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Heavy metal content in agricultural soils around an industrial city
and their remediation using legume and leafy plants
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Concerns over food safety and possible health risks have made metal pollution in agricultural soils a growing
problem. Plants can accumulate heavy and trace metals from various sources, although soil is considered a primary
source. The main route by which heavy metals enter the human body is by consuming edible plant parts containing
these metals, which may cause various diseases. Consuming plant parts that contain heavy metals, which can lead
to a variety of ailments, is one of the main ways that these metals can get into the human body. The purpose of
the study was to evaluate the phytoextraction potential of four plants-cowpea, moth bean, malabar spinach, and
red amaranth, and look into the content of various metals in agricultural soil. The pot experiment was conducted
for 12 weeks. Seven common heavy metals, cadmium, cobalt, chromium, copper, nickel, lead, and zinc, were
analyzed in the soil and plants. Plant samples were analyzed separately for their roots, stems, leaves, and seeds.
The findings demonstrated that all metal concentrations in plants, with the exception of lead, were below the World
Health Organization / Food and Agriculture Organization recommended level. All of the plants had Pb levels above
allowable limits, which may be a possible carcinogen. Furthermore, Pb’s carcinogenic potential in all edible plant
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parts was above the USEPA’s recognized risk. Thus, the carcinogenic risk of Pb is a concern for the study area.

1. INTRODUCTION

The environment contains trace metals due to both natural and man-
made processes. The primary ways that they enter the environment
are through garbage dumping, smelter stacks, atmospheric deposition,
pesticide and fertilizer use, and sewage sludge application on
agricultural land [1,2]. A rapidly developing field of science and
technology called phytoremediation is used to clean up contaminated
soil, water, or air [3]. It can be summed up as eliminating, destroying,
or sequestering toxic substances from the environment using green
plants. Phytoremediation is an affordable, environmental friendly,
and long-lasting option for the removal of contaminated sites [4,5].
The different types of phytoremediation process are shown in (Fig. 1).
Phytoextraction is defined as the process by which soil borne
contaminants are taken up by plants through their roots and transfer
them to shoots or any other harvestable part of the plant where
they accumulate. Phytostimulation is a type of phytoremediation
where the microbial activity around the roots of plants accelerates
the breakdown of organic pollutants in the soil. Phytostabilization
aims to lower the mobility and bioavailability of heavy metals in the
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environment. Phytodegradation is a process that turns contaminants
into non-hazardous compounds by phytoenzymes. Phytovolatilization
is the process by which plants absorb heavy metal pollution and expel
them through transpiration from stem and leaf. The uptake of heavy
metal from aqueous medium followed by metabolization inside the
root is known as phytofiltration [5].

Excess concentration of heavy metals in agricultural soils can cause
phytotoxicity, which could pose a severe health risk to living beings
including microorganisms, animals, and plants [6,7]. As a result, it is
crucial to understand the levels of metals in soil and food cultivated for
human consumption. The amount of water, nutrients, soil composition,
species selectivity, metal permissibility, and absorption capacity all
affect the concentration of heavy metals in various foods [8]. Metals
may enter the edible portions of crops grown on polluted soil, posing
a risk to human health as they enter the food chain [9,10,11]. In
contaminated areas, consuming food crops is thought to be one of
the main ways that people are exposed to heavy metals; however, the
exact role that food crops play is yet unknown [12]. The The Food
and Agriculture Organization, World Health Organization, and other
regulatory authorities worldwide closely control the highest allowable
levels of harmful metals in food [13]. Cd and Pb are considered non-
essential heavy metals as they are toxic at specific concentrations,
whereas Co, Cr, Cu, Ni, and Zn are elements needed by plants [14].
Excessive accumulation of heavy metals can have adverse effects on
essential organs such as the kidneys, bones, liver, and blood, as well as
pose significant health risks [15-17].
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Figure 1. Diagram showing different types of phytoremediation process.

Red amaranth (Amaranthus tricolor Linn) is a member of the
Amaranthaceae family. Amaranth stems and leaves contain a good
amount of carotenoids and proteins, including the essential amino
acids methionine and lysine, fat, carbohydrates, dietary fiber, and
minerals, such as magnesium, calcium, potassium, copper, phosphorus,
zine, iron, and manganese [18]. Moreover, it has been found that red
amaranth leaves contain a variety of phytochemicals, including tannins,
alkaloids, glycosides, phenolic acids, flavonoids, and amaranthine
[19-21]. Numerous research has shown that this plant possesses a
wide range of therapeutic qualities, including antibacterial, antiradical,
hepatoprotective, anti-inflammatory, and antidepressant effects [20—
22]. Red amaranth is an economically significant food crop and have a
critical role in the health condition of developing nations since they are
an excellent and affordable source of nutrients.

Cowpea (Vigna unguiculata L. Walp) is a member of the Fabaceae
family, subtribe Phaeseolinae, Vigna genus, and Catjang section. It
is a warm-season, vascular annual legume crop with multiple uses
including green vegetables, dal for humans, and feed for farm animals.
It contains 23%-32% protein, 50%—60% carbohydrates, and 1% fat
[23,24]. Tt is high in lysine [25,26]. It contains a decent amount of
dietary fiber, phytochemicals, minerals, and vitamins [27]. The ability
of cowpeas to fix atmospheric nitrogen allows them to contribute to
crop productivity maintenance in addition to being nutritive [28]. In
addition, cowpea creates dense vegetative growth and good soil cover,
which prevents soil erosion, making it an excellent source of fodder.

Moth bean (Vigna aconitifolia) belongs to the genus Vigna and sub-
family Papilionoideae which comes under the family Fabaceae.
Moth bean seeds are valued for their high protein and carbohydrate
content, as well as their sufficient amount of unsaturated fatty acids,
minerals (calcium, iron, magnesium, and zinc), vitamins, and amino

acids [29]. The moth bean is a well-known and recognised source
of several bioactive phytoconstituents, including macronutrients
and micronutrients, with antidiabetic, antineoplastic, antimicrobial,
antihypertensive, and antioxidant properties [30]. It is a versatile
legume crop that may be utilised to provide feed, fodder, green
manure, and food. Basella alba also known as Malabar spinach
belongs to the Basellaceae family. It is high in iron, calcium, and
vitamins A and C [31]. Malabar spinach has been utilised since ancient
times to treat a wide range of illnesses, including wound healing,
androgenic, anticancer, antiviral, antioxidant, anti-inflammatory, anti-
cholesterol, anti-ulcer, antimicrobial, and anti-hypoglycemic [32]. The
presence of betacyanin, carotenoids, bioflavonoids, B-sitosterol, and
lupeol in basella plants results in their antioxidant, antiproliferative,
antibacterial, and anti-inflammatory properties [33].

These four plants are selected because they are widely cultivated in the
studied areas and are practicable in terms of phytoremediation. However,
no investigations have been made on the screening of different plant
parts for heavy metal remediation in agricultural soils near industrial
areas. Therefore, the present study aimed to assess the potential of two
legume plant vegetables and two leafy plant vegetables to remediate
or bioaccumulate heavy metals in soil collected from five different
agricultural lands near industrial sites in Jamshedpur, Jharkhand, India.
Additionally, data on the concentrations of trace metals (Cd, Co, Cr, Cu,
Ni, Pb, and Zn) in the soil as well as the carcinogenic risk associated
with these metals in adult diets were also evaluated, if applicable.

2 MATERIALS AND METHODS

2.1. Site Description

The soil samples used for this study were collected from five
agricultural land sites near industrial areas of Jamshedpur (East
Singhbhum) in Jharkhand, India. Jamshedpur has a total area of 224
km? and is also known as Steel City. Industrial growth, on a large and
local scale, has occurred randomly throughout the area.

2.2. Experimental Design

Approximately 10-15 kg of soil was collected from each site up to
15 cm depth, using a stainless-steel auger. The study focused on two
legume plants: Cowpea (Vigna unguiculata L. Walp.) and Moth bean
(Vigna acontifolia), and two leafy plants: Malabar spinach (Basella
alba) and Red amaranth (Amaranthus tricolor L). Seeds of the plants
were collected from the local market. Local seeds were chosen for their
ability to withstand harsh conditions. The experiment was conducted
at the University campus using pots filled with 10 kg soil and labeled
from 1 to 5. No chemical fertilizers were used to avoid external heavy
metal contamination, and plants were watered daily with tap water. All
plants were cultivated in the same manner in the natural environment.
Metal uptake was examined after harvesting the vegetables for 12
weeks for legume plants and leafy plants.

2.3. Analysis of Metals in Soil

Soil samples were sieved with a 2 mm mesh to remove stones, pebbles,
and plant roots. The soil sample was taken onto a porcelain plate and
dried in a hot air oven at 105°C for 24 hours. To achieve a homogeneous
particle size, the samples were crushed in a dry iron mortar and sieved
through a standard 200 mesh sieve [34]. Sample digestion involves
adding HNO, and H,0, repeatedly to a representative 1 g (dry weight)
sample. The volume of the digestate is lowered by heating and then
diluted to a final volume of 100 ml. HCI was added to the initial
digestate to increase the solubility of some metals. After filtering this
digestate, hot distilled water and hot HCI are used to rinse the filter
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paper and residues. The residue and filter paper are put back into the
digestion flask, refluxed with more HCI, and then filtered again. The
digestate is subsequently diluted to a 100 ml final volume [35].

Cationic concentrations of Cd, Co, Cr, Cu, Ni, Pb, and Zn were
analyzed directly using an Atomic Absorption Spectrometer (AAS)
(Make: GBC Scientific, Australia; Model: SavantAA). The instrument
uses the technique of atomic absorption for elemental analysis. A light
source (hollow cathode lamp) emitting a narrow spectral line of the
characteristic energy was used to excite the free atoms formed in the
flame. The wavelengths of 228.8, 240.7, 357.9, 324.7, 232.0, 217.0,
and 213.9, nm were used from the light source for the analysis of
Cd, Co, Cr, Cu, Ni, Pb, and Zn, respectively. A D2 lamp was used
in the instrument for automatic background correction. The decrease
in energy (absorption) in the light beam was measured after passing
the flame, which contains elements in atomic states. The absorption
is proportional to the concentration of free atoms in the flame, which
follows the Lambert-Beer law. The individual metal’s limits of
detection at the above-mentioned wavelengths were 0.2, 2.5,2, 1, 1.8,
2.5, and 0.4 pg/ml for Cd, Co, Cr, Cu, Ni, Pb, and Zn, respectively. The
AAS was calibrated using NIST traceable certified reference standards
for quality assurance and control purposes during the analysis.

2.4. Geo-Accumulation Index (I )

geo

Miiller’s 1969 method [36] for assessing pollution levels in bottom
sediments was used to determine the trace metal contamination in soil.
This has been widely used to evaluate the level of metal pollution
in the water and land environments. [37]. Igeo is calculated by the
following equation [38]:

Igw=log2( G ) (1)

1.5B.
where C, is the metal concentration in the soil and B, is the metal’s
background concentration in the earth’s crust. The 1.5 factor is
included to reduce the impact of potential fluctuations in background
values caused by lithogenic differences in the sediment [39]. The level
of metal pollution is classified into seven contamination classifications
according to the increasing value of the index [40], shown in (Table 1).

Table 1.7 classes and corresponding pollution status.

1, Class Soil pollution status
<0 1 Unpolluted
0-1 2 Unpolluted to moderate
1-2 3 Moderate
2-3 4 Moderate to strong
34 5 Strong
4-5 6 Strong to extreme
>5 7 Extreme

Table 2. Heavy metal concentration (mg/kg) in soil samples.

Soil sample number Cd Co Cr

Sample 1 0.28 17.6 89.0
Sample 2 ND 16.8 68.0
Sample 3 ND 12.4 51.6
Sample 4 ND 17.7 78.6
Sample 5 ND 19.8 83.5
Mean 16.8 74.1

The fundamental component of this technique is the determination of
trace element background concentrations in soil samples. Although
the equation used to calculate Igeo includes a factor that accounts for
the background content of lithogenic effects, erroneous heavy metal
background contents will result in incorrect results. Because there
is no indication of background metal values in Jamshedpur, it was
derived from UCC or upper continental crust values. UCC is a well-
acknowledged and commonly utilised geochemical background.
Background metal values from UCC are 0.10, 11.6, 35, 14.3, 18.6,
17, and 52 mg/kg for Cd, Co, Cr, Cu, Ni, Pb, and Zn, respectively
[41].

2.5. Analysis of Metals in Plants

After 12 weeks of growing, all the plants were harvested separately
according to the soil sample, separated into four compartments, roots,
stem, leaves, and seed for legume plants, while three compartments,
roots, stem, and leaves for leafy plants. The plants were washed in
water to eliminate soil, dirt, possible parasites, or their eggs, and finally
with deionized water. Then the samples were cut into small pieces with
a sharp stainless-steel knife. The cut pieces were completely oven-
dried at 105°C in a hot air oven for 24 hours until all moisture was
removed then it was crushed, sieved, and stored in airtight labelled
plastic containers. In a 250 ml beaker, about 1 g of the oven-dried
ground sample was added to a 10 ml mixture of concentrated HNO,
—concentrated HCIO, which was prepared in a ratio of 10:1 [42].
Then, the content was mixed and heated slowly on a hotplate for 45
minutes continuously till brown fumes disappeared and dense white
fumes appeared, leaving behind a clear solution. Finally, it was heated
strongly for about 20 minutes and then it was allowed to cool down.
Using Whatman 42 filter paper, the cooled sample was filtered into a
50 ml volumetric flask, and the necessary amount of deionized water
was added and made up to the mark. The filtrate was then transferred
from the 50 ml flask into a 50 ml HDPE bottle and sealed to prevent
spillage or wastage, leaving the sample ready for atomic absorption
spectrophotometric analysis.

2.6. Carcinogenic Risk

The International Agency for Research on Cancer (IARC) has assigned
probable carcinogenic metal designations to the following metals: Ni,
Pb, Cd, Co, and Cr. Meanwhile, zinc and copper are designated as
non-carcinogenic metals [43,44]. The carcinogenic risk was calculated
for metals exceeding the permissible limit in the edible part of the
plants. The following formula is used to determine lifelong cancer
risk, or the carcinogenic risk [45,46]:

_E, xDXFCxC xCSF
WxT

where Ck is the carcinogenic risk or lifelong risk of cancer, Ea is the

annual exposure which is 365 days/year, the exposure duration (D) is

Ck x10° (2)

Cu Ni Pb Zn

79.5 448.8 46.2 514.0
40.1 487.4 36.5 68.1

27.9 487.7 32.6 50.6
41.1 460.8 36.5 57.8
56.4 472.0 393 169.8
49.0 4713 38.2 172.1

*ND means Not detected.



Tabassum and Singh: Phytoremediation of agricultural soils of Jamshedpur by different plants 2025;13(2):136-145

70 years, the average time for carcinogens is T which is (Ea x D), W
is the body weight, FC is the food consumption rate in g/person/day,
CSF is the oral carcinogenic slope factor, and Cm is the heavy metal
concentration in foods in mg/kg. For adults, the daily intake of leafy
vegetables was taken at 100 g, and for pulses, 75 g, this is needed as a
bare minimum to have a healthy diet [47]. Adults were considered to
weigh an average of 55 kg [48].

Table 3. Igeo values of heavy metals in soil samples.

Sample 1 0.56 0.30
Sample 2 0 0.29
Sample 3 0 0.21
Sample 4 0 0.31
Sample 5 0 0.34

0.51
0.39
0.30
0.45
0.48

139

3. RESULTS AND DISCUSSION

3.1. Metal Concentration in the Soil

Trace element concentration in soil samples of five agricultural sites
varied from 12.40 to 19.76, 51.58 to 89, 27.86 to 79.51, 448.78 to
487.65, 32.59 to 46.21, and 50.55 to 514.02 mg/kg for Co, Cr, Cu, Ni,
Pb, and Zn, respectively. The mean values were 16.84 (Co), 74.12 (Cr),

1.12 4.84 0.55 1.98
0.56 5.26 0.43 0.26
0.39 5.26 0.38 0.20
0.58 4.97 0.43 0.22
0.79 5.09 0.46 0.66

Table 4. Heavy metal uptake by plant roots.

Legume plants

Moth bean Soil 1 Root ND* ND
Soil 2 Root ND ND
Soil 3 Root ND ND
Soil 4 Root ND ND
Soil 5 Root ND ND

Cowpea Soil 1 Root ND ND
Soil 2 Root ND ND
Soil 3 Root ND ND
Soil 4 Root ND ND
Soil 5 Root ND ND

Leafy plants

Red amaranth Soil 1 Root ND ND
Soil 2 Root ND ND
Soil 3 Root ND ND
Soil 4 Root ND ND
Soil 5 Root ND ND

Malabar spinach Soil 1 Root ND ND
Soil 2 Root ND ND
Soil 3 Root ND ND
Soil 4 Root ND ND
Soil 5 Root ND ND
Minimum
Maximum
Mean

1.91 1.92 3.21 3.56 43.51
235 2.02 1.26 3.49 35.64
4.2 2.48 2.03 7.37 35.08
1.21 0.03 1.01 1.39 5.68
248 1.19 3.08 3.09 23.4
1.35 0.02 0.95 1.56 3.13
0.97 0.41 0.82 2.38 6.34
2.01 0.38 0.92 2.98 11.98
1.11 0.01 0.79 241 12.91
1.52 0.52 0.89 5.12 15.56
2.83 0.03 2.2 6.79 4.11
2.62 1.44 1.31 425 9.06
4.8 0.04 1.67 3.81 23.92
3.02 0.06 1.79 4.03 24.36
4.02 0.05 1.71 491 49.5
1.61 0.09 0.99 1.79 4.11
1.36 0.69 0.97 247 9.06
2.48 0.58 2.14 3.27 23.92
1.51 0.08 0.94 2.68 24.36
1.92 232 2.07 7.08 49.5
0.97 0.01 0.79 1.39 3.13
4.80 2.48 3.21 7.37 49.50
2.26 0.72 1.54 3.72 20.76

*ND means Not detected.
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48.99 (Cu), 471.33 (Ni), 38.22 (Pb), and 172.07 (Zn) mg/kg. Cd was
not detected in the soil samples except for site one which is 0.28 mg/kg.
The average heavy metal content in the soil samples showed a falling
order pattern, which was discovered in the following order: Ni > Zn >
Cr > Cu > Pb > Co > Cd. The elemental concentrations in soil samples
are shown in (Table 2). Relatively low concentrations of Co, Cu, Ni, Pb,
Zn, and similar concentrations of Cd were found in the area of Ghatsila,
Jharkhand, India [49]. A study in the soil of Khunti district in South
Chotanagpur, Jharkhand, India, showed lower levels of Cd, Co, Cu, Ni,
Pb, and Zn [50]. A lower range of Cu, Pb, Ni, and Cr and a similar range
of Cd were reported from 40 districts of Madhya Pradesh, India [51].
A study in the coastal soil of the Puducherry region, Pondicherry, India
showed a similar content range of Cr and a low content range of Co, Cu,
Ni, Pb, and Zn [52].

3.2. Assessment According to Geoaccumulation Index

According to Geoaccumulation index, all the soil sample sites are
unpolluted to moderately polluted for Co, Cd, Pb, and Cr. Sites 2, 3, 4

Table 5. Heavy metal uptake by plant stem.

Type of sample Sample code
Cd Co

Legume plant

Moth bean Soil 1 Stem ND* ND
Soil 2 Stem ND ND
Soil 3 Stem ND ND
Soil 4 Stem ND ND
Soil 5 Stem ND ND

Cowpea Soil 1 Stem ND ND
Soil 2 Stem ND ND
Soil 3 Stem ND ND
Soil 4 Stem ND ND
Soil 5 Stem ND ND

Leafy plant

Red amaranth Soil 1 Stem ND ND
Soil 2 Stem ND ND
Soil 3 Stem ND ND
Soil 4 Stem ND ND
Soil 5 Stem ND ND

Malabar spinach Soil 1 Stem ND ND
Soil 2 Stem ND ND
Soil 3 Stem ND ND
Soil 4 Stem ND ND
Soil 5 Stem ND ND
Minimum
Maximum
Mean

and 5 are unpolluted to moderately polluted, and site one is moderately
polluted with Cu and Zn. Sites 1 and 4 are strong to highly polluted
and sites 2, 3, and 5 are highly polluted for Ni. Igeo values of the trace
metal in the soil are shown in (Table 3).

Anthropogenic sources of nickel in soil include waste from metal
manufacturing, commercial waste, sludge, coal fly ash, and agricultural
and industrial activities. In locations close to cities, industrial regions
or even waste-affected agricultural areas, nickel contamination could
be a serious issue.

3.3. Metals in Plants

Variation in heavy metal accumulation was observed within all the
plant parts. Heavy metal content in various parts of the legume plants
(Moth bean and Cowpea) was found in descending order as roots >
stem > seeds > leaves. Malabar spinach also showed a similar trend
of metal accumulation, except for chromium. Cr concentrations
showed the descending order of roots > leaves > stem in both the

Metal concentration (mg/kg)

Cr Cu Ni Pb Zn

1.02 0.6 1.01 1.21 8.48
1.17 0.85 1.63 2.07 13.82
1.29 ND 1.02 2.47 5.23
1.14 1.44 1.57 2.03 2.8

1.13 ND 1.11 1.92 2.39
0.42 0.19 0.36 0.71 15.43
0.28 0.07 0.75 1.01 4.48
0.46 0.05 0.43 1.51 5.01
0.21 0.03 0.29 1.13 7.84
0.32 0.19 0.22 0.47 3.49
0.61 1.21 0.78 6.16 43.51
0.48 0.84 0.96 5.81 8.48
0.6 0.53 0.17 5.35 9.41
0.35 0.67 0.24 6.01 2.88
0.25 0.54 0.12 6.55 10.96
0.61 0.3 0.52 0.90 20.18
0.48 0.11 0.99 1.24 6.68
0.6 0.09 0.65 1.79 7.01

0.35 0.05 0.39 1.38 9.84
0.12 0.11 0.97 0.82 5.52
0.12 0.03 0.12 0.47 2.39
1.29 1.44 1.63 6.55 43.51
0.59 0.44 0.71 2.53 9.67

*ND means Not detected.
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Table 6. Heavy metal uptake by plant leaves.

Type of sample Sample code
Cd Co

Legume plant

Moth bean Soil 1 Leaves ND* ND
Soil 2 Leaves ND ND
Soil 3 Leaves ND ND
Soil 4 Leaves ND ND
Soil 5 Leaves ND ND

Cowpea Soil 1 Leaves ND ND
Soil 2 Leaves ND ND
Soil 3 Leaves ND ND
Soil 4 Leaves ND ND
Soil 5 Leaves ND ND

Leafy plant

Red amaranth Soil 1 Leaves ND ND
Soil 2 Leaves ND ND
Soil 3 Leaves ND ND
Soil 4 Leaves ND ND
Soil 5 Leaves ND ND

Malabar spinach Soil 1 Leaves ND ND
Soil 2 Leaves ND ND
Soil 3 Leaves ND ND
Soil 4 Leaves ND ND
Soil 5 Leaves ND ND
Minimum
Maximum
Mean

Metal concentration (mg/kg)

Cr Cu Ni Pb Zn
0.74 0.86 0.49 1.14 9.41
0.37 0.38 0.39 0.74 49
0.67 ND 0.46 1.56 6.78
0.53 0.04 0.98 0.81 6.17
0.82 0.08 0.69 1.92 2.6
0.19 0.17 0.61 0.39 5.40
0.15 0.11 0.43 0.35 1.18
0.12 0.23 0.16 0.27 3.63
0.26 0.09 0.27 0.35 4.14
0.05 0.28 0.16 0.24 2.23
1.20 1.91 1.26 2.72 35.08
1.17 0.65 1.63 1.79 5.23
1.01 0.74 1.01 1.25 6.78
1.04 0.69 1.15 1.56 6.82
1.03 0.85 1.02 2.15 5.78
0.78 0.05 0.91 0.89 1.08
0.71 0.03 0.52 0.96 1.33
0.50 0.09 0.42 0.62 1.85
0.41 0.07 0.29 0.50 0.88
0.81 0.08 0.48 0.82 0.95
0.05 0.03 0.16 0.24 0.88
1.20 1.91 1.63 2.72 35.08
0.63 0.39 0.67 1.05 5.61

*ND means Not detected.

leafy plants. In red amaranth, zinc followed the same general trend
as the legumes, whereas copper and lead showed distinctive trends
of leaves > stem > roots and stem > roots > leaves, respectively.

Heavy metals are transferred by the transpiration stream present
in the xylem from the roots to the transpiring shoot parts (such
as photosynthesizing leaves) [53-55]. After being released into
the root xylem, free or chelated ions of heavy metal flow upwards
with the xylem sap. If there is no further redistribution, the
heavy metals would mainly accumulate in the photosynthetically
active transpiring leaves. The redistribution of heavy metals
from senescing leaves to sinks (such as growing vegetative parts,
mature fruits, and seeds) inside the shoot is facilitated by phloem
transport. Studies showed that elevated concentrations of Cd, Co,
Ni, and Zn caused slightly higher contents in wheat grains, but
leaves and glumes were significantly more affected, indicating
control of heavy metal distribution to the grains via the phloem
[56-58]. In the present study, the seeds of legume plants showed
higher contents than leaves.

3.3.1. Metal in plant roots

The average Cr content in the roots of every plant sample was
2.26 mg/kg (range, 0.97-4.80 mg/kg, n = 20). The average Cu
content in the roots of every plant sample was 0.72 mg/kg (range,
0.01-2.48 mg/kg, n = 20). The average Ni content in the roots of
every plant sample was 1.54 mg/kg (range, 0.79-3.21 mg/kg, n
= 20). The average Pb content in the roots of every plant sample
was 3.72 mg/kg (range, 1.39-7.37 mg/kg, n = 20). The average Zn
concentration in the roots of every plant sample was 20.76 mg/kg
(range, 3.13—49.50 mg/kg, n =20) (Table 4). The root samples of
none of the plants contained Cd and Co.

3.3.2. Metal in plant stem

The average Cr content in stem of every plant sample was 0.59 mg/kg
(range, 0.12—1.29 mg/kg, n = 20). The average Cu content in stem of
every plant sample was 0.44 mg/kg (range, 0.03—1.44 mg/kg, n = 20).
The average Ni content in stem of every plant sample was 0.71 mg/kg
(range, 0.12—1.63 mg/kg, n = 20). The average Pb content in stem of
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Figure 2. Heavy metal uptake by Moth bean (a) and Cowpea (b) seeds.

every plant sample was 2.53 mg/kg (range, 0.47—6.55 mg/kg, n = 20).
The average Zn concentration in stem of every plant sample was 9.67
mg/kg (range, 2.39-43.51 mg/kg, n =20) (Table 5). The stem samples
of none of the plants contained Cd and Co.

3.3.3. Metal in plant leaves

The average Cr content in leaves of every plant sample was 0.64 mg/
kg (range, 0.05—1.20 mg/kg, n =20). The average Cu content in leaves
of every plant sample was 0.48 mg/kg (range, 0.03—1.91 mg/kg, n =
20). The average Ni content in leaves of every plant sample was 0.75
mg/kg (range, 0.29-1.63 mg/kg, n = 20). The average Pb content in
leaves of every plant sample was 1.12 mg/kg (range, 0.39-2.72 mg/
kg, n = 20). The average Zn concentration in leaves of every plant
sample was 6.31 mg/kg (range, 0.88—35.08 mg/kg, n = 20) (Table 6).
The leaf samples of none of the plants contained Cd and Co.

3.3.4. Metal in plant seed

The average Cr content in seed of legume plant sample was 0.54
mg/kg (range, 0.16—0.99 mg/kg). The average Cu content in seed
of legume plant sample was 0.37 mg/kg (range, 0—1.58 mg/kg). The
average Ni content in seed of legume plant sample was 0.58 mg/kg
(range, 0.26—0.99 mg/kg). The average Pb content in seed of legume
plant sample was 1.30 mg/kg (range, 0.35—2.86 mg/kg). The average
Zn content in seed of legume plant sample was 6.64 mg/kg (range,
2.21-21.62 mg/kg) (Fig. 2). The seed samples of none of the moth
bean and cowpea plants contained Cd and Co.

Comparatively much higher contents of Cu, Pb, Ni, Zn, Co, and Cd
were found in the edible parts of vegetables collected from the soil
of Ghatsila Jharkhand, India [49]. Another study showed similar
concentrations of Cd, Co, Cu, Ni, Pb, and Zn, in the consumable
vegetable parts collected from the soil of South Chotanagpur,
Jharkhand, India [50].

3.3.5. Heavy metal limit

Heavy metal limit in plants is given in (Table 7). Cobalt and cadmium
were not detected in any of the collected plant samples. The content
of copper and nickel in every plant sample was found to be below the
allowable range.

Table 7. The allowable limits of heavy metals in plants.

Heavy metal Allowable limits in plants

Cadmium (Cd) Legumes and pulses is 0.1 mg/kg, and in leafy
vegetables, it is 0.2 mg/kg [59]

Cobalt (Co) 50 mg/kg [60]

Chromium (Cr) 1.30 mg/kg [61]

Copper (Cu) 10 mg/kg [61]
Nickel (Ni) 10 mg/kg [61]
Lead (Pb) Legume vegetables and pulses is 0.2 mg/kg, leafy
vegetables is 0.3 mg/kg [60]
Zinc (Zn) 50 mg/kg [62]
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Figure 3. Carcinogenic risk (Ck) of Pb in plants.

Chromium (Cr): In Cowpea plant, the chromium content was below
the allowable limit in every plant sample. In the Moth bean plant,
the chromium content was above the allowable limit in the roots, but
below it in the stem, leaf, and seed. In the Malabar spinach and red
amaranth, the chromium content was above the allowable limit in the
root, but below it in the leaf and stem.
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Lead (Pb): In every plant sample, the lead content was found to be
above the allowable limit.

Zinc (Zn): In every plant sample, zinc content was the highest but
within the allowable range. Zinc is an essential element necessary for
plant growth, reproduction, and signaling [63]. For most crops, the
average zinc concentration required for healthy crop growth ranges
from 15 to 20 mg/kg dry weight [64].

3.4. Carcinogenic Risk

Among all the metals, only the content of Pb was higher than
the allowable range in every plant sample. So, the Ck of Pb were
calculated for the edible parts of the four plants. CSF for Pb was 8.5 x
107 mg/ kg/day according to the Integrated Risk Information System
of USEPA [65]. In all the edible parts of the four plants, the Ck values
of Pb was above the USEPA threshold limit (1 x 10°°) for causing
cancer, which indicates carcinogenic concerns for all people in the
study area [65]. The carcinogenic risk values of Pb in the four plants
are shown in (Fig. 3).

4. CONCLUSION

The results showed that the soils around industrial areas contained
all the heavy metals except cadmium, which was only detected
in one soil sample. According to the geoaccumulation index, all
the soil samples are highly contaminated with Nickel. This study
demonstrated the potential of Red amaranth, Moth bean, Malabar
spinach, and Cowpea to remediate contaminated soil. This study
found that Red amaranth is efficient in phytoremediating heavy
metals like Cu and Pb. The experimental result reflected that the
heavy metal concentration in the edible portions of the four plants
was found to be low and below the maximum permissible limit,
except for Pb. All the plant vegetables studied had Pb concentrations
2-10 times higher than the maximum permissible limit. So, planting
these four plants in soil polluted with Pb could pose a significant risk
to a population that harvests these plants for consumption because
they were found to accumulate substantial quantities of Pb in their
edible parts. In terms of carcinogenic risk, the Ck values of Pb
exceeded the USEPA’s threshold limit (10) in the edible part of all
four plants. To ensure safe food, the sources of metal contamination
should be managed because the health hazards connected to food
consumption are not negligible.
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