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Abstract: Industrialisation and mechanisation create a lot of heavy metal pollution
around the globe. Both anthropogenic and natural sources are responsible for the
discharge of heavy metals into the environment. Anvhow, these toxic metals reach
into soil. water bodies, plants and finally te human beings through the food chain.
These toxic metals create several problems in plants and living betngs after intake
from the soil and accumulate in their bodies. Heavy metals also exhibit toxic effects
on soil biclogical activities by affecting key microbial processes and hamper soil
microbes' activities, Due o indusinal development in urban arcas. heavy metal
contamination has become a severe threat to peri-urban agriculture prevalent for
vegetable production. There has long been a need for decontamination of these
agricultural resources and prevent further contamination from averting the adverse
effects on living beings. In this article, an attempt has been made to provide an
extensive understanding of different sources of heavy metal. such as zinc (Zn),
copper (Cu), lead (Pb) and cadmium (Cd) etc., in agro-ecosystem and their possible
risks to soil and plants. This review has also made an effort to present briel

information on remediation techniques, especially phytoremediation.
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Introduction

Agricultural lands face the severe menace of
deterioration due to unrelenting population pressure,
urbanisation, and excessive utilisation of water
resources. Globally, land degradation has several
economic. social. ecological and environmental
consequences, These adverse effects are directly or
indirgetly related to soil fertility and agricultural
productivity, i.e., soil erosion. walerlogging, reduced
plant growth and changes in soil biodiversity (NRSC
2014: Datta and Young 2003). The data revealed that land
degradation constituting 75% of the ecarth's usable
landmass affect 4 billion people around the globe
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(Barbier et al. 2018). Presently., heavy metal
contamination i3 one of the most urgent environmental
issues globally (Gupta et al. 2019). Heavy metals are
omnipresent in the environment. It has c¢rossed the
permissible limits due to natural/mative and
anthropological sources (human-induced) and processes
(Ratul et af. 2018: Kumar et al. 2019). Duffus (2002)
reported that the density of a “heavy™ metal ranges from
35t0 7 g cm’. Heavy metal' is a popularly used and
widely recognised term for a large group of elements with
a density greater than 5 g ¢m”®, Heavy metal pollution of
so1l, water, and plants (crops, vegetables and trees) 1s one
of the prevailing critical envirornmental predicaments in
developing couniries, including India, because of their
toxicity, bio-magnification capacity, and non-
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biodegradability (Lu et al. 2011), Heavy metals may
enter the food chain through plants, and therefore,
humans can also be exposed to them (Intawongse and
Dean 2006). It can mmpair the health of living beings
through several absorption pathways such as direct
mgestion. dermal contact, diet (hrough the soil-Tood
chain, inhalation and oral intake (Yu et al. 2018). Heavy
metals are widely distributed in the environment and are
considered significant chemical food contaminants.
Heavy metals include both the elements, ie.. essential
for normal metabolic processes, called micronutrients
{Fe, Mn, Cu, Zn, Mo). which in excessive quantities are
more harmful to plants than to animal bodies. as well as
elements such as As, Hg, Pb and Cd. which is harmful in
low concentrations. Solubility, distribution and mobility
of metal depend on pH, Eh (Redox potential). dissolved
oxvegen (DO). concentration and type of ligands and
chelating agents. The problem is rising severely in
industrial towns and rapidly developing cities. In the
periphery of cities, cultivated soils are polluted with
deposition or discharge of hazardous heavy mefals,
thereby increasing the levels of hazardous substances in
food chains.

As stated earlier. heavy metals that accumulate
in soil significantly contribute to the contamination of
crops and indirectly become the leading component of
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health hazards (Sawut et al. 2018). Vegetables are an
everyday diet taken by populations worldwide due fo
their richness in vitaming, minerals, fibres, and anti-
oxidative effects. Heavy metal pollution is one of the
problems that arise due to the increased use of fertilisers
and other chemicals to meet food production demands for
human consurnption. The tradition of growing vegetables
within and at the edges of cities is ancient (Smith 1996).
These cultivated lands are contaminated with heavy
metals mainly through vehicular emissions, pesticides
and fertilisers, industrial effluents. sewage sludge and
other anthropogenic activities. The amount of heavy
metals contamination differ from one location to another
as the application of fertilisers and pesticides, effluents,
and other human activities differ at each location. The
present review is a compilation of different aspects of
toxic heavy metal contamination in soil, its transport
through the food chain and remediation techniques.
Additionally, the review highlights the maximum
allowable limits of potentially toxic metals in soils. water
and vegetation.

Sources of heavy melals

Agro-ecosysiem receives melals from natural
and anthropogenic sources. Weathering of rocks. erosion
and volcanic activity are the most important natural
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sources whereas. ore mining operations, smelting,
electroplating, industrial effluents, landfills, use of
pesticides and phosphate fertiliser, and atmospheric
deposition are the vital anthropogenic sources of heavy
metal contamination in agricultural soil (Herrero et al.
2019). Mining operations, crushing, collecting ores,
mineral refining and purification, and tailings processing
are evident sources of environmental pollution. i.e., soil.
water and wvegetation, along with the digcharge of
wastewater from mining (Fig. 1.). Generally, the (race
amount of element releases in the environment by
weathering rocks over an extended period, but rapid
industrialisation alsc adds a massive amount of these
metals in the environment day by day. The composition
of parent material and the pedogenic processes arc the
primary factors responsible for the metal content in soils.

Heavy metal contamination in the soil environment

Soi1l heavy metal pollution is a universal
problem for food production and environmental healih
(Liv er al. 2018). Soils from more than 10 million siteg
world-wide have been confirmed to be contaminated,
with more than 50 per cent of such sites contaminated
with toxic metals (USEPA 2014). Extensive studies on
heavy metal contamination of wban and semi-urban
regions were reported widely. Li et al. (2014) identifiad
heavy metal pollution sources of soils primarily from
anthropogenic sources such as agriculture, urbanisation.
municipal waste and industrial development. In addition,
they have found that the leaching ol heavy metals led to a
degradation of food safety, thus causing hazards to the
environmental ecosystem. Long-term application of
sewage and industrial wastewater results in the build-up
of heavy metals in the environment, reducing soil
functionality and nutrient consistency, product toxicity
and food chain degradation (Karthikeyan and Singh
2004,

Compared with the reference soils, the
concentration of heavy metals such as Cd, Cr, Ni. Pb and
Zn in the sewage irrigated soils showed significantly
high values (P < 0.05), which suggested a substantial
build-up of irrigated soils, especially Cr, Ni and Zn.
(Chen ef al. 2010), Shi et af. (2020) studied the effect of
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long-term utilisation of E-waste dismantling activities on
the heavy metals pollution in soils of rice-growing areas
of southeastern China. This research determined the
concentration of heavy metals such as Cd, Cu, Ni, Pb and
Zn to assess the temporal trends over the past decade.
From 2006 to 2016, the averages values of Cd. Cu, i and
Zn in paddy soils were increased by 0.11, 11.81, 1.01 and
6.82 mg kg . respectively, The average concentration of
Pbinsoils decreased by 14.06mg kg,

Al-Wabel et al. (2017) studied the accumulation
of heavy metals in the agricultural soils of Saudi Arabia.
They observed that the application of synthetic fertilisers,
pesticides, and manures were the primary sources for its
accumulation. The results of principal component
analysis combined with correlation matrix suggested that
Fe, Mn. Zn, Cu, Cr Ni, Cu, and Co represent natural
abundance in soil. However, Cd, Pb, and Cu are man-
made inputs, mainly due to pesticides and fertiliser
applications. Wang et al. (2020a) analysed the influence
of industrialisation and urbanisation on agricultural soil
quality in Jiangsu Province, China. The level of Cd, Ph,
Cr, Cu, Zn, Hg, and As comtents in soil were measured. A
decreasing trend of heavy metal contamination swas
observed from south to north, consistent with the
economic development gradient. The spatial
heterogeneity of heavy metal contamination was mainly
influenced by industrialisation development. Cr, Cu, Zn,
and As were affected by geogenic and man-made sources,
while Cd and Pb were mainly affected by the latter. The
Tg was mainly derived from industrial activities such as
petrochemical production. Wang ef al. (2020b) reported
that in the vicinity of the petrochemical industrial area,
China, the mean contents of Hg, Cd, As, Pb, Ni and Cu
were 0.18, 0.69, 16.22, 47.24, 31.62 and 93.06 mg kg,
respectively. The spatial distiibution of heavy metals in
the surface samples was influenced mainly due to the
industrial activities during the petroleum refining and
trans-shipment process. Nickel was the primary pollutamt
inthe petroleum refining process.

Hu et al (2019) stated that the significant
incirease in heavy metfals in the agricultural soils of
Jiangxi Province's. China was due to the massive use of
chemical fertilisers, manures, and agricultural waste,
which was degrading the soil quality and also damaging
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the terrestrial ecosystemn. They also pointed out that
heavy metals had shown mainly a negative impact on
people's health due to contaminated food products. They
explained that soil Mg level maialy originated from
municipal activities, which accounted for 75.3% of the
total sources. The primary sources of Ni in =oil were
municipal activities, agrcultural activities, and
industrial and mining activities, which account for 38.2,
27.5, and 25.1% of the total sources. respectively. Soil
Cu was derived predominantly by agricultural activities
(36.6%). followed by municipal activities (29.8%), and
manufacturing and mining activities (25.8%). Yang el
al. (2018) found that Cu, Pb, Cd, and As concentrations
in 501l and vegelables were higher in the mine-affected
area than in the reference area (far away from the mine
area). They repoited potential safety hazards [or the
communities close to the mining field.

Zheng er al (2016) observed that wetland
conversion to the forest had caused noticeable logses of
all the heavy metal assessed. Higher concentrations of
Cr, Zn, Cu. Ni and As were found in rice cultivation and
dryland agriculture with frequent cultivation compared
to forest land, minimalist by human activities, Chaova et
al. (2019) have been involved in highly toxic metals
such as Zn, Cu, Pb and Cd in water, agricultural soils and
crops and their possible harm to human health in the
Marrakech region. Heavy metals like Zn (112.71 myg
kg'). Cu (17.70 mg kg"), Pb (57.36 mg kg') and Cd
(11.22 mg k') were found in irrigated soil. The pattern
tor heavy metal concentrations was Zn>Pb>Cu>Cd for
all the samples. The daily intake for Cadmium and Lead
exceeded the permissible limits. To assess the human
health risk of heavy metals, it is necessary to calculate
the level of human exposure with the help of the Health
Risk Index (ITRI) to that metal by tracing the route of
exposure of pollutants to the human body. The HRI for
Zn ranged from 0.054-0.174. for Cu 0.031-0.242. for Pb
2.407-7.973, and Cd 0-5.059. The HRI for Cd and Pb
was > |, which suggests a potential health issue,

In India, the use of industrial effluents and
wastewater Tor irrigation, widespread use of pesticides
and fertilisers and the degradation of sewer systems are
considered to lead to unacceptable amounts of heavy
melal in soils (Mapanda et al. 2003), Soils of large areas
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are polluted with Pb. Cu. Cr and Ni in Surat, Gujarat and
Pali, Rajasthan (Krishna and Govil 2007). According to
Paul er al (2015), the apriculural soils of Jajmaw,
Kanpur. India. were heavily contaminated with heavy
metal pollution and revealed that the Cr, Cu, Zn, Pb, and
Cd contents were significantly higher than the reference
values. Machender et al. (2013) study on Chinnaeru river
basin (CRB), India shows that toxicity of heavy metals
suchas Ba(370-1710 mg kg "), Cr(8.7-543 mg kg "), Cu
(7.7-96.6mgkg"), Ni(5.4-168 mgkg "), Zn (49-478 mg
kg') V(39.8-162.8 mgkg'), As (3.4-19.6 mgkg'), and
Pb (466 mg kg') are due to the excessive usage of
inorganic inputs. Rattan er al. (2005) conducted a case
study on the long-term impact of irigation with sewage
effluents on heavy metal content in soils. crops. and
groundwater. Results showed an increase in organic
carbon content rangmg from 38 to 79% in sewage-
irrigated soils compared to tube well water-irrigated ones.
On average, the soil pH dropped by 0.4 units as a result of
sewage irrigation. Sewage irrigation for 20 vears resulted
in a significant build-up of DTFA extractable Zn (203%).
Cu (170%), Fe (170%), Ni (63%) and Pb (29%) in
sewage-irrigated soils over adjacent whe-well water
irrigated soils, whereas Mnwas depleted by 31%.

Meena et al (2016) imvestigated the risk of
sewage-irrigated =oils about transferring trace clements
to rice and wheal grain. [t informed that under wheal crop.
sewage irrigation led to a significant increase of zinc
(141%), copper (219%), iron (514%), nickel (75.0%),
and lead (28.1%) in sewage-irrigated soils over
neighbouring tube well water irrigated soils over four
decades. Under the rice crop. there was also 4 significant
buildup of phosphorus (339 %), sulphur (130 %), zing
(287 %), copper (352 %), iron (457 %), nickel (258 %),
lead (136 %), and cadmium (147 %) in sewage-irrigated
soils as compared to that of tube well water-irrigated
soils. Soils irrigated with sewage water for more than 20
yvears showed a significant buildup of Zn (2.1 times), Cu
(1.7 times), Fe (1.7 times), Ni (63.1%) and Pb (29%) in
sewage irrigated soils over groundwater irrigated soils
(Stamons er al. 2006). Likewise, Yadav et al. (2003}
reported that the wastewater discharged from all districts
of Harvana contsined micromutrients such as Zn, Fe and
Co to 30.1, 178.8 and 43 mg L', respectively. The
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excessive accumulation of heavy metals in soil using
wastewater irrigation can lead to contamination of soil
and increased heavy melal wplake by crops, thus
affecting food quality and safety. Satpathy er al. (2014)
investigated the effects of fertilisers and pesticides,
particularly chemical fertilisers. on paddy fields that
release potentially toxic heavy metals into the soil. It was

found that heavy metals i the paddy soil. Mn
concentration ranged from 12.5 to 33.9 ug ¢, Zn
concentration ranged from 3.8 to 33.8 pug g, Cu

concentration ranged from 0.03 to 2.9 pg g' in the
paddy field soils, and in the concentrations of non-

essential loxic metals, Pbranged from 5.310 198 ugg ',
Crranged from 1.3t0 7.8 pgg ', and Cd from 0.02 to 0.6

pg &' The concentrations of metals in paddy field seils
were higher than those of the surtounding reference soil
but below permissible limits. The BAF
(bicaccumulation factor) the ratio of the concentration of
the element in the grain to that in the corresponding soil)
was calculated for each rice sample to qoantify the
bicaccumulation effect of rice on the uptake of heavy
metals from the soils. The ranking order of
bioaccumulation factor (BAF) [or heavy metals was Zn
=Mn=Cd >Cu =Cr>Pb indicating that the accumulation
of micromitrients was more than that of non-essential
toxic heavy metals.

Verma ef gl (2012) analysed iron mine
overburden samples from the Sukri iron ore deposits.
Jharkhand's West Singhbhum, and found higher iron
concentrations along with Mn. Pb and Zn. The heavy
metal content of the overburden of the mine is
responsible for their movement in the environment and
for soil and water depradation. While working on
sediment spalysis from Goa's Mandovi estuarine
mangrove ecosystem. WVeerasingam ef al (2015}
observed that all sediment cores showed enrichment of
heavy metals in the upper part of core sediments
decrease in concentration with depth, suggesting an
excess of anthropogenic loading including mining
activities. Kumar and Chopra (2015) studied heavy
metal accumulation m soil and crops irmgated with glass
industry effluent. Application of effluent increased the
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heavy metal contents of the soil and crops (wheat and
barley). The contents of ditferent heavy metals in the soil
used for the cultivation of Brassice jumcea, Triticum
aestivum and Hordeum vulgare were ranged Cd (0.66-
0.84 mg kg'), Cr (0.24-0.28 mg kg"), Cu (4.37-5.84 mg
kg'). Fe (6,84-7.58 mg kg'), Mn (1.38-1.56 mg kg ). Pb
(0.23-0.29 mgkg'), Zn(3.75-4,15 mg kg ') after irrigation
with glass industiy effluent,

Accumudation of heavy mefals in vegetables through food
chain pathway

The heavy melals available for plant uptake are
present as soluble components in the soil solution or those
that are easily solubilised by root exudates (Blaylock et al.
2000; Malav e al. 2020). Once hazardous heavy metal
enters the food chain, it cannot be removed and thereby
becomes circulated mio the whole food web. Many hyper
accumulated plants serve as food for human beings and
animals, Hence, the cyele from soil to humans via plants
and again into the soil after the death of top consumers
provides a path [or hazardous heavy metals to remain
sustained within the environment for long periods.
inducing many harmful effects (Fig. 2). The toxic metal
bicaccumulation in vegetables is explained intable 1.

Recenl research and its summary have been
highlighted in this section. Chandran er al. (2012)
analysed the Cd, Cr, and Pb ¢concentrations in Solanumme
longena collected froma sewage irngated farm. The
concentrations of analysed metals were | 70 mg kg, 0.45
mg kg, and 0.4 mg kg for Cd, Cr, and Pb, respectively.
The more significant translocation of Cd was reported due
to the active transport or lack of metal absorption to fxed
orsoluble chelators in the root, or perhaps due to exchange
with Ca, Mn and Zn moving through the roots in both
vegetables. Zhou ef al (2016) investigated the toxic
elements (Pb, Cd, Cu, Zn and As) concentrations in 22
vegetable species of six tvpes of vegetables collected from
contaminated farmland. The six vegetable types consisted
of leafy vegetables, legume vegetables, root vegetables,
gtalke vegetables, solanaceous vegetables and melon
vegetables. It was found that lealy vegetables appear 10
have the highest propensity to toxic elements
sccumulation. In contrast, melon vegetables accumulated
the lowest concentrations of heavy metals.
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However, most of these peri-urban lands (lands
in the periphery of the city) are contaminated with
pollutants, including heavy metals such as Cu, Zn, Ph,
Cd, Ni, and Hg. This loading of heavy metals often leads
to degradation of soil health and contamination of the
food chain, mainly through the vegetables grown on
such soils (Raftam ef al 2002), Heavy metals in
sollsreduce the yield of vegetables by disturbing the
metabolic processes of plants (Salakar er ol 2011).
Singh and Kumar {2006) concluded that soil. irrigation
water and some vegetables from peri-urban siles are
significantly contaminated by heavy metals, {.e.Cu, Cd,
Pb oand Zn. Tiwar er al (2011) measared metal
concentration in ten vegetable crops grown with mixed
industrial effluent brigation near Vadodara, Gujarat,
India. Infferential accummlation and translocation of

i
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various metals in selected vegetable plant species were
observed. A higher concentration of metals was found in
order of Fe >Mn> Zn > Cd > Cu >Pb> Cr > As in soils
irrigated with industrial effluent than soil irrigated with
tube well water; however, the concentration of As, Crand
Pb were below detection limit in tube well water irrigated
soils. Contamination assessment of five heavy metals
{As, Cd. Cr. Fb and Zn) in five different types of green
leafy vegetables viz., mustard (Brassica campestris),
garden cress (Lepidium sativum). tennel (Foeniculum
vulgare), coriander (Coriandrum sativem), and spinach
(Spinacia oleracen) collected from different market sites
of Kathmandu showed a substantial acenwmulation of
heavy metals in roots and leafy shoots of the vegetables

{Shakvaer ol 2013).
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Fig.2. Heavy metal contamination in the agro-ecosystem (Modified from Khalid er al. 2018)

Risk assessment of heavy metal toxicity through edible
vegefables [rom the indusirial area of Bhilai,
Chhattisgarh, showed concentrations of heavy metal.
i.e. Mn, Fe. Cu, Zn and Pb in leafy vegetables like

spinach (Jena et ol 2012). Heavy metal accumulation
and distribution pattern in different vegetable crops
grown on heavy metal contaminated soil showed a
marked difference in metal accumulation, their uptake
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and distribution pattern. Crop species also showed a
remarkable difference in metal concentration n various
plant parts (Singh er al. 2012). Heavy metal load in soil
and water m peri-urban areas of Delhi are likely to
contaminate vegetables with heavy metals and render
ther unsafe for consumption. Samples of vegetables,
i.e. spinach (Spinacia oleracea L) and okra
(Abelmoschus esculentus L.J): soil and irvigation water
were collected from 5 peri-urban sites of New Delhi to
monitor their heavy metal loads. Loads of Cu, Zn, Pb
and Cd m okra collected from different sites ranged
between 15.3-25.0, 79.4-150.0, 1.1-5.6and 1.1-7.0 ng

g ', respectively. Most (20-100%) of the okra samples

registered Cu contamination level below its safe limit
(30 pg g ') while 100, 33 and 60% samples crossed the
safe limits of Zn (50 pg g 1. Pb (2.5 pp g Nand Cd (1.5
pge ') (Singhetal. 2006).

Factors affecting heavy metal content in soils

Accumulation of heavy metals by plants
dependson different plant species, translocalion and
transpiration rate, the concentration of heavy metals in
s0il, source and form of metals, soil properties such as
pH, soil temperature, organic carbon and soil texture efc.,
(Gupia ef al. 2019). Some important soil-related factors
are described in this section,

SailpH

Solubility and availability of toxic metals are
mainly affected by pH of the soil solution. The solubility
of metals decreases at high pH and increases at a low
value of pH (Sheoran eral. 2016).

Redox potential (ER)

Generally, soil solution is ennched by the 1onic form of
several metals. Thus. the movement of such metals from
s0il to plants depends on their oxidation state. For
example, Cr exists in two oxidation states i.e. Cr"”,which
is relatively insoluble in water, while Cr™ is highly
soluble and readily available in the soil solution to the
planis (NRC 2003).
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Soil temperature

A rise In soll temperature may increase the
availability of metals in the soil due (o an increase in soil
organic matter decomposition (Silveira et al. 2003).

Soil texture

The texture of soil also influences the solubility
and bioavailability of metals in the soil. The availability
of toxicelements is highest in loam and sand followed by
clay loam, and fine-textured clay soils.

Cation exchange capacity (CEC)

This factor plays a vital role in the availability of
meial in soil. The soil with low CEC, such as sand, has
less binding power to metal and other cations than the soil
with high CEC, such as clay (Bhargava et al. 2012),

Remediation fechnigues of heavy metal contamination in
sl

Land and water are the two critical components of natural
resources on which agriculture's sustainability and
civilisation's continued survival depend. Unfortonately.
both have been drastically contaminated/degraded by
toxic elements (heavy metal). The application of various
remediation approaches, such as microbial, physical and
chemical approaches, can reduce pollution up to an
appropriate level for a healthy environment (Jadia and
Fulekar 2009}). Throughout the years, various in-sitw and
ex-siry remediation methods have been developed to
clean or recover heavy metal polluted soils, such as
surface capping, soil flushing, electro-kinetic extraction,
solidification, and wvitrification and phytoremediation
{Table 2). These strategies can be divided mto five
remediation groups: phyvsical, chemical, electrical.
thermal and biological. These soil remediation
approaches typically use various operating processes and
illustrate particular use (Khalid et al. 2017).

Classical soil remediation methods are costly,
and some require extraciing large amounts of soil. Heavy
metal cannot be biglogically eliminated but can be
converted from one oxidising state or nuclear complex to



175

Heavy metal confamination in soil

SOUBGIMSIP 105 FULAITH

anbIaaa1 15E] PUT 20235

affernls asem Jog pue) Teuoprppe Furnmbar Anson
senbuyoa) uoTETpeET
edioured o1 peprame(ddns Ajerawr ‘Konaronggs mog

JUSID1E S58) Buinswod
-1} “UOTIEUTLR L0 MOTETS 16T AJuo Sfaeimns

ssavaandaps Aesndws ‘anbuytas apnads-jmapy

Aumgeaurizd ETY I S[I0E PaITEal-SSIRO0
107 1880 58 ons snbnmgos) smads Bare ReMmonE g

EATATIA 53] “FUTMSTo: SWT]

SUOTSTENT [E)ISUIE0IIATS BuISo] 108 pus
[FUE] prajian “anbromaa) srizeds marm JRnonte ] AT500

oariotng Surddon

puy| Jo 550 ‘snbroyas)  agiasds eate mnolued

gnbiuyae) aifizeds eale JgnaIE]

anbymysan 1] pUE amoag

STIBTUYST] 158 PUT IMoag

ST of s “mdear)

BIFOTIEM0] WO ETTUTE Lo
Moy *SFre a0y ApOENNE f1as *||E]SU O]
Ases “tadeai]s “souadaong snpgnd qEIH

[jersu o) Agne Saddeagsy

[Essu)
01 4583 ‘20URQINIS TP JI0S 58a] Alaa
Aaneedes TRADTNEI JIEUTUTRECS WRYSTE]

SOUBGITASIP 105 §53] Azaa “Ajrreden
[BADTER I JIETTETEI0S YR

AamaTan]a qRI AT,

[HEHg1aML 3IN93E e |9E] ST LR]TISU]

enbrutaal adeans “ieme §1 uone]|eiEu]

WOHRI R [Ra R pus uolaledss

COIRUEOTEUED Teaaaaessgd

SHOTM]0E
JEaTIAD A TRAGLEST TR0 D)

Aoinsefa A [EaCR) BT
Ji08 FuLAgigra Afjenoag

A DT RATISEAD TORTTIN 0D
UOL|E{OFT pug joITeins Jestsli]]

LTI AR R ST

A7 UDHPAILIPID WTUILEILDD)

[EITUELDSML £ [EADUISE TUTHILIEIND ) Furgsem [og
jios Sudgipros freasdyd

AL UOTIRATIVES] TUEUTIIZING ) UDTIESTHPI[OE

UOITE[0ST PUE JUSTIUTERIOD TENSAY,] furgpue
SIMSTUREIn0IITT

£ TONEWUO]EIRL IENTILRZ]I0 ) ORISR
spuigd Ag uonesipogs

Ut (EACLUEl JURITGINGSY) | UODETPSISIoni ]

UOURZINS

JuoEzi| o]

Surgsnyg 105

B 1 |

TONBITINA

unEAsdEITy

Fuddea aoeping

ey
i

[eatinjorg

MeanuRy sy

[ETRERRT e |

1sasdyd

IR |

bl |

SUSIUBLI I BULLIAY

sanbrngay vonEipannay

(107 0 22 ni7) 11os paanpod [epet Jo3 sanbrutpoa) uoneTpIWS Y "L NqEL



176

another (Kumar er al. 2017). Plants and microbes hold
the immense ability for doing the same, Heavy metal
remediation by plants (phytoremediation) has lowered
costz, added an aesthetic benefit, and has long-term
practical field applications (Placek et al. 2016). Owing
to its drawbacks (what are those), however.
deconlamination of heavy metal from a given location is
difficult due to a single solution. However. the
application of various phytoremediation methods will
be more effective in exiracting heavy metals from large
fislds and eventually will improve agricultural land.
Biological processes are less sensitive than conventional
approaches to environmental immoderations; they have
a clear advantage of being more cost-effective
(Cunningham er af. 1997). With the example of metal-
polluted atmosphere remediation, researchers find that
the bioremediation cycle has a restricted outlook mainly
becanse of the non-degradable presence of heavy metals
(Marschner 1993),

Sandeep Kumar ef af,

The use of different plant species in
bioremediation of polluted soil environment is an
accoptable choice (Table 3), with minimum
environmental effects, without damaging the =oil, which
also provides the ability (o recover the heavy metal (Salt et
al. 1995). Phytoremediation is a cheaper method relative
to other bioremediation approaches by 50-80 per cent.
The downside of this approach is that it can be a
remediation process even more slowly, involving several
plant growing seasons. The contaminants may limit plant
growth, and the resulting biomass, enriched with heavy
metals, may be dangerous in the food chain (Elekes 2014).
This biomass is considered waste and requires controlled
and responsible disposal because ofthe risk of toxicity for
the environment. The phvtoremediation provides
economic benefits by turning this tool inte a financially
self-supporting environmental remediation solution.

Table 3. Different plant species used for phytoremediation in the soil medium

Heavy metal Process Plant species References

Arsenic TPhytoextraction Pteris vittata Yang etal (2017 a.b)
Cadminm Phyloexiraction Ricinug communiy Yang et al (2017 ab)
Chromium Phytostabilisation Rose plant Famana et al. (2013)
Lead Phytostabilisation Hordewm vulgare Katoh er al. (2017)
Cobalt Phytoextraction Penmiserum anmius Lotfy and Mostafa (2014)
Mercury Phytostabilisation Brassica junceq Shiyab et al (2009)
Nickel Phytoexiraction Brassica juncea Kathal et al. (20164,b)

Based on processes and applicability,
phytoremediation technology is further sub-divided into
calegories such as (1) Rhizosphere bioremediation: L
enhances biodegradation of pollutants by root-
associated bacteria and fungi_ (2) Rhizofiltration: Thig
process 15 based on the rhizospheric accumulation of
heavy metals suoch as Pb, Cd, Zn, Ni, Cu and
Radionuclides — Cs, Sr, U, (3) Phyiostabilisation: It 1s
the transformation of toxic compounds into non-
toxic/less toxic forms fixed in the soil thereby reducing
the bioavailability of pollutants (Pb, Cd, Zn, As, Cu, Cr,

Se, U, polyeyelic arpmatic hydrocarbons (PAHs),
polychlorinatedbiphenyl (PCBs), dioxins and furans) in
the environment, (4) Phytoextraction: It involves plant
roots for the uptake of contaminants (preferably heavy
metals such as Pb, Cd. Zn, Ni, Cu) that gets accumulated
in aerial parts ofthe plant followed by harvesting the plant
biomass for safe disposal (Hyperaccumulation). (5)
Phytovolatilisation: It involves volatilisation of Volatile
organic compounds (trichloroethylene (TCE ), methylene
chloride (MC) Tetrachloroethylene (PCE). Carbon
Tetrachloride (CT)) through plant leaves or soil surtace).
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The metal(loid)s As, Heg. and Se may be discharged by
accumulator plants (e.g. Asiragalus racemosus) in
gaseous species into the atmosphere with the help of The
process phytovolatilisation. So far 721 species of plants
have been identified as metal hyperaccumulators and (6)
Phytotransformation/phytodegradation: In this process,
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the degradation of oiganic pollutants (Herbicides -
atrazine, alachlor, mixtures benzene toluene
ethylbenzene and xylene) is carried out by plants utilising
enzymes such as dehalogenase and oxygenase; it is not
dependent upon rhizospheric microorganisms (Yadav ef
al. 2018) (Fig3.).

Coagulation | €
Adsorption | SRR S
————— Physical ' Biologlcal e Bioremediation
ii. Membrane filtration  ~ < | methods methods | } (Micro-organism based)
| Blosotption < S I . o
- Heavy Metals
© Remediation
- Techniques
P P
e LN llf__.
Chemical Phyto-
methods remediation

Fig. 3. Schematic representation of overall decontamination methods of heavy metals

Maximuny allowable limils of heavy metals in different
COMpoRents rgfecasy.ifem

To know the toxic effect or degree of
hazardousness of heavy metals in soil, water and
vegetation, a maximum allowable concentration is fixed
ag standards by different organisations/nations. Tables 4,
5 and 6 show the limits of potentially toxic heavy metals
in difTerent ecosystem components given by different
countries/organisations. The standard adopted by

different countries is helpful to assess the quality of
natural rtesources and check the effectiveness of
remediation techniques. The intervention values reflect
the quality of soil functionality seriously impaired for
human, animal, and plant life. Concentrations that
surpass the intervention values are equivalent to
significant pollution. Target values indicate the soil
concentration required for sustainability or expressed in
terms of remedial policy, the soil quality required to fully
restore the soil's functionality for human, animal, and
plant life.
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Conclusion

Heavy metal contamination in agro-ecosystem
(soil-water-plant) i3 a serious concern, especially for
peri-urban agriculture, These heavy metals are toxic
whenever their concentration goes beyond the
permissible limit. Currently. anthropogenic sources
boostup the pollution level over geogenic sources. Onee
the contaminants enter mto the soil-water-plant
continuum, it spreads to the entire food chain through
big-aceumulation and bio-magnification and affects the
plant growth, vield and also disrupts the soil guality.
There is an urgent need for new developments and
strengthen existing environmentally and economically
viahle remediation techniques to reduce the hazardous
effects of heavy metals and restore the ecosystem
functions of the contaminated soils. Heavy metal
contamination requires review and research for its
management and sustainable development of natural
resources,
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