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Abstract- The soil is the medium which supports the plants and acts as the reservoir for nutrients and water
which is being deteriorated due to increasing anthropogenic activities which render the soil becoming useless for
plant growth. Use of pesticides, combustion of fossil fuels, power plants emissions and natural processes like
volcanic eruptions and weathering plays the lead role resulting in contamination of soil with toxic and heavy
metals like Arsenic, which is not only toxic but also acquires carcinogenic properties that enters the human food
chain through food sources which are grown in the soil contaminated due to such substance. Hence it can result
in severe health issues mainly skin lesion, cancer of skin, lungs, kidney, liver and accumulation of As at high
concentration can also lead to the death of the individual. Phytoremediation is the solar driven, environmental
friendly method which uses plants called Hyperaccumulator which easily accumulate the contaminant from the
soil and stores it with different tissues of the plants and making soil reusable. Plants having greater tendency to
accumulate high concentration of As are usually used to make the soil portable without disturbing the soil
quality. The review is based on the use of different plants which are mostly used to remediation of soil and new
plants are also being introduced so that better results can be obtained and make the soil useful for better growth
and development.
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1.

INTRODUCTION

Arsenic In Nature:
Arsenic is an element which is found in its
natural form and also due to the increasing human
activities which was first discovered by Albert
Magnus, a German Alchemist in 1250 AD. It is a
chemical element having atomic number 33 and
symbol As, which is a natural component of the
Earth’s crust but is present in a very minute amount in
soil, air and water. The concentration of Arsenic is
rapidly increasing in the world due to natural as well
as human activities. Arsenic is a metalloid and it is
extremely difficult to handle as it is highly toxic due
to its ubiquitous distribution. As is released by natural
activities such as weathering of rocks, volcanic
eruptions and number of human activities. As is
usually found in many chemical forms in combination
with other elements and are furthered classified as an

organic form containing carbon and inorganic forms
which do not have any carbon contains. As is mainly
present in four oxidation forms: -3, 0, +3 and +5. As
acts is a metalloid and exhibit the properties of a metal
as well as non-metal. Inorganic arsenic (Arsenite +3)
is more toxic as compared to that of organic arsenic
(Arsenate +5) as it is more soluble.[35] Elevated
levels of Arsenic in soil have resulted due to natural
disasters and growing needs of human beings which
led to anthropogenic activities like smelting of ores,
mining, burning of coal, application of pesticides
containing derivatives of arsenic and industrial
activities.[15]
In recent years there is a major increase in the
level of arsenic in soil in many countries which was
raised the concern for developing new and
environmental friendly techniques to resolve such
problems as arsenic is highly soluble and have toxic
effects. It has being a global environmental as well as
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a health issue because of its toxic and carcinogenic
nature.[29],[36] In soil As concentration ranged
between 5 – 10 mg / kg and if it ranges above 20 mg /
kg then it is considered to be high and a danger to the
environment.[32] Arsenic also gets attached to very
minute particles available in air and stays within air
for a very long time. Arsenic is not biodegradable, it
gets converted from organic to inorganic form or
inorganic to organic form and gets easily reacted with
other chemicals or can travel between air, water and
soil. Anthropogenic sources like emissions from the
power plants and combustion of fossil fuels also
release the airborne arsenic which are extremely
minute particles that stay in the air for many days and
can easily travel long distances. The windborne dust
containing arsenic which is found in larger particles
can get easily deposited on the ground and further
result in contamination of soil. Arsenic and its
derivatives are largely used in the production of
pesticides, herbicides, wood preservatives, as it tends
to be toxic to insects, pests and bacteria.[41] In past,
the use of chromated copper arsenate also called as
CCA or Tenalith which was a highly extensive
method was used in the process of wood treatment but
due to its toxicity of arsenic, its use was banned in
consumer products in 2004, which was proposed by
European Union and the United States.[29],[26]
In nature, arsenic and its compounds are
mobile and cannot be destroyed and can interact with
the oxygen and many molecules which are present in
air, water and soil. Many of the arsenic compounds
are soluble in water which can easily get dissolved
within the water bodies and hence result in
contamination of lakes, rivers, ponds and also the
groundwater which have resulted in a severe threat to
public health and has raised an alarming concern for
such detrimental effects of the toxic element.
Compared to that of air, As have also been a major
source of soil contamination which has been reported
in many parts of the world. The plants grown in such
soil can have an elevated level of As which can
directly or indirectly enter within the food chain and
clear evidence of As poisoning have also been
reported in many places where a high level of As was

present in the soil. A large group of the population
have also been affected by the adverse effect of
arsenic in different regions.[49],[13] Several factors
are also influencing the solubility and identification
of As, mainly the pH and the redox reaction. When the
pH increases the solubility of arsenate is increased and
arsenite is decreased and vice a versa when pH is
decreased.[43]
2.

EXPOSURE OF ARSENIC IN PLANTS
AND ITS EFFECTS

Generally, plants take up arsenic from the
soil through the roots and the plants grown under
water termed as the submerged plants can take up
arsenic from the leaves and the water column.[60] The
accumulation and transportation of As differ from
plant types, species and their habitat. It has been
observed in many plants that As is primarily found in
roots rather than that of the shoots. A 15 times higher
concentration of As was found in Spartina Pectinata
[46] and about 28 - 70 times higher concentration of
As in rice was found in the roots as compared to that
of the shoots.[3] Some other plant species like radish
have a high concentration of As in shoots as compared
to that of the roots.[50] The As is thus transported to
different parts of plants through Apoplast and further
to plant cytoplasm through which it is further carried
to other parts of plants. The plants which are exposed
to As produces Reactive Oxygen Species (ROS)
which causes damage to the DNA, proteins and lipids
[48] and it is also highly toxic to the plants as it is
transported and can disturb the central cellular
functions.[51] As easily gets accumulated in the
plants and can be transported to other parts of plants
which are usually used as the source of food, and
easily enters the food chain depending on the
oxidation state which is mainly due to its solubility,
mobility and phytotoxicity of As.[30]
A large group of scientists have been
concentrating on the plant species and its effects and
the risk of exposure to the human beings. Different
plants have different capacity to accumulate As which
depends on the soil types and the species of plant
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grown in the soil. Example, As accumulation in the
fronds of Pteris vittata, is greater than 22,000 mg / kg.
[27] As is a non – essential element which have toxic
effects on plants where roots are the first parts which
become exposed to As and its translocation to shoots
which severely inhibits the plant growth and
suspension of reproductive capacity of the pants by
loss of fertility and fruit production [19] and further
results in interference in metabolic activities of plants
which leads to plant death. The cellular membrane of
the plants also becomes damaged due to exposure of
As which leads to the conclusion of oxidative stress in
As toxicity.[48] The rate of transpiration can be
reduced due to elevated levels of As.[52] It was
reported that low As causes repression of nitrogenfixing root nodules in soybean.[57] It is also been
reported that the at low As concentration the plant
growth is stimulated and reduction in plant
biomass.[52],[61],[9],[10],[33] This is mainly due to
direct interaction of As with plant metabolism or by
interaction with plant nutrients. Thus the elevated
level of As in soil tends to act as the toxic element for
the plant due to which the plants show depressed
growth and development of plants becomes
suspended. It is also observed that at high
concentration As causes many chemical and
physiological dysfunctions including uptake of water
and nutrients, disruption of enzyme and chloroplast
structure, reduced capacity of
photosynthesis,
necrosis and ultimately death.[17],[16],[8],[25]
3.

EXPOSURE OF ARSENIC TO HUMANS
AND ITS EFFECTS

Arsenic belongs to the group 15 elements and
is extremely poisonous belonging to class – 1 human
carcinogenic substance. Arsenic exposure usually
occur by inhalation and dermal layer of the human
body which refers as the minor route of exposure in
any population whereas the major routes is oral
exposure via drinking water which is contaminated
through As or by the food crops which are grown in
the soil which is contaminated by As. As is naturally
present in the Earth’s crust but most of the soil and
water contamination are the result of anthropogenic

activities. Such contamination also results due to
atmospheric deposition, soil erosion of metal ions and
leaching of heavy metals which mainly includes As,
metal corrosion and evaporation from water
resource.[37]
As is the element which is having the long
history of poison due to its occurrence, toxic effects
and potential health hazards to human population.
Ingestion of a very low dose of As through food or
water to humans in the most important pathway where
absorption in stomach and intestine takes place which
is furthered released in the bloodstream. As is
converted to less toxic substance by the liver and is
mainly excreted via urine. Only if the human body is
exposed to very high exposure, it leads to
accumulation within the body. Chronic exposure of As
causes relevance of cutaneous lesions [12],[59] which
includes melanosis also known as hyperpigmentation
which is termed as a condition of excessive production
of melanin in the skin or other tissues, keratosis which
refers as a horny growth especially on the skin and
leukomelanosis also known as hypopigmentation.
Arsenic is a very well known carcinogen which causes
skin cancer, lung cancer, bladder cancer, kidney
cancer and liver cancer.[23],[40] If As is ingested it
can be resulted in symptoms like gastrointestinal
irritation but if it is inhaled than rapid
biotransformation takes place in liver [56] and
symptoms reflecting the diversity of organ damages
may result.[5]
In acute toxicity the effects are usually seen
in short time span in which a person notices metallic
taste, garlic odour in breath with some sort of
swallowing difficulties, symptoms like muscular pain,
weakness, severe nausea, vomiting and diarrhoea.
Symptoms like numbness in hands and feet, rashes on
body and intense thirst is also observed, whereas in
severe poisoning the skin usually becomes cold [6]
and kidney damage resulting in decreased urine output
frequently takes place. Excess toxicity further results
in coma, seizures and death of the person. Thus there
come alarming need for techniques which can be used
for removing As from nature due to increasing
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incidences of As poisoning are being observed
throughout the world.
4.

BIOREMEDIATION METHOD

There are many techniques in the world
which can be used for treating the soil which is
contaminated by heavy metals including physical
techniques line landfilling, soil excavation, deep burial
and capping, while chemical methods such as the use
of strong acids and chelators to wash the contaminated
soil. The use of such method is very less as it is very
expensive and also because the soil which is
contaminated is huge in volume, on the other hand,
these methods also affect the soil properties and
destroy the biodiversity of the particular areas and
make the soil unfit and useless for plant growth.[38]
Therefore there arises the need to move to a technique
which is not only cost-effective but also
environmental friendly. Bioremediation method is one
of the best options which is a natural medium to get
rid of such problem and make to soil free from
contamination that can be suitable for plant growth
and development. Bioremediation is a process which
is basically used to treat the contaminated water and
contaminated soil by changing the physical and
biological environmental conditions to stimulate the
growth of microorganisms and degrade the pollutants.
It is a cheap method which does not have any negative
impact on the soil and biodiversity of the nearby area.

There are a number of bioremediation techniques
which
involves
land
farming,
composting,
phytoremediation, mycoremediation, bioventing,
bioleaching and biostimulation.
Phytoremediation:
Phytoremediation is a low-cost technique
which uses the ability of the plant to concentrate the
element from the soil and metabolize in their tissues.
The schematic representation of Phytoremediation
approaches is described in figure 1. It is referred to the
ability and capacity of the plants to accumulate,
degrade and make the soil harmless for plant growth.
Such plants used in this technique are termed as
Hyperaccumulator. Toxic metals, as well as heavy
metals, are the main target which can be removed
from the environment by using such plants. This is a
diverse collection of plant-based technology to clean
contaminated environmental resources.[11] These
plants have gained interest for scientific and also to
understand the mechanism of hyperaccumulation of
heavy metals.[42],[47] But the most important thing is
that hyperaccumulator plants are specific for particular
metal [4] and are depending on the climatic
conditions. Various plants have the tendency to
accumulate high concentration of As within their
tissues which plays a very important role in the
process of Phytoremediation but have some
limitations.

Fig 1 : Schematic representation of Phytoremediation Approaches [39]

354

International Journal of Research in Advent Technology, Vol.6, No.5, May 2018
E-ISSN: 2321-9637
Available online at www.ijrat.org
The Pteris vittata [27],[7] is one of the best
options which is used as a hyperaccumulating plant
which has the tendency to store high concentration of
As in their shoots but needs proper availability of
water for its growth. As toxicity in plants can generate
Reactive Oxygen Species (ROS) [31] which can cause
damage to biomolecules and even cell death [21]
hence the plants used in such cases should have
evolved mechanism to protect the cell from the effects
of ROS by synthesizing enzymatic and non –
enzymatic antioxidants. The usefulness and its
effectiveness depend on the ability of the plant to
remove As and make it available for the plant
uptake.[22],[2] It has been seen that rather than the
crop plants, As hyperaccumulator is capable to access
the unavailable AS in soil through root exudates.
[55],[20] Other than P. vittata there are many other
plants which also plays a key role in the technique for
removing As from soil as well as water namely like
Lepidium sativum (watercress) [45] and Eichhornia
crassipes (water hyacinth).[1]
The process of phytoremediation is further
categorized into phytoextraction, phytostabilization.
Phytovolatilization and rhizofiltration which are also
extensively used for uptake of toxic heavy metal like
As by the means of plants.[14] Usually, it is seen that
the plants tolerant to metal and metalloids are a basic
requirement for phytoremediation.[54] Plants like
Populus species are also being used as perennial
plants which have the tendency to tolerate high metal
propagation and soil stabilization potential.[58]
Chorella vulgaris a single cell phytoplankton which is
having the tendency to tolerate heavy metals is also
one of the better options for As remediation
[34],[44],[53] which have shown great results in some
regions during field trials in Thailand.[24] Other ferns
like Pteris genus, P. longifolia, P. cretica, P. umbrosa
[28],[62] as well as Pityrogramma calomelanos [18]
are also some of the plants which are recently
determined to hyper-accumulate As. There are a
number of plants which can be used for such
hyperaccumulation which plays a very vital role in the
removal of As from the soil and making it reusable
and free from contamination.
5.

CONCLUSION

Natural calamities, industrialization and
anthropogenic sources lead the environment especially
the soil and water to get contaminated by heavy metal
which in future tends to become more and more toxic.

It not only affects the plant growth but also render the
growth and development of the plant and leading it to
the eventual death of plants, which if not taken care of
can lead to a barren land fit for nothing. Further, it
also enters the human food chain and leads to skin
lesions, cancer of bladder, lung, kidney, liver and
long-term exposure results in the death of the
individuals. It can also contaminate the groundwater
and result in a disturbance in the aquatic ecosystem.
Hence it is it becomes very essential to get serious
attention towards the increasing issues and move to an
environmental
friendly
approach
which
is
conventional
as
well
as
cost-effective.
Phytoremediation is one of the best methods which is
extensively used throughout the world and getting the
solution to the improvement of soil quality and
making the land free from toxic heavy metals.
Although the method takes longer time for removing
the contaminants from the soil, it is very simple to
implement. The use of appropriate plant species that
have the ability to accumulate the maximum amount
of contaminants is the best use of plants and also
allows generation of biomass by controlling carbon
emission. Good knowledge and proper selection of
plants can give good results making the soil fit for
plants to grow and removing the maximum proportion
of toxic and heavy metal from the soil.
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