Ttcrnationsl Jourual of
Eanironment and Climate Change

ISSN: 2581-8627

International Journal of Environment and Climate Change

Volume 14, Issue 6, Page 211-223, 2024; Article no.lIJECC.118547

T 3 (Past name: British Journal of Environment & Climate Change, Past ISSN: 2231-4784)

Status of Heavy Metals in Soil and
Vegetables Grown in Peri-Urban Areas
of Jabalpur District, Madhya

Pradesh, India

Sangya Singh &*, YM Sharma &, GS Tagore 3t

and RK Sahu a

a Department of Soil Science and Agricultural Chemistry, Jawaharlal Nehru Krishi Vishwavidyalaya,

Jabalpur- 482004, India.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final

manuscript.
Article Information
DOI: https://doi.org/10.9734/ijecc/2024/v14i64222

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers, peer
review comments, different versions of the manuscript, comments of the editors, etc are available here:

Original Research Article

https://lwww.sdiarticle5.com/review-history/118547

Received: 02/04/2024
Accepted: 07/06/2024
Published: 13/06/2024

ABSTRACT

Aim: The contamination of soil and vegetables by heavy metals is a critical environmental and
public health issue, particularly in regions where wastewater is utilized for irrigation. This study
assesses the concentration of heavy metals, (Cr, Zn, Cd, Fe, Mn, Ni, Pb, As, Co and Cu)

accumulated in soils and vegetables grown in Peri-urban areas which are mainly irrigated with
wastewater.
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Place and Duration of Study: This study was conducted in Department of Soil Science and
Agricultural Chemistry, JNKVV, Jabalpur, Madhya Pradesh during 2022-23.

Methodology: Heavy metal content was measured using an Inductively coupled plasma-Mass
Spectroscopy. Few indices for human health were also studied. Ten sites were chosen for soil and
plant samples for analysis of metal content.

Results: The study revealed that the metal content of soil samples were below the permissible
limits except for soil collected from Khandari site which had Co above the permissible level (203.65
mg/kg) and slightly Cd contamination in Khurji site (0.09 mg/kg). In case of vegetables, brinjal
collected from Regama and Kumhi site showed Fe and Cd contamination (735.67 mg/kg, 476.33
mg/kg) and (0.35 mg/kg, 0.34 mg/kg), respectively. Potato and cabbage collected from Khurji and
Khandari sites showed Fe contamination of 455.67 mg/kg and 670.83 mg/kg, respectively. Further
the result on transfer factor for vegetables was <1, except potato collected from Khandari site which
had Cd accumulated in edible portion (11.70). Wheat crop collected from Khurji site also had Cd
accumulated (24.66) in grain portion.

Conclusion: Despite few vegetables showed contamination by metals, health risk parameters viz
Daily intake of metals, Health risk index and Metal pollution index but were found at safe levels.
Thus, it can be concluded that there was no apparent risk for human beings after consumption in
Peri-urban regions of Jabalpur district. Still to ensure quality of soil, vegetables and human health

measures should be taken to regulate and address pollution of heavy metals in peri-urban areas.

Keywords: Heavy metals; vegetables; health risk index; peri-urban areas.

1. INTRODUCTION

The reserves of water are currently being
depleted globally due to increased
industrialization and population growth. In order
to lessen the existing strain on these resources,
it is necessary to implement techniques like
recycling and reuse [1]. An estimated 80% of the
vegetables consumed locally are grown using
wastewater, and around 7% of all irrigated land
worldwide is irrigated using wastewater in one
way or another [2]. The World Health
Organization (2006) [3] states that over 10% of
people across the globe consume food that has
been irrigated with wastewater.

Using wastewater to irrigate agricultural land is a
frequent technique in underdeveloped countries
[4]. The use of unconventional water sources,
such as treated domestic wastewater (TWW), as
a substitute water supply for crop irrigation in arid
and semi-arid areas has drawn a lot of interest
[5]. Due to a lack of organization and sewage
treatment facilities, many enterprises release
untreated wastewater onto nearby farms. This
can cause a buildup of different organic and
inorganic toxins [6].

Numerous studies have demonstrated that waste
water irrigation increases inputs of nitrogen,
phosphorous, potassium, and trace metals (Cu,
Mn, Fe, and Zn) while also improving soil fertility
and agricultural output [7]. On the other hand,
prolonged, continued waste water irrigation may

eventually harm the health of the soil in some
unexpected ways. According to [8], heavy metals
pose the greatest danger to the sustainability and
quality of soil. Because these metals are neither
biodegradable nor leachable, they are referred to
as ubiquitous environmental contaminants. As a

result, soil resources are depleted, plant
development is hampered, and crop yields
decline [9].

When wastewater is used negligently and
irregularly to irrigate agricultural land, it can
eventually cause these dangerous pollutants to
settle in the soil [10]. Agriculture crops are
impacted by the presence of heavy metals in the
soil, which presents a serious risk to public
health [11]. These pollutants then get absorbed
by plants and accumulate in various human
organs through plant consumption [12].

The main source of the risk factors for
heavy metal contamination in food is
agricultural products, such as cereals, crops, and
vegetables. These supplies have affected many
parts of the world, but only developing nations
have been affected [13]. Leafy vegetables
compared to grain or fruit crops have the highest
metal uptake rate of any crop and serve as a bio-
indicator of soil pollution, despite being one of
the most popular daily diets due to their
enrichment with nutritious elements (e.g., fiber,
minerals, and vitamins) [14]. The edible portions
of leafy vegetables have higher accumulations of
trace elements. Vegetables might differ in the
sequence in which trace elements concentrate
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and accumulate, as well as in the edible sections
(root, stem, and leaf) of the vegetable [15]. As a
result, vegetables contaminated with toxic metals
are hazardous to human health. Previous
research [16] revealed that consuming an
excessive amount of heavy metal-contaminated
vegetables may have carcinogenic, mutagenic,
neurotoxic, and teratogenic effects on human
health, posing a serious risk to health outcomes
such as Alzheimer's in adults, intellectual
disability in children, DNS (deviated nasal
septum), insomnia, kidney, and liver diseases,
among others. It is therefore, essential to
consider the possible impacts of using TWW for
irrigation on soil contamination by heavy metals
(HM) [5].

To safeguard public and environmental health,
the World Health Organization (WHO) has
established maximum allowable limits for the
amounts of heavy metals in water, crops, and
soil [17-20]. Furthermore, precise information
regarding the toxicity of heavy metals in crops
grown in affected areas must be made
accessible. The present investigation aimed to
estimate the amounts of particular heavy metals
(Fe, Co, Mn, Pb, Zn, Cr, Ni, Cu, As, and Cd) in
soil, and vegetable samples in the areas
surrounding the selected locations. Several
factors were determined in order to calculate the
health risk: transfer factor, Daily intake of metals,
Health risk index, and Metal pollution index.

2. MATERIALS AND METHODS

2.1 Study Area

Jabalpur is located at the coordinates of
23°10'N 79°56'E. The humid subtropical climate
in Jabalpur is typical of Madhya Pradesh and
southern Uttar Pradesh in north-central India.
Summer lasts from late March to early June. The
hottest month is May, when average highs reach
over 40 °C (104 °F). The southwest monsoon
follows summer and lasts until early October.
From July to September, it delivers 889 mm (35
in) of rain. Approximately 1,386 mm (54.6 in) of
precipitation falls on average each year. Late
November marks the start of the winter, which
lasts until early March. The coldest month is
January, when daily average temperatures hover
around 15 °C (59 °F).

2.2 Description of Location

A total number of ten sites were chosen in the
Peri-Urban area of Jabalpur district where
wastewater was used for irrigation purposes.

From these sites soil and plants grown in these
soils were sampled and location was marked
using GPS.

2.3 Collection and

Samples

Preparation  of

Soil and Plant samples were collected from the
above chosen sites. Soil samples were collected
from top-soil using hand auger. Soil samples was
first then air dried for 24 hours.

The sample was sieved using a 2-mm sieve,
dried at 105 °C for 24 hours, and then crushed
using a wooden pestle and mortar. Similarly, the
plant samples collected from the sites were kept
in a sampling bag and then were carefully
washed with deionized water to remove any
debris and thereafter washed with 0.1% trace
metal grade HCI (JT Baker). After washing plant
samples, they were first air dried and then oven
dried at 80° C. After drying, they were
homogenised and labelled, and stored properly
in paper bags.

2.4 Analysis of Heavy Metal in Soil and
Plant Samples

The dried samples were further used for heavy
metal content analysis using ICP-MS after
digestion. Acid used for digestion of samples was
trace metal grade to avoid any metal
contamination from reagents. 0.5 gm of properly
homogenised soil and plant samples were taken
which were acidified using HNOs and HF. For
digestion of soil, 6ml of HNOz and 1.5 ml of HF
was used, whereas, 8 ml of HNOs was used for
plant samples. Closed vessel microwave
digestion using Anton Paar was used for
digesting plant and soil samples. Parameters
used under microwave digestion were power at
1200 W, Ramp time of 15 minutes, Final
temperature reaching upto 200°C, Temperature
hold time of 20 minutes and Cool down time of
about 15-20 minutes.

After digestion, the samples were filtered using
Whatman filter paper no. 42, and 50 ml volume
makeup was done using ultra-pure water. The
samples are ready for analysis in ICP-MS for
heavy metals. Mixed-element reference solutions
were prepared using 1000 mg/L single-element
standard solutions (Agilent).

2.5 Heavy Metal Risk Assessment
2.5.1 Metal transfer factor

The potential bioavailability of a given metal at a
certain plant portion is represented by the metal

213


https://geohack.toolforge.org/geohack.php?pagename=Jabalpur&params=23_10_N_79_56_E_type:city(1055525)_region:IN

Singh et al.; Int. J. Environ. Clim. Change, vol. 14, no. 6, pp. 211-223, 2024; Article no.lJECC.118547

transfer factor (MTF) [23]. It is the ratio of the
metal content in plant tissue (mg/kg Dw) such as
the stem, leaf, and root, to the metal
concentration in soil (mg/kg Dw) [24]. The metal
transfer factor for Cr, Zn, Ni, Cd, and Cu
was determined using the equation [25] that
follows:

MTF = CPIam/ Csoil

Where, Cpant is the amount of metal in plant
tissue (mg/kg Dw), and Csoil is the amount of
metal in soil (mg/kg Dw).

2.5.2 Metal Pollution Index (MPI)
The total metal load in every plant growing at a

specific location is evaluated using the metal
pollution index (MPI). MPI can also be defined as

the geometric mean of  the total
concentration of all metals in the edible portion of
the vegetable [26]. To determine the

MPI of the plant samples following equation was
used.

MPI = (C1 x C2 x.x Cn)¥n
number of

Where, Cn=concentration of ‘n’
metals in the samples (Here, n=10).

2.5.3 Daily Intke of Metals (DIM)

The relative phyto-availability of metals is
represented by the daily intake of metals (DIM).
The daily intake of metals from
vegetable diet was calculated using the following
equation [27]:

DIM=(CmetaiX CtactorX Cintake) / Bweight

Where, Cmeta= the concentration of heavy metals
in vegetables (mg/kg),

Cractor= conversion factor to convert the fresh
weight of vegetables to dry weight,

Cintake= ingestion rate.

The ingestion rate of leafy vegetables was
calculated in this study as 0.0385 kg/person/day
(According to Consumption of food report, 2016)
[28], the conversion factor (0.085) was used to
the vegetable samples that were chosen [29],

and Bweight—the average body weight—was
calculated as 70 kg (adults) [30].
2.5.4 Health Risk Index (HRI)

The susceptible health
ongoing exposure to heavy metals that
eventually becomes a chronic hazard is
represented by the health risk index (HRI) [31].
Higher numbers on the index indicate a higher
level of risk. According to USEPA(US
Environmental Protection Agency) [32], an index
greater than one is deemed unsafe for human
health.

risk resulting from

The HRI for each leafy vegetable was computed
using the equation that follows

HRI = DIM/RfD

Oral reference dose (RfD) used under this
study are given below according to USEPA
USEPA Region lll risk-based concentration table
[33].

3. RESULTS AND DISCUSSION

3.1 Heavy Metal Content in Soil and Plant
of Pariyat Site

The heavy metal content of soil is given in Table
1. The Highest metal content present was iron
(Fe) (22272.60 mg/kg), followed by Mangenese
(Mn) (599.76 mg/kg), Zinc (Zn) (65.93 mg/kg),
Copper (Cu) (58.46 mg/kg), Chromium (Cr)
(39.38 mg/kg), Nickel (Ni) (23.99 mg/kg), Lead
(Pb) (15.03 mg/kg), Cobalt (Co) (14.53 mg/kg),
Arsenic (As) (2.7 mg/kg) and least amount was
of Cadmium (Cd) (0.34 mg/kg). All the metals
were below the permissible range.

The heavy metal content in plants is given in
Table 2. In Pariyat site, the vegetable collected
was potato. The metal content was in order of
Fe>Zn>Cu>Mn>Ni>Co>As=Cr>Cd=Pb with
values of 63.67 mg/kg, 24.44 mg/kg, 4.63 mg/kg,
3.76 mg/kg, 0.24 mg/kg, 0.20 mg/kg, 0.02 mg/kg,
0.02 mg/kg, 0.02 mg/kg, 0.01 mg/kg and 0.01
mg/kg respectively. All the metal content were
below the permissible limits.

Thus, it can be concluded that soil and plant
frown on Pariyat site is safe as metal content is
concerned.

List 1. Oral reference dose (RfD) used under this study

As Cd Co Cr Cu

Fe Mn Ni Pb Zn

0.0003 0.001 0.0003 0.003

0.04

0.7 0.14 0.02 0.0035 0.3
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Table 1. Description of the sampling sites

Name of Site (Nala) Soil and Plant samples Plants samples collected
Latitude N Longitude E
Pariyat 23.2515 79.9726 Potato
Ricchai 23.2245 79.9651 Chilli
Regama 23.1995 79.8895 Brinjal
Moti 23.2176 79.9316 Cabbage
Urdhawa 23.2117 79.9593 Wheat
Kumbhi 23.0508 79.0241 Brinjal
Karonda 23.0670 79.0265 Wheat
Khuriji 23.1033 79.9923 Potato
Khandari 23.1278 79.9658 Cabbage
Dhobighat 23.1461 79.9618 Cauliflower

Table 2. Permissible limits of Heavy metals in soil and plants

Metal (mg/kg) Permissible limitin soil Reference Permissible limitin plant Reference

Cd 0.8 [21] 0.3 [21]
Zn 300 [22] 100 [22]
Cu 100 [22] 0.6 [21]
Cr 270 [21] 1.3 [21]
Ni 50 [21] 10 [21]
Co 50 [21] 50 [21]
Fe 50000 [21] 425.5 [21]
Pb 85 [21] 2 [21]
As 20 [21] 0.5 [21]
Mn 2000 [21] 500 [22]

Table 3. Metal content in soil and plant samples

Soil (mg/kg)

Sites Cr Mn Fe (%) Co Ni Cu Zn As Cd Pb
Pariyat 39.38 599.76 2.23 1453 2399 5846 6593 270 0.34 15.03
Ricchai 32.30 22390 1.05 5.26 1390 17.64 2759 263 0.10 15.33
Regama 51.12 375.81 2.05 11.92 28.31 64.35 279.65 4.62 0.64 50.81
Moti 42,42  225.67 1.33 6.10 20.44 18.60 47.20 4.03 0.10 24.19
Urdhawa 64.39 76.80 271 26.07 44.44 79.79 53.00 169 0.10 5.68
Kumbhi 7459 735.66 3.16 2.37 47.38 80.88 50.85 5.23 0.12 9.22
Karonda 217.86 297.42 241 10.32 10.15 51.28 5420 1.85 0.13 543
Khuriji 3168 596.51 2.13 18.88 26.22 78.13 50.83 0.62 0.09 2.85
Khandari 1043 29534 2.32 203.65 15.27 79.62 5125 298 0.20 8.82
Dhobighat  26.79  144.90 0.65 3.58 8.43 39.84 9644 174 0.18 46.36
Crops Vegetables and wheat (mg/kg)

Cr Mn Fe Co Ni Cu Zn As Cd Pb
Potato 0.02 3.76 63.67 0.20 024 463 2444 0.02 0.01 0.01
Chilli 0.06 5.17 241.33 0.32 0.13 542 1237 0.08 0.05 0.70
Brinjal 0.17 6.80 735.67 0.31 0.10 746 3938 0.33 035 1.53
Cabbage 0.04 1.62 38.83 0.07 0.05 231 12.02 0.04 0.03 0.43
Wheat 0.17 5.08 82.00 0.03 0.04 260 8.63 0.04 0.03 0.60
Brinjal 0.12 4.48 476.33 0.20 0.08 6.68 30.72 0.20 0.34 1.02
Wheat 0.02 2.93 61.17 0.04 0.06 333 7.75 0.01 0.02 0.60
Potato 0.11 11.06  455.67 0.41 0.07 512 3518 0.15 222 1.14

Cabbage 0.16 1416  670.83 0.52 0.13 6.23 2871 020 234 1.80
Cauliflower  0.01 1.59 28.17 0.02 001 128 6.68 0.01 0.01 o0.01
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Table 4. Transfer factor

Name of sites Pariyat Ricchai Regama Moti Urdhawa Kumbhi Karonda Khurji Khandari DhobiGhat
Metal (mg/kg) Potato Chilli Brinjal Cabbage Wheat Brinjal Wheat Potato Cabbage Cauliflower
Cr 0.00051 0.00186 0.00333 0.00094 0.00264 0.00161 0.00009 0.00347 0.01534 0.00037
Mn 0.00627 0.02309 0.01809 0.00718 0.06615 0.00609 0.00985 0.01854 0.04794 0.01097
Fe 0.00286 0.02298 0.03586 0.00291 0.00302 0.01506 0.00253 0.02142 0.02893 0.00436
Co 0.01376 0.06084 0.02601 0.01148 0.00115 0.08439 0.00388 0.02172 0.00255 0.00559
Ni 0.01000 0.00935 0.00353 0.00245 0.00090 0.00169 0.00591 0.00267 0.00851 0.00119
Cu 0.07920 0.30726 0.11593 0.12419 0.03259 0.08259 0.06494 0.06553 0.07825 0.03213
Zn 0.37070 0.44835 0.14082 0.25466 0.16283 0.60413 0.14299 0.69211 0.56020 0.06927
As 0.00741 0.03042 0.07143 0.00993 0.02367 0.03824 0.00541 0.24194 0.06711 0.00575
Cd 0.02941 0.50000 0.54688 0.30000 0.30000 2.83333 0.15385 24.66667 11.70000 0.05556
Pb 0.00067 0.04566 0.03011 0.01778 0.10563 0.11063 0.11050 0.40000 0.20408 0.00022
Table 5. Daily intake of Metals
Name of Pariyat Ricchai Regama Moti Urdhawa Kumhi Karonda Khurji Khandari DhobiGhat
sites Potato Chilli Brinjal Cabbage Wheat Brinjal Wheat Potato Cabbage Cauliflower
(mg/kg)
Cr 0.000000935 0.000002805  7.95E-% 0.00000187 N/A 0.00000561 N/A 5.14E 06 0.00000748 4.68E07
Mn 0.00017578  0.000241698  0.0003179 0.000075735  N/A 0.00020944 N/A 0.000517055  0.00066198 7.43E°%
Fe 0.002976573 0.011282178  0.034392573  0.001815303 N/A 0.022268428  N/A 0.021302573  0.031361303  0.00131695
Co 0.00000935  0.00001496 1.45E-05 3.27E% N/A 0.00000935 N/A 1.92E05 0.00002431 9.35E%7
Ni 0.00001122  6.08E% 0.000004675  2.34E-06 N/A 0.00000374 N/A 3.27E06 6.08E%¢ 4.68E07
Cu 0.000216453 0.000253385  0.000348755  0.000107993  N/A 0.00031229 N/A 0.00023936 0.000291253  0.00005984
Zn 0.00114257  0.000578298  0.001841015 0.000561935 N/A 0.00143616 N/A 0.001644665  0.001342193  0.00031229
As 0.000000935 0.00000374 1.54E 0.00000187 N/A 0.00000935 N/A 7.01E0¢ 0.00000935 4.68E°07
Cd 4.68E07 2.34E08 1.64E5 1.40E06 N/A 0.000015895  N/A 0.000103785  0.000109395  4.68E7
Pb 4.68E77 0.000032725  7.15E% 2.01E° N/A 0.000047685  N/A 0.000053295  0.00008415 4.68E%7
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Table 6. Health risk index

Name of sites (mg/kg) _Pariyat Ricchai Regama Moti Urdhawa Kumbhi Karonda Khurji Khandari DhobiGhat
Potato Chilli Brinjal Cabbage Wheat Brinjal Wheat Potato Cabbage Cauliflower
Cr 0.000311667 0.000935 0.002649167 0.000623333 N/A 0.00187 N/A 0.001714167 0.002493333 0.00015583
Mn 1.26E-03 1.73E-03 2.27E-03 5.41E-04 N/A 1.50E-03 N/A 3.69E-03 4.73E-03 5.31E-04
Fe 4.25E-03 1.61E-02 4.91E-02 2.59E-03 N/A 3.18E-02 N/A 3.04E-02 4.48E-02 1.88E-03
Co 0.031166667 0.049866667 0.048308333 0.010908333 N/A 0.031166667 N/A 0.063891667 0.081033333 0.00311667
Ni 0.000561 0.000303875 0.00023375  0.000116875 N/A 0.000187 N/A 0.000163625 0.000303875 2.3375E-05
Cu 0.005411313 0.006334625 0.008718875 0.002699813 N/A 0.00780725  N/A 0.005984 0.007281313 0.001496
Zn 3.81E-03 1.93E-03 6.14E-03 1.87E-03 N/A 4.79E-03 N/A 5.48E-03 4.47E-03 1.04E-03
As 0.003116667 0.012466667 0.051425 0.006233333 N/A 0.031166667 N/A 0.023375 0.031166667 0.00155833
Cd 0.0004675 0.0023375 0.0163625 0.0014025 N/A 0.015895 N/A 0.103785 0.109395 0.0004675
Pb 0.000133571 0.00935 0.020436429 0.005743571 N/A 0.013624286 N/A 0.015227143 0.024042857 0.00013357
Table 7. Metal pollution index
Pariyat Ricchai Regama Moti Urdhawa Kumbhi Karonda Khuriji Khandari DhobiGhat
Potato Chilli Brinjal Cabbage Wheat Brinjal Wheat Potato Cabbage Cauliflower
0.372915652 0.94773593 2.058870604 0.407471895 0.517323774 1.501686905 0.348784721 2.01214606 2.624086824 0.12258012
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3.1.1 Heavy metal content in soil and plant of

Ricchai site
The heavy metal content in soil of
Ricchai site was in order Fe>Mn>Cr>Zn>

Cu>Pb>Ni>Co>As>Cd with value of 10502
mg/kg, 223.9 mg/kg, 32.30 mg/kg, 27.59 mg/kg,
17.64 mg/kg, 15.33 mg/kg, 13.9 mg/kg, 5.26
mg/kg, 2.63 mg/kg, and 0.1 mg/kg,
respectively. All the metals were found withen
range.

The metal content in plants followed the order of
Fe>Zn>Cu>Mn>Pb>Co>Ni>As>Cr>Cd with
values of 241.33 mg/kg, 12.37 mg/kg, 5.42
mg/kg, 5.17 mg/kg, 0.70 mg/kg, 0.32 mg/kg, 0.13
mg/kg, 0.08 mg/kg, 0.06 mg/kg, and 0.05 mg/kg.
All the metals were found withen acceptable
range.

Thereby, Ricchai site can be classified as safe
for metals in both soil and plants grown into it.

3.1.2 Heavy metal content in soil and plant of
Regama site

The heavy metal content in soil of Regama site
followed the order of Fe>Mn>Zn>Cu>Cr>Pb>Ni>
Co>As>Cd with values of 20514.9 mg/kg, 375.81
mg/kg, 279.65 mg/kg, 64.35 mg/kg, 51.12 mg/kg,
50.81 mg/kg, 28.31 mg/kg, 11.92 mg/kg, 4.62
mg/kg, and 0.64 mg/kg, respectively. All the
metals were within the permissible limits.

Plant content for heavy metals were in order of
Fe>Zn>Cu>Mn>Pb>Cd>As>Co>Cr>Ni with
values of 735.67 mg/kg, 39.38 mg/kg, 7.46
mg/kg, 6.80 mg/kg, 1.53 mg/kg, 0.35 mg/kg, 0.33
mg/kg, 0.31 mg/kg, 0.17 mg/kg, and 0.10 mg/kg,
respectively. All the metals except Fe and Cd
were within the permissible limits.

According to [34] the result of growing levels of
Fe in plants was the ongoing usage of sewage
water. It is common for brinjal to collect Cd [35],
even when grown on lightly contaminated soil
[36].

3.1.3 Heavy metal content in soil and plant of
Moti site

Heavy metal content of Moti site in soil is as
follows  Fe>Mn>Zn>Cr>Pb>Ni>Cu>Co>As>Cd
with values of 13324 mg/kg, 225.67 mg/kg, 47.20
mg/kg, 42.42 mg/kg, 24.19 mg/kg, 20.44
mg/kg,18.60 mg/kg, 6.10 mg/kg, 4.03 mg/kg, and
0.10 mg/kg, respectively. All metals were within
range.

The metal content in plant samples were in order
of Fe >Zn>Cu>Mn>Pb>Co>Ni>As=Cr>Cd with
values of 38.83 mg/kg, 12.02 mg/kg, 2.31 mg/kg,
1.62 mg/kg, 0.43 mg/kg, 0.07 mg/kg, 0.05 mg/kg,
0.04 mg/kg,0.04 mg/kg, and 0.03 mg/kg,
respectively. All the metals were found within
allowable range.

3.1.4 Heavy metal content in soil and plant of
Urdhawa site

Heavy metal content in soil of Urdhawa site is as
follows  Fe>Cu>Mn>Cr>Zn>Ni>Co>Pb>As>Cd
with values of 27139 mg/kg, 79.79 mg/kg, 76.80
mg/kg, 64.39 mg/kg, 53 mg/kg, 44.44 mg/kg,
26.07 mg/kg, 5.68 mg/kg, 1.69 and 0.1 mg/kg,
respectively. All the metals were found within
acceptable range.

Heavy metal content in Wheat sample collected
from Urdhawa site were in order of
Fe>Zn>Mn>Cu>Pb>Cr>As=Ni>Cd=Co with
values of 82 mg/kg, 8.63 mg/kg, 5.08 mg/kg,
2.60 mg/kg, 0.60 mg/kg, 0.17 mg/kg, 0.04 mg/kg,
0.04 mg/kg, 0.03 mg/kg, and 0.03 mg/kg,
respectively. All the metals were found under
permissible limits.

3.1.5 Heavy metal content in soil and plant of
Kumhi site

The metal content of soil is in order of
Fe>Mn>Cu>Cr>Zn>Ni>Pb>As>Co>Cd  having
values of 31630.1 mg/kg, 735.66 mg/kg, 80.88
mg/kg, 74.59 mg/kg, 50.85 mg/kg, 47.38 mg/kg,
9.22 mg/kg, 5.23 mg/kg, 2.37 mg/kg, and 0.15
mg/kg, respectively. All metals were found within
permissible limits.

In brinjal plant collected from Kumbhi site the
heavy metal content was found in order of
Fe>Zn>Cu>Mn>Pb>Cd>As=Co>Cr>Ni with
values of 476.33 mg/kg,30.72 mg/kg, 6.68
mg/kg, 4.48 mg/kg, 1.02 mg/kg, 0.34 mg/kg, 0.20
mg/kg, 0.20 mg/kg, 0.12 mg/kg, and 0.08
mg/kg,respectively. All metals except Cd were
within the allowable range. As explained before,
brinjal has its intrinsic nature to absorb more Cd
even if soil has Cd below permissible levels [36].
Also heavy metals such as Cd can be easily
absorbed by the roots of vegetables and
transported to the edible parts of the plants, even
though the metal content in soil is low [37,38].
Vegetables can also absorb metals like Cd, Pb,
Zn, Cr from their aerial surfaces due to aerosols
[39].
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3.1.6 Heavy metal content in soil and plant of
Karonda site

Heavy metal content of soil was as follows
Fe>Mn>Cr>Zn>Cu>Co>Ni>Pb>As>Cd with
values of 24138.8 mg/kg, 297.42 mg/kg, 217.86
mg/kg, 54.2 mg/kg, 51.28 mg/kg, 10.32 mg/kg,
10.15 mg/kg, 5.43 mg/kg, 1.85 mg/kg, and 0.13
mg/kg, respectively. All metals were found within
permissible limits.

In potato plant collected from Karonda site the
metals were in following order Fe>Zn>Cu>Mn>
Pb>Ni>Co>Cd=Cr>As having values of 61.17
mg/kg, 7.75 mg/kg, 3.33 mg/kg, 2.93 mg/kg, 0.60
mg/kg, 0.06 mg/kg, 0.04 mg/kg, 0.02 mg/kg, 0.02
mg/kg, 0.01 mg/kg, respectively. All the metals
were found within range.

3.1.7 Heavy metal content in soil and plant of
Khurji site

Heavy metal content in soils of Khurji site were in
order of Fe>Mn>Cu>Zn>Cr>Ni>Co>Pb>As>Cd
having values of 21275 mg/kg, 596.51 mg/kg,
78.13 mg/kg, 50.83 mg/kg, 31.68 mg/kg, 26.22
mg/kg, 18.88 mg/kg, 2.85 mg/kg, 0.62 mg/kg,
and 0.09 mg/kg, respectively.Cd pollution can be
a result of irrigating agriculture with water
polluted by industrial effluents [40]. Another
important factor contributing to the buildup of Cd
in agricultural soils is fertilizers based on
phosphorus [41].

Heavy metal content in Potato plant collected
from Khurji site was in order
Fe>Zn>Mn>Cu>Cd>Pb>Co>As>Cr>Ni with
values of 455.67 mg/kg, 35.18 mg/kg, 11.06
mg/kg, 5.12 mg/kg, 2.22 mg/kg, 1.14 mg/kg, 0.41
mg/kg, 0.15 mg/kg, 0.11 mg/kg, and 0.07
mg/kg, respectively. All  metal content
except iron were under permissible limits.
Excessive heavy metals like iron, buildup in
plants is the result of  continuous
wastewater irrigation and use of
fertilizers [16].

3.1.8 Heavy metal content in soil and plant of
Khandari site

Heavy metal content in soils of
Khandari site were in order of Fe>Mn>Co>Cu>
Zn>Ni>Cr>Pb>As>Cd with values of 23187.50
mg/kg, 295.34 mg/kg, 203.65 mg/kg, 79.62
mg/kg, 51.25 mg/kg, 15.27 mg/kg, 10.43 mg/kg,
8.82 mg/kg, 2.98 mg/kg, and 0.20 mg/kg,

respectively. The metals were found to be under
permissible limits except Co.

According to Khanet al. [42] Co enters in soil
through wastewater, phosphate fertilizer and
industrial waste.

In plant sample collected from the site the metal
contamination level was in order Fe>Zn>Mn
>Cu>Cd>Pb>Co>As>Cr>Ni with values of
670.83 mg/kg, 28.71 mg/kg, 14.16 mg/kg, 6.23
mg/kg, 2.34 mg/kg, 1.80 mg/kg, 0.52 mg/kg, 0.20
mg/kg, 0.16 mg/kg, and 0.13 mg/kg, respectively.
The plant has Co content below permissible
limits as in root cells calcium ions binds with
cobalt binding sites which decreases its toxicity
in plants [43]. All the samples were found to be
within range when heavy metal is considered.

3.1.9 Heavy metal content in soil and plant of
Dhobighat site

The heavy metal content of soil was in order of
Fe>Mn>Zn>Pb>Cu>Cr>Ni>Co>As>Cd with
values of 6460.97 mg/kg, 144.90 mg/kg, 96.44
mg/kg, 46.36 mg/kg, 39.84 mg/kg, 26.79 mg/kg,
8.43 mg/kg, 3.58 mg/kg, 1.74 mg/kg, and 0.18
mg/kg, respectively. All the metals were within
permissible range.

Heavy metal content in cauliflower was in
sequence of Fe>Zn>Mn>Cu>Co>Cr= Ni=As=
Cd=Pb, with values of 28.17 mg/kg, 6.68 mg/kg,
1.59 mg/kg, 1.28 mg/kg,0.02 mg/kg, and 0.01
mg/kg, respectively. All the metals were found
within range.

3.2 Risk Assessment Parameters
3.2.1 Transfer Factor (TF)

The highest TF was found under wheat crop
collected from Khurji nala for Cd (24.66),
followed by Zn (0.69) and Cu (0.65). Apart from
wheat crop, highest TF was obtained for potato
collected from Khandari nala for Cd (11.70)
followed by As (0.06). Next to potato, chilli
showed high TF of 0.54, followed by Zn (0.14).
Lowest TF was found in brinjal collected from
Karonda site for Cr (0.00009), followed by
Cauliflower collected from Dhobighat nala for Pb
(0.00022).

3.2.2 Daily Intake of Metals (DIM)

The daily intake of metal (DIM) is a measure of
how much the body is exposed to heavy metals
through food [44]. Highest DIM was observed for
Fe under Brinjal collected from Regama site
followed by Zn, Cu, Mn, Pb, Cd, As, Co, Cr then
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Ni. Lowest DIM was obtained from Cauliflower
collected from Dhobighat site for Pb followed by
Cr, Ni, As, and Cd having equal values of DIM,
then Co, Cu, Mn, Zn and Fe.

3.2.3 Health Risk Index (HRI)

The health risk index assesses the likelihood of
any health risks resulting from eating foods that
are contaminated [45]. Since all the vegetables
had HRI index of less than one therefore, they
were safe to consume. Although, Cabbage from
Khandari site showed the highest HRI for Cd
(0.10) followed by Co (0.08).

3.2.4 Metal Pollution Index (MPI)

Since all the vegetables showed the MPI value
less than five, thus they are safe to consume.
Among the vegetables, highest MPI was showed
by cabbage collected from Khandari site (2.62),
Brinjal from Regama (2.05), Potato from khurji
site (2.01).

4. CONCLUSION

This study was conducted to assess the heavy
metal contamination in soil irrigated with
wastewater and its effect on cultivated plants.
Ten heavy metals viz Cr, Mn, Fe, Co, Ni, Cu, Zn,
As, Cd and Pb were studied in both soil and
plants and the results showed that the metal
content in the soil under study was below the
permissible limits except for Coin the Khandari
and Cd in Khurji site. The vegetables grown on
these soils did not show much contamination
level except for Fe content in brinjal, potato and
cabbage grown on Regama, Kumhi, Khurji and
Khandari site and Cd for brinjal grown on
Regama and Kumhi site. Tendency to
accumulate metals in edible parts was only
shown by wheat for Cd grown on Khuriji site and
potato grown on Khurji site. Despite of the
presence of contamination level none of the
vegetables showed health risk hazard, thus it can
be said that consumption of these vegetables
might not pose any significant health hazard but
in order to protect human health the
implementation of appropriate management and
mitigation measures to reduce heavy metals to a
safer level should be employed.
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