2004
Helianthus annus Spirochova et al., 2003
Zea mays Spirochova et al., 2003
Eleocharis acicularis Sakakibara et al., 2011
Thlaspi caerulescens Knight et al., 1997
Thlaspi tatrense Reeves and Baker, 2000
Cardaminopsis Reeves and Baker, 2000
Dichapetalum Reeves and Baker, 2000
galonioides
Viola calaminaria Reeves and Baker, 2000
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5. Copper Clerodendrum Rajakawna and Bohm, 2002
infortunatum
Croton bonplandianus | Rajakawna and Bohm, 2002
Thordisa villosa Rajakawna and Bohm, 2002
Pistia stratiotes Odjegba and Fasidi, 2004
Eleocharis acicularis Sakakibara et al., 2011
Aeollanthus subacaulis | Reeves and Baker, 2000

6. Nickel Alyssum lesbiacum Cluis, 2004
Brassica junceae Saraswat and Rai, 2009
Psycotria vanhermanni | Reeves and Baker, 2000
Psycotria glomerata Reeves and Baker, 2000
Psycotria osseana Reeves and Baker, 2000
Garcinia bakeriana Reeves and Baker, 2000
Streptanthus Reeves and Baker, 2000
polygaloydes
Alyssum bertolonii Li et al., 2003
Alyssum caricum Li et al., 2003
Alyssum corsicum Li et al., 2003
Alyssum heldreichii Bani et al., 2010
Alyssum murale Li et al., 2003; Bani et al., 2010
Alyssum pterocarpum Bani et al., 2010
Alyssum serpyllifolium | Prasad, 2005
Berkheya coddii Mesjasz-Przybylowicz et al., 2004
Pistia stratiotes Odjegba and Fasidi, 2004
Isatis pinnatiloba Altinozlu et al., 2012

7. Chromium | Brassica junceae Saraswat and Rai, 2009
Pistia stratiotes Odjegba and Fasidi, 2004

8. Cobalt Haumaniastrum Reeves and Baker, 2000
robertii
Pteris vittata Kalve et al., 2011

9. Selenium | Lecythis ollaria Reeves and Baker, 2000
Astragalus racemosus Reeves and Baker, 2000

10. Magnese | Alyxia rubricalis Revees and Baker, 2000
Maytenus bureaviana Reeves and Baker, 2000
Schima superba Yang etal., 2011
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The plants have the ability to
accumulate ‘essential” and the ‘non-essential’
metals from the solution. The essential metals
include Ca, Co, Cu, Fe, K, Mg, Mn, Mo, Na,
Ni, Se, V and Zn while the non-essential (as
they have known biological function) includes;
Al, As, Au, Cd, Cr, Hg, Pb, Pd, Pt, Sh, Te, Ti
and U (Djingova and Kuleff, 2000). The metals
as they cannot be broken down into simpler
substances get accumulated to a toxic level and
can cause abnormality in the metabolic
activities such as disruption of the cell
membranes and enzymes present in the
cytoplasm. However, it has been reported that
some plants have the ability to evolve and can
tolerate the presence of metals (Baker, 1981).
To do so plants adopt the following 3 ways;
Exclusion, Inclusion and Bio-accumulation.

1. Exclusion:

In this method, the plants accumulate
the metals in their shoots, can restrict
their movement and maintenance of
their concentration is ensured over a
wide range of soil levels.

2. Inclusion:

The shoots accumulate the metals and
the shoot metal concentration reflects
those in metals in the soil in a linear
relationship.

3. Bio-accumulation:

The metals accumulate the metals in
lower and higher concentrations in the
upper plant parts and the roots.

The severity and levels of pollution differ from
place to place depending on the geographical
region and degree of anthropogenic activities

being conducted. The use of
phyto-remediating methods have been
categorized, to deal with each level and type of
pollutant.

PHYTOREMEDIATION
TECHNOLOGY

Can be categorized into following techniques:

1. Rhizosphere biodegradation/
Phyto-stimulation

In this technique, the exudates and
enzymes released out by the plants stimulate
the microbial fungal and bacterial degradation
of the pollutants. The exudates and enzymes
are usually released in the root zone where the
residing microbial population gets stimulated
to perform the degradation.

2. Phyto-stabilization

It is a technique in which the
bio-availability of pollutants is reduced by
immobilizing the pollutants or by binding the
pollutants to the soil matrix (Vangronsveld et
al., 1995; Jadia and Fulekar, 2009). It is mainly
used to remediate Cd, Cu, As, Zn and Cr. Use
of perennial ryegrass (Loliumperenne L.) is
considered to be potentially effective for
phytostabilizing the contaminents as reported
by Alvarenga and his coworkers in his
publication (Alvarenga et al., 2009). Treatment
of sewage, sludge, residues, Municipal solid
waste and garden waste compost can be done
using this technique.

3. Phyto-filtration

This involves the removal of
pollutants from waste water and surface water
effectively. Phyto-filtration can be;
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1. Rhizofiltration:

It is the removal of the contaminants
from aqueous site by use of plant roots
for accumulation of plant roots for
accumulation of the pollutants
(Pivetz, 2001). For example, use of
Limnocharis Flava (L.) for the
removal of Cadmium from water
(Abhilash et al., 2009). Others
include; Eichhornia crassipes (Water
Hyacinth), Lemna minor (Duckweed),
Pistia species (Karkhanis et al., 2005).
Absorption and  adsorption  of
pollutants from aqueous waste and
water can be achieved by
rhizo-filtration.

2. Blastofiltration:

This  filtration
seedlings.

technique  uses

3. Caulofiltration:
This filtration involves shoots.

Phyto-filtration minimizes the overall
movement of the pollutant in the water.

4. Phyto-volatilization

It takes the pollutants by using the
growth matrix, transform them into simpler
components and allow them to be released into
the atmosphere. The contaminants are taken up
by roots into the leaves and are then volatilized
through stomata (\Vroblesky et al., 1999). It is
majorly adopted for mercury contamination
(Heaton et al., 1998). Hg and Se can be treated
using this technique (Karami and Shamsuddin,
2010).

5. Phyto-degradation

It is also termed as Phyto-transforma-
tion. It takes up and accumulate the pollutant in
its biomass, where it is degraded and stored,
thus leaving clean soil for use. Sludge, soil
contaminated with herbicide, insecticides and
various organic solvents.

6. Phyto-extraction

It removes the organics from the soil
by taking up the contaminant and
accumulating it in the biomass i.e., in the
harvestable plant plants. The uptake of
contaminants from the roots and translocation
of the contaminants takes place in the “above
ground biomass”, resulting in effective
harvesting of the pollutant, as harvesting them
from root biomass is not feasible (Tangahu et
al., 2011). Phyto-extraction is also known by
synonymic  terms; phyto-accumulation,
phyto-absorption, phyto-filtration,
phyto-volatilization, phyto-degradation (Rafati
etal., 2011).

7. Hydraulic Control

It is the regulation and control of the
“water table” and “soil field capacity” by using
plant canopies (Schwitzguebel, 2004).

8. Phyto-mining

It is the method of attaining the metal
after being accumulated in the plant tissue.
E.g., acquisition of potassium (potash) is a
simple example of phyto-mining that has been
adopted by human beings for centuries.
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Advantages of Phytoremediation:

Phytoremediation ~ has  multiple
advantages a few include:

It is cheap and cost effective technique.
. It is a carbon dioxide neutral technology.

. It is the best alternative for removal of
contaminants and is regarded as safe and
eco-friendly.

. On incineration, no additional CO2
released except for what was originally
assimilated by the plants.

Disadvantages of Phytoremediation:
The disadvantages include:

*  The techniques used in phyto-remediation
are time taking as they have slow pace to
minimize the metal contamination,
requiring several years (McGrath and
Zhao, 2003).

. There can be economic issues as the site
contaminated, remains unavailable for
sale or rent.

. The basic research in this area needs to
improve to provide sound knowledge
about the detoxification mechanisms.

CONCLUSION

Phytoremediation is one of the best
recommended heavy metal treatment, and can
be used according to the need and scale of
contamination faced in a particular site.
However, more research in this area would
broaden the use and application of plants in
remediating the environment.
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