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/Abstract

~

Heavy metals are the most important soil contaminants in the environment. Heavy metals are the integrated
components of the biosphere and thus occur naturally in soils and plants. Heavy metals (Cd, Cr, Cu, Hg, Pb, and
Zn) have occurred widely as a result of human, agricultural and industrial activities which is responsible for
the contamination of soils. Some of these metals are micro-nutrients that are necessary for plant growth, such
as Zn, Cu, Mn, Ni, and Co, while others have unknown biological functions, such as Cd and Pb. Agricultural
activities involve the addition of inorganic fertilizers, insecticides, pesticides, and amendments to the soil for
increasing productivity are responsible for soil contamination/pollution. Water used for irrigation and the
release of industrial effluents in water resources pollute the soil with solid wastes, heavy metals, and several
other organic and inorganic substances. Reclamation of such contaminated soils through the phytoremediation
method was found to be the cheapest and an effective method for extraction or removal of pollutants from

contaminated soils.
\Keywords: Heavy Metals, Soil Pollution, Sink, Phytoremediation, and bioremediation. )
Introduction the soil constituents. The application of agricultural

Heavy metals are conventionally defined as elements
with metallic properties and an atomic number
is more than 20 [49] [27]. Soil pollution by heavy
metals has a harmful impact on biological activities
in soil because heavy metals are not biodegraded
easily. Some toxic heavy metals ie.Pb, Co, Cd
cannot be biodegraded but it can be accumulated
in living organisms, which causes various diseases
and disorders even in relatively lower concentrations
[71]. They are also known to have an effect on plant
growth, and ground cover and have a negative impact
on soil microflora [77]. The development of industry,
intensive agricultural practices, the transport sector,
and other developmental activities in cities in the
last 150 years have been so rapid and extensive that
has resulted in soil alteration especially changes in
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inputs resulted in a change in the natural ecosystem.
The wild flora has been replaced by agricultural
activities. Productive soils are regularly being
dumped with chemicals and industrial materials.
This has deteriorated the soil, which has resulted
in a decline in soil productivity in several parts of
the country. When a trace of toxic elements from
soil or rock enters the environment, follows normal
biogeochemical cycles, being governed by air, water,
and gravity until it reaches a geochemical sink. Soil
is a universal sink for many substances, particularly
the metals that accumulate in soil and move under
the process of leaching, plant uptake, and erosion,
which temporarily form sink and on decay, the
elements are released into the soil. Accumulation of
heavy metals and metalloids through the disposal of
high metal wastes, mine tailings, leaded gasoline and
paints, application of fertilizers in the soil, animal
dung manures, sewage sludge, pesticides/herbicide,
coal combustion residues, toxic gases emission for
the industrial areas, wastewater irrigation, spillage
of petrochemicals, and atmospheric deposition
are responsible for the contamination of soil. The
most common heavy metals that constitute an ill-
defined group of inorganic chemical hazards found
at contaminated sites are lead, chromium, arsenic,
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cadmium, mercury, and nickel [113] [43] .

The different agricultural inputs like inorganic
fertilizers and micronutrients are manufactured
products containing certified amounts of plant
nutrients to facilitate crop growth when applied to
cultivated lands. In addition to the active ingredients,
however, fertilizers and micronutrients may contain
trace elements such as cadmium and lead that are
potentially harmful to consumers of the harvested
products. When the phosphatic fertilizers and micro-
nutrients were applied in the soil, the amounts
applied invariably exceeded the amounts taken up by
plants. In addition, parts of plant biomass would be
reincorporated into the soil after the crop harvests,
thus recycling part of the nutrients and contaminants
[78]. Therefore, active ingredients of phosphatic
tertilizers, along with micro-nutrient ingredients
namely phosphorus, zinc, iron, and manganese
are expected to accumulate in soil receiving
routine applications. The phosphorus contents
of the cultivated soils would invariably increase
in proportion to the amount of fertilizers used in
cultivated lands. Fe and Mn are abundant in soils
and increases in their concentrations could not easily
be distinguished from the already high background
levels. However, the concentration of Zn in the soil
would be sensitive to the inputs and may be used as
an indicator of micro-nutrient inputs. The content of
lead and cadmium which are present in soil are either
geogenic or added through applications of phosphatic
fertilizers. The cadmium content of phosphatic
fertilizers in Indonesia is 35-255 g mt' [2]. Single
super phosphate was used in India, and contains
Cd in the range of 2-200 mg kg* (Foy et al., 1978).
Heavy metals and other elements are more toxic soil
contaminants that came from sewage sludge. Thus,
the soils treated with the repeatedly or large amount
of sewage sludge it may accumulate heavy metals and
consequently become unable to even support plant
life [60] .

Agricultural soils in many parts of the world are
contaminated by heavy metal toxicity such as Cd,
Cu, Zn, Ni, Co, Cr, Pb, and As. This could be due to
the continuous application of phosphatic fertilizers,
sewage sludge application, dust from smelters,
industrial waste, and bad irrigation practices in
agricultural lands [9] [82] [68] .

Materials and Methods

The present study is based on different forms

of review literature, which is collected from the
published in various national and international
journals, books and book chapters, conferences/
seminars proceedings, searched online documents
from Research Gate, CeRA, and Google Scholar,
etc. The keywords i.e. heavy metals in soil, heavy
metals in plants, the toxic effect of heavy metals,
phytoremediation,  phytotoxicity, rhizofiltration
used for the completion of the information to the
formulation of this manuscript.

Sources of heavy metals in soil

Heavy metals occur naturally in the soil environment
through the weathering process of the parent
material. It can be found in the form of hydroxides,
oxides, sulphides, sulphates, phosphates, silicates,
and organic compounds. The most common heavy
metals are Pb, Ni, Cr, Cd, As, Hg, etc. [32]. The
different man-made activities disturb and accelerate
the geochemical cycles of metals in the soils of rural
and urban environments, which may accumulate
various toxic heavy metals to cause risks to plant
health and the ecosystem [18] . Different sources of
heavy metals are presented in Table 1 and illustrated
in figure 1.

The improper and continuous use of herbicides,
pesticides, and fungicides to protect the crops from
pests, fungi, etc. but alters the basic composition of
the soils and makes the soil toxic for plant growth.
Organic insecticides like DDT, aldrin, benzene
hexachloride, etc. are used against soil-borne pests
and they accumulate in the soil because they do not
degrade orare slowly degraded by the microorganisms
(bacteria) in soil. Consequently, they have a very
deleterious effect on plant growth, stunting their
growth and reducing the yield and size of fruit [60].
Therefore, intensification of agricultural production
by practices of irrigation (causes salination), excessive
fertilizers, pesticides, insecticides etc. have created
the problems of soil pollution.

The use of different inorganic fertilizers is required
for the adequate supply of essential nutrients i.e. NPK
for crop growth under intensive farming systems and
it content a trace amount of heavy metals (Cd and
Pb) as impurities particularly phosphatic fertilizers.
The continuous application of inorganic fertilizers
in excess amounts may increases significantly the
heavy metals concentration in the soil [40].It can be
adversely affected plant growth, because these metals
interfere with metabolic functions in plants, including
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physiological and biochemical processes, inhibition
of photosynthesis and respiration, and degeneration
of cell organelles and leading to plant death [26] [80]
[81]. Contamination of soils by heavy metals may
also change the composition of microbial activities in
the soil and adversely affect soil characteristics [46]
(48].

Table 1: Sources of heavy metals

Heavy met-

als Sources References

Geogenic sources, anthropo-
genic activities, metal smelting
and refining, fossil fuel burn-
ing, application of phosphate
fertilizers, sewage sludge.

Cadmium [66] [2] [41]

Electroplating industry, sludge,

Chromium - .
solid waste, tanneries.

Mining and smelting of metal-

liferous ores, burning of leaded

gasoline, municipal sewage, [29]

industrial wastes enriched in
Pb, paints.

Lead

Volcanic eruptions, land fill,
forest fire, bubble bursting and
gas exchange in ocean, weath- [45]

ering of soils and geological

materials.

Nickel

Heavy Metals

Enrichment

Voleanic
Eruption

Anthropogenic source of heavy metals

The different industrial activities, agriculture
activities, wastewater (sewage sludge), mining,
manufacturing, and the use of synthetic products
can result in heavy metal contamination of urban
and agricultural soils. Thus, anthropogenic sources
of heavy metals are toxic beyond the natural fluxes
for some metals. Some important anthropogenic
sources which significantly contribute to the heavy
metal contamination in the environment include
automobile exhaust which releases lead; smelting
which releases arsenic, copper, and zinc; insecticides
which release arsenic and burning of fossil fuels
which release nickel, vanadium, mercury, selenium,
etc. Potentially contaminated soils may also occur
at the past application of wastewater or municipal
sludge, areas in or around mining waste piles and
tailings, industrial areas where chemicals may have
been dumped on the ground, or in areas downwind
from industrial sites.

Further, the incorrect way of chemical waste
disposal from different types of industries can cause
contamination of soil. Human activities like disposal
of industrial waste, heavy metals, toxic chemicals,
oil, and fuel, etc. have also been found to contribute
more environmental pollution due to the everyday
manufacturing of goods to meet the demands of the
large population [31] . The concentration of heavy
metals in any soil depends initially on the nature of
the parent materials. The findings of [24] observed
that the heavy metals concentration was maximum
in basaltic rocks and minimum in granite rocks and
similarly, [104] also reported that the heavy metal
composition in coal ash (Table 2).

Table 2: Heavy metals in some typical igneous rocks
and coal ash.

Rock types Coal ash
S. Trace Mean Crustal
No. elemen_t : Granite | Basalt | coal ash | abun-
(mg kg™')

content dance
1. Cr 9.0 16.03 246 100
2. Cd 0.010 0.067 11 0.2
3. Cu 10.7 224 217 55
4. Ni 6.4 18.0 171 75
5. Pb 28.7 18.0 287 13
6. Zn 74.9 132.0 572 70

Figure 1: Natural and anthropogenic sources of
heavy metals

Fertilizers and soil amendments

The excess use of nitrogenous fertilizers leads to the
acidification of soil and contaminates the agricultural
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Table 3: Concentration of heavy metal in different inorganic fertilizers and soil amendments.

Fertilizers Heavy Metals (mg kg')
Zn Cu Fe Mn B Mo Pb Cr Cd As Ni

Urea (1) 4.0 0.6 36 0.5 1.0 53 4.0 6.0 1.0
Ammonium Nitrate (2) - <0.60 - - - - <0.40 - <0.20 [ <0.40' | <0.20!
Calcium Ammonium Nitrate (1) 7.6 2.8 407 24.8 9.0 56 116 9.0 6.0 - -
Ammonium Sulphate Nitrate (1) 54.7 1.9 409 53.8 6.5 5 - - - - -
Ammonium Sulphate (1) 11.3 0.8 23 3.5 6.0 6 - - - - -
Triple Super Phosphate (1) 418 49.8 | 3483 | 75.0 | 21.5 | 270 1113‘.12' 88.9 56"02' 1156"32' 125562
Single Super Phosphate (1) 165 155 4050 8900 133 335 487 88 187 - -
Rock Phosphate (1) 187 320 | 19917 | 975 | 715 | 555 | 962 | 184 | 303 126055 15663'
Potassium Chloride (1) 10.0 3.12 110 3.5 16.3 26 - - - - -
Potassium Sulphate (1) 2.0 7-10 - 2.2-13 | 4.0 0.2 - - - - -
Nitro Phosphate 15-15-15 (1) 40 14.0 36 532 144 133 285 54 89 - -
Nitro Phosphate 10-10-10 (1) 45.5 5.4 4507 120 134 140 - - - - -
Amm. Phos. Sulp. 10-10-10 (1) 164 9.4 2425 52 242 249 - - - - -
NPK 12-32-16 (1) 114 16.4 9358 230 207 91.5 - - - - -
NPK 10-26-26 (1) 38.0 13.3 7750 116.5 176 88 0 0 - - -
Diammonium Phosphate (1) 112 7.2 11275 | 307 396 | 75.3 | 195 81 109 - -
Dairy manure (mean) (2) - 18 - - - - 7.5 - 0.7 6.8 9.6
Poultry manure (3) 330-456 | 48-78 | - - . - 68'_(: <71.';) ] %?3%' - | 7190

. 250- 7.0- | 2.2- | 0.50-
Swine manure (3) 540-1200 600 - - - - 11 13 | os2 - 11.33

Source: [8] [74] [110]

soils. Excess and imbalance use of fertilizers are
regularly to soils in intensive farming systems to
provide adequate N, P, and K for crop growth. The
compounds used to supply these elements contain
trace amounts of heavy metals (e.g., Cd and Pb) as
impurities and continuous application of fertilizers
in soils may significantly increase the heavy metals
content in the soil [40] . Further, for the proper
development and complete the life cycle, plants must
acquire not only macronutrients (N, P, K, S, Ca, and
Mg), but also micronutrients or heavy metals (i.e.
Co, Cu, Fe, Mn, Mo, Ni, and Zn) that are essential
for healthy plant growth [49] , and crops may be
supplied with these as an addition to the soil or as
a foliar spray. The concentration of heavy metals in
fertilizers and soil amendments is presented in table
3.

Pesticides / Herbicides

Pesticides (DDT, Aldrin, and Dieldrin) are synthetic
toxic chemicals that kill different types of pests and
insects causing damage to agriculture, but it has
many ecological repercussions. For example copper-

containing fungicidal sprays such as Bordeaux mixture
(copper sulphate) and copper oxychloride [40] . Lead
arsenate was used in fruit orchards for many years
to control some parasitic insects. Compared with
fertilizers, the use of such materials has been more
localized, being restricted to particular sites or crops
[57] . They are generally insoluble in water and non-
biodegradable and these chemicals will be accumulated
in the soil. Thus, it will affect human health through
many physiological and metabolic disorders. However,
the herbicides like sodium arsenite (Na,AsO,),
sodium chlorate (NaClO,), etc. can decompose in few
months. Also, they affect the environment and are not
environmentally friendly. Further, different findings
suggested that spraying herbicides cause more insect
attack and diseases of plants in comparison to manual
weeding.

Bio-solids and Manures

The use of different bio-solids (e.g., composts,
livestock manures, and municipal sewage sludge)
to land inadvertently leads to the accumulation of
heavy metals such as As, Cd, Cr, Cu, Pb, Hg, Ni, Zn,
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and so forth, in the soil [7]. Certain animal wastes
such as poultry, cattle, and pig manures produced
in agriculture are commonly applied to crops and
pastures either as solids or slurries [92]. Pig and
poultry manures have also contaminated the soils by
the addition of heavy metals i.e. Cu and Zn because
these metals added as diets and growth promoters
for pig/poultry health products [92]. The manures
produced from animals on such diets contain high
concentrations of As, Cu, and Zn and, if repeatedly
applied to restricted areas of land, can cause the
considerable buildup of these metals in the soil in
the long run. The different heavy metal contents in
municipal solid waste and its standards are presented
in table 4. Bio-solids (sewage sludge) are primarily
organic solid products, produced by wastewater
treatment processes that can be beneficially recycled
[100]. The bio-solid materials applied in soil are a
common practice in many countries that allow the
reuse of bio-solids produced by urban populations
[109]. The bio-solids term is more common in place
sewage sludge because it is thought to reflect more
accurately the beneficial characteristics inherent
to sewage sludge [90]. Bio-solids content various
heavy metals (Pb, Ni, Cd, Cr, Cu& Zn), and these
metals concentrations are governed by the nature
and industrial activity, as well as the type of process
employed during the bio-solids treatment [55]. Under
certain conditions, metals added to soils through
bio-solids can be leached downwards through the
soil profile and can have the potential to contaminate
groundwater [56].

water. The findings of the various studies suggested that
agriculture based on wastewater irrigation accounts
for 50 percent of the vegetable supply to urban areas
[12]. In general, farmers are not bothered about
harmful effects of these contaminants and they are
only interested in getting more yields and profits from
intensive agricultural practices. Further, the long-term
or continuous irrigation of lands through wastewater
effluents can accumulate the concentration of heavy
metals in the soil.

Basic Chemistry of Heavy Metals

In order of abundance of heavy metals i.e. Pb, Cr, As,
Zn, Cd, Cu are found at contaminated soils [101]
and they are capable of reducing crop production
due to the risk of bioaccumulation in the food chain.
Basic chemistry is necessary for understanding the
bioavailability and remedial options of these heavy
metals in the soil because the fate and chemistry in soil
depend significantly on the chemical form of the heavy
metals (Table 5). Once, heavy metals are adsorbed on
soil colloids it is redistributed into various chemical
forms with varying bioavailability, mobility, and
toxicity [14]. However, the distribution is believed to
be governed by reactions of heavy metals in soils such
as mineral precipitation and dissolution, ion exchange,
adsorption, and desorption, aqueous complexation,
biological immobilization and mobilization, and
uptake by the plants [50].

Table 5: Basic chemistry of the heavy metals.

Table 4: Heavy metals content in municipal solid Chemistry of Heavy metals
waste (MSW) and its standards. S. | Heavy | Atomic . | Den- | Melting | Boiling
No. | Metals Atomic | . i i
- Num- Weight sity (g | Point | Point
-3 o, o,
Municipal Solid ber am?) | CC) | (O
German Standards Chro-
Heavy Metals Waste ro
(mg ka) 1. mium 24.0 52.0 7.19 1875.0 | 2665.0
(Cr)
Lead (Pb) 420 150 Nickel
Chromium (Cr) 107 150 2. (Ni) 28.0 58.7 8.90 | 1455.0 | 2913.0
Nickel (Ni) 84 50 Co
pper
Cadmium (Cd) 58 30 3. (Cu) 29.0 63.5 8.96 1083.0 | 2595.0
Mercury (Hg) 19 3.0 4 |40 300 | 654 | 714 | 4195 | 9060
Copper (Cu) 222 150 (Zn)
Zinc (Zn) 919 500 5. éi:;mc 330 | 750 | 572 | 8170 | 6130
Waste Disposal 6. |MerU | g0 | 2006 | 136 | -388 | 3570
P ry (Hg)
The application of industrial and wastewater-related Cad-
PP aste 7. |mium | 480 | 1124 | 865 | 3209 | 765.0
effluents to land are a common practice in many parts (Cd)
of the world [75]. Worldwide, it is estimated that 20 Lead
million hectares of arable land are irrigated with waste |3 | (pb) 820 | 207.2 | 1140 | 3274 | 17250
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Table 6: Effect of heavy metal toxicity on plants.

Heavy Plant Toxic effect on plant Source
metal
Rice (Oryza sativa) Reduction in seed germination; decrease in seedl'lng height; reduced leaf area 1]
A and dry matter production
S .
Tomato (Lycopersicon Reduced fruit yield; decrease in leaf fresh weight [19]
esculentum)
Wheat (Triticumsp.) Reduction in seed germination; decrease in plant nutrient content; reduced [112]
shoot and root length
Cd Garlic (Allium sativum) Reduced shoot growth; Cd accumulation [39]
Maize (Zea mays) Reduced shoot growth; inhibition of root growth [106]
Wheat (Triticumsp.) Reduced shoot and root growth [67]
T L 1
Cr omato (Lycopersicon Decrease in plant nutrient acquisition [62]
esculentum)
Onion (Allium cepa) Inhibition of germination process; reduction of plant biomass [65]
B P
Cu ean ( ha.seolus Accumulation of Cu in plant roots; root malformation and reduction [17]
vulgaris)
. ) Decrease in plant height; reduced tiller and panicle formation; yield reduc-
Hg Rice (Oryza sativa) tion; bioaccumulation in shoot and root of seedlings [44]
Tomato (Lycopersicon Reduction in germination percentage; reduced plant height; reduction in [85]
esculentum) flowering and fruit weight; chlorosis
Heavy Plant Toxic effect on plant Reference
metal
Spearmint (Mentha Decrease in chlorophyll a and carotenoid content; accumulation of Mn in (4]
spicata) plant roots
Mn Pea (Pisumsativim) Reduction in chlorophﬂls aandb c'ontentf r.eductlon in relative growth .rate; [20]
reduced photosynthetic O, evolution activity and photosystem IT activity
T L 1
omato (Lycopersicon Slower plant growth; decrease in chlorophyll concentration [86]
esculentum)
Pigeon pea (Cajanus Decrease in chlorophyll content and stomatal conductance; decreased en-
. . . . - [87]
) cajan) zyme activity which affected Calvin cycle and CO, fixation
Ni Wheat (Triticumsp.) Reduction in plant nutrient acquisition [6]
Rice (Oryza sativa) constraintfor root growth [51]
Maize (Zea mays) Reduction in ger.mlnatlon percen‘Fage; suppress.ed growth; reduced plant [36]
Pb biomass; decrease in plant protein content
Oat (Avena sativa) Inhibition of enzyme activity which affected CO, fixation [64]
Cluster bean (Cyamopsis Reduction in germination percentage; reduced plant height and biomass;
tetragonoloba) . . . . [54]
” decrease in chlorophyll, carotenoid, sugar, starch, and amino acid content
n
Pea (Pisumsativum) Reduction in .chlo.rophyll content; alter.at.lon in structure of chloroplast; re- [21]
duction in photosystem II activity; reduced plant growth

Impact of Heavy Metals Toxicity in Plants

The uptake of different heavy metals by the plant
through soil solution or easily solubilized by root
exudates [13]. Also plants required certain heavy
metals for their development/growth and the excess
quantity of these metals in soils can contaminated
the soils and ultimately shows toxicity to plants.
Further, the concentration of these heavy metals in
plants exceeds from their optimal levels, they can
adversely affect plant growth.The toxic effect of heavy
metals on the plants growth varies according to the

particular heavy metal involved in the process. The
data presented in table 6 shows a summary of the toxic
effects of specific metals on the growth, biochemistry,
and physiology of various plants [16]. The growing of
different plants on heavy metals contaminated soils
can reduceplant growth.

Nickel

The phytotoxic effects of Ni have been known for a
long time [94]. Apart from a decrease in growth, the
symptoms of Ni toxicity include chlorosis, stunted
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root growth, and sometimes brown interval necrosis
and symptoms specific to the plant species. The
concentration of Ni varied from 50 to 100 mgg™" (dry
weight basis) is indicated by its toxicity in plants. For
example, [69] reported toxicity symptoms in spring
wheat at 8 mg kg™ but no yield loss in oats at 90 mg
kg'.parameters due to a reduction in photosynthetic
activities, plant mineral nutrition, and reduced
activity of some enzymes [41].

Lead

The visual non-specific symptoms of Pb toxicity are
rapid inhibition of root growth, stunted growth of the
plant, and chlorosis [15]. Pbphyto-toxicity leads to
the inhibition of enzyme activities, disturbed mineral
nutrition, and water imbalance. These disorders
distress the normal physiological activities of the
plant. At high concentrations Pb eventually may cause
to cell death [83]. Pb toxicity inhibits the germination
of seeds and retards the growth of seedlings. Lead
contents in soils decreases seed germination, root/
shoot growthand dry mass of roots/shoots [59].
High Pb concentrations caused decreased rice seeds
germination (14 to 30%)and reduced 13 to 45%
seedling growth [103].

Arsenic

High content of arsenic in plants inhibits the
metabolic process such as photosynthesis thereby it
inhibiting the growth of plants [97]. The threshold
value of As toxicity 40 mg kg™ was established for crop
plants [88]. Thus, the higher concentration of arsenic
significantly reduces the biomass production and
crop yields. In general, the accumulation of As in the
edible parts of most plants is low, which is attributed to
several reasons, including [108] (i) low bioavailability
of As in soil; (ii) restricted uptake by plant roots; (iii)
limited translocation of As from roots to shoots; and
(iv) phytotoxicity and subsequent premature plant
death at relatively low As concentrations in plant
tissues. Most plants do not accumulate enough As to
be toxic to animals and humans. Growth reductions
and crop failure are the main consequences of soil As
contamination [105] .

Cadmium

Cadmium contaminations in soils are mainly from
the application of bio-solids, use of phosphates
fertilizer, and effluents from cadmium-using and
recycling industries. The toxic effect of Cd to an

induced reduction in the number of flowers and in
vitro pollen germination, it stimulated tube growth,
decreased the number of ovules/pistil (ovules were
morphologically normal and receptive), inhibited the
number of pods and seeds. Cd treatment increased
protein content in physiologically matured seeds.
Further, the rate of Cd- enriched sewage sludge/
city compost resulted was obtained significant yield
reduction in Alfisol and Ultisol. The applied Cd
remained in the top 10 cm soil (87-96%) and resulted
in a lower recovery of Cd (8.3%) in the leachates [30].

Chromium

The Chromium toxicity in plants depends on its
valence state, Cr (VI) which is highly toxic and mobile
whereas Cr (III) isless toxic. Since plants lack a specific
transport system for Cr, it is taken up by carriers of
essential ions such as sulphate or iron. Effects of Cr
toxicity on plant growth and development include
alterations in the germination process as well as in the
growth of roots, stems and leaves, which may affect
total dry matter production and yield. Cr toxicity was
also had deleterious effects on plant physiological
processes such as photosynthesis, water relation,
and minerals nutrition, and alteration of metabolic
activities have also been described in plants by the
direct effect on enzymes or by its ability to generate
oxidative stress. The high levels of Cr in plants can
inhibit seed germination and subsequent seedling
growth [84].

Impact of Heavy Metals Toxicity in Soils

Heavy metals are considered one of the major soil
contaminants for creating soil pollution and these
metals shows the toxic effect on soil microorganism
by the change of the population size,bio-diversity, and
various activities of the soil microbial communities
[3]. The toxicity of heavy metals in soils is a very
serious issue due to their presence in the food chain,
thus, it destroying the entire ecosystem. There are
various ways through which heavy metals present
risks to humans, animals, plants, and ecosystems as a
whole. Such ways include direct ingestion, absorption
by plants, food chains, consumption of contaminated
water, and alteration of soil pH, porosity, colour, and
its natural chemistry which in turn impact the soil
quality [61] [79].

The soil properties i.e. organic matter, clay contents,
and pH have major influences on the extent of the
effects of metals on biological and biochemical

65

© 2022 AATCC Review. All Rights Reserved.



S. Sarvade et al., / AATCC Review (2022)

properties [91]. Heavy metals indirectly affect
soil enzymatic activities by shifting the microbial
community which synthesizes enzymes [89]. Heavy
metal content also exhibits toxic effects on soil
biota by affecting important microbial processes
and decreasing the number and activity of soil
microorganisms. [42] reported that the enzyme
activities are influenced in different ways by different
metals due to the different chemical affinities of the
enzymes in the soil system and each soil enzyme
exhibits a different sensitivity to heavy metals.
The order of inhibition of urease activity generally
decreased according to the sequence Cr > Cd > Zn
>Mn>Pb. Diversity and activity of soil microbes play
significant roles in the recycling of plant nutrients,
maintenance of soil structure, detoxification of
noxious chemicals and the control of plant pests and
plant growth communities are important indices of
soil quality.

It is important to investigate the functioning of soil
microorganisms in ecosystems exposed to long-
term contamination by heavy metals [107]. [3] also
reported that heavy metals exert toxic effects on soil
microorganisms hence resulting in the change in the
diversity, population size, and overall activity of the
soil microbial communities and observed that the
heavy metal (Cr, Zn and Cd) pollution influenced the
metabolism of soil microbesin all cases. In general, the
concentration of heavy metals increases in the soil it
adversely affects soil microbial properties i.e.enzyme
activity, and respiration rate, which appear to be very
useful indicators of soil contaminants.

Impact of long-term application of inorganic
fertilizers on the accumulation of heavy metals in
Vertisols

The findings of the long-term fertilizer experiment
with soybean-wheat cropping sequence in a
Vertisolsare presented in table 7 and revealed that
the hazardous heavy metals (Cd, Pb, Ni, and Cr)
and essential heavy metal (Zn, Fe, Mn, and Cu)
contents were found to accumulate significantly due
to continuous application of different agricultural
inputs (inorganic fertilizers and organic manures)
to the soil. Further, the highest contents of Cd, Pb,
and Ni were found in the treatment receiving super
optimal dose fertilizers (150% NPK through urea,
SSP, and MOP, respectively) and the lowest values
were recorded in the control plot [96].

However, the essential heavy metals (Zn Cu, Fe, and

Mn) are not limiting factors even after 35 years of
intensive cropping with continuous applications of
various inorganic fertilizers and organic manure. The
highest contents of essential heavy metals were noted
in 100% NPK+15 t FYM ha''treatment plots, which
is obviously due to annual acceleration through farm
yard manure which contributes significantly to the
availability of these essential heavy metals, followed
by 150% NPK treatments and the lowest values were
recorded in control plot [95].

Table 7: Effect of different treatments on hazardous
and essential heavy metals.

Hazardous heavy metals content (mg

Treatments kg')

Cd Pb Ni Cr
50% NPK 0.032 1.733 0.357 0.134
100% NPK 0.034 1.809 0.388 0.156
150% NPK 0.042 1.886 0.405 0.180
100% NP 0.026 1.630 0.327 0.052
100% N 0.020 1.764 0.514 0.143
100% NPK + FYM | 0.018 1.591 0.296 Trace
100% NPK - S 0.017 1.742 0.327 0.047
Control 0.018 | 1.425 0.195 Trace
CD (P = 0.05) 0.01 0.15 0.05 0.01

Essential heavy metals content (mg
Treatments kg")

Zn Fe Mn Cu
50% NPK 0.47 20.64 17.20 1.58
100% NPK 0.48 21.81 17.91 1.40
150% NPK 0.75 26.05 16.84 1.64
100% NP 0.53 28.73 19.65 1.46
100% N 0.50 19.71 12.56 1.25
100% NPK + FYM | 0.92 31.04 16.58 1.82
100% NPK - S 0.49 26.89 15.00 1.32
Control 0.42 17.04 14.19 1.18
CD (P =0.05) 0.09 2.32 1.60 0.18

Permissible limits of heavy metals content in
water,soil and plant

The accumulation of heavy metals in agricultural soil
and plants from different sources of soil contaminates,
it may deteriorate the soil quality and that can increase
risks to human health. The maximum allowable limits
ofheavy metals in irrigation water, soil, and vegetables
have been established by standard regulatory bodies
such as World Health Organization (WHO), Food
and Agricultural Organization (FAO), and Ewers U,
Standard Guidelines in Europe as shown in table 8
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Table 8: Maximum allowable limits of heavy metal in irrigation water, soils and vegetables.

Heavy metals Maximum permissible lesiel in irrigation Maxim.um I?ermissi_ble level | Maximum permissible_ level in
water (pg ml?) in soils (ug g*) vegetables (ug g')

Cadmium (Cd) 0.01 3 0.10

Lead (Pb) 0.065 100 0.30

Nickel (Ni) 1.40 50 67

Chromium (Cr) 0.55 100 -

Zinc (Zn) 0.20 300 100

Copper (Cu) 0.017 100 73

Iron (Fe) 0.50 50000 425

Manganese (Mn) 0.20 2000 500

Cobalt (Co) 0.05 50 50

Arsenic (As) 0.10 20 -

Table 9: Values of maximum allowable limits for heavy metals in different countries (mg kg™).

Element Austria Canada Poland Japan Great Britain Germany
Cadmium(Cd) 5 8 3 - 3 2
Cobalt(Co) 50 25 50 50 - -
Chromium(Cr) 100 75 100 - 50 200
Copper(Cu) 100 100 100 125 100 50
Nickel (Ni) 100 100 100 100 50 100
Lead (Pb) 100 200 100 400 100 500
Zinc (Zn) 300 400 300 250 300 300

Table 10: Heavy metals standards for compost manure solid waste.

Heavy Metals Maximum acceptable concentration (mg kg")
Zinc (Zn) 1000

Copper (Cu) 300

Nickel (Ni) 50

Cadmium (Cd) 5

Chromium (Cr) 50

Lead (Pb) 100

Arsenic (As) 10

Mercury (Hg) 0.15

[8] and maximum allowable limits of heavy metals in
different countries are presented in table 9 [73].

Standard forcompost manure solid waste

Maximum allowable limit of heavy metals and other
standards for compost manure solid waste by Central
Pollution Control Board (CPCB), (Management and
Handling) Rules 2000, MEF [8] are presented in table
10.

Remediation of contaminated soils

Remediate means to solve a problem of soil
contamination and phytoremediation means to

use plants or plant parts to solve an environmental
problem such as contaminated/polluted soils or
contaminated groundwater. The concentration of
various heavy metals in contaminated soil is strongly
influenced by the selection of the appropriate
remediation treatment approach. The contamination
of heavy metals in the soil should be characterized
by their type, amount, and distribution in the soil.
Once the site is characterized, the desired level of
each metal in the soil must be determined. Several
technologies exist for the remediation of metal-
contaminated soil [111]. The following methods
are used for the remediation of heavy metals from
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contaminated soils.
Phytoremediation

During recent years the concept of using plants to
remediate heavy metal-contaminated sites (called
phytoremediation) has received greater attention
[102] [38] ,. Phytoremediation may involve either
phytostabilization or phytoextraction (means the
use of plants to remove the contaminant from
contaminated soils). The concept of using plants
to accumulate metal for subsequent processing is
both technically and economically attractive. The
term“phytoremediation” is a Greek word phytonwhich
means plants and the Latin root remedium(to correct
or to remedy) [23] [98].It deals with the cleanup of
organic pollutants and heavy metal contaminants
using plants and rhizospheric microorganisms.
Different definitions of phytoremediation are given
by the different scientist which is presented in table
11.

Table 11: Definition of phytoremediation.

Definition of phytoremediation Researchers

The use of plants to improve degraded envi-

ronments [63]

The use of plants, including trees and grasses,
to remove, destroy or sequester hazardous
contaminants from media such as air, water,
and soil

[72] [25]

The use of plants to remediate toxic chem-
icals found in contaminated soil, sludge,
sediment, groundwater, surface water, and
wastewater

(76]

An emerging technology using specially
selected and engineered metal accumulating
plants for environmental cleanup

(52]

The use of vascular plants to remove pollut-
ants from the environment or to render them
harmless

(11]

The engineered use of green plant to remove,
contain, or render harmless such environ-
mental contaminants as heavy metals, trace
elements, organic compounds, and radioac-
tive compounds in soil or water. This defini-
tion includes all plant-influenced biological,
chemical, and physical processes that aid in
the uptake, sequestration, degradation, and
metabolism of contaminants, either by plants
or by the free-living organisms that constitute
the plant rhizosphere

(33]

Phytoremediation is the name given to a set
of technologies that use different plants as

a containment, destruction, or extraction
technique. Phytoremediation is an emerg-
ing technology that uses various plants to
degrade, extract, contain, or immobilize
contaminants from soil and water

Phytoremediation in general implies the use
of plants (in combination with their associ-
ated microorganisms) to remove, degrade, or
stabilize contaminants

The phytoremediation technology is eco-friendly
and an efficient means for the restoration of polluted
environments especially those of heavy metals.
Nonetheless, the level of soil contamination, the
quantity of metal contaminant in the soil, as well as the
ability of plants to aggressively take up metals from the
soil, determine the success of phytoremediation at any
polluted site. Plants utilized in phytoremediation are
the hyper-accumulators with very high heavy metal
accumulation potential and little biomass efficiency,
and non-hyper-accumulators, which possess lesser
extraction capacity than hyper-accumulators, but
whose total biomass yield is substantially higher and
are fast-growing species (Figure 2).

Phytovolatilization

Phytodegradation
Phytostabilization

Figure 2: Phytoremediation strategies [70]

Heavy metals uptake mechanism through
phytoremediation
Generally, phytoremediation is an emerging

technology using selected plants to clean up
the contaminated environment from hazardous
contaminants to improve the environment quality.
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The uptake mechanisms of both organic and inorganic
contaminants through phytoremediation technology
are illustrated in Figures 3 and 4. Forthe remediation
of organic contaminants phytostabilization,
rhizodegradation, rhizofiltration, phytodegradation,
and phytovolatilization technology are used and
these mechanisms are not able to be absorbed
into the plant tissue. However, for the inorganic
contaminants, phytostabilization, rhizofiltration,
phytoaccumulation, and phytovolatilization
mechanisms can be involved for the remediation of
contaminated soils. Phytoremediation is currently
divided into following areas [23] [99] :-

Phytoextraction: Phytoextraction is the process of
removal or extraction of heavy metal into harvestable
plant tissues from contaminated soils. The uptake/
absorption and translocation of heavy metal
contaminants through plant roots into the plant
shoots (above-ground portions of the plants) which
can be harvested and burned. For example, some
plant species i.e. Suterafodina, Dicomaniccolifera,
and Leptospermum Scoparium have been reported
to accumulate Cr content to high concentrations in
their tissues.

Phytostabilisation: The use of certain plant species
to immobilize the heavy metal contaminants from
the soil and groundwater through absorption and
accumulation in plant tissues. These contaminate are
adsorbed onto roots or precipitation within the root
zone that can be preventing their migration in soil, as
well as their movement by erosion and deflation.

Rhizofiltration: The use of plant roots to remove
heavy metal contaminants from contaminated water
[22]. Rhizofiltrationis the process of adsorption or
precipitation onto plant roots or absorption into and
sequesterization in the roots of contaminants that are
in solution surrounding the root zone by constructed
wetland for cleaning up communal wastewater. A
high level of Pb deposition is seen in corn root tips as
revealed by histochemical and electron microscopy
studies. [53] also showed that corn plants treated
with 10° M Pb accumulated 138, 430 mg of Pb per
kg of dry weight in root tips compared to 26,833
mg in the root basal part. Since the first 8 mm of
the apical root accounts for approximately 50% of
the Pb accumulated by the entire root system [53],
it appears that the plant with a more branched root
system will take up more Pb and other heavy metals
compared to plants with longer and less branched
root systems. Generally, aquatic plants are growing

in contaminated water. Examples- Scirpuslecusteris,
Phragmiteskarka and Bacopamonnieri.

Organic
Contaminants

Inorganic

Madiam Contaminants

= Phytovolatilization ~ Atmosphere  Phytovolatilization o)

Remed |« Phytodegradation Plant Phytoaccumulation | Remed

iated Phytoextraction )| iated

conta conta

minant |¢ Rhyzofiltration Rhizofiliration )| minant
(o Rhizodegradation Soil

¢=1 Phytostabilization Phytostabilization =

Contammated Media

Figure 3: Uptake mechanisms on phytoremediation
technology [37].

Phytovelatilization

IRIRINIRINN)

Phytoaccumulation/
phytoextraction

e

«— Phytodegradation
—_—

[IRIRIRIRIRIRINTE

Contaminants uptake

Figure 4: Phytoremediation technology foruptake
otheavy metal by the plants [93].

Phytovolatilization: It refers to the uptake and
transpiration of contaminants, primarily organic
compounds, by plants. The contaminant, present in
the water taken up by the plant, passes through the
plant or is modified by the plant, and is released to the
atmosphere (evaporates or vaporizes).In this method
growing of trees and other plants take up water along
with the contaminants. Heavy metal contaminants
can pass through the plants to the leaves and
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volatilize into the atmosphere at comparatively low
concentrations.

Phytodegradation: Use of plants and associated
micro-organisms to degrade organic pollutants.
The contaminants can be absorbed by the root
to be subsequently stored or metabolised by the
plant. Degradation of contaminants in the soil by
plant enzymes exuded from the roots is another
phytoremediation mechanism [58]. For many
contaminants, passive uptake via micro-pores in the
root cell walls may be a major route into the root,
where degradation can take place [33].

Hyperaccumulation: In this method different plant
species is classified as hyperaccumulator when it takes
heavy metals against their concentration gradient
between the soil solution and cell cytoplasm, thus
acquiring capacity of accumulating a very high metal
concentration in tissues without much difficulty in
carrying out growth and metabolic functions. Some
important heavy metal hyper accumulators are given
below. The data of the bioaccumulation coeflicient
of various brassica species are presented in table 12
which is used as indicator for hyper accumulation
[10].

Table 12: Bioaccumulation coefficients of various
Brassica species at maturity stage.

Species Heavy metals (mg kg')

Zn Cu Ni Pb
B. juncea 6.83 3.08 3.21 12.86
B. compestris 12.48 2.59 13.61 2.56
B. carinata 11.89 1.94 12.30 17.72
B. napus 9.87 1.14 8.98 9.37
B. nigra 6.56 2.04 8.66 7.94

o Brassica juncea (mustard)
o Streptanthuspolygaloides Gray (Brassicaceae)

o Silene spp. (Cryophyllaceae) - S. vulganis, S.
burchelli, S. cobaltica, S. nflata, S. diocia — These
varieties of silene produce the highest dry matter
yield and also remediate > 10000 ppm Ni from
the polluted soils.

o Thilaspi spp. (Brassicaceae) - T. cacrulescens, T.
montanum, T. ochlecum.

o Alyssum spp. (Brassicaceae) -A. argentum, A.
corsicum, A. euboeum, A. heldrechii, A. murale, A.
cnium, A. troodii [5]

Advantages of phytoremediation technology
The technology is less disruptive than current
techniques

o The effectiveness in contaminant reduction

o It is low-cost technology as compared to other
treatment methods.

« Itisapplicable to a wide range of contaminants

o It is environmentally friendly and aesthetically
pleasing to the public.

o It works on a variety of organic and inorganic
compounds.

o It can be either in situ / ex-situ.

« This technology is very easy to implement and
maintain.

o It reduces the number of wastes to be landfilled.
Limitation of phytoremediation technology

o The time-consuming method (may take several
years to remediate).

o The amount of produced biomass.

o Restricted to sites with shallow contamination
with the rooting zone.

« The impacts of contaminated vegetation
« It may depend on the climatic condition.

Possible effect on the food chain.

Chelation

Results from chelation experiments indicate that
Pb concentration in the shoot can be increased
dramatically when the soil Pb concentration is
increased by adding a synthetic chelate to the
contaminated soil. Synthetic chelate EDTA forms
a soluble complex with many metals, including Pb
[47], and can solubilize Pb from soil particles [102].
Application of EDTA to Pb-contaminated soils has
been shown to induce the uptake of Pb by plants
causing Pb to accumulate more than 1% (w/w) of
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the shoot dry biomass [34] [35]. Large Pb particles
cannot easily cross the casparian strip due to their
size and charge characteristics but once they form a
complex with chelators such as EDTA, their solubility
increases, the particle size decreases, and they become
partially ‘invisible’ to those processes that would
normally prevent their unrestricted movement such
as precipitation with phosphates and carbonates, or
binding to the cell wall through mechanisms such as
cation exchange [38]. It is important to point out that
the addition of chelates to the soil has to be done in
a carefully controlled manner so as not to mobilize
Pb into groundwater or otherwise promote its off-site
migration [35].

Soil scraping

Replacement of the uppermost contaminated soil
(0-15 cm depth) from the cultivated field has been
possible. The maximum amount of lead was absorbed/
adsorbed by soil in clay-humus complexes. By
scraping of contaminated soil highest quality heavy
metals can be removed from the soil and become
suitable from growing crops. One to two times further
cleaning by phytoremediation or rhizofiltration leads
to the remove the traces amount of heavy metals from
soil and then crop produce becomes edible for animal
consumption.

Conclusion

Environmental pollution through heavy metal
ions is the current world growing problem. It is
increasing due to the increase in urbanization and
industrialization. Soil is the final sink for most
of the contaminants/pollutants. The discharge of
heavy metal ions as a byproduct of various human
activities are accompanied with large-scale water and
soil pollution. These contaminants reduce microbial
activitiesand ultimately deteriorate thesoil quality. The
toxicity of heavy metals in plants shows by a reduction
in growth due to changes in their physiological and
biochemical activities. The remediation of heavy
metals from contaminated soils is necessary to
reduce the associated risks or available resources for
agricultural production and human health. In this
context, phytoremediation technology is frequently
listed among the best available technologies for
cleaning up heavy metal-contaminated soils. The
phytoremediation and rhizofiltration technology
is used to extract or removal of pollutants (heavy
metals) from contaminated soil and water. Thus, this
technology is environmental friendly and potentially

cost-effective.

References

(1]

[9.]

Abedin M. J., J. Cotter-Howells, and A. A. Meharg,
“Arsenic uptake and accumulation in rice (Oryza
sativa L.) irrigated with contaminated water,” Plant
and Soil, vol. 240, no. 2, pp. 311-319, 2002.

Alloway BJ (1995) Heavy Metals in Soils. Second
edition, Chapman and Hall India, Australia.

Ashraf R. and Ali T.A.,, Effect of heavy metals on
soil microbial community and mung beans seed
germination. Pakistan Journals of Botany, 39 (2),
629-636 (2007).

Asrar Z., R. A. Khavari-Nejad, and H. Heidari,
“Excess manganese effects on pigments of
Menthaspicataat flowering stage,” Archives of
Agronomy and Soil Science, vol. 51, no. 1, pp. 101-
107,2005.

Baker AJM, McGrath SP, Reeves RD and Smith
JAC (2000) Metal hyper accumulator plants, pp.
85-107. Lewis publisher, Boca Raton, FL. (USA).

Barsukova V. S. and O. 1. Gamzikova, “Effects of
nickel surplus on the element content in wheat

varieties contrasting in Ni resistance,” Agrokhimiya,
vol. 1, pp. 80-85, 1999.

Basta NT, Ryan JA and Chaney RL (2005) Trace
element chemistry in residual-treated soil: key
concepts and metal bioavailability. Journal of
Environmental Quality, 34(1): 49-63.

Behera PK (2007) Plant Compost-Manure and
Agrochemicals Analysis: A laboratory Manual Vol.
II, Dominant Publishers & Distributors.

Bell, F. G, Bullock, S. E. T., Halbich, T. F. J. and
Lindsay, P.  2001. Environmental impacts
associated with an abandoned mine in the Witbank
Coalfield South Africa. Int. J. Coal Geol. 45: 195-
216.

BhadrawajS, PurakayasthaT], Thuslari V, Chhonkar
PK and Adhikary PP (2004) Hyper — accumulating
capacities of different species of Brassica for heavy
metals. Pro. Nat. Con. Restablishing soil security
through Bioremediation, Nat. Environ. Engg. Res.
Ins., Nagpur, India pp. 9.

Bhattacharya T, Banerjee DK, and Gopal B (2006)
Heavy metal uptake by ScirpuslittoralisSchrad.
from fly ash dosed and metal spiked soils.

71

© 2022 AATCC Review. All Rights Reserved.



S. Sarvade et al., / AATCC Review (2022)

EnvironmentalMonitoring and Assessment, vol. [22.] Dushenkov V Kumar PBAN, Motto H and Raskin I
121, no. 1-3, pp. 363-380. (1995) Rhizoflitration : the use of plants to remove
heavy metals from aqueous stream. Environ. Sci.
[12.] Bjuhr J., Trace Metals in Soils Irrigated Technol. 29 : 1239-1245.
with  Waste Water in a Periurban Area
Downstream Hanoi City, Vietnam, Seminar  [23.] Erakhrumen A and Agbontalor A (2007) Review
Paper, Institutionenf ormarkvetenskap, Phytoremediation: an environmentally sound
Sverigeslantbruksuniversitet ~ (SLU),  Uppsala, technology for pollution prevention, control and
Sweden, 2007. remediation in developing countries. Educational
Research and Review, 2(7): 151-156.
[13.] Blaylock M. J. and J.W. Huang, “Phytoextraction of
metals,” in Phytoremediation of Toxic Metals: Using ~ [24.] Flanagan FS (1969) GeochimcosmochiActa33: 81-
Plants to Clean up the Environment, 1. Raskin and 120.
B.D. Ensley, Eds., pp. 53-70, Wiley, New York, NY,
USA, 2000. [25] Foy CD, Chaney RL and White MC (1978) A
review Plant Physiology. 29 : 511.
[14.] Buekers J., Fixation of cadmium, copper, nickel
and zinc in soil: kinetics, mechanisms and its  [26.] Garbisu C and Alkorta I (2001) Phytoextraction:
effect onmetal bioavailability, Ph.D. thesis, a cost-effective plant-based technology for
KatholiekeUniversiteitLueven, 2007. the removal of metals from the Environment.
Bioresource Technology, 77(3) : 229-236.
[15.] Burton KW, Morgan E and Roig A (1984) The
influence of heavy metals on the growth of sitka ~ [27.] Gaur A and Adholeya A (2004) Prospects of
- spruce in South Wales forests. II green house arbuscularmycorrhizal fungi in phytoremediation
experiments. Plant Soil,78 : 271-282. of heavy metal contaminated soils. Current Science,
86(4) : 528-534.
[16.] Chibuike G. U. and S. C. Obiora (2014). Heavy
Metal Polluted Soils: Effect on Plants and [28.] Ginneken L Van, Meers E and Guisson R. et
Bioremediation Methods. Hindawi Publishing al. (2007) Phytoremediation for heavy metal-
Corporation, Applied and Environmental Soil contaminated soils combined with bioenergy
Science, Volume 2014, Article ID 752708, 12 pages production. Journal of Environmental Engineering
and Landscape Management. 15(4): 227-236.
[17.] CookC.M., A.Kostidou, E. Vardaka, and T. Lanaras,
“Effects of copper on the growth, photosynthesis ~ [29.] Gisbert C, Ros R, de Haro A, Walker D], Pilar
and nutrient concentrations of Phaseolusplants,” Bernal M, Serrano R and Avino JN (2003) A
Photosynthetica, vol. 34, no. 2, pp. 179-193, 1997. plant genetically modified that accumulates Pb
is especially promising for phytoremediation.
[18.] DAmoreJ. ], S. R. Al-Abed, K. G. Scheckel, and J. Biochem. Biophys. Res. Commun., 303(2):440-445.
A. Ryan, “Methods for speciation of metals in soils:
areview; Journal of Environmental Quality, vol. 34,  [30.] Gupta Swati, Thakur Risikesh and SahuMamta
no. 5, pp. 1707-1745, 2005. (2007) Cadmium as a Pollutant in Environment
and Agriculture. Journal of Industrial Pollution
[19.] Djingova R. and 1. Kuleff, “Instrumental Control, 23(2): 351-356.
techniques for trace analysis,” in Trace Elements:
Their Distribution and Effects in the Environment, . [31.] He ZL, Yang XE, Stoffella PJ. Trace elements in
P. Vernet, Ed., Elsevier, London,UK, 2000. agroecosystems and impacts on the environment.
Journal of Trace Elements in Medicine and Biology.
[20.] Doncheva S., K.Georgieva,V.Vassileva, Z. 2005;19(2-3):125-140
Stoyanova,N. Popov, and G. Ignatov, “Effects of
succinate on manganese toxicity in pea plants,’ [32.] HerawatiN, Suzuki S, Hayashi K, Rivai IF, Koyoma
Journal of Plant Nutrition, vol. 28, no. 1, pp. 47-62, H. Cadmium, copper and zinc levels in rice and soil
2005. of Japan, Indonesia and China by soil type. Bulletin
of Environmental Contamination and Toxicology.
[21.] Doncheva S., Z. Stoynova, and V. Velikova, 2000;64:33-39
“Influence of succinate on zinc toxicity of pea
plants,” Journal of Plant Nutrition, vol. 24, no. 6,pp. ~ [33.] Hinchman RR, Negri MC and Gatliff EG (1998)
789-804, 2001. Phytoremediation: using green plants to clean up
contaminated soil, groundwater, and wastewater.
72 © 2022 AATCC Review. All Rights Reserved.



S. Sarvade et al., / AATCC Review (2022)

[36.]

[38.]

[40.]

Argonne  National Laboratory Hinchman,
Applied Natural Sciences, Inc, 1995, http://www.
treemediation.com/Technical/Phytoremediation
1998.pdf.

Huang JW, Chen ] Berti WR, Cunningham SD
(1997) Phytoremediation oflead-contaminated Soil
: role of synthetic chelates in lead phytoextraction.
Environ. Sci. Technol. 31 : 800-805.

Huang JW, Cunningham SD (1996) Lead
Phytoextraction : species variation in lead uptake
and translocation. New Phytol. 134 : 75-84.

Hussain A., N. Abbas, F. Arshad et al., “Effects
of diverse doses of lead (Pb) on different growth
attributes of Zea mays L., Agricultural Sciences,
vol. 4, no. 5, pp. 262-265, 2013.

ITRC - Interstate Technology and Regulatory
Council (2009), Phytotechnology Technical and
Regulatory (2009). Guidance and Decision Trees,
2009, http://www.itrcweb.org/guidancedocument.
asp?TID=63.

Jarvis MD and Leung DWM (2002) Chelated lead
transport in Pinusradiata : an ultrastructural study.
Environ, Exp. Bot. 48 : 21-32.

Jiang W., D. Liu, andW.Hou, “Hyperaccumulation
of cadmium by roots, bulbs and shoots of garlic,”
Bioresource Technology, vol. 76, no. 1, pp. 9-13,
2001.

Jones LHP and Jarvis SC (1981) The fate of heavy
metals. in The Chemistry of Soil Processes, D. ].
Green and M. H. B. Hayes, Eds., p. 593, JohnWiley&
Sons, New York, NY, USA.

Kabata-Pendias A (2001) Trace Elements in Soils
and Plants, 3rd Ed. CRC Press, Boca Raton, Florida.

Karaca A., Cetin, S.C., Turgay O.C., Kizilkaya
R.(2010). Effects of Heavy Metals on Soil Enzyme
Activities. In: I. Sherameti and A. Varma (Ed), Soil
Heavy Metals, Soil Biology, Heidelberg 19, pp 237-
265.

Khan S, Cao Q, Zheng YM, Huang YZ and Zhu YG
(2008) Health risks ofheavy metalsin contaminated
soils and food crops irrigated with wastewater in
Beijing, China,” Environmental Pollution. 152(3) :
686-692.

Kibra M. G., “Effects of mercury on some growth
parameters of rice (Oryza sativa L.); Soil &
Environment, vol. 27, no. 1, pp. 23-28, 2008.

[45.]

[47.]

[49.]

Knox AS, Gamerdinger AP, Adriano DC, Kolka
RK and Kaplan DI (1999) Sources and Practices
Contributing to Soil Contamination. In: Adriano,
D.C., Bollag, ]J.M., Frankenberg, W.T.Jr, Sims,
R.C. (Eds.), Bioremediation of the contaminated
Soils. Agronomy Series No. 37, ASA, CSSA, SSSA,
Madison, Wisconson, USA, p.53-87.

Kozdréj J and van Elsas JD (2001) Structural
diversity of microbial communities in arable soils
of a heavily industrialized area determined by
PCR-DGGE finger printing and FAME profiling.
Appl. Soil Ecol., 17(1):31-42.

Kroschwitz JI (1995) Iron compounds In
:Kroschwitz JI (ed), Kirk-OthmerEncycolopedia
of Chemical Technology, Ed 4, pp. 887888. John
Wiley and Sons, New York, USA.

Kurek E and Bollag JM (2004) Microbial
immobilization of cadmium released from CdO in
the soil. Biogeochemistry, 69(2):227-239.

Lasat MM (2000) Phytoextraction of metals from
contaminated soil: a review of plant/soil/metal
interaction and assessment of pertinent agronomic
issues. Journal of Hazardous Substance Research,
2(5) : 1-25.

Levy D. B., K. A. Barbarick, E. G. Siemer, and L.
E. Sommers, “Distribution and partitioning of
trace metals in contaminated soils near Leadville,
Colorado,” Journal of Environmental Quality, vol.
21, no. 2, pp. 185-195, 1992.

Lin Y.C. and Kao C.H., “Nickel toxicity of rice
seedlings: Cell wall peroxidase, lignin, and
NiSO4-inhibited root growth,” Crop, Environment
Bioinformatics, vol. 2, pp. 131-136, 2005.

Liu D, Jiang W, Liu C, Xin C, and Hou W (2000)
Uptake and accumulation of lead by roots,
hypocotyls and shoots of Indian mustard [Brassica
juncea (L.)]. Bioresource Technology, 71(3): 273-
277.

Malkowski E, Kita A, Galas W, Karez W and
Michael K (2002) Lead distribution in corn
seedlings (Zea mays L.) and its effect on growth
and the concentration of potassium and calcium.
Plant Growth Regul. 37 : 69-76.

Manivasagaperumal R., S. Balamurugan, G.
Thiyagarajan, and J. Sekar (2011). Effect of zinc
on germination, seedling growth and biochemical
content of cluster bean (Cyamopsistetragonoloba(L.)
Taub),” Current Botany, vol. 2, no. 5, pp. 11-15.

73

© 2022 AATCC Review. All Rights Reserved.



S. Sarvade et al., / AATCC Review (2022)

[55.] Mattigod SV and Page AL (1983) Assessment of  [65.] Nematshahi N., M. Lahouti, and A. Ganjeali
metal pollution in soil,” in Applied Environmental (2012). “Accumulation of chromium and its effect
Geochemistry, pp. 355-394, Academic Press, on growth of (Allium cepacv. Hybrid),” European
London, UK. Journal of Experimental Biology, vol. 2, no. 4, pp.

969-974.

[56.] McLaren RG, Clucas LM and Taylor MD (2005)

Leaching of macronutrients and metals from [66.] Nriagu JO and Pacyna JM (1988) Quantitative
undisturbed soils treated with metal-spiked assessment of worldwide contamination of air water
sewage sludge. 3. Distribution of residual metals. and soils by trace metals. Nature, 333(6169):134.
Australian Journal of Soil Research, 43(2): 159-170.

[67.] Panda S. K. and H. K. Patra, “Nitrate and

[57.] McLaughlin MJ, Hamon RE, McLaren RG, Speir ammonium ions effect on the chromium toxicity
TW, and Rogers SL (2000) Review: a bioavailability- in developing wheat seedlings,” Proceedings of the
based rationale for controlling metal and metalloid National Academy of Sciences, India, vol. 70, pp.
contamination of agricultural land in Australia and 75-80, 2000.

New Zealand. Australian Journal of Soil Research,
38(6): 1037-1086. [68.] Passariello, B., Giuliano, V., Quaresima, S.,
Barbaro, M., Caroli, S., Forte, G., Garelli, G and

[58.] Merkl N, Schultze-Kraft R, and Infante C (2005) TIavicoli, 1.2002 Evaluation of the environmental
Phytoremediation in the tropics—influence contamination at an abandoned mining site.
of heavy crude oil on root morphological Microchem. J. 73: 245-250.
characteristics of graminoids. Environmental
Pollution. 138(1): 86-91. [69.] Patterson, JBE (1971) In “Trace Elements in soil

and crop, “MAFF Tech. Bull. No. 21, pp. 193-207.

[59.] Mishra A and Choudhari MA (1998) Amelioration HMSO.
oflead and mercury effects of germination and rice
seedling growth by antioxidants. Biol. Plant. 41: ~ [70.] Paulo].C. Favas, JoaoPratas, MayankVarun, Rohan
469. D’Souza and Manoj S. Paul (March 26th 2014).

Phytoremediation of Soils Contaminated with

[60.] Mishra Rajesh Kumar, Naseer Mohammad and Metals and Metalloids at Mining Areas: Potential
N. Roychoudhury (2016). Soil pollution: Causes, of Native Flora, Environmental Risk Assessment of
effects and control. Van Sangyan, Vol. 3 (01) : 1 - Soil Contamination, Maria C. Hernandez-Soriano,
14. IntechOpen, DOI: 10.5772/57469.

[61.] Mora A.P, Calvo ].J.O., Cabrera F. and Madejon [71.] Pehlivan E, O zkan A M, Dinc S and Parlayici
E., Changes in enzyme activities and microbial S (2009). Adsorption of Cu®* and Pb** ion on
biomass after “in situ” remediation of a heavy dolomite powder. Journal of Hazardous Materials,
metal-contaminated soil. Applied Soil Ecology, 28, 167(1-3) : 1044-1049.

125-137 (2005).
[72.] Prasad MNV and De Oliveira Freitas HM (2003)

[62.] Moral R, I. Gomez, J. N. Pedreno, and J. Metal hyper accumulation in plants—biodiversity
Mataix, “Absorption of Cr and effects on prospecting for phyto remediation technology.
micronutrient content in  tomato  plant Electronic Journal of Biotechnology, 6(3): 110-146.
(LycopersicumesculentumM.),”  Agrochimica, vol.
40,no. 2-3, pp. 132-138, 1996. [73.] Rattan RK, Datta SP, Chandra S and Saharan N

(2002) Heavy metals and environmental quality -

[63.] Moreno FN, Anderson CWN, Stewart RB and Indian scenario. Fertilizer News 47 (11) : 21-26 &
Robinson BH (2008).Phytofiltration of mercury- 29-40.
contaminated water: volatilisation and plant-
accumulation  aspects.  Environmental —and  [74.] Raven and Loeppert (1997) United State
Experimental Botany, 62(1): 78-85. Environmental Protection Agency in North

Carolina, New York.

[64.] Moustakas M., T. Lanaras, L. Symeonidis, and S.

Karataglis, “Growth and some photosynthetic ~ [75.] Reed S. C., R. W. Crites, and E. J. Middlebrooks,
characteristics of field grown Avena sativa under Natural ~ Systems  forWasteManagement — and
copper and lead stress,” Photosynthetica, vol. 30, Treatment, McGraw-Hill, New York, NY, USA, 2nd
no. 3, pp. 389-396, 1994. edition, 1995.

74 © 2022 AATCC Review. All Rights Reserved.



S. Sarvade et al., / AATCC Review (2022)

[76.] Rodriguez L, Lopez-Bellido FJ], Carnicer A, Recreo “Manganese nutrition effects on tomato growth,
E Tallos A and Monteagudo JM (2005) Mercury chlorophyll  concentration, and superoxide
recovery from soils by phytoremediation. Book of dismutase activity;, Journal of Plant Physiology, vol.
Environmental Chemistry, pp. 197-204, Springer, 161, no. 2, pp. 197-202, 2004.

Berlin, Germany.
[87.] Sheoran I. S., H. R. Singal, and R. Singh, “Effect

[77.] Roy S, Labelle S and Mehta P (2005) of cadmium and nickel on photosynthesis and
Phytoremediation of heavy metal and PAH- the enzymes of the photosynthetic carbon
contaminated brown field sites. Plant and Soil, reduction cycle in pigeonpea (CajanuscajanL.);
272(1-2) : 277-290. Photosynthesis Research, vol. 23, no. 3, pp. 345-351,

1990.

[78.] Sarvade S, MishraHS, KaushalRChaturvediSand
TewariS. 2014. Wheat (Triticumaestivum L.) yield [88.] Sheppard, S. C. (1992). Summary of phytotoxic
and soil properties as influenced by different agri- levels of soil arsenic. Wat. Air Soil Pollut. 64, 539
silviculture systems of Terai Region, Northern 550.

India. International Journal of Bio-resource and
Stress Management. 2014, 5(3):350-355. [89.] Shun-hong H., Bing P, Zhi-hui Y. Li-yuan C,
and Li-cheng Z.(2009).Chromium accumulation,

[79.] Sarvade S, Gautam DS, Upadhyay VB, Sahu RK, microorganism population and enzyme activities
Shrivastava AK, Rajesh Kaushal, Rahul Singh and in soils around chromium-containing slag heap
AG Yewale. 2019b. Agroforestry and soil health: an of steel alloy factory. Transactions of Nonferrous
overview. In: Agroforestry for Climate Resilience Metals Society of China, 19, 241-248.
and Rural Livelihood, Eds: InderDev, Asha Ram,

Naresh Kumar, Ramesh Singh, Dhiraj Kumar, [90.] Silveira MLA, Alleoni LRF and Guilherme LRG
A.R. Uthappa, A.K. Handa and O.P. Chaturvedi. (2003) Biosolids and heavy metals in soils. Scientia
Scientific Publishers. Jodhpur (Raj.). PP- 275- 297. Agricola, 60(4): 64-111.

[80.] Schmidt U (2003) Enhancing phytoextraction: the [91.] Speira T.W., Kettlesb H.A., Percivalc H.J.
effect of chemical soil manipulation on mobility, andParshotam A.(1999). Is soil acidification the
plant accumulation and leaching of heavy metals. cause of biochemical responses when soils are
Journal of Environmental Quality, 32(6): 1939- amended with heavy metal salts? Soil Biology and
1954. Biochemistry, 31, 1953-1961.

[81.] Schwartz C, Echevarria G and Morel JL [92.] Sumner ME (2000) Beneficial use of effluents,
(2003) Phytoextraction of cadmium with wastes, and biosolids. Communications in Soil
Thlaspicaerulescens. Plant Soil, 249(1):27-35. Science and Plant Analysis, 31(11-14):1701-1715.

[82.] Schwartz, C., Gerard, E., Perronnet, K andMorel,  [93.] Tangahu BV, Abdullah SRS, Basri H, Idris M,
J. L.2001. Measurement of in situphytoextraction Anuar N and Mukhlisin M. 2011. A Review on
of zinc by spontaneousmetallophytes growing on a heavy metals (As, Pb, and Hg) uptake by plants
former smelter site. Sci. Total Environ. 279: 215- through phytoremediation. International Journal
221. of Chemical Engineering. 2011: 1-31.

[83.] Seregin IV and Ivaniov VB (2001) Physiological ~ [94.] Tinker PB (1986) Journal of the Indian Society of
aspects of cadmium and lead toxic effects on higher Soil Science, 37, 587-601.
plants. Russ. J. Plant Physiol. 48: 606-630.

[95.] Thakur Risikesh, Kauraw D.L. and Singh

[84.] ShankerArunK., Carlos Cervantes, Herminial.oza- Muneshwar (2011). Profile Distribution of
Tavera, S. Avudainayagam (2005). Chromium Micronutrient Cations in a Vertisolas Influenced by
toxicity in plants. Environment International 31 Long Term Application of Manure and Fertilizers.
(2005) 739- 753. Journal of the Indian Society of Soil Science 59 (3) :

239-244.

[85.] Shekar C. H. C., D. Sammaiah, T. Shasthree, and K.

J. Reddy, “Effect of mercury on tomato growthand ~ [96.] Thakur Risikesh, Sawarkar S.D., Kauraw D.L.

yield attributes,” International Journal of Pharma and Vaishya UK. (2009). Effect of Continuous

and Bio Sciences, vol. 2, no. 2, pp. B358-B364, 2011. Application of Different Agricultural Nutrient
Inputs on Distribution of Heavy Metals Cadmium,

[86.] Shenker M., O. E. Plessner, and E. Tel-Or, Lead and Nickel Content in Profiles of a Vertisol.
75 © 2022 AATCC Review. All Rights Reserved.



S. Sarvade et al., / AATCC Review (2022)

[100.]

[101.]

[102.]

[103.]

[104.]

[105.]

JNKVV Researchjournal, 43 (2): 169 — 173.

Tu, C., and Ma, L. Q. (2002). Effects of arsenic
concentrations and forms on arsenic uptake by the
hyperaccumulator ladder brake. J. Environ. Qual.
31, 641-647.

USEPA - US Environmental Protection Agency
(2000) Introduction to Phytoremediation,”
National Risk Management Research Laboratory,
EPA/600/R-99/107, http://www.clu-in.org/
download/remed/introphyto.pdf.

USEPA - US Environmental Protection Agency
(2005) Use of Field-Scale Phytotechnology, for
Chlorinated Solvents, Metals, Explosives, and
Propellants, and Pesticides Phytotechnology
Mechanisms. Solid Waste and Emergency Response
(5102G), EPA 542-R-05-002. http://www.clu-in.
org/download/remed/542-r-05-002.pdf.

USEPA (1994) A plain English guide to the EPA
part 503 biosolids rule. USEPA Rep. 832/R-93/003,
USEPA, Washington, DC, USA.

USEPA, Report: recent Developments for In Situ
Treatment of Metals contaminated Soils, U.S.
Environmental Protection Agency, Office of Solid
Waste and Emergency Response, 1996.

Vassil AD, Kapulnik Y, Raskin I and Sait DE
(1998) The role of EDTA in lead transport and
accumulation by Indian mustard. Plant Physiology,
117(2): 447 453,

Verma S and Dubey RS (2003) Lead toxicity
induces lipid peroxidation and alters the activities
of antioxidant enzymes in growing rice plants.
Plant Sci. 164: 645-655.

Vine JD and Tourlet EB (1970) Eco. Ecology, 65:
253-272.

Walsh, L. M., and Keeney, D. R. (1975). Behaviour
and phytotoxicity of inorganic arseninicals in soils.
In “Arsenical Pesticides” (E. A. Woolson, Ed.). pp.
35-53. Am. Chem. Soc. Washington, DC.

[106.]

[107.]

[108.]

[109.]

[110.]

[111.]

[112.]

[113.]

Wang M., J. Zou, X. Duan, W. Jiang, and D. Liu,
“Cadmium accumulation and its effects on
metal uptake in maize (ZeamaysL.),” Bioresource
Technology, vol. 98, no. 1, pp. 82-88, 2007a.

Wang Y. P, Shi J.Y., Wang H., Li, Q., Chen X.C.
and Chen Y.X.(2007b). The influence of soil heavy
metals pollution on soil microbial biomass, enzyme
activity, and community composition near a
copper smelters. Ecotoxicology and Environmental
Safety, 67, 75-81.

Wang, J. R., Zhao, E. ], Meharg, A. A., Raab,
A., Feldmann, J., and McGrath, S. P. (2002).
Mechanisms of arsenic hyperaccumulation in
Pterisvittata: Uptake kinetics, interactions with
phosphate, and arsenic speciation. Plant Physiol.
130, 1552-1561.

Weggler K, McLaughlin M]J and Graham RD
(2004) Effect of Chloride in Soil Solution on the
Plant Availability of Biosolid-Borne Cadmium,’
Journal of Environmental Quality, 33(2): 496-504,
2004.

Wolfgang W and Dohler H (1995) Schwermetalle
in der landirschaft (Heavy metals in agri.).
Kuratorium for technik. and Bauwesen in der
landwisrschfte. V., Dramstadt. Garmany.

Wuana Raymond A and Okieimen Felix E (2011)
Review Article on Heavy Metals in Contaminated
Soils: A Review of Sources, Chemistry, Risks and
Best Available Strategies for Remediation. ISRN
Ecology, Article ID 402647, pp 20.

Yourtchi M.S. and H. R. Bayat, “Effect of cadmium
toxicity on growth, cadmium accumulation and
macronutrient content of durum wheat (Dena
CV.),” International Journal of Agriculture and Crop
Sciences, vol. 6, no. 15, pp- 1099-1103, 2013.

Zhang MK, Liu ZY and Wang H (2010) Use of
single extraction methods to predict bioavailability
of heavy metals in polluted soils to rice,
Communications in Soil Science and Plant Analysis.
41(7): 820-831.

76

© 2022 AATCC Review. All Rights Reserved.



