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Abstract
Heavy metal pollution is one of the serious problems and contaminates the environment by different means with the blow of
industries in several countries. Different techniques like physical, chemical, and biological have been used for removal of heavy
metal contaminants from the environment. Some of these have limitations such as cost, time consumption, logistical problems,
and mechanical involvedness. Nowadays, in situ immobilization of metals, phytoremediation and biological techniques turned
out to be best solution for elimination of metal(loid) s from the soil. Here, we reviewed the different remediation techniques for
extraction of heavy metals from soil and especially highlighting in situ immobilization technique. The aim of remediation efforts
at the contaminant site is to restrict the heavy metal to enter in the environment, food chain, and exposure to humans beings. The
type of method used at a given site depends on the various factors like natural processes take place at the contaminated site, soil
type, type of chemicals, and the depth of contaminated site.
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Introduction

Soil is the essential environmental element which constitutes
the ecosystem. Soil provides the basis for plant and animal
productivity and also supports the survival and development
of human being (Wang et al. 2011). One of the major envi-
ronmental concerns is the contamination of soil and water by
release of heavy metals through industrial and urban wastes.

The word “heavy metals” mean an element having high den-
sity greater than 4–5 g/cm3and toxic to human being even at
very low concentration (Duruibe et al. 2007). Examples of
heavy metals are the element present in platinum group, cop-
per, iron, lead, arsenic, mercury, silver, chromium, zinc, and
cadmium (Aziz et al. 2017; Sumiahadi and Acar 2018; Baker
and Brooks 1989). The word metal(loid)s mean a chemical
element that exhibit some properties of metals and some of
non-metals. The introduction of metals and metal(loid)s into
the environment by any method may spread to different com-
ponents of the environment like soil, water bodies, plants, and
animals. Even in the Arctic, heavy metals are found in water,
soil sediments, and plants in varied amount (Szefer et al.
1997). The sources of heavy metal and its amount depend
upon the parent rock, human activities, and physico-
chemical properties of soil. Understanding the origin of heavy
metal and their accumulation and interaction in the soil are on
priority in environmental monitoring. Among the physico-
chemical properties, pH and organic matter are the important
parameters which play a key role in the accumulation and the
availability of heavy metals in soil environment (Ramos-
Miras et al. 2011).

Heavy metals are not permanently fixed by soil and sedi-
ment but they interact and distributed throughout soil and
sediment components by various methods like ion exchange,
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adsorption, precipitation, and complexion. Due to their non-
degradability, heavy metals are present in the soil for a long
period of time. In the present review, the contamination of soil
with heavymetals, their distribution in soil, and remedial mea-
sures are discussed.

Different sources of soil contamination
with heavy metals

Heavy metals are naturally present in the parent rocks. They
are also generated in the environment as byproducts by man-
made activity. Soil environment becomes contaminated by
heavy metals when (i) they are transfer from different mines
to various environmental sites; (ii) their rates of production by
man-made cycles are more faster than natural ones; (iii) the
different forms of heavy metals found in the environmental
system may turn into more bio-available; (iv) the concentra-
tions of the metals and metal(loid)s in the waste products are
high as compared with those in the receiving environment
(Duruibe et al. 2007; Lianwen et al. 2018). Mining and
manufacturing industries are the main sources of heavy metals
that pollute the soil, ground water, and air. With the speeding
up of urbanization and industrialization and release of differ-
ent kind of exhausted gases, sewage irrigation, industrial
waste, and sludge farm application are the source of heavy
metal contamination (Chandrasekaran et al. 2015; Huang
et al. 2016; Rezania et al. 2016; Wan et al. 2016; Karakagh
et al. 2012). Expansion of industrialization leads to deteriora-
tion of the soil health by polluting river or releasing their
effluents directly into the sewage system or at the periphery
of the cities. The reason for heavy metal deposition in the
environment is atmospheric deposition due to combustion of
fuel, waste from industries like textile and dye industries,
electroplating waste, cycles and spare parts, smelting and min-
ing processes, metal coating, sewage sludge, and use of chem-
ical fertilizers (Zeng et al. 2017). In agricultural soil, the com-
position of heavy metal is governed by the parent rock mate-
rial, aerosol particles from fossils fuel combustion, land

filling, organic material applications, and contaminants in fer-
tilizers and other sources (Bolan et al. 2014). The following
are some common causes responsible for heavy metals depo-
sition in the environment (Fig. 1).

Pollution causes through anthropogenic sources

Both natural and anthropogenic sources cause the emission of
heavy metals into the surroundings. They are naturally present
in the soil by the weathering of parent rocks by pedogenic
processes. Over the last few decades, the anthropogenic emis-
sions of lead have been increased largely during mining,
smelting activities, automobile exhausts, and lead paints than
their natural release form parents rock (Miralles et al. 2006).
Other heavy metals like cadmium is released as a waste prod-
uct in lead and zinc refining; emission of mercury also occurs
during degassing of the earth’s crust (Sumiahadi and Acar
2018). Heavy metals come into the environment from a vari-
ety of sources in the form of atmospheric deposition from
metal mines, landfills, application of fertilizer, animal ma-
nures, coal combustion, petrochemicals, and leaded gasoline.

Mining activities

The anthropogenic sources are the major causes of heavy met-
al emission specifically duringmining operations and even the
metals persist in the environment after the mining activities
(Nriagu 1989). Water bodies are mostly polluted through min-
ing activities (INECAR 2000). The emission of heavy metals
occurred in the form of elemental, inorganic, and organic com-
pounds. The potential for contamination of heavy metal is
increased when mined ores are dumped in manual dressing
processes (Huan et al. 2017).

Fertilizers

Firstly, human persuade on the soil through agriculture. Plants
require micronutrients and macronutrients for growth and also
to complete their life cycle. Metals which are necessary for

Fig. 1 Flow diagram showing
graphical representation of
pollution caused by different
sources
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plant growth and scarce in the soil have been supplied with
these elements either by foliar spray or in the soil application
(Dhaliwal et al. 2009; Dhaliwal et al. 2013). A huge amount of
fertilizers are added to soils during extensive and intensive
farming to supply adequate amount of nitrogen, phosphorus,
and potassium for crop growth (Huan et al. 2017; Dhaliwal
et al. 2019). Use of certain fertilizers that contains phosphorus
unconsciously adds toxic elements to the soil including F, Hg,
and Pb (Duruibe et al. 2007).

Pesticides

Several pesticides used widely in horticulture and agriculture
practices from the past contained extensive heavy metal con-
centration. Recently in the UK, 10% of the chemicals were
legalized as fungicides and insecticides which contain lead,
mercury, manganese, copper and zinc. Such pesticides are
copper-containing fungicidal sprays such as copper oxychloride
and copper sulfate (Bordeaux mixture) (Ghnaya et al. 2009;
Goswami and Das 2015). For many years, lead arsenate was
used to control some parasitic insects in fruit orchards. Different
formulations of As, Cr, and Cu are now used to preserve tim-
bers in many neglected sites. Such contamination in future
causes problems if such sites will be used for agricultural pur-
poses (Huang et al. 2016; Jinadasa et al. 2016).

Biosolids and manures

Biosolids are defined as organic solid produced from waste-
water treatment processes that can be beneficially recycled. In
most of the countries, application of bio-solid materials in
agriculture land is a widespread practice that permits the re-
process of biosolids obtained from urban populations. The
application of several biosolids like municipal sewage sludge,
compost, and manures to land unwillingly leads to the addi-
tion of heavy metals in the soil environment (Ghnaya et al.
2009). Manure is considered to be an important fertilizer, but
in pig poultry, Cu and Zn are added to the diets as growth
promoters but cause health problem. (Lianwen et al. 2018).It
is estimated that in the USA,more than half of 5.6 million tons
of sewage sludge is applied annually to land for agricultural
utilization (Goswami and Das 2015).

Pollution caused through atmospheric deposition

Industrial activities such as burning of coal and petroleum
have intensive mark in soils regarding heavy metals. Over
time, the release of heavy metals exceeds natural levels which
include nickel, zinc, lead, and copper (Boyd 2004). Pollution
due to atmospheric activities has been recognized as a poten-
tial threat to many lives in the industrial regions of the north-
ern hemisphere (Shotyk et al. 2003). Lead and boron are an-
other universal tracers of anthropogenic contaminant in the

environment and health care (Mielke et al. 2005). The main
source of lead emissions contains power-generating plants,
smelting units, emissions from auto-mobiles and natural
sources include volcanoes, hydrothermal vents etc. (Weiqing
et al. 2016). Boron, is a quite variable trace constituent in the
atmosphere (conc. between 0.2 and 300 ppb) and present in
gaseous as well as particulate matter with the gaseous phase
more than 90–95% of the total content (Rose et al. 2000;
Rose-Kaga et al. 2006).

During high-temperature processing, metals such as ar-
senic, lead, and cadmium are released in the form of vola-
tile particles. These elements were converted to fine par-
ticulates in the form of oxides (Duruibe et al. 2007). Stack
emissions can be scattered over a wide area by wind until
dry or wet precipitation procedure remove them from the
gaseous stream. Fugitive emissions are generally scattered
in smaller area because emissions are carried out near the
ground level. Types of sources and site-specific conditions
influence concentration of metals emitted. It has been no-
ticed that plants and soils close to smelting works possess
high concentration of Zn, Cd, and Pb. Combustion of pet-
rol also leads to the aerial emission of Pb and responsible
for the presence of Pb in soils of urban areas and adjoining
sites. Tyre and lubricant oil industry also added Zn and Cd
in the soil (Huang et al. 2016; Jinadasa et al. 2016).

Effects of polluted water on soil contamination

Wastewater irrigation has been established to decreases soil
pH and increase organic carbon content and soil conductivity
but causes heavy metals accumulation in the plowing layer of
farmland (Aulakh and Singh 2008). Increased concentrations
of toxic metals have been studied in soils with regular appli-
cation of wastewater sewage sludge (Azad et al. 1986; Sharma
and Dhaliwal 2019). Significantly higher concentrations of
Pb, Cr, Cd, and Ni extractable with DTPA and total
digestable that have been reported in land irrigated with
wastewater were 1.8, 35.5, 3.6, and 14.3 respectively as
compared with well-irrigated soils with pipes (Dheri et al.
2007).The toxic effects of heavy metals on living organisms
are summarized in Table 1.

Remediation of contaminated soil with heavy
metals

Heavy metals are converted into different forms and its avail-
ability in the soil decreases with time (Lund et al. 1980). The
sequential extraction technique to remove metals from the
soil/ground in different ways is useful to understand the pro-
cess of movement and bioavailability of the metal. The inter-
changeable and water-soluble forms of metals are considered
to be available for plants. These heavy metal forms must be
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remediated from the soil due to their environment toxicity
(Petruzzelli 1989). Some of the European countries are
investing a lot to remediate contaminated land. There are some
laws and regulations, such as the Resource Conservation and
Recovery Act (RCRA) and the superfund amendments and
the Reauthorization Act (SARA), that focused on standard
and behavior of techniques related to remediation. The UK
also approved the Environmental Protection Act in the
1990s which clearly established the polluter’s responsibility
principle (Kim et al. 2001).

Here, we discuss different methods of remediation of soil
which include physical, chemical, and biological processes.
The pros and cons of these remediation technologies are given
in Table 2.

Physical remediation

The remediation methodologies via physical techniques in-
clude washing of soil, soil extraction, soil solidification, and
soil stabilization of heavy metals. Physical method for

migrating contaminated land and disposal in landfills is quite
expensive. It also includes the method of replacement of soil
and thermal desorption. Substitution of soil means to replace
or partially replace the contaminated soil with clean soil to
reduce the concentration of pollutants (Qian and Liu 2000;
Zhang et al. 2004) of particular area.

Zhou et al. (2004) divided this method into three types:
soil substitution, sweeping of soil, and the importation of
land from uncontaminated sites; (1) the substitution of the
soil involves removal of contaminated soil and putting it in
another soil. The above-mentioned technique is very suit-
able for land in small area with contamination. In addition,
the replaced soil must be treated in a feasible ways failing
which the second contamination will occur; (2) the exca-
vation of the soil is the deep excavation of contaminated
soil, which causes the spread of the contaminant in the
deep sites and reaches the goal of dilution and natural deg-
radation; (3) the importation of new land consists of adding
a large amount of pure soil in place of the contaminated
soil. In some aspects, soil substitution reduces the effect of

Table 1 Toxic effects of some
heavy metals on human health
(EPA: United State
Environmental Protection
Agency)

Heavy metals EPA (regulatory limits ppm) Toxic effects

Ag 0.10 Exposure may cause skin and other body tissues to turn gray
or blue-gray, breathing problems, lung and throat irritation,
and stomach pain

As 0.10 Affects essential cellular processes such as oxidative
phosphorylation and ATP synthesis

Ba 2.00 Cause cardiac arrhythmias, respiratory failure,
gastrointestinal dysfunction, muscle twitching, and
elevated blood pressure

Cd 5.00 Dysfunction, muscle twitching, and elevated blood pressure,
carcinogenic, mutagenic, endocrine disruptor, lung
damage, and fragile bones, affects calcium regulation in
biological systems

Cr 0.10 Hair loss

Cu 1.30 Brain and kidney damage, elevated levels result in
liver cirrhosis, and chronic anemia, stomach and
intestine irritation

Hg 2.00 Autoimmune diseases, depression, drowsiness, fatigue, hair
loss, insomnia, loss of memory, restlessness, disturbance of
vision, tremors, temper outbursts, brain damage, lung and
kidney failure

Ni 0.20 Allergic skin diseases such as itching, cancer of the lungs,
nose, sinuses, throat through continuous inhalation,
immunotoxic, neurotoxic, genotoxic, affects fertility,
hair loss

Pb 15.00 Excess exposure in children causes impaired development,
reduced intelligence, short-term memory loss, disabilities
in learning and coordination problems, risk of cardiovas-
cular disease

Se 50.00 Dietary exposure of around 300 μg day−1 affects endocrine
function, impairment of natural killer cells activity,
hepatotoxicity, and gastrointestinal disturbances

Zn 0.50 Dizziness, fatigue etc.

Source: Dixit et al. 2015
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contaminants on the environment. However, this technol-
ogy needs a lot of work, costs a lot, and is suitable in small
areas which are severely contaminated.

The thermal desorption is carried out on the basis of vola-
tility of pollutant particles which includes heating of the con-
taminated soil using steam, microwave, infrared radiation to

Table 2 Pros and cons of different remediation techniques and their procedure

S. no. Remediation Procedure Pros Cons

1. Physical remediation Techniques include washing of soil,
thermal desorption, and replace
or partially replace the
contaminated soil with clean
soil to reduce the concentration
of pollutants.

Complete amelioration of
heavy metals through
removal of contaminated
layer of soil

It is a laborious, time
consuming, and
not economically
viable method

2. Chemical remediation Vitrify technology Temperature of the soil increases at
a high range of 1400–2000 °C.
Energy can be supplied by
burning fossil fuels or by heating
directly using microwave,
electrodes, and plasma.

Removal of contaminants
through weathering of
organic matter by
maintaining high
temperature directly in
the soil.

Highly efficient method of
amelioration of
contaminated soil by
eliminating heavy
metals.

This technology is very
complicated, requires
more energy of fusion,
expensive, and
limited application

Chemical leaching Washing of contaminated soil with
water, chemical, reagents and
other fluids or gases capable of
eliminating the contaminant
from the soil. Heavy metals in
the soil were transferred to the
liquid phase through
precipitation, ion exchange,
chelation, and adsorption.

Heavy metals are leached
down from the upper
layer facilitating plants
to grow favorably

Not the permanent solution
for deep rooted crops

Chemical fixation The addition of reagents or
materials into the contaminated
soil to form slightly
insoluble materials.

Heavy metals fixed in the
soil through adsorption,
resulting least
availability becomes for
growing plants

Not permanent solution
because the heavy metals
get released into the soil
under conducive
conditions for
weathering

Electro
kinetic method

High voltage is applied to create
electric field gradient at the two
sides. In this process, charged
pollutants were moved to poles
through electro-migration,
electro-osmotic flow, and elec-
trophoresis process.

Beneficial for low
permeability soils
with low cost and
easy installation

Low efficiency, unable to
control pH, unable to use
ion exchange membrane
to improve migration

3. Biological remediation Using microorganism Microorganisms transform heavy
metals via changing their
physical and chemical
properties. It includes
extracellular complexation,
intracellular accumulation, and
precipitation or
oxidation-reduction process.

Microbial leaching is
simple and effective for
extracting metals from
low-grade minerals.

Provide suitable condition
for their growth some
time laborious

Phytoremediation It involves the treatment of
contaminated area with specific
plants to eliminate pollutants by
the breaking of contaminant by
roots of plants to lesser toxic
element or absorption of
contaminant, storing it in the
stems and leaves of the plant.

Plants tolerate high
concentrations of metals
in root, stem, and leaves.

Difficulty in the selection of
plants for particular type
of metals for
remediation process.
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convert the pollutant into volatile form. To achieve the aim of
removing the heavy metals, the volatile heavy metals are col-
lected by using the vacuum-negative pressure or carrier gas.
Based on different temperatures, the thermal desorption oc-
curs at high-temperature desorption (320–560 °C) and low-
temperature desorption (90–320 °C). The USA used this tech-
nology for mercury collection on-site repair and developed
commercial services. However, limited factors like high-cost
devices and prolonged desorption time limit the application of
these device in remediation of soil (Huan et al. 2017; Lianwen
et al. 2018).

Remediation by chemical methods

The amount of heavy metal available to the plants can be
reduced by the chemical methods. This can be achieved by
one of method, i.e., changing the pH of the soil, which caused
either precipitation of metal or formation of insoluble com-
plexes with metals. The chemical remediation involves:

Using vitrify technology

The vitrification technology involves increase in temperature
of the soil at a high-temperature range of 1400–2000 °C,
which results into the decomposition or volatilization of or-
ganic matter. In this method, steam is produced and the pyrol-
ysis product has been collected from an exhaust gas produced
by the treatment system. For ex situ reclamation, energy can
be supplied by burning fossil fuels or by heating directly using
microwave, electrodes, and plasma. Electrodes can be inserted
directly in contaminated soil during in situ remediation for
direct application of heat. This technology has high efficiency
and can eliminate heavy metals. However, this technology is
very complicated and requires more energy for fusion, which
makes it very expensive with limited application (Duruibe
et al. 2007; Ghnaya et al. 2009; Goswami and Das 2015).

Remediation by chemical leaching

Chemical leaching is the technique used for washing of con-
taminated soil with water, chemical reagents, and other fluids
or gases capable of eliminating the contaminant from the soil
(Yang et al. 2010). Heavy metals in the soil were transferred to
the liquid phase through precipitation, ion exchange,
chelation, and adsorption and later estimated from the
infiltrate. The infiltrate includes predominantly surfactant,
inorganic fluent, and chelating agents. Tokunaga and Hakuta
(2002) extracted metals from the artificially contaminated soil
at different concentrations of nitric acid, hydrofluoric acid,
sulfuric acid, phosphoric acid, and hydrochloric acid were
evaluated as extractant for removing contaminants from the
soil.

Through chemical fixation

Chemical fixation includes the addition of reagents or ma-
terials into the contaminated soil to form slightly insoluble
materials, which reduces the movement of heavy metals
into water bodies, plants, and other environmental media
causing soil remediation (Huang et al. 2016; Jinadasa et al.
2016; Huan et al. 2017). Therefore, chemical fixation re-
sults in stabilization than decontamination, which includes
transference of metal into an inactive form. Hodson et al.
(2000) and Bilgin and Tulun (2016) evaluated the capacity
of finely grounded, slightly crystalline apatite bone meal
(Ca10(PO4).6H2O) to immobilize metals in the form of
metal phosphates and reduce the metal bioavailability in
polluted soil.

By electrokinetic remediation

Electrokinetic remediation technology is one in which very
high voltage is applied to create electric field gradient at the
two sides (Luo et al. 2004). In this process, charged pollutants
were moved to poles through electro-migration, electro-
osmotic flow, and electrophoresis process (Swartzbaugh
et al. 1990). This method is beneficial for soil having low
permeability, has advantages of low cost, and easily installa-
tion and operation (Virkutyte et al. 2002; Xu et al. 2006)
while retaining original composition of soil (Zhang et al.
2004) and protect the ecotype (Luo et al. 2004). However,
the treatment efficiency was low because this technology un-
able to control the soil pH (Fasani et al. 2017). The recent
methods include addition of buffer solution to control soil pH
or use of ion exchange membrane which controls the soil pH
to improve migration.

Biological remediation

Bioremediation using microorganism (bacteria and Fungi)
and phytoremediation (plant species) are major biological re-
medial techniques that includes former or later or combination
of both the processes. These processes include method used
by microorganisms or plants (Chang et al. 2008).
Bioremediation using microorganism and plants is discussed
under the following heads:

Biological remediation using bacteria

Microorganisms do not degrade the heavy metals but trans-
form these metals via changing their physical and chemical
properties (Table 3). Remediation mechanism includes extra-
cellular complexation, intracellular accumulation, and precip-
itation or oxidation-reduction process. Galal et al. (2017) stud-
ied that microbial leaching is simple and effective for
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extracting metals from low-grade minerals. Microorganism
also has the potential for the detoxification of sewage sludge,
industrial waste, and the remediation of sediments and soils
contaminated with heavy metals (Bosecker 2001).

Microbial biomass has different bio-sorptive abilities and
varies significantly among microbes. However, the bio-
sorption ability of each microbial cell depends on its pre-
treatment and the experimental conditions. Bacteria are impor-
tant biosorbents due to their ubiquity, size, and ability to grow
under controlled conditions and resilience to environmental
conditions (Srivastava et al. 2015; Wang and Chen 2009).
De et al. (2008) used mercury resistant bacteria such as
Alcaligenes faecalis, Bacillus pumilus, Pseudomonas
aeruginosa, and Brevibacterium iodinium for the removal of
cadmium (Cd) and lead (Pb). In this study, P. aeruginosa and

A. faecalis removed 70% and 75% Cd with reduction of
1000 mg/L to 17.4 mg/L of Cd by P. aeruginosa and to
19.2 mg/ L by A. faecalis in about 72 h. Brevibacterium
iodinium and Bacillus pumilus remove greater than 87% and
88% of Pb with a reduction of 1000 to 1.8 mg/ L in 96 h.

The use of indigenous facultative anaerobic bacteria
Bacillus cereus to detoxify hexavalent chromium (Cr) was
studied by (Singh et al. 2013). Bacillus cereus has an excellent
capacity of 72% Cr (VI) removal at 1000 g/mL chromate
concentration. The bacteria were capable of reducing Cr (VI)
under a wide range of temperatures (25 to 40 °C) and pH (6 to
10) but optimum at 37 °C and initial pH 8.0. Several heavy
metals have been tested using bacteria species like
Flavobacterium, Pseudomonas, Enterobacter, Bacillus, and
Micrococcus spp. Their great bio-sorption ability is due to

Table 3 List of microorganisms used in biological remediation of soil contaminated with heavy metals

Heavy
metals

Microorganisms References

Bacteria Fungi

Pb Micrococcus luteus, Bacillus subtilis, B. firmus,
B. megaterium, Aspergillus niger, and
Penicillium species, Brevibacterium iodinium,
Pseudomonas spp., Staphylococcus spp.,
Streptomyces spp.,

Candida sphaerica Kumaran et al. 2011; De et al. 2008;
Kumar et al. 2011; Puyen et al. 2012;
Abioye et al. 2018; Luna et al. 2016

Cd Pseudomonas aeruginosa, Alcaligenes faecalis,
Bacillus subtilis, B. megaterium

Coprinosis atramentaria De et al. 2008; Puyen et al. 2012;
Lakkireddy and Kues 2017

Cu Bacteria: Staphylococcus sp., Streptomyces sp.,
Enterobacter cloacae, Desulfovibrio
desulfuricans (immobilize on zeolite),
Flavobacterium spp., Methylobacterium
organophilum, Arthrobacter strain,
Enterobacter cloaceae, Micrococcus sp.,
Gemella spp., Micrococcus spp.,
Pseudomonas sp., Flavobacterium spp.,
A. faecalis (GP06), Pseudomonas
aeruginosa (CH07)

Aspergillus versicolor, Aspergillu sniger
(pre-treated with Na2CO3 (0.2N)),
Sphaerotilus natans, Aspergillus niger,
Candida spp.

Abioye et al. 2018; Jafari et al. 2015;
Kim et al. 2015; Kim et al. 1996;
Roane and Pepper 2000; Marzan
et al. 2017; Kumaran et al. 2011; De
et al. 2008; Tastan et al. 2010; Javaid
et al. 2011; Ashokkumar et al. 2017;
Donmez and Aksu 2001

Ni Micrococcus sp., Pseudomonas spp.,
Acinetobacter sp. Desulfovibrio desulfuricans
(immobilize on zeolite)

Aspergillus versicolor, Aspergillus spp.,
Aspergillus niger (pre-treated with Na2CO3

(0.2N), Aspergillus niger, Candida spp.

Congeevaram et al. 2007; Kumaran
et al. 2011; Tastan et al. 2010; Javaid
et al. 2011; Kim et al. 2015; Donmez
and Aksu 2001

Hg Klebsiella pneumoniae, Pseudomonas
aeruginosa, Vibrio parahaemolyticus (PG02),
Bacillus licheniformis, Vibrio fluvialis

Candida parapsilosis Al-Garni et al. 2010; Jafari et al. 2015;
Muneer et al. 2013,
Saranya et al. 2017

Cr Bacillus cereus, Acinetobacter spp. and
Arthrobacter sp.

Aspergillus niger, Rhizopus oryzae,
Saccharomyces cerevisiae, Penicillium
chrysogenum, Aspergillus versicolor,
Sphaerotilus natans, Saccharomyces
cerevisiae, Phanerochaete chrysosporium,
Hansenula polymorpha, S. cerevisiae,
Yarrowiali polytica, Rhodotorula
pilimanae, Pichiaguillier mondii, and
Rhodotorula mucilage

Singh et al. 2013; De et al. 2008; Tastan
et al. 2010; Achal et al. 2011;
Ashokkumar et al. 2017; Parvathi
et al. 2007; Chatterjee et al. 2012;
Ksheminska et al. 2008

Zn Bacillus firmus, Pseudomonas spp. – Salehizadeh and Shojaosadati 2003;
Kumaran et al. 2011

Co Enterobacter cloacae – Jafari et al. 2015
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high surface-to-volume ratios and the potential active
chemosorption sites (teichoic acid) on the cell wall (Mosa
et al. 2016). Bacteria are more stable and survive better when
they are in mixed culture. Therefore, consortia of cultures are
metabolically superior for bio-sorption of metals and are more
appropriate for field application (Kader et al. 2007). De et al.
(2008) reported 78% reduction of Cr using bacteria consor-
tium of Acinetobacter spp. and Arthrobacter spp. of 16 mg/L
metal ion concentration. Micrococcus luteus was used to re-
move a huge quantity of Pb from a synthetic medium. Under
ideal environments, the elimination ability was 1965 mg/g
(Puyen et al. 2012). Abioye et al. (2018) investigated the
bio-sorption of Pb, Cr, and Cd in tannery effluent using
Bacillus subtilis, B. megaterium, Aspergillus niger, and
Penicillium spp. B. megaterium recorded the highest Pb re-
duction (2.13 to 0.03 mg/L), followed by B. subtilis (2.13–
0.04 mg/L). A. niger show the highest ability to reduce the
concentration of Cr (1.38–0.08 mg/L) followed by
Penicillium sp. (1.38–0.13 mg/L) while B. subtilis exhibited
the highest ability to reduce the concentration of cadmium
(Cd) (0.4–0.03 mg/L) followed by B. megaterium (0.04–
0.06 mg/L) after 20 days. Kim et al. (2015) designed a batch
system using zeolite-immobilizedDesulfovibrio desulfuricans
for the removal of Cr (VI), Cu, and Ni with removal efficiency
of 99.8%, 98.2%, and 90.1%, respectively. Ashruta et al.
(2014) reported efficient removal of Cr, Zn, Cd, Pb, Cu, and
Co by bacterial consortia at approximately 75 to 85% in less
than 2 h of contact duration.

Biological remediation using fungi

Fungi are widely used as biosorbents for the removal of toxic
metals with excellent capacities for metal uptake and recovery
(Fu et al. 2012; Akar et al. 2005; Dursun et al. 2003). Most
studies showed that active and lifeless fungal cells play a
significant role in the adhesion of inorganic chemicals
(Tiwari et al. 2013). Srivastava and Thakur (2006) also report-
ed the efficiency of Aspergillus sp. used for the removal of Cr
in tannery waste water. A total of 85% of Cr was removed at
pH 6 in a bioreactor system from the synthetic medium, com-
pared with a 65% removal from the tannery effluent. This
could be due to the presence of organic pollutants that hinder
the growth of the organism. Coprinopsis atramentaria was
studied for its ability to bio-accumulate 76% of Cd2+, at a
concentration of 1 mg/L of Cd2+, and 94.7% of Pb2+ at a
concentration of 800 mg/L of Pb2+. Therefore, it has been
documented as an effective accumulator of heavy metal ions
for myco-remediation (Lakkireddy and Kues 2017). Park et al.
(2005) reported that dead fungal biomass of Aspergillus niger,
Rhizopus oryzae, Saccharomyces cerevisiae, and Penicillium
chrysogenum could be used to convert toxic Cr (VI) to less
toxic or non-toxic Cr (III). Luna et al. (2016) also observed
that Candida sphaerica produces bio-surfactants with a

removal efficiency of 95, 90, and 79% for Zn and Pb, respec-
tively. These surfactants could form complexes with metal
ions and interact directly with heavymetals before detachment
from the soil. Candida spp. accumulate substantial quantity of
Ni and Cu, but the process was affected by initial metal ion
concentration and pH (optimum 3–5) (Donmez and Aksu
2001). Several strains of yeast such as Hansenula
polymorpha, S. cerevisiae, Yarrowia lipolytica, Rhodotorula
pilimanae, Pichia guilliermondii, and Rhodotorulamucilage
have been used to bio-convert Cr (VI) to Cr (III) (Chatterjee
et al. 2012; Ksheminska et al. 2006, 2008).

Phytoremediation of soils contaminated with heavy
metals using plant species

Phytoremediation involves a group of techniques to immobi-
lize, degrade, and reduce the environmental toxins caused by
anthropogenic sources using different plant species to clean-
up contaminated areas (Mukhopadhyay and Maiti 2010). It
involves different types of phytoremediation processes by
use of typical plants to remove metal from contaminated sites
(Table 4). Various studies reported that metals’ bioavailability
and their uptake by plants could be accomplished by addition
of chelating agents, fertilizer, organic amendment, and ame-
liorating pH. Nowadays, the phytoremediation has received
great attention for the remediation of contaminated soil
(Huang et al. 2016). Phytoremediation involves the process
for treating contaminated area with plants to eliminate pollut-
ants. The basic principle of phytoremediation involves the
breaking of contaminant by roots of plants to lesser toxic
element or absorption of contaminant, storing it in the stems
and leaves of the plant (Kaur et al. 2018). Therefore, it is
supposed to be an alternative process to eliminate or, more
precisely, reduce the amount of toxic pollutants in the envi-
ronment (Yadav and Srivastava 2014). Several plant species
showed the ability to accumulate high levels of heavy metals
and are called hyper-accumulators (Memon et al. 2001;
McGrath et al. 2001; Memon and Schroder 2009). These
plants tolerate high concentrations of metals and had a spec-
tacular ability to absorb metal of great importance for the
phyto-extraction. For phyto-extraction, a plant must be a hy-
per-accumulator, with high growth rate and a potential to pro-
duce more biomass that can produce more than 20 t of bio-
mass/ha/year (Huang et al. 1997; Yadav and Srivastava 2014).
The ability of plants to absorb heavy metals (50–500 times)
more than normal plants led to the revolutionary progress of
phyto-extraction technology (Baker and Brooks 1989) and it
may be possible through the genetic engineering to transfer of
hyper-accumulator genes from plants having low biomass to
plants with high biomass such as Brassica species
(Cunningham and Ow 1996). About 400 hyper-accumulator
plants were known (less than 0.2% of all angiosperms) and
mainly belong to Asteraceae, Euphorbiaceae, Fabaceae,
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Flacourtaceae, Brassicaceae, Caryophyllaceae, Lamiaceae,
Poaceae, and Violaceae. The selection of the plant is also
based on the availability of seeds, their ability to set up and
grow in the contaminated soil, and to extract metal from the
soil to the root biomass of the plant. Several studies have
described the potential of plant as a heavy metal bioaccumu-
lation from soil and water. Studies have shown that the use of
plants through phytoremediation technology is an alternative
to treating the areas which are contaminated by heavy metals
and can also be used for environmental remediation solution
(Bolan et al. 2014; Prasad 2003).

Even different plants have different responses to different
exposures to heavy metals. Some plants are sensitive, while
others have a high tolerance towards heavy metals. As a con-
sequence of the plant-metal interaction, different plants accu-
mulate heavy metals from the soil which reduce their growth
and development. However, some plants have a high tolerance
and can support growth and development under stress of
heavy metals (Huan et al. 2017; Lianwen et al. 2018).

In a study, Garbisu and Alkorta (2003) reported that al-
thoughmost of the metals are important for biological systems
and must be present within certain range but in high concen-
trations, these act in a harmful way by blocking or displacing
the essential functional groups and molecules (Collins and
Stotzky 1989). Various studies have reported that many plants,
including the Brassicaseae family, e.g., Brassica napus, have

different tolerable limit for heavy metal toxicity and show
accumulation with various magnitudes (Marchiol et al. 2004;
Simnova et al. 2007; Tickoo et al. 2007; Angelova et al. 2008;
Bauddh and Singh 2009).

Here, we discuss some research conducted in phyto-
remedial technology which is effectively used for the heavy
metals removal from contaminated soils.

A recent study was carried out to determine the potential of
Brassica rapa plant species under the influence of electric
field that can germinate and grow in mixed contaminated soil
with PAH and various metals viz. Cd, Cr, and Pb (Cameselle
and Gouveia 2019). It was observed that alternating current
was the most suitable for commercial applications. The appli-
cation of 1 Volt/cm potential gradient around B. rapa resulted
in the effective elimination of compounds like phenanthrene
andanthracene. The results of study revealed that different
configurations of electrodes around the growing plants can
be used to concentrate the contaminants or transport them
from deep soil layers to the rhizosphere. Another experiment
was conducted by Bello et al. (2018) to investigate the
phytoremediation ability of Phragmites australis to remove
nickel (Ni), cadmium (Cd), and lead (Pb) from contaminated
water over a period of 6 weeks. The results showed that
P. australis had a residual of 7% of Cd (93% removal), 5%
of Pb (95% removal), and 16% of Ni (84% removal). While in
the controlled experiment, there was a residual of 96% for

Table 4 List of several plants
reported for heavy metals
remediation

Plants Contaminated area Heavy metals

Allium schoenoprasum L. (Chive) Soil Ni, Co, Cd

Brassica juncea (L.) Coss (Indian mustard) Soil and water Cd, Cu, Zn, Pb

Brassica napus L. (Canola) Soil Cd, Cu, Zn, Pb

Cajanus cajan (L.) Millsp. (Pigeon pea) Soil As, Cd

Cicer arietinum L. (Chickpea) Soil Cd, Pb, Cr, Cu

Cucumis sativus L. (Cucumber) Water Pb

Eichhornia crassipes (Mart.) Solms (Water hyacinth) Water As, Cr, Zn, Cs, Co

Jatropha curcas L. (Purging nut) Soil Fe, Al, Cu, Mn, Cr, As

Lantana camara L. (Lantana) Soil Zn, Hg, Pb

Lens culinaris Medik. (Lentil) Soil Pb

Lepidium sativum L. (Cress) Soil As, Cd, Fe, Pb, Hg

Lactuca sativa L. (Lettuce) Soil Cu, Fe, Mn, Zn, Ni, Cd,

Medicago sativa L. (Alfalfa) Soil Pb, Co, As, Cd

Oryza sativa L. (Rice) Soil Cu, Cd

Pistia stratiotes L. (Water lettuce) Water Cr, Cd, As

Pisum sativum L. (Pea) Soil Pb, Cu, Zn, Fe, Cd, Ni,

Raphanus sativus L. (Radish) Soil Cr.As, Cd, Fe, Pb, Cu

Spinacia oleracea L. (Spinach) Soil Cd, Cu, Fe, Ni, Pb, Zn,

Solanum nigrum L. (Black nightshade) Soil Cr, Cd

Sorghum bicolor (L.) Moench (Sorghum) Soil Cd, Cu, Zn, Fe

Zea mays L. (Corn) Soil Cd, Pb, Zn, Cu

Source: Sumiahadi and Acar (2018)
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both Cd and Pb (4% removal) and 89% for Ni (11% removal).
In another study, Lemna minor has higher potential for accu-
mulation of Fe, Mn, Zn, and Co (Amare et al. 2017). On the
other hand, Azolla filiculoides have high accumulation poten-
tial for Fe, Mn, Zn, and Cu, but moderate for Co, Cr, and Ni
and even lower for Cd. Another study conducted by Goswami
and Das (2015) revealed the phytoremediation ability of
Brassica juncea (Indian mustard) treated with different con-
centrations of 25, 50, 100, 200, and 400 mg kg−1of CdCl2 in
the laboratory for 21 days. The results showed that plant has
high tolerance to Cd up to 400 mg/kg, but there was decrease
in tissue biomass, leaf chlorophyll, root and shoot length, and
carotenoid content. The enrichment coefficient and the bud
root translocation factor indicated the suitability of Indian
mustard to remove the Cd from the contaminated soil.
Yadav and Srivastava (2014) explained the mechanism of
hyperaccumulation of members of the Brassicaseae family,
in particular Brassica spp. A higher tolerance to cadmium ions
has been identified on the basis of the absorption and efficient
assimilation of sulfate. However, Bhadkariya et al. (2014)
conducted a study on Brassica juncea plant and observed a
strong a tolerance and build-up capacity for cadmium in
Brassica juncea. The distribution of Cd in Brassica juncea
was in the order of root > stem > leaves. The highest accumu-
lative of Cd was 89.90 mg kg−1in the whole plant during
60 days of development period. Therefore, Brassica juncea
has proven to be an efficient accumulator for cadmium for
phyto-extraction from cadmium-contaminated soil. Another
study by Priya et al. (2014) reported the treatment of waste-
water using two common plants Brassica juncea (mustard)
and Allium cepa (onion plant). The standard cadmium content
ranged from 0.017 to 0.009 and 0.0088 μg L−1for Brassica
juncea and from 0.023 to 0.012 and 0.009 μg/L for Allium
cepa. A relative analysis of the wastewater treatment collected
at two different locations in Jaipur has been explained on this
result, using two different plants from the phytoremediation
mechanism. The conclusion obtained that waste water
discharge from industrial area of Sanganer and Jaipur must
be used efficiently for the farming of mustard plant.
Taamalli et al. (2014) evaluated he phyto-extraction potential
of Cakile maritime (halophyte) and compared with Brassica
juncea (glycophyte) which was recommended for phyto-
extraction of Cd. The results showed that translocation factor
was higher in the case of Cakile maritime as compared with
Brassica juncea at all external Cd doses. Two oil yielding
plants namely Brassica juncea and Ricinus communis were
also experimented for their tolerance and phyto-remedial po-
tential of cadmium in contaminated soil by Bauddh and Singh
(2012). In this study, the plants were exposed to different
concentrations of Cd in soil and observed that Ricinus
communis accumulated about two times higher Cd in shoots
and four times higher in roots than Brassica juncea. The total
elimination of metal from soil was greater in the case of

Ricinus communis due to the more underground and above-
ground biomass and suggesting that Ricinus communis has a
better tolerance and phyto-reclamation potential to remove
metal from contaminated soil. Moosavi et al. (2012) selected
two oil crops and one cereal crop Safflower, Brassica napus,
and wheat respectively to test its phyto-corrective potential.
Result showed that percentage of seed germination, root and
shoot length decreased with increasing concentration in the
solution. Germination at 1000 mg/kg of cadmium level was
not observed. The vigor of roots and seedlings is increased
with the application of 200 mg kg−1 of BiNO3. Park et al.
(2012) examined the viability of the oil extracted from the
seeds of Brassica napus plants in the contaminated areas.
The results of the oil analysis of seed showed that almost
50% of the heavy metal remains in the waste. The phyto-
repair potential of halophytes like Atriplex halimus and
Sesuvium portulacastrum will be a better alternative to salt-
sensitive plants for the remediation of contaminated soils
(Moustakes et al. 2011)

The capacity ofBrassica juncea (L.) and several other plant
species was evaluated by Ishikawa et al. (2006). The results
indicated that Brassica junceawas less able to accumulate Cd
in sprouts than the hydroponic grown rice and sugar beet, and
was also less effective when grown in soil cultivation. Rice
and beet showed increased accumulation of not only Cd but
also other heavy metals (Cu, Fe, Mn, and Zn) in their Brassica
juncea buds when grown in two soils contaminated with Cd.
Sequential ground extraction of Cd revealed that the rice was
more effective thanBrassica juncea in phyto-extraction of Cd.
It has been suggested that Brassica juncea is less effective for
Cd phyto-extraction from soil than rice at very low concentra-
tion of metal in the contaminated soil. Cadmium application
also inhibited various growth and biochemical parameters in
seedlings of five cultivars of Brassica juncea L. (Bauddh and
Singh 2009).

The growth of plants, pigment concentration, biochemicals,
and absorption of heavy metals in Brassica juncea L. in re-
sponse to lead and cadmium stress were studied by John et al.
(2009). The plant showed a decrease in growth, chlorophyll
content, and carotenoids with Cd and Pb, but Cd showed more
harmful effect than Pb. Protein content was decreased during
the flowering phase to 95% and 44% during the treatment of Cd
and Pb respectively. Proline content increased at low
concentrations of Cd and Pb, but decreases at higher
concentrations. It was found that the Cd accumulated more
than Pb, but the absorption of Cd hindered at higher
concentrations of Pb. Watanabe et al. (2009) selected three
Caryophyllales species and cultivated under Cd treatment.
Amaranthus tricolor proved to have high Cd storage capacity
both in water and soil culture as compared with Brassica
juncea. The result suggested that A. tricolor has better accumu-
lating ability for Cd in the rhizosphere in lieu to high growth
and biomass. Therefore, A. tricolor could be useful for phyto-
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extraction of the cadmium-contaminated fields. In an experi-
ment, Tickoo et al. (2007) evaluated the ability of Indian mus-
tard for accumulation of cadmium and nickel with controlled
conditions. For this, soils were falsely contaminated with
different concentrations of cadmium acetate and nickel sulfate
with control. Results reported higher accumulation of higher
amount of heavy metals in shoot as compared with roots and
was also observed that Brassica juncea accumulate cadmium
better when compared with Nickel. Marchiol et al. (2004) eval-
uated phyto-extraction potential of Brassica napus (canola) and
Raphanus sativa (radish) grown on contaminated soils with
different metals. Radish has low phyto-remedial potential for
multi-metal soils. Several Brassica species found to exhibit
moderate accumulation of zinc and cadmium. Selected
B.juncea, B. napus L., and B. rapa were grown in pots with
contaminated soil to compare their phyto-extraction potential
with Thlaspi caerulescens.

Remediation of heavy metals
from contaminated soil using chelates
and plant species

Phyto-extraction (phyto accumulation, phyto absorption, or
phyto sequestration) is extracting soil or water contaminants
from plant roots. However, the chelating agents helped in
increasing the metal storage properties of plants and used to
decontaminate the soil contaminated with metals. By forma-
tion of aqueous soluble metal complexes with the chelating
agent, the solubility of the heavy metals increases. Therefore,
metal can be extracted or desorbed from the different soil
components or their surfaces which determines the degree of
solubility of heavy metal with organic agents in the order of
their constant metal stability (Garbisu and Alkorta 2003;
Halim et al. 2003; McIntyre 2003; Ghosh and Singh 2005;
Yang et al. 2005; Kotrba et al. 2009). Chelating agents such as
synthetic ethylene diammine tetra acetic acid (EDTA) are
studied for extracting metals from soils and sediments. It is
believed that extraction with EDTA is effective in removing
organic metals from soils. Furthermore, it is unlikely that the
metals which are not released by washing with EDTAwill be
mobilized by natural processes and, therefore, may have little
environmental significance. This phenomenon has been
expanding due to its cost effectiveness as compared with other
methods and also revealed a great prospective (Lianwen et al.
2018; Sumiahadi and Acar 2018).

Farid et al. (2015) observed a environment friendly tech-
nique in combination with a chelator EDTA during his labo-
ratory experiment for soil cleaning that are contaminated by
heavy metals under three concentration of Cd, i.e., 0, 10, and
50 μM along with two concentrations 0 and 2.5 mM of
EDTA. The presence of cadmium caused lowering in
biomass and chlorophyll concentrations along with plant

growth while the application of EDTA improved the growth
of plant by lowering the effects of cadmium. Further, the
results proved that the chelating techniques can be used for
the removal of heavy metal from contaminated soil in
agricultural and industry. In another experiment conducted
by Suthar et al. (2013) to explore natural and chemically
induced phyto-extraction caused by Pb and Cd in spinach
and mustards after applying EDTA. The addition of EDTA
significantly increased the phyto-extraction rate of Pb and Cd
concentrations in the plant shoots. Mustard showed better
than spinach when extracting Pb and Cd from both contam-
inated soils. Results of study showed the effect of different
concentrations of Cd, Cr, and Pb and EDTA application in
two Brassica species, i.e., Brassica carinata and Brassica
juncea. The application of EDTA had a significant effect on
the fresh and dry weight of the plant bud, length of the root,
fresh and dry root weight, and the accumulation of heavy
metals on the ground (Iqbal et al. 2012). Heavy metals and
EDTA exposure to Brassica species result in newly and abun-
dantly synthesized polypeptides, which may play role in
phytoremediation.

Turan and Esringu (2007) investigated the capacity of
Brassica napus (canola) and Brassica juncea (Indian mustard)
to uptake cadmium in a growth chambers. Results showed that
application of EDTA increased cadmium availability and up-
take by fourfolds in canola and 3.5-folds in Indian mustard
when compared with control. Wu et al. (2004) also reported
that EDTA has amplified shoot concentration of Cu and Pb in
Indian mustard (Brassica juncea).The results further reported
that addition of oxalic acid, malic acid, or citric acid to soil in
similar amount had virtually given no results.

Singh et al. (1998) characterized the surface soils near
some disposal sites in Belgium for total metal contents and
various fractions. Residual fractions were low compared with
total contents and various fractions. Residual fractions were
low compared with total content (2–4% for Cd, 25–35% for
Co, 7–18% for Mn, 4–22% for Zn, 11–42% for Pb). High
metal concentration in the acid extractable and reducible
fractions indicates pollution hazards. Singh et al. (1995) ex-
tracted the heavy metals with DPTA and NH4NO3 at different
pH values in a clay loam and loam soil. They found that the
DPTA extractable and NH4NO3 extractable Cd had decreased
with increasing soil pH and the effect was more pronounced
with NH4NO3 extractable Cd. Both extractants were found
equally effective in relation to Cd concentration in plants.

A green house experiment with two Brassica species
(Brassica juncea and Brassica carinata) were grown on arti-
ficially contaminated soil (20 and 40 mg Cd kg−1) with EDTA
added at rate of 1 g kg−1 soil. The increasing Cd (0, 20, and
40 mg Cd kg−1 soil) contaminated the biomass of both the
Brassica species decreased (Ahmed et al. 2001). The results
showed that EDTA made the cadmium more available to the
plants and lowered the Cd content of the soil.
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Chelating agents employed for decontaminating metal pol-
luted soils. When chelating agents are applied into the soil, the
solubility of heavymetals increased due to formation of water-
soluble metal complex with the chelating agent. Metals are
extracted or desorbed from different soil components or from
the surfaces of these components. The extent of heavy metal
solubilization by chelation with organic complexing agents
follows the order of their stability constants, which were de-
termined in aqueous solutions using the ratio of metal to che-
lating agent as protoned forms of 1:1. Synthetic chelating
agents like EDTA are perhaps the most widely studied
extractants for soils and sediments. It is generally believed that
EDTA extraction is also effective in displacing organically
bound metals present in soils. Furthermore, it is often a pre-
ferred reagent because it typically does not release metals
firmly bound in crystal lattices. Moreover, metals not released
by EDTA washing are unlikely to be mobilized by natural
processes and thus may have little environmental relevance.
The use of plants to remove heavy metals from soil is
expanding due to its cost effectiveness as compared with con-
ventional methods and it has revealed a great potential.

Conclusions

Soils are considered to be sole part of the Earth’s ecosystem
and play an important role in plant growth, degradation and
recycling of dead biomass. But at present soils are contami-
nated due to accumulation of metals and metalloids through
the emission of various resources which is very crucial con-
cern for environmentalist. Frequently, several techniques have
been developed for remediation of soil, among the best avail-
able technologies till date has been discussed above for the
rehabilitation of sites contaminated by heavy metals. The ob-
jective of a remediation effort is to limit the extent of contam-
ination in soils near hazardous waste site to prevent exposure
of hazardous chemicals to people and other life forms. The
remedial methodologies at a given site vary depending on the
properties of the chemicals, type of soil, depth of contamina-
tion and natural processes occur at the site. The criteria for
technologies selection and remediation treatments are: (1)
long-term and short-term effective repair to achieve targets,
(2) reduction of contaminant volume more effectively, (3) re-
duction of pollutant toxicity and most important is (4) profit-
ability: as phytoremediation is less cost effective and the
cheapest method to detoxify soil. Situation specific technolo-
gies are available for removal of heavy meals from the soil.
Among different technologies used to ameliorate
decontaminated soils, phytoremediation is the cheapest and
fast technique to decontaminate soil from heavy metals. The
objective of this review is to familiarize researchers with the
remediation technologies available for the heavy metals re-
moval from contaminated soils. But still it is necessary to

develop environmentally friendly technologies and strategies
that have a major impact on contaminated land.

Funding information The authors received for providing financial assis-
tance in the form of projects from the Department of Science and
Technology, New Delhi, and Indian Council of Agricultural Research,
New Delhi,

References

Abioye OP, Oyewole OA, Oyeleke SB, Adeyemi MO, Orukotan AA
(2018) Biosorption of lead, chromium and cadmium in tannery ef-
fluent using indigenous microorganisms. Brazil J Biol Sci 5(9):25–
32

Achal V, Kumari D, Pan X (2011) Bioremediation of chromium contam-
inated soil by a brown-rot fungus, Gloeophyllum sepiarium. Res J
Microbiol 6:166–171

Ahmed KS, Panwar BS, Gupta SP (2001) Phytoremediation of cadmium
contaminated soil by Brassica species. Acta Agron Hung 49:351–
360

Akar T, Tunali S, Kiran I (2005) Botrytis cinerea as a new fungal
biosorbent for removal of Pb (II) from aqueous solutions.
Biochem Eng J 25:227–235

Al-Garni SM, Ghanem KM, Ibrahim AS (2010) Biosorption of mercury
by capsulated and slime layer forming Gram–ve bacilli from an
aqueous solution. Afr J Biotechnol 9:6413–6421

Amare E, Kebede F, Berihu T, Mulat W (2017) Field based investigation
on phytoremediation potentials of Lemna minor and Azolla
filiculoides in tropical, semiarid regions: case of Ethiopia. Int J
Phytoremdiation 20:965–972

Angelova V, Ivanova R, Todorov G, Ivanovi K (2008) Heavy metal
uptake by rape. Commun Soil Sci Pl Anal 39:344–357

Ashokkumar P, Loashini VM, Bhavya V (2017) Effect of pH, tempera-
ture and biomass on biosorption of heavy metals by Sphaerotilus
natans. Int J Microbiol Mycol 6:32–38

Ashruta GA, Nanoty V, Bhalekar U (2014) Biosorption of heavy metals
from aqueous solution using bacterial EPS. Int J Life Sci 2:373–377

Aulakh MS, Singh G (2008) Integrated nutrient management: experience
from South Asia. In: AulakhMS, Grant CA (eds) Integrated nutrient
management for sustainable crop production. Routledge, New York,
pp 285–326

Azad AS, Sekhon GS, Arora BR (1986) Distribution of cadmium, nickel
and cobalt in sewage-water irrigated soils. J Indian Soc Soil Sci 34:
619–621

Aziz MA, Ashour A, Madbouly H, Melad AS, El Kerikshi K (2017)
Investigations on green preparation of heavy metal saponin com-
plexes. J Water Environ Nanotechnol 2:103–111

Baker AJM, Brooks RR (1989) Terrestrial higher plants which hyper
accumulate metal elements: a review of their distribution, ecology,
and phyto-chemistry. Bio-recovery 1:81–126

Bauddh K, Singh RP (2009) Genotypic differences in nickel toxicity in
Indian mustard (Brassica juncea). Pollut Res 28:699–704

Bauddh K, Singh RP (2012) Growth, tolerance efficiency and
phytoremediation potential of Ricinus communis (L.) and Brassica
juncea (L.) in salinity and drought affected cadmium contaminated
soil. Ecotoxicol Environ Saf 85:13–22

Bello AO, Tawabinib BS, Khalilc AB, Bolandd CR, Salehe TA (2018)
Phyto-remediation of cadmium, lead and nickel contaminated water
byPhragmites australis in hydroponic systems. Eco Engg 120:126–
133

Bhadkariya RK, Jain VK, Chak GPS, Gupta SK (2014) Remediation of
cadmium by Indian mustard (Brassica Juncea) from cadmium con-
taminated soil: a Phytoextraction study. Int J Environ 3:229–237

Environ Sci Pollut Res



Bilgin M, Tulun S (2016) Removal of heavy metals (cu, cd and Zn) from
contaminated soils using EDTA and FeCl3. Global NEST J 18:98–
107

BolanN, Kunhikrishnan A, Thangarajana R, Kumpiene J, Park J,Makino
T, Kirkham MB, Scheckel K (2014) Remediation of heavy metal(-
loid)s contaminated soils to mobilize or to immobilize? J Hazard
Mater 26:141–166

Bosecker K (2001) Microbial leaching in environmental clean-up
programmes. Hydrometallurgy 59:245–248

Boyd RS (2004) Ecology of metal hyperaccumulation. New Phytol 162:
563–567

Cameselle C, Gouveia S (2019) Phytoremediation ofmixed contaminated
soil enhanced with electric current. J Hazardous Mat 361:95–102

Chandrasekaran A, Ravisankar R, Harikrishnan N, Satapathy KK, Prasad
MVR, Kanagasabapathy KV (2015) Multivariate statistical analysis
of heavy metal concentration in soils of Yelagiri Hills, Tamilnadu,
India—spectroscopical approach. Spectrochim Acta A 137:589–
600

Chang JS, Kim YH, Kim KW (2008) The ars genotype characterization
of arsenic-resistant bacteria from arsenic-contaminated gold–silver
mines in the Republic of Korea. ApplMicrobiol Biotechnol 80:155–
165

Chatterjee S, Chatterjee CN, Dutta S (2012) Bioreduction of chromium
(VI) to chromium (III) by a novel yeast strain Rhodotorula
mucilaginosa (MTCC9315). Afr J Biotechnol 1:14920–14929

Collins VE, Stotzky G (1989) Factors affecting toxicity of heavy metals
to microbes. In: Metal Ions Bact. Wiley, New York, pp 31–90

Congeevaram S, Dhanarani S, Park J, DexilinM, Thamaraiselvi K (2007)
Biosorption of chromium and nickel by heavy metal resistant fungal
and bacterial isolates. J Hazard Mater 146:270–277

Cunningham SD, Ow DW (1996) Promises and prospects of
phytoremediation. Plant Physiol 110:715–719

De J, Ramaiah N, Vardanyan L (2008) Detoxification of toxic heavy
metals by marine bacteria highly resistant to mercury. Mar
Biotechnol 10:471–477

Dhaliwal SS, Sadana US, Manchanda JS, Dhadli HS (2009)
Biofortification of wheat grains with zinc (Zn) and iron (Fe) in
Typic Ustochrept soils of Punjab. Indian J Fert 5(13–16):19–20

Dhaliwal SS, Sadana US, Manchanda JS, Kumar D (2013)
Fertifortification of maize cultivars with Zn in relation to food secu-
rity and alleviation of Zn malnutrition. Indian J Fert 9:24–30

Dhaliwal SS, Naresh RK, Agniva-Mandal WMK, Gupta Raj K, Singh R,
Dhaliwal MK (2019) Effect of manures and fertilizers on soil phys-
ical properties, build-up of macro and micronutrients and uptake in
soil under different cropping systems: a review. J Plant Nutr. https://
doi.org/10.1080/01904167.2019.1659337

Dheri GS, Brar MS, Malhi SS (2007) Heavy metal concentration of
sewage contaminated water and its impact on underground water,
soil and crop plants in alluvial soils of north western India. Commun
Soil Sci Plant Anal 38:1353–1370

Dixit R, Wasiulah MD, Pandiyan K, Singh UB, Sahu A, Shukla R, Singh
BP, Rai JP, Sharma PK, Lade H, Paul D (2015) Bioremediation of
heavy metals from soil and aquatic environment: An overview of
principles and criteria of fundamental processes. Sustainability 7:
2189–2212

Donmez G, Aksu Z (2001) Bioaccumulation of copper (II) and nickel (II)
by the non-adapted and adapted growingCandida sp. Water Res 35:
1425–1434

Dursun AY, Uslu G, Cuci Y, Aksu Z (2003) Bioaccumulation of copper
(II), lead (II) and chromium (VI) by growing Aspergillus niger.
Process Biochem 38:1647–1651

Duruibe JO, Ogwuegbu MOC, Egwurugwu JN (2007) Heavy metal pol-
lution and human biotoxic effects. Int J Phys Sci 2:112–118

Farid M, Ali S, Ishaque W, Shakoor MB, Niazi NK, Bibi I, Dawood M,
Gill RA, Abbas F (2015) Exogenous application of ethylene

diamine tetra acetic acid enhanced phytoremediation of cadmium
by Brassica napus L. Int J Environ Sci Technol 12:3981–3992

Fasani E, Manara A, Martini F, Furini A, Dal CG (2017) The potential of
genetic engineering of plants for the remediation of soils contami-
nated with heavy metals. Plant Cell Environ 41:1201–1232

Fu QY, Li S, Zhu YH (2012) Biosorption of copper (II) from aqueous
solution bymycelial pellets ofRhizopus oryzae. Afr J Biotechnol 11:
1403–1411

Galal TM, Gharib FA, Ghazi SM, Mansour KH (2017) Phytostabilization
of heavy metals by the emergent macrophyte Vossia cuspidata
(Roxb.) Griff.: a phytoremediation approach. Int J Phytoremed 19:
992–999

Garbisu C, Alkorta I (2003) Basic concepts on heavy metals oil bioreme-
diation. Eur J Miner Process Environ Prot 3:58–66

Ghnaya AB, Charles G, Hourmant A, Hamida JB, Branchard M (2009)
Physiological behaviour of four rapeseed cultivars (Brassica napus
L.) submitted to metal stress. Comptes Rendus Biologies 332:363–
370

Ghosh M, Singh SP (2005) A review on phytoremediation of heavy
metals and utilization of its by products. Appl Ecol Environ Res 3:
1–18

Goswami S, Das S (2015) A study on cadmium phytoremediation poten-
tial of Indian mustard, Brassica juncea. Int J Phytoremed 17:583–
588

HalimM, Conte P, Piccolo A (2003) Potential availability of heavymetals
to phytoextraction from contaminated soils induced by exogenous
humic substances. Chemosphere 52:265–275

Hodson ME, Valsami-Jones E, Cotter-Howells JD (2000) Bone meal
additions as a remediation treatment for metal contaminated soil.
Environ Sci Technol 34:3501–3507

Huan L, Haixia Z, LonghuaW, Anna L, Fang-Jie Z, Wenzhong X (2017)
Heavy metal ATPase 3 (HMA3) confers cadmium hypertolerance
on the cadmium/zinc hyperaccumulator Sedum plumbizincicola.
New Phytol 15:687–698

Huang JW, Chen J, Berti WR, Cunningham SD (1997) Phytoremediation
of lead contaminated soils. Role of synthetic chelates in lead
phytoremediation. Environ Sci Technol 31:800–805

Huang D, Hu C, Zeng G, Cheng M, Xu P, Gong X, Wang R, Xue W
(2016) Combination of Fenton processes and biotreatment for
wastewater treatment and soil remediation. Sci. Total Environ 574:
1599–1610

Institute of Environmental Conservation and Research INECAR (2000)
Position paper against mining in Rapu-Rapu, Published by
INECAR, Ateneo de Naga University, Philippines

Iqbal M, Bakht J, Shafi M, Ullah R (2012) Effect of heavy metal uptake
and gene expression in different Brassica species. Afri J Biotech1 1:
7649–7658

Ishikawa S, Noriharu AE,MurakamiM,Wagatsuma T (2006) Is Brassica
juncea a suitable plant for phytoremediation of cadmium in soils
with moderately low cadmium contamination? – possibility of using
other plant species for Cd-phytoextraction. Soil Sci Plant Nutr 52:
32–42

Jafari SA, Cheraghi S, Mirbakhsh M, Mirza R, Maryamabadi A (2015)
Employing response surface methodology for optimization of mer-
cury bioremediation by Vibrio parahaemolyticus PG02 in coastal
sediments of Bushehr, Iran. Clean 43:118–126

Javaid NMA, Bajwa KUR, Manzoor RA (2011) Biosorption of heavy
metals by pretreatment of biomass of Aspergillus niger. Pak J Bot
43:419–425

Jinadasa N, Collins D, Holford P, Milham PJ, Conroy JP (2016)
Reactions to cadmium stress in a cadmium-tolerant variety of cab-
bage (Brassica oleracea L.): is cadmium tolerance necessarily de-
sirable in food crops? Environ Sci Pollut Res 23:5296–5306

John MK, Vanlaerhoven CJ, Chukwuma CS (2009) Factors affecting
plant uptake and phytotoxicity of cadmium added to soils. Environ
Sci Technol 6:1005–1009

Environ Sci Pollut Res

https://doi.org/10.1080/01904167.2019.1659337
https://doi.org/10.1080/01904167.2019.1659337


Kader J, Sannasi P, Othman O, Ismail BS, Salmijaj S (2007) Removal of
Cr (VI) from aqueous solutions by growing and non-growing pop-
ulations of environmental bacterial consortia. Global J Environ Res
1:12–17

Karakagh RM, Chorom M, Motamedi H, Kalkhajeh YK, Oustan S
(2012) Biosorption of cd and Ni by inactivated bacteria isolated
from agricultural soil treated with sewage sludge. Ecohydrol
Hydrobiol 12:191–198

Kaur R, Bhatti SS, Singh S, Singh J, Singh S (2018) Phytoremediation of
heavy metals using cotton plant: a field analysis. Bull Environ
Contam Toxicol 101:637–643

Kim SY, Kim JH, Kim CJ, Oh DK (1996) Metal adsorption of the poly-
saccharide produced from Methylo bacterium organophilum.
Biotechnol Lett 18:1161–1164

Kim SO,Moon SH, KimKW (2001) Removal of heavy metals from soils
using enhanced electro kinetic soil processing. Water Air Soil Pollut
125:259–272

Kim IH, Choi JH, Joo JO, Kim YK, Choi JW, Oh BK (2015)
Development of a microbe-zeolite carrier for the effective elimina-
tion of heavy metals from seawater. J Microbiol Biotechnol 25:
1542–1546

Kotrba P, Najmanova J, Macek T, Ruml T, Mackova M (2009)
Genetically modified plants in phytoremediation of heavy metal
and metalloids oil and sediment pollution. Biotechnol Adv 27:
799–810

Ksheminska HP, Honchar TM, Gayda GZ, Gonchar MV (2006) Extra-
cellular chromate-reducing activity of the yeast cultures. Cent Eur J
Biol 1:137–149

Ksheminska H, Fedorovych D, Honchar T, Ivash M, Gonchar M (2008)
Yeast tolerance to chromium depends on extracellular chromate re-
duction and Cr (III) chelation. Food Technol Biotechnol 46:419–426

Kumar R, Bhatia D, Singh R, Rani S, Bishnoi NR (2011) Sorption of
heavy metals from electroplating effluent using immobilized bio-
mass Trichoderma viride in a continuous packed-bed column. Int
Biodeterior Biodegradation 65:1133–1139

Kumaran NS, Sundaramanicam A, Bragadeeswaran S (2011) Adsorption
studies on heavymetals by isolated cyanobacterial strain (nostoc sp.)
from uppanar estuarine water, southeast coast of India. J Appl Sci
Res 7:1609–1615

Lakkireddy K, Kues U (2017) Bulk isolation of basidiospores from wild
mushrooms by electrostatic attraction with low risk of microbial
contaminations. AMB Express 7:28

Lianwen L, Wei L, Weiping S, Mingxin G (2018) Remediation tech-
niques for heavy metal-contaminated soils: principles and applica-
bility. Sci Total Environ 633:206–219

Luna JM, Rufino RD, Sarubbo LA (2016) Biosurfactant from Candida
sphaerica UCP0995 exhibiting heavy metal remediation properties.
Process Saf Environ 102:558–566

Lund LJ, Page AL, Sposito G (1980) Determination and production of
chemical forms of trace metals in sewage sludges and sludge –
amended soils, Final technical report, United States Environmental
protection Agency, Cincinnati, Ohio. J Environ Qual 13:33–38

Luo QS, Zhang XH, Wang H (2004) Mobilization of 2, 4-dichlorophenol
in soils by non-uniform electrokinetics. Acta Sci Circumst 24:1104–
1109

Marchiol L, Assolari S, Sacco P, Zerbi G (2004) Phytoextraction of heavy
metals by canola (Brassica napus) and radish (Raphanus sativus)
grown on multicontaminated soil. Environ Pollut 132:21–27

Marzan LW, Hossain M, Mina SA, Akter Y, Chowdhury AMMA (2017)
Isolation and biochemical characterization of heavy-metal resistant
bacteria from tannery effluent in Chittagong city, Bangladesh: bio-
remediation viewpoint. Egypt J Aquat Res 43:65–74

McGrath SP, Zhao FJ, Lombi E (2001) Plant and rhizosphere processes
involved in phytoremediation of metal-contaminated soils. Plant
Soil 232:207–214

McIntyre T (2003) Phytoremediation of heavy metals from soils. Adv
Biochem Eng Biotechnol 78:97–123

Memon AR, Schroder P (2009) Implications of metal accumulation
mechanisms to phytoremediation. Environ Sci Pollut Res 16:162–
175

Memon AR, Aktoprakligil D, Ozdemir A, Vertii A (2001) Heavy metal
accumulation and detoxification mechanisms in plants. Turk J Bot
25:111–121

Mielke HW, Berry KJ, Mielke PW, Power ET, Gonzalez CR (2005)
Multiple metal accumulation as factor in leaving achievement within
various New Orleans elementary school communities. Environ Res
1:67–75

Miralles J, Veron AJ, Radakovitch O, Deschamps P, Tremblay T,
Hamelin B (2006) Atmospheric lead fallout over the last century
recorded in gulf of Lionssediments (Meditterrean Sea). Mar Pollut
Bull 52:1364–1371

Moosavi SA, Gharineh MH, Afshari RT, Ebrahimi A (2012) Effects of
some heavy metals on seed germination characteristics of canola
(Brassica napus), wheat (Triticum aestivum) and safflower
(Carthamus tinctorious) to evaluate phytoremediation potential of
these crops. J Agric Sci 4:11–19

Mosa KA, Saadoun I, Kumar K, Helmy M, Dhankher OP (2016)
Potential biotechnological strategies for the cleanup of heavy metals
and metalloids. Front Plant Sci 7:303

Moustakes NK, Ioannidou A, Barouchas PE (2011) The effects of cad-
mium and zinc interactions on the concentration of cadmium and
zinc in pot marigold (Calendula officinalis). Aus J Crop Sci 5:277–
282

Mukhopadhyay S, Maiti SK (2010) Phytoremediation of metal mine
waste. App Eco Environ 8:207–222

Muneer B, Iqbal MJ, Shakoori FR, Shakoori AR (2013) Tolerance and
biosorption of mercury by microbial consortia: potential use in bio-
remediation of wastewater. Pak J Zool 45:247–254

Nriagu JO (1989) A global assessment of natural sources of atmospheric
trace metals. Nature 338:47–49

Park D, Yun YS, Jo JH, Park JM (2005) Mechanism of hexavalent chro-
mium removal by dead fungal biomass of Aspergillus niger. Water
Res 39:533–540

Park J, Kim JY, Kim KW (2012) Phytoremediation of soil contaminated
with heavy metals using Brassica napus. Geosystem Eng 15:10–18

Parvathi K, Nagendran R, Nareshkumar R (2007) Effect of pH on chro-
mium biosorption by chemically treated Saccharomyces cerevisiae.
J Sci Ind Res 66:675–679

Petruzzelli G (1989) Recycling wastes in agriculture: heavy metal bio-
availability. Agric Ecosyst Environ 27:493–503

Prasad MNV (2003) Phyto-remediation of metal-polluted ecosystems:
hype for commercialization. Russ J Plant Physiol 50:686–700

Priya S, Tiyasha, Bhagat SK (2014) A comparative analysis for phyto-
remediation using Allium cepa and Brassica juncea for treatment of
sewage water of RIICO industrial area, Jaipur. Int J Adv Sci Tech 1:
407–418

Puyen ZM, Villagrasa E, Maldonado J, Diestra E, Esteve I, Sole A (2012)
Biosorption of lead and copper by heavy-metal tolerant
Micrococcus luteus DE2008. Bioresour Technol 126:233–237

Qian SQ, Liu Z (2000) An overview of development in the soil-
remediation technologies. Chem Ind Eng Process 4(10–12):20

Ramos-Miras J, Roca-Perez L, Guzman-Palomino M, Boluda R, Gil C
(2011) Background levels and baseline values of available heavy
metals in Mediterranean greenhouse soils (Spain). J Geochem
Explor 110:186–192

Rezania S, Taib SM, Din MFM, Dahalan FA, Kamyab H (2016)
Comprehensive review on phyto-technology: heavy metals removal
by diverse aquatic plants species from wastewater. J Hazard Mater
318:587–599

Environ Sci Pollut Res



Roane TM, Pepper LI (2000) Microorganisms and metal pollution. In:
Maier RM, Pepper IL, Gerba CB (eds) Environmental microbiology.
Academic Press, London

Rose EF, Carignan J, Chaussidon M (2000) Transfer of atmospheric
boron from oceans to continents: An investigation using precipita-
tion waters and epiphytic lichens. Geochem Geophys Geosyst 1
Paper number-2000GC000077

Rose-Kaga EF, Sheppard SMF, Chaussidon M, Carignan J (2006) Boron
isotopic composition of atmospheric precipitations and liquid-
vapour fractionations. Geochemica et Cosmochimica Acta 70:
1603–1615

Salehizadeh H, Shojaosadati SA (2003) Removal of metal ions from
aqueous solution by polysaccharide produced from Bacillus firmus.
Water Res 37:4231–4235

Saranya K, Sundaramanickam A, Shekhar S, Swaminathan S,
Balasubramanian T (2017, 2017) Bioremediation of mercury by
Vibrio fluvialis screened from industrial effluents. Biomed Res Int:
6509648, 6 pages. https://doi.org/10.1155/2017/6509648

Sharma S, Dhaliwal SS (2019) Effect of sewage sludge and rice straw
compost on yield, micronutrient availability and soil quality under
rice–wheat system. Commun Soil Sci Plant Anal. https://doi.org/10.
1080/00103624.2019.1648489

Shotyk W, Goodsite ME, Barraclough FR, Frei R, Heinemeir J, Asmund
G, Lohse C, Hansen TS (2003) Anthropogenic contributions to at-
mospheric hg, Pb and As accumulation recorded by peat cores from
southern Greenland and Denmark dated using the 14C ‘bomp b pulse
curve. Geochemica et Cosmochimica Acta 67:3991–4011

Simnova E, Henselova M, Masarovica E, Cohanova J (2007)
Comparison tolerance of Brassica juncea and Vigna radicata to
cadmium. Biol Plant 51:488–492

Singh BR, Narwal RP, Jeny A, Almas A (1995) Crop uptake and extract-
ability of cadmium in soils naturally high in metals at different pH
values. Commun Soil Sci Pl Anal 126:2123–2142

Singh SP, Tack FM, Verloo MG (1998) Heavy metal fractionation and
exractability in dredged sediments derived surface soils. Water Air
Soil Pollut 102:313–318

Singh N, Tuhina V, Rajeeva G (2013) Detoxification of hexavalent chro-
mium by an indigenous facultative anaerobic Bacillus cereus strain
isolated from tannery effluent. Afr J Biotechnol 12:1091–1103

Srivastava S, Thakur IS (2006) Isolation and process parameter optimi-
zation of Aspergillus sp. for removal of chromium from tannery
effluent. Bioresour Technol 97:1167–1173

Srivastava S, Agrawal SB, Mondal MK (2015) A review on progress of
heavy metal removal using adsorbents of microbial and plant origin.
Environ Sci Pollut Res 22:15386–15415

Sumiahadi A, Acar R (2018) A review of phytoremediation technology:
heavy metals uptake by plants. Earth Env Sci 142:12–23

Suthar V, Hassan MM, Memon KS, Rafique E (2013) Heavy-metal
phytoextraction potential of spinach and mustard grown in contam-
inated calcareous soils. Commun Soil Sci Pl Anal 44:2757–2770

Swartzbaugh JT, Weisman A, Gabrera-Guzman D (1990) The use of
electro-kinetics for hazardous waste site remediation. J Air Waste
Manage Assoc 40:1670–1677

Szefer PK, Ikuta S, Kushiyama K, Frelek J, Geldo N (1997) Distribution
of trace metals in the Pacific oyster, crassostreagigas, and crabs from
the East Coast of Kyushu Island, Japan. Bull Environ Contam
Toxicol 58:108–114

Taamalli M, Ghabriche R, Amari T, Mnasri M, Zolla L, Lutts S, Abdely
C, Ghnaya T (2014) Comparative study of Cd tolerance and accu-
mulation potential between Cakile maritima and Brassica juncea.
Int J Phytoremed 71:623–627

Tastan BE, Ertugrul S, Donmez G (2010) Effective bioremoval of reac-
tive dye and heavy metals by Aspergillus versicolor. Bioresour
Technol 10:870–876

Tickoo S, Sidhu VK, Singh HB (2007) Screening of Indian mustard
genotypes for its cadmium accumulation and tolerance. Physiol
Mol Biol Pl13:37–46

Tiwari S, Singh SN, Garg SK (2013) Microbially enhanced
phytoextraction of heavy-metal fly-ash amended soil. Commun
Soil Sci Plan 44:3161–3176

Tokunaga S, Hakuta T (2002) Acid washing and stabilization of an arti-
ficial arsenic-contaminated soil. Chemosphere 46:31–38

Turan M, Esringu A (2007) Phytoremediation based on canola (Brassica
napus) andIndian mustard (Brassica juncea) planted on spiked soil
by aliquot amount of Cd, Cu, Pb and Zn. Pl soil Environ 5(3):844–
851

Virkutyte J, Sillanpaa M, Latostemaa P (2002) Electrokinetic soil
remediation-critical overview. Sci Total Environ 289:97–121

Wan J, Zhang C, Zeng G, Huang D, Hu L, Huang C, Wu H, Wang L
(2016) Synthesis and evaluation of a new class of stabilized nano-
chlorapatite for Pb immobilization in sediment. J HazardMater 320:
278–288

Wang JL, Chen C (2009) Biosorbents for heavymetals removal and their
future. Biotechnol Adv 27:195–226

Wang B, Liu GB, Xue S, Zhu B (2011) Changes in soil physico-chemical
and microbiological properties during natural succession on aban-
doned farmland in the loess plateau. Environ Earth Sci 62:915–925

Watanabe T, Murata Y, Osaki M (2009) Amaranthus tricolor has the
potential for phytoremediation of cadmium contaminated soils.
Commum Soil Sci Pl Anal 126:2123–2142

Weiqing M, Zuwei W, Beibei H, Zhongliang W, Hongyuan L, Goodman
RC (2016) Heavy metals in soil and plants after long-term sewage
irrigation at Tianjin China: a case study assessment. Agric Water
Manag 171:153–161

Wu J, Hsu FJ, Cunningham SD (2004) EDTA-enhanced
phytoremediation of heavy metal contaminated soil with Indian
mustard and associated potential leaching risk. Environ Sci
Technol 102:307–318

Xu Q, Huang XF, Cheng JJ (2006) Progress on electro-kinetic remedia-
tion and its combined methods for POPs from contaminated soils.
Environ Sci 27:2363–2368

Yadav S, Srivastava J (2014) Phytoremediation of cadmium toxicity by
Brassica spp: a review. Int J Biol Sci 3:47–52

Yang X, Feng Y, He Z, Stoffella PJ (2005) Molecular mechanisms of
heavy metal hyper accumulation and phytoremediation. J Trace
Elem Med Biol 18:339–353

Yang Z, Rui-lin M, Wang-dong N, Hui W (2010) Selective leaching of
base metals from copper smelter slag. Hydrometallurgy 103:25–29

Zeng G, Jia W, Huang D, Liang H, Chao H, Min C, Xue W, Gong X,
Wang R, Jiang D (2017) Precipitation, adsorption and rhizosphere
effect: the mechanisms for phosphate-induced Pb immobilization in
soils-a review. J Hazard Mater 339:354–367

Zhang YF, Sheng JC, Lu QY (2004) Review on the soil remediation
technologies. Gansu Agric Sci Technol 10:36–38

Zhou DM, Hao XZ, Xue Y, Cang L, Wang YJ, Chen HM (2004)
Advances in remediation technologies of contaminated soils. Ecol
Environ Sci 13:234–242

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Environ Sci Pollut Res

https://doi.org/10.1155/2017/6509648
https://doi.org/10.1080/00103624.2019.1648489
https://doi.org/10.1080/00103624.2019.1648489

	Remediation techniques for removal of heavy metals from the soil contaminated through different sources: a review
	Abstract
	Introduction
	Different sources of soil contamination with heavy metals
	Pollution causes through anthropogenic sources
	Mining activities
	Fertilizers
	Pesticides
	Biosolids and manures

	Pollution caused through atmospheric deposition
	Effects of polluted water on soil contamination

	Remediation of contaminated soil with heavy metals
	Physical remediation
	Remediation by chemical methods
	Using vitrify technology
	Remediation by chemical leaching
	Through chemical fixation
	By electrokinetic remediation


	Biological remediation
	Biological remediation using bacteria
	Biological remediation using fungi
	Phytoremediation of soils contaminated with heavy metals using plant species

	Remediation of heavy metals from contaminated soil using chelates and plant species
	Conclusions
	References


