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Rapid industrialization led to severe pollution which deteriorated the quality of the
environment. Due to industrialization heavy metal pollution becomes a serious risk to
the diversity of life. Heavy metals are responsible for contamination in the environment.
Several environment techniques are being used to clean up the environment from these
kinds of contaminants. Currently, phytoremediation is an effective and affordable
technology that is used to extract metal pollutants from contaminated soil. The present
paper aims to assess phytoremediation capacity of local plants and contents of heavy
metals in soils of industrial areas of Bikaner city. Plants such as Citrullus colocynthis,
Brachiaria ramosa, Cucumis lanatus, Calotropis procera, Cucumis prophetarum,
Abutilon indicum, Aerva pseudotomentosa, and Prosopis juliflora are taken for the
current study. These plants are evaluated for the removal efficiencies of As, Cd, Co, Cu,
Cr, Fe, Mn, Ni, Pb, and Zn metals from soils. Most of the metals like As, Cd, Cu, Pb,
Co, Cr, Fe, Mn, Zn and Ni are absorbed by Aerva pseudotomentosa, Citrullus
colocynthis and Cucumis lanatus. Which shows that these plants are good metal
accumulators and they could be utilized for metal remediation of contaminated soil.

Keywords: Aerva pseudotomentosa, Heavy metals - Arsenic, Cadmium, Iron, Lead,

Industrial soils, Phytoremediation.

Introduction

Heavy metal pollution in soil has become a
serious problem in developing countries due to
the increase in pollution sources'. About 10
million people worldwide have been affected by
heavy metal-contaminated soil>. Contamination
of soil can be both natural and unnatural.
Natural contamination of soil is by increased
weathering rates, land erosion, and geological
processes3. Some contaminants can be naturally
produced in soil under certain environmental
conditions for example; perchlorates can be
formed in soil during thunderstorms that
contains chlorine and certain metals’. On the
other hand, anthropogenic sources of soil
contamination are industrial activities, sewage
irrigation, industrial solid waste, mining,
fertilizers, and pesticides’. Heavy metals such
as nickel (Ni), manganese (Mn), zinc (Zn), iron
(Fe), copper (Cu), arsenic (As), chromium (Cr),
mercury (Hg), lead (Pb) and cadmium (Cd)
have become a serious global issue®’. As, Cd,
Cr, Ni, and Pb are known to be highly
poisonous and cause potential effects on the

environment and ecologyg. Cr, Cu, and Cd
cause liver diseases’. Pb entering the human
body can lead to kidney damage, neurological,
and gastrointestinal  diseases'®'!.  While
excessive Zn in the human body can lead to
nausea, diarrhoea, and headaches'?. Ni causes
allergies, lung cancer, kidney, and
cardiovascular diseases'’. Lead toxicity can
affect the male and female reproductive system
as well as birth defects and mental retardation in
children'®. A study done at Sahiwal which is a
sub-urban agricultural town in the Sargodha
district, Punjab (India) have contents of heavy
metals such as Cd, Ni, Fe, Mn, Cu, Cr, Zn, and
Co in soil which were 3.0 mg/kg, 2.7 mg/kg,
4.1 mg/kg, 1.6 mg/kg, 2.0 mg/kg, 1.5 mg/kg,
1.2 mg/kg, 0.9 mg/kg respectively'”. Another
study done by Bhayani et al.'® found that
Metoda industrial area (Rajkot, Gujarat)
contains heavy metals (mg/kg) like Cu (1.98),
Mn (1.58), Cr (1.58), Cd (7.67), and Pb
(166.72) in soil samples. Impact of
industrialization in soil of Sonepat (Haryana)
could be seen as the heavy metals (mg/kg) like
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Fe, Mn, Zn, Ni, Cr, Cu, Pb, Co, and Cd was
17977, 325, 91, 52, 44, 34, 32, 2, 1
respectively'”. Soil contamination investigated
and it was found that in industrial areas,
heavy metals present in industrial wastewater
may contaminate the soil'®. These metals can
enter the food chain through plants and
accumulate in the human body which can
cause serious threats to human health'*?.
Hence it is necessary to take remediation
measures to control heavy metal soil
contamination.  Phytoremediation is a
biological cleaning process of the
environment with the help of plants and this
method is also considered as a green
technology because of its decontamination
ability of heavy metals®'. Alternatively, this
method is highly acceptable among the public
due to its facility of application, low cost, and
environment friendly nature’*. This plant-
based approach is useful to extract and
remove elemental pollutants in soil**.

The objective of the study is to
investigate heavy metals concentration in soils
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and plants near industrial areas of Bikaner city
and determine metal remediation potential of
selected local plants from the study sites.
Material and Methods

Study Area

Bikaner is one of the most developing cities
in Rajasthan (India) and it is located 330 km
northwest of the state capital, Jaipur. The
latitude and longitude are 28.027138 and
73.302155 respectively. The present study is
carried out to evaluate heavy metal
contamination in industrial soil and plants
of Bikaner city. Four different industrial
sites were chosen for the study and these are
Rani Bazar industrial area, Karni Nagar
industrial area, Bichhwal industrial area,
and Khara industrial area (Figure 1). It was
observed that industries like agrochemical
pesticides, ceramics, gypsum, textiles, wool,
and paint, etc. discharge untreated
wastewater directly into an open area which
is near the agricultural land. Untreated
wastewater is used for growing crops,
particularly vegetables.
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Figure 1. Sampling locations of Bikaner city.

Collection of soil and plant samples

Soil samples were taken from the depth of 5 cm,
15 cm and 25 cm. Soil and plant samples were
collected in polyethylene bags which were
transported to the laboratory and preserved in a
refrigerator  (4°C). Plants selected from
industrial areas are Bitter cucumber (Citrullus

colocynthis), Browntop millet (Brachiaria
ramose), Watermelon (Cucumis lanatus), Apple
of Sodom (Calotropis procera), Wild gourd
(Cucumis  prophetarum), Indian mallow
(Abutilon indicum), Bui (Aerva
pseudotomentosa) and Junglee kikar (Prosopis
juliflora) as shown in Figure 2.
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(e). Wild gourd (Cucumis prophetarum) (). Indian mallow (Abutilon indicum)
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(g). Watermelon (Cucumis lanatus)

Methods

Collected soil and plant samples were used to
estimate the heavy metals such as arsenic,
manganese, iron, cobalt, lead, cadmium,
copper, zinc, nickel, and chromium. Collected
samples were treated with acid digestion
method. This method was recommended by
Environmental Protection Agency” for heavy
metal extraction. 1.0 gm of samples were
placed in 250 ml flask for acid digestion on
hot plate. Samples were digested with
repeated addition of nitric acid (HNO;3) and
hydrogen peroxide (H,O,). Now digested
samples were filtered through Whatman filter
paper No. 42 and diluted to 100 ml with
deionized water for analysis. Concentrations
of these heavy metals in samples were
determined by using an inductively coupled
plasma atomic emission spectrometer (ICPE-
9000, Shimadzu’s Private Ltd, Japan).
Analysis condition of ICP-AES during heavy
metal extraction is shown in Table 1. The
obtained data were analysed in MS Excel
version 2019.

Table 1. ICP-AES Analysis Condition.

RF Power 1.2 (Kw)

Plasma gas (Ar) 10 (L/min)
Auxiliary (Ar) 0.7 (L/min)
Carrier gas (Ar) 0.6(L/min)
Nebulizer Coaxial Nebulizer
Spray chamber Cyclone Chamber
Observation direction | Axil/Radial

-

(h). Junglee kikar (Prosopis juliflora)
Figure 2. Selected plant samples (a-h) of the study area.

Results and Discussion

Metal content in soil

Ten metals such as arsenic, cadmium, cobalt,
chromium, copper, iron, manganese, lead and
nickel were analysed in soil samples which
obtained from four industrial areas of Bikaner
city and the obtained results are presented in
Table 2.

Arsenic content in the soil of the
polluted site was 6.4 mg/kg to 7.7 mg/kg. The
obtained results could be due to entry of
industrial wastes from the metallurgical
industry which might increase the level of
Arsenic in the soil”’. Among all the soil
samples analysed from the polluted site, high
arsenic level was recorded which was above
the permissible limit set by FAO (Table 3).

The Cd content in the soil of the
polluted site ranged from 3.3 mg/kg to 3.8
mg/kg. Among all the samples analysed from
the polluted site, high cadmium concentration
was recorded in the soil which was above the
permissible range of the FAO standards. The
obtained result could be due to utilisation of
Cd as a raw material by several industries and
it is also used in batteries, coating, plating,
alloys, etc.”®

Cr, Pb, Cu, Ni, Zn, and Mn ranged
from 9.1 to 14.3 mg/kg, 8.9 to 13.8 mg/kg,
13.4 to 18.2 mg/kg, 17.6 to 25.6 mg/kg, 41.5
to 106.1 mg/kg, and 36 to 71.8 mg/kg
respectively.
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Table 2. Metal concentration in selected soil samples of the study area (mg/kg).
Study sites As Cd |Co Cr Cu Fe Mn | Ni Pb Zn
Khara industrial area | 7.34 | 3.88 | 4.2 1432 | 1794 | 1104 | 71.8 21.26 | 8.92 | 57.8
Rani bazar industrial | 7.74 | 3.88 | 4.46 | 13 18.22 | 2981 | 46.5 25.66 | 9.2 [106.12
area
Karni industrial area | 6.44 | 3.48 | 4.92 | 9.12 13.44 11690 | 60 [17.68 | 5.72 | 53.72
Bichhwal industrial | 7.72 | 3.36 | 5.54 | 14.32 | 15.7 | 2580 |36 [21.52 [13.86 | 41.52
area

Table 3. Permissible levels of heavy metals in soil, crops, and irrigation water*.

Chemical element Maximum permissible levels in soil (mg/kg)
As 1.0
Cd 1.0
Co -
Cr 100.0
Cu 200.0
Fe -
Mn 1800
Ni 100
Pb 200
Zn 150
These metals were below the The highest As concentration was

permissible limits as per FAO standards.
Industrial sources like chemicals, alloys,
glass, paint, paper mills, and textile were the
major source of these heavy metals®.

Metal content in plants

In the present work, studies on the removal of
As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Ni
were carried out by phytoremediation by

using  macrophytes such as Aerva
pseudotomentosa, Abutilon indicum,
Brachiaria ramosa, Calotropis procera,
Cucumis  proferitum, Cucumis lanatus,

Citrullus colocynthis and Prosopis juliflora.
The results of heavy metal accumulation by
macrophytes are presented in Figure 3.

measured in Aerva pseudotomentosa (29.5
mg/ kg) and the lowest was observed in
Abutilon indicum (20.8 mg/kg). The highest
Cd concentration was measured in Aerva
pseudotomentosa (16.2 mg/kg) and the lowest
was observed in Calotropis procera and
Cucumis proferitum (10.7 mg/kg). The
concentration of Cd is above the permissible
limit (0.05-0.5 mg/kg). Table 4 represents
maximum concentration (mg/kg) of heavy
metals allowed in plants®’. The highest Co
concentration was measured in Citrullus
colocynthis (11.96 mg/kg) and the lowest
concentration was obtained in Cucumis
proferitum (9.02 mg/kg). The highest Cr
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concentration was measured in Citrullus
colocynthis (43.5 mg/kg) and the lowest was
measured in Cucumis proferitum (21 mg/kg)
shown in Figure 3. The concentration of Cr is
above the permissible limit (2 mg/kg). The
highest Cu was obtained in Aerva
pseudotomentosa (66.46 mg/kg) and the
lowest was measured in Abutilon indicum
(38.36 mg/kg). The Cu concentration in plant
is above the permissible limit (5-20 mg/kg) as
per given Table 4.

Table 4. Maximum concentration (mg/kg)of
heavy metals allowed in plants30.

Heavy metals Permissible limit
(mg/kg)

Cu 5-20

Zn 10-50

Ni 1-10

Cd 0.05-0.5

Cr 2

Pb 0.5-10

The highest Fe was measured in Citrullus
colocynthis (4934 mg/kg) and the lowest was
measured in Calotropis procera (521.8
mg/kg). The highest Mn was measured in

Citrullus colocynthis (115.56 mg/kg) and the
lowest was observed in prosopis juliflora
(27.42 mg/kg). The highest and lowest Ni
concentrations were observed in Cucumis
lanatus  (79.84 mg/kg) and Cucumis
proferitum (56.42 mg/kg) respectively. The
concentration of Ni is above the permissible
limit (1-10 mg/kg). Avera pseudotomentosa
contained the highest lead concentration
(49.52 mg/kg) and the lowest was found in
Cucumis proferitum (7.39 mg/kg). The
concentration of lead in Cucumis proferitum
is under the permissible limit (0.5-10 mg/kg).
Zinc concentration was highest in Cucumis
lanatus  (279.2 mg/kg) and lowest was
obtained in Abutilon indicum (115.6 mg/kg).
The concentration of Zn 1is above the
permissible limit (10-50 mg/kg).

The highest and the lowest metal
accumulator plants from the study sites are
tabulated in Table 5. The result shows that
Aerva pseudotomentosa, Citrullus
colocynthis, and Cucumis lanatus were good
metal accumulators. This shows that Aerva
pseudotomentosa can phytoaccumulate As,
Cd, Cu, and Pb metals, while Citrullus
colocynthis can accumulate Co, Cr, Fe, and
Mn. Cucumis lanatus can also accumulates
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Figure 3. Heavy metal contents (a-j) in selected plants.

Table 5. Highest and lowest metal accumulator plants of the study.

Metal | Highest metal accumulator plant (mg/kg)

Lowest metal accumulator plant (mg/kg)

As Aerva pseudotomentosa (29.5)

Abutilon indicum (20.8)

Cd Aerva pseudotomentosa (16.2)

Calotropis procera (10.7) and Cucumis
proferitum (10.7)

Co Citrullus colocynthis (11.96)

Cucumis proferitum (9.02)

Cr Citrullus colocynthis (43.5)

Cucumis proferitum (21)

Cu Aerva pseudotomentosa (66.46)

Abutilon indicum (38.36)

Fe Citrullus colocynthis (4934)

Calotropis procera (521.8)

Mn Citrullus colocynthis (115.56)

Prosopis juliflora (27.42)

Ni Cucumis lanatus (79.84)

Cucumis proferitum (56.42)

Pb Avera pseudotomentosa (49.52)

Cucumis proferitum (7.398)

Zn Cucumis lanatus (279.2)

Abutilon indicum (115.6)

Conclusions

The present study is conducted in polluted
sites near industrial areas where soil and plant
samples were taken for heavy metal analysis.
Bikaner industrial areas have high soil
contamination level of As and Cd as per FAO
standards. Most of the metals like As, Cd, Cu,
Pb, Co, Cr, Fe, Mn, Zn and Ni are absorbed
by Aerva  pseudotomentosa,  Citrullus
colocynthis and Cucumis lanatus. It shows
that these plants are good metal accumulators
and which could be utilized for metal
remediation of contaminated soil.
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