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ABSTRACT

Certain areas of Chennai such as red hills, Minjur, T. Nagar, Thiruvanmyur, Ambattur have been
found to be particularly susceptible to high pollution levels due to severe traffic congestions, the
ignition of coal, cement industries, State Industries Promotion Corporation of Tamil Nadu Limited
(SIPCOT) and other chemical industries etc., which pose threat to the environment. The population
besides these industries areas also increasing due to the employment opportunities and other
activities. Considering the persistent nature, cumulative behaviour, and probability toxicity of the
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heavy metals from these industries, it can enter the food chain linking the plant system to the soil
(fruits & vegetables) and transformed to human body. The heavy metals, Chromium, Cadmium,
Nickel and Lead, when exceed their permissible limit (<0.05 ppm), it causes metabolic malfunctions
to human beings. At this at the background, a study was attempted on the levels of metal deposits
from industries in the fruits and vegetables from the surrounding local markets in the designated
locations. Although there have been numerous research studies conducted worldwide on the
subject, this is the first of its kind study in Chennai district. Vegetable and fruit samples collected
from the local markets near the industrial zones and in congested areas were analysed and
compared for the levels against the global safety standards to ensure that fruits and vegetables can
be consumed without the risk of heavy metal contamination. The study's findings demonstrated that
all of the fruits and vegetables from the local markets in the study had levels of contaminants below
detectable thresholds (0.05 ppm) and within WHO allowed limits (Cd- 0.2ppm, Pb - 0.3 ppm, Ni -
67.9 ppm, Cr- 0.00 ppm). This indicates there may be no possible health concerns linked to the
concentrations of heavy metals in fruits and vegetables from the markets near the highly polluted
industrial zones or in the areas with severe traffic congestion.
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1. INTRODUCTION

Population increases, urbanisation, and industrial
activity lead to contamination and a detrimental
influence on land, water and atmosphere [1]. Due
to their long-term toxicity effects, heavy metals
are considered the soil pollutants originating via
natural and artificial sources. They are the
primary focus of recent investigations due to the
contaminating effect [2]. World over, the safety of
food is a key societal concern. The increased
demand for food safety over the past few
decades has prompted research on the hazards
related to consuming foods contaminated by

toxic substances. In regions with high industrial
activity, metal concentration in soils tends to
increase. These places have a few times more
metal deposition more than (0.05 ppm) than
uncontaminated sites [3]. The fact that pollutants
may move via soils to plant to reach
the food chain. Usage or direct intake by animals
that consume them is the most significant effect
of pollution on environmental health [4].

Traditional  channels and  anthropogenic
mechanisms are the both ways that heavy
metals enter the environment. They can be
associated with the causes, such as mining
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operations, deterioration of the earth's crust, and
soil deterioration, liquid waste, sewage from
cities, and insecticides [5]. Long-term use of
pesticide use, untreated municipal effluents
usage in agriculture fields, sludge waste with
metal contamination are the main contributing
factors to the accumulation of heavy metal in
productive soils [6]. Their movement from soil to
plant parts is significantly impacted by a nature of
soil and plant characteristics that control their
bioavailability. These substances have the
potential to contaminate the atmosphere,
streams, and soils from both point and non-point
sources (Fig. 2) [7]. Vegetable and fruits
contamination with heavy metal draws increasing
attention as understanding the problem in
relation to population [8]. Vegetables and fruits
accumulate heavy metals as a result of air and
soil  contamination. The interaction  with
contaminated soils or air pollution can cause
natural food contamination [9]. Fruits and
vegetables constitute 90% of the human diet are
the most common way that people are exposed
to this contamination the remaining 10% is
ingested through skin contact and contaminated
dust inhalation [10].

The heavy metals, Cu, Ni, Fe, Ni, Cd, Hg and
Co, are necessary for humans and play
significant role in several metabolic processes.
These metals can be harmful to both people and
other living things [11]. Even at low gquantities,
non-essential  substances including lead,
cadmium, mercury, and arsenic is harmful for
humans. Vegetables can accumulate heavy
metals due to land and atmosphere pollution
[12]. Bioaccumulation in food causes serious
health risks to people. The human body absorbs
these metals through food and breathing. Soil
movement and its availability contribute to this
heavy metal contamination [13]. Every person
should eat 300 g of greens every day, including

according to Indian Council of Medical Research
Expert Committee [14]. People consume a
variety of vegetables each day, depending on the
produce's growing region, the type of irrigation
source utilised, and its consumer age [15]. In
humans, in all forms of deposition of heavy
metals (HMs) results in a variety of difficulties,
including renal failure, peripheral neuropathy,
lung cancer, skin cancer, osteoporosis, bone
thinning, and prostate cancer [16]. Heavy metal
soil additions have detrimental consequences on
food, crop growth, and environmental
safety [17].

In Tamil Nadu, cash crops, vegetable crops and
fruits crops are cultivated, 10% of all fruits and
vegetables are produced in India are grown in
Tamil Nadu; these include bananas, mangoes,
pineapple, guava, citrus fruits, grapes, and other
vegetables [18]. No investigation has found
evidence of heavy metal build up in fruits or
vegetables; instead, previous studies have
mostly concentrated on a limited number of
specific vegetable varieties [19] and on the
exposure to contaminant from industrial regions
such as smelters, oil refineries, petrochemical
refineries, pesticide plants, cement plants, coal
burning industries throughout local available
markets throughout the world (Table 1) but no
significant investigation is being conducted in the
Chennai district. So, the main objective of the
research is aimed at the heavy metal
accumulation (Lead, Cadmium, Chromium and
Nickel) in the fruits and vegetables from the local
markets near the industrial sites and localities
with severe traffic congestion namely red hills,
Minjur, T. Nagar, Thiruvanmyur, Ambattur in
Chennai district. The findings of these trace
elements were compared with standards and
also investigated the everyday intake and risks of
metal exposure to human health, so that
vegetables and fruits can be consumed without

tubers, roots, and green leafy vegetables, anyharm to human body.
Table 1. Observations on heavy metals in fruits and vegetables

S.No. Study area  Fruit & Ni Cd Cr Pb References
vegetable

1. Netherlands  Apple, apricot, - - - 0.020 mg kg™ [20]
lemon, orange (dry weight)

2. India Apple, Grapes, - - - 224.4 ug I* [20]
Orange (juice)

3. Maharashtra mango - - - - [20]

4, Uttar Pradesh Tomato 089 014 - 0.46 [16]

5. Vellore onion 0.073 - - [21]

6. Nigeria 8.90 3.08 8.90
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2. MATERIALS AND METHODS
2.1 Location of the Research

The examination was conducted in the Chennai
district of Tamil Nadu, in five different parts of the
city: Red Hills (13.186 and the longitude is:
80.199), Minjur, (13.269, and the longitude is
80.264), T. Nagar (13.0405026 and the longitude
is: 80.2336924), Thiruvanmyur (12.982684
Latitude and 80.263369 longitude), and Ambatur
(Latitude: 13.092, Longitude: 80.166). Leading
industries in the region include State Industries
Promotion Corporation of Tamil Nadu Limited
(SIPCOT), the cement, coal, chemical,
automotive, and polymer industries, among
others. The city has a climate that is both wet
and dry. Herewith maps (Fig. 1) displaying,
sampling location relative positions (Table 2).
Along with the dense population, industrial
production activities have been operating in this
area since the late 1970s that influence the
surrounding environment. The air pollution levels

are also high with reference to PM 2.5 [22]. While
being transported from the production site to the
market, these fruits and vegetables are covered
with polyethylene sheets; nevertheless, when
they are being marketed, they are exposed to the
urban environment pollutant too.

2.2 Sample Collection

From the areas of Thiruvanmyur, T. Nagar,
Ambattur, Red hills, Minjur of Chennai districts,
same type of vegetable and fruit specimens have
been purchased through several nearby
marketplaces (Table 2). Four samples were
purchased from each market and combined at
each sampling location. The collected sample (1
district x 5 local markets x 11 samples) (total n =
55 samples) were tagged, placed in Poly
propylene (PP) containers, and shipped to the
testing facility. The samples were properly
cleaned with deionized water then dried for one
day at 60°C in an oven, glass mortar was used to

Tamil Nadu

India

© Rednills
pbattur

o
T.Nagar

Thiruvan

Industrial areas of Chennai

Fig. 1. Study area

Table 2. Features of the Chennai market sample sites

S.No. Study sites Type of markets Land uses
1. Thiruvanmyur Local HT
2. T. Nagar Local HT
3. Ambattur Local NIA
4. Red Hills Local NIA
5. Minjur Local NIA

HT- Heavy traffic; NIA- Near Industrial Area
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Table 3. Botanical description of the vegetable and fruits used in the study

S.No. Local name Botanical description
1. Grapefruit Vitis vinifera
2. Apple Malus pumila
3. Guava Psidium guajava
4, Orange Citrus sinensis,
5. Amla Phyllanthus emblica
6. Lemon Citrus limon
7. Beans Phaseolus vulgaris
8. Tomato Solanum lycopersicum
9. Potato Solanum tuberosum
10. Carrot Daucus carota
11. Cucumber Cucumis sativus
Sources
Heavy metals
I . I
Natural Anthropogenic

Natural weathering
process

Industries, agricultural
activities mining activities
etc.,

Fig. 2. Sources of heavy metals

ground the dried samples into a homogeneous
mixture, and a 2 mm nylon screen was used to
filter out any coarse particles. The specimens
with botanical characterizations are in Table 3.

2.3 Analysis of Fruits and Vegetable

For the analysis of vegetables and fruits, a 100
ml acid-washed beaker containing one gram of
material was filled with 15 ml of a di-acid mixture.
It is digested at 80 °C until a transparent solution
was obtained. After cooling, the digested
samples were filtered through Whatman No. 42
filter paper, and the filtrate was subsequently
diluted to make 50 MI using deionized water in a
volumetric flask. Using AAS (Atomic Absorption
Spectroscopy), the heavy metals were found in
the vegetable filtrate and air deposition. Using
the standard solutions of varied concentrations of
the appropriate heavy metals, the instrument was
calibrated. Air served as the support and

acetylene gas served as the fuel. Each instance
involved the work of an oxidising flame, which
reveals various settings for the instrument
depending on the metal.

2.4 Method Validation

The analytical process was validated using
various metrics, such as accuracy, precision, and
limit of detection.

2.5 Daily Intake of Heavy Metals through
Fruits and Vegetables

The daily intake of heavy metals through the
consumption according to the equation has been
calculated as per given below formula:

Daily intake of heavy metals pug day = [Daily
fruit or vegetable consumption x fruit or
Vegetable heavy metal concentration]
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3. RESULTS AND DISCUSSION

number of heavy metals in a few fruits and
vegetables from five different Chennai, Tamil

As a result of their toxicity, heavy metals are Nadu marketplaces, along with a comparison to
regarded as the most significant environmental the WHO's permitted guideline (Table 5) for
pollutant (Figs. 3 & 4). Table (4) illustrates the heavy metals.

] l Heavy
_mﬂals
- in plants ~

Accumulation of heavy metals

Deposit

Fig. 3. Heavy metal accumulation in fruits and vegetables from the environment

Heavy metal deposition from atmosphere

+ \\ Transmission of heavy metals from plat

products to llu.mﬂni I

Uptake of heavy metals into
Uptalke of HM from water

plants through capillary force of
the plant

de¢e B

A

Heavy metal uptake
into the fruits

. . . o n&i\ o
Intrusion and absorption of heavy metals into @.300 o %
the plant system and metabolic changes ® @ ()

Transportatm.n Storage of toxic
& tramslocation of s in fruits
metals in  xylem and seeds
and pholem

7

# Binding of metals to extracellular exudates and cell wall components
» compartmentalization of toxic metals from cytoplasm to the vacuoles

Fig. 4. Heavy metal absorption in plants and transportation to fruits and vegetables
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Table 4. Concentration of heavy meals in vegetables

Vegetables Location
& fruits T. Nagar Ambattur Red Hills Minjur Tiruvanmyur

Ni Cr Cd Pb Ni Cr Cd Pb Ni Cr Cd Pb Ni Cr Cd Pb Ni Cr Cd Pb
Beans 186 BDL BDL BDL 224 BDL BDL BDL 314 BDL BDL BDL 345 BDL BDL BDL 157 BDL BDL BDL
Tomato 13.1 BDL BDL BDL 162 BDL BDL BDL 16.32 BDL BDL BDL 1522 BDL BDL BDL 103 BDL BDL BDL
Potato 18.3 BDL BDL BDL 215 BDL BDL BDL 202 BDL BDL BDL 26.14 BDL BDL BDL 116 BDL BDL BDL
Carrot 14.2 BDL BDL BDL 16.3 BDL BDL BDL 17.25 BDL BDL BDL 1.12 BDL BDL BDL 1.3 BDL BDL BDL
Cucumber 2.61 BDL BDL BDL 2.19 BDL BDL BDL 205 BDL BDL BDL 1.47 BDL BDL BDL 1.49 BDL BDL BDL
Grapes 1.87 BDL BDL BDL 2.13 BDL BDL BDL 144 BDL BDL BDL 3.12 BDL BDL BDL 1.63 BDL BDL BDL
Apple 154 BDL BDL BDL 1.33 BDL BDL BDL 1.38 BDL BDL BDL 1.02 BDL BDL BDL 2.01 BDL BDL BDL
Guava 1.88 BDL BDL BDL 142 BDL BDL BDL 147 BDL BDL BDL 1.33 BDL BDL BDL 1.24 BDL BDL BDL
Orange 226 BDL BDL BDL 352 BDL BDL BDL 0.87 BDL BDL BDL 3.28 BDL BDL BDL BDL BDL BDL BDL
Amla 122 BDL BDL BDL 1.17 BDL BDL BDL 098 BDL BDL BDL 174 BDL BDL BDL BDL BDL BDL BDL
Lemon 233 BDL BDL BDL 197 BDL BDL BDL 124 BDL BDL BDL 068 BDL BDL BDL BDL BDL BDL BDL

185



Palani et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 9, pp. 179-191, 2024; Article no.JABB.121554

Table 5. Limit of heavy metals permitted in fruits and vegetables

S.No. Element FAO/WHO (mg/Kg)
1. Cd 0.2

2. Pb 0.3

3. Ni 67.9

4. Cr -

*FAQO: Food and Agriculture Organization *WHO: World Health Organization

3.1Lead Concentration in Fruits and

Vegetables

Lead could enter the human system through
food, drink, and air. No known safe level of
exposure exists. It is mostly stored in livers and
kidneys. The toxicity of daily lead intakes is very
low (0.05) at the determined concentration levels
[23].

According to dry weight of the sample, the
amounts of Pb were estimated. The Pb
concentrations results with below detectable
limits (BDL <0.05) for all the vegetable and fruit
samples of all the sites (Table 4) which is well
within the 0.3 mg/kg permissible range (Table 5)
(Fig. 5). The levels of lead identified in a variety
of greens collected from markets in Tanzania,
Saudi Arabia, Nigeria, and Serbia were less than
the highest amounts allowed (0.30 and 0.10 mg
kg-1 for greens) [24] and also with the vegetable
field Nigerian urban wastewater that was used
for irrigation contained a permissible amount of

Pb level within an acceptable threshold [25]. Air,
water, and food all have pathways for lead to get
into the human circulatory system. But this
decreased level of lead in the study area is
because, Pb is the least transportable element
from the soil, and soil Pb concentrations are
highly correlated with minerals, oxides of
manganese, hydroxyls ions of iron and
aluminium, and organic matter in soils [26].
Whereas the soils near the industrial areas could
not be rich in Pb is not organic matter and hence
the insufficient level of Pb [27]. The daily intake
of Pb is also at BDL from the study area of the
selected vegetables and fruits. Also, the lead
concentration in the mango fruit was less than
the instrument detection limit, indicating that
either no lead was present in the sample or only
a trace amount was [28]. According to nhumerous
reports, using whole fruits-including their peels-
carries a risk of consuming heavy metals that
may be found in the peel [29]. The evaluation of
health risks is within the hazard quotient level
with less than 1 as per [30].

Table 6. The calories of fruit contribute for heavy metal

S.No. Heavy metal The calories of fruit contribute for an average person
1. Pb 36.89¢g
2. Cd 554 ¢
3. Zn 0.205 mg
4. Cu 0.288 mg
5. Co 45.24 g
6. Ni 0.116 mg
0.036] 0.039]

i 0.030
0.020
0.010 0.020}
0.000] .
-0.014 | 0.000 |

0.0 20 40 6.0 0.0 2.0 20 6.0
Time

Fig. 5. Chromatogram showing the concentration of Pb
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3.2 Nickel Concentration in Fruits and

Vegetables

Based on the collected samples of vegetables
and fruits, nickel concentration shown in (Table
4) but all the concentrations were below the
permissible limit of Ni (67.9 mg/Kg) in all the
samples from the study area. This corroborated
with the findings of [31] where the Ni
concentration in selected fruits and vegetables in
Pakistan had 3-12 mg Ni kg! and also the Ni
levels varied between 0.05 and 0.24 mg/Kg in
Jews mallow and highest observed in fluted
pumpkin plant 0.01 - 0.1 to 0.23 and 0.25.
However, Ni level of 0.067 mg/Kg for Indian Basil
which is within the range of values obtained from
this study. Wastewater irrigation of vegetables in
Morocco also resulted in 85 mg Ni kg-1 [32]. In
India, vegetables grown in peri-urban areas and
irrigated with untreated wastewaters had Ni
concentration as high as 506 mg Ni kg-1 [33]. Ni
in the soil at less than pH 6.7 is in soluble form
and most Ni exists as insoluble hydroxides. So,
the Ni concentration would be in insoluble form
so that the uptake is less [34].

3.3 Cadmium Concentration in Fruits
and Vegetables

Extended cadmium accumulation in humans can
result in several health problems, including
kidney damage, renal disorders, and human
carcinogens [16]. Due to cadmium build-up in the
body, prolonged ingestion of several of these
fruits and vegetables causes health issues [35].
Even at low concentrations, Cadmium is an
extremely hazardous metal which forms up in
internal organs and could result in fatal
conditions [36]. The level of Cd is determined to
be BDL (<0.05) in all the vegetables and fruits
from the sites taken for the study area (Table 4)
which falls in the acceptable range of 0.2 mg/Kg
(Table 5) which correlates with the findings of
[36] that the majority of the three regions fruits
and vegetables had cadmium concentrations that
were within the acceptable range of 0.2 mg/kg
[37] and also the vegetables and fruits spices
analysed for the Cd in Nigeria were found to be
within the limit. The results are in line with the
research undertaken in different parts of the
world (Table 1). Furthermore, this is a result of
physiological barriers that prevent harmful heavy
metal(loid)s from entering phloem, being loaded
or unloaded, or accumulating in fruits [38] were
found to be under the World Health Organisation/
Food and Agricultural Organisation (WHO/FAQ)
and Indian acceptable limits [8] and (Table 5).

Another important criterion for low Cd
transportation into the produce is certain soil
characteristics, including soil pH and organic
matter that can have an impact on the
sequences of Cd speciation in soils [39].
Increased pH results in decreased concentration
of Cd in plants due to decreased Cd availability
in soils [2]. The organic matter in alkaline
industrial waste water intruded soils easily forms
soluble Cd complexes and prevents exchange of
ions and transfer to roots because most of the
industries of study area were observed to let
alkaline effluents into the soils and water nearby.
3.4 Chromium Concentration in Fruits
and Vegetables

Cr (VI) and its metabolites, especially chromate,
enter the human body through different ways
(inhalation, ingestion and skin contact), which will
cause pathological changes to the human organs
and systems (respiratory  tract, skin,
gastrointestinal tract and so on) and even
increase the incidence rate and mortality of many
cancers [40]. Prolonged human exposure can
cause  gastrointestinal  upset, respiratory
problems, kidney and liver damage, and altered
genetic material, among other conditions [41]. At
modest levels, Cr (VI) can be acutely hazardous
and is recognised as a known human respiratory
carcinogen. The carcinogenic risk factor (CRs)
value of Nickel (Ni), Chromium (Cr) and
Cadmium (Cd) were found higher than the
tolerance limit (< 10-4). The range of CRs for
Cr from 0.0046 to 0.02104 in Bhoothnath
vegetable market (BVM, 0.0067 to 0.0325 in
Mohanlal Ganj vegetable markets MVM and
0.00416 to 0.040 in South city vegetable market
(SVM) and The CRs value of Cr and shown the
high potential of carcinogenesis through the
consumption of the vegetables having high Cr
level [15].

Within the selected fruits, the Cr concentrations
were found to be BDL in the study area and also
within the permissible limit (Table 4) Pomelo and
star fruit had the highest chromium values, at
0.217 mg kg-1 respectively but Mangoes from
the Chattogram region and jackfruit from both
regions showed no signs of chromium.
Therefore, the local population is safe and no
such urgent measurements are needed [42]
because of even at low concentrations the Cr is
toxic in nature. Exposure to Cr can cause lung,
kidney, or liver damage. The uptake is BDL
(<0.05) in the selected vegetables and fruits may
be due to the chromium behaviour in ion
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exchange capacity in soil. Since Cr is less
mobile, due to its adsorption rate, Cr* 6 reduces
as pH rises [43].

3.5 Daily Intake of Vegetables and Fruits

The provisional tolerated daily intake (PTDI) is
typically used to express consumer exposure
and the associated health hazards. The WHO
has established a heavy metal intake threshold
determined by the typical adult's body weight, is
60 kg. Vegetable and fruit intake per person per
day is 98 and 78 grams, respectively. From the
results of the study, all the samples were found
to have below detectable limit and do not pose
any threat to humans. When compared with the
permissible limits. For an average person, the
calories of fruit contribute heavy metal intake
(Table 6), respectively. Therefore, heavy metal
contamination in industrial area is more likely
than food crops cultivated in isolated locations.
Fruits and vegetables that had been treated had
lower heavy metal contents [44]. Since the heavy
metal pose detrimental influence on human
health as well as the nutritional properties of
agricultural goods; they must comply within
WHO's specified safety criteria and there must
be sufficient control over the levels in food.

4. CONCLUSION

The findings of the research revealed that
concentrations of toxic heavy metals were below
detectable levels of Cd, Ni, Cr and Pb in all the
fruits and vegetables samples collected from the
study area. According to this study, the heavy
metals were not present in the produce coming
from the research zone because of the
considerable traffic around the market sites,
vehicle emissions, smoke, and dust from nearby
factories. The hazards related to toxicity of
contaminants in vegetables and fruits should be
taken into account for the local people, as these
vegetables and fruits are among the most
popular nourishment consumed in the study
area. Further research may be carried out
extensively and periodically in the markets
near the other industrially polluted areas of
Tamil Nadu to ascertain the food safety
levels as per the norms laid down by the
Food Safety and Standards Authority of India
(FSSAI).

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models

(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

ACKNOWLEDGEMENTS

The authors thank National Agro Foundation,
Chennai, for providing all research resources.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Dev LK, K, NB, S, Philips M. Heavy
Metals and Microplastics as a
Function of Environmental Pollution: A
Comprehensive Study of a Ramsar
Site in  Chennai, Tamilnadu India.
Saravanan and NB, Srilakshmi and
Philips, Mayola, Heavy Metals and
Microplastics as a  Function  of
Environmental Pollution: A Comprehensive
Study of a Ramsar Site in Chennai,
Tamilnadu India.

2. Wang L, Rinklebe J, Tack FM, Hou D. A
review of green remediation strategies for
heavy metal contaminated soil. Soil Use
and Management. 2021;37(4):936-963.

3. Long Z, Huang Y, Zhang W, Shi Z, Yu D,
Chen Y, et al. Effect of different industrial
activities on soil heavy metal pollution,
ecological risk, and health risk.
Environmental Monitoring and
Assessment. 2021;193:1-12.

4. Uddin MM, Zakeel MCM, Zavahir JS,
Marikar FM, Jahan |I. Heavy metal
accumulation in rice and aquatic plants
used as human food: A general review.
Toxics. 2021;9(12):360.

5. Parida L, Patel TN. Systemic impact of
heavy metals and their role in cancer
development: A review. Environmental

Monitoring and  Assessment. 2023;
195(6):766.
6. Gavrilescu M. Water, soil, and plants

interactions in a threatened environment.
Water. 2021;13(19):2746.

7. Mawari G, Kumar N, Sarkar S, Daga MK,
Singh MM, Joshi TK, Khan NA. Heavy
metal accumulation in  fruits and
vegetables and human health risk
assessment: Findings from Maharashtra,

188



10.

11.

12.

13.

14.

15.

Palani et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 9, pp. 179-191, 2024; Article no.JABB.121554

India. Environmental Health
2022;16:11786302221119151.
Xiang M, Li Y, Yang J, Lei K, Li Y, Li F, et
al. Heavy metal contamination risk
assessment and correlation analysis of
heavy metal contents in soil and crops.
Environmental Pollution.
2021;278:116911.

Najmi A, Albratty M, Al-Rajab AJ, Alhazmi
HA, Javed SA, Ahsan W, et al. Heavy
metal contamination in leafy vegetables
grown in Jazan region of Saudi Arabia:
Assessment of possible human health
hazards. International Journal of
Environmental Research and Public
Health. 2023;20(4):2984.

Mitra S, Chakraborty AJ, Tareq AM, Emran
TB, Nainu F, Khusro A, et al. Impact of
heavy metals on the environment and
human health: Novel therapeutic insights
to counter the toxicity. Journal of King
Saud  University-Science.  2022;34(3):
101865.

Bansal OP. Accumulation of potentially
toxic metals and pesticides in fish other
seafood and their impact on human.
International Journal of Recent Scientific
Research. 2021;12(8):42848-42868.

Alengebawy A, Abdelkhalek ST, Qureshi
SR, Wang MQ. Heavy metals and
pesticides toxicity in agricultural soil and
plants: Ecological risks and human health
implications. Toxics. 2021;9(3):42.

Insights.

Mukherjee A, Dutta S, Goyal TM.
Indiad€™ s Phytonutrient  Report-A
Snapshot of Fruits and Vegetables

Consumption, Availability and Implications
for Phytonutrient Intake (No. id: 12064);
2017.

Kumar P, Kumar S, Singh RP. High
contamination of toxic heavy metals in
vegetables and their associated health risk
assessment from different vegetable
markets of the metropolitan city, Lucknow,

India. International Journal of
Environmental Research. 2021;15:837-
847.

Gupta N, Yadav KK, Kumar V, Krishnan S,
Kumar S, Nejad D, et al. Evaluating heavy

metals contamination in soil and
vegetables in the region of North India:
Levels, transfer and potential human
health risk analysis. Environmental

Toxicology and Pharmacology, 2021;82:
103563.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

189

Tefera M, Teklewold A. Health risk
assessment of heavy metals in selected
Ethiopian spices. Heliyon. 2021;7(5).

Saravanakumar V, Malaiarasan U,
Balasubramanian R, Angles S. Production
efficiency and profitability of major farming

systems in Tamil Nadu. Agricultural
Economics Research Review.
2020;33(confspl):99-108.

Ganesh KS, Sridhar A, Vishali S.

Utilization of fruit and vegetable waste to

produce value-added products:
Conventional utilization and emerging
opportunities-A  review. Chemosphere.

2022;287:132221.

Siri¢ 1, Eid EM, EI-Morsy MH, Osman HE,
Adelodun B, Abou Fayssal S, Kumar P.
Health risk assessment of hazardous
heavy metals in two varieties of mango
fruit (Mangifera indica L. var. Dasheri and
Langra). Horticulturae. 2022;8(9):832.
Bharani V, Sathyaraj S, Sinha A,
Sugankumar D, Osborne JW. A survey on
the accumulation of chromium in plants
near various tannery industries of
Vellore district, TN. Research Journal of
Pharmacy and Technology. 2015;8(9):
1205-1208.

Jia X, Fu T, Hu B, Shi Z, Zhou L, Zhu Y.
Identification of the potential risk areas for
soil heavy metal pollution based on the
source-sink theory. Journal of Hazardous
Materials. 2020;393:122424.

Ara A, Usmani JA. Lead toxicity: A review.
Interdisciplinary  Toxicology. 2015;8(2):
55.

Hussain S, Rengel Z, Qaswar M, Amir M,
Zafar-ul-Hye M. Arsenic and heavy metal
(cadmium, lead, mercury and nickel)
contamination in plant-based foods. Plant
and Human Health, Volume  2:
Phytochemistry and Molecular Aspects.
2019;447-490.

Ogunkunle ATJ, Bello OS, Ojofeitimi OS.
Determination of heavy metal
contamination of street-vended fruits and
vegetables in Lagos state, Nigeria.
International Food Research Journal.
2014;21(6).

LiQ,Wang VY, LiY, LiL, Tang M, Hu W, et
al. Speciation of heavy metals in soils and
their ~ immobilization at  micro-scale
interfaces among diverse soil components.
Science of the Total Environment. 2022;
825:153862.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Palani et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 9, pp. 179-191, 2024; Article no.JABB.121554

Stefanowicz AM, Kapusta P, Zubek S,
Stanek M, Woch MW. Soil organic matter
prevails over heavy metal pollution and
vegetation as a factor shaping sall
microbial communities at historical Zn—Pb
mining sites. Chemosphere. 2020;240:
124922.

Pant N, Subedee A, Gharti RB, Shrestha
S. Spectrometric determination of heavy
metals present in mango fruit of Nepali
origin. Amrit Research Journal. 2020;1(1):
72-77.

Czech A, Malik A, Sosnowska B,
Domaradzki P. Bioactive substances,
heavy metals, and antioxidant activity in
whole fruit, peel, and pulp of citrus fruits.
International Journal of Food Science.
2021;2021:1-14.

Zhang A, Cortes V, Phelps B, Van Ryswyk
H, Srebotnjak T. Experimental analysis of
soil and mandarin orange plants treated
with heavy metals found in Oilfield-

Produced wastewater.  Sustainability.
2018; 10(5):1493.

Bukhari IH, Ramzan M, Riaz
MUHAMMAD, Bokhari TH, Rehman

GHANA, Munir SHAHIDA. Determination
of trace heavy metals in different
varieties of vegetables and fruits available
in local market of Shorkot Pakistan. Int J
Curr Pharm Res. 2013;5(2):101-105.

AL-Jaboobi M, Zouahri A, Tijane M, El
Housni A, Mennane Z, Yachou H, et al.
Evaluation of heavy metals pollution in
groundwater, soil and some vegetables
irrigated with wastewater in the Skhirat
region “Morocco”. Journal of Materials and

Environmental Science. 2014;5(3):961—
966.
Yadav A, Yadav PK, Shukla DN.

Investigation of heavy metal status in soil
and vegetables grown in urban area of
Allahabad, Uttar Pradesh, India.
International Journal of Scientific and
Research Publications. 2013;3(9):1-7.
Bhalerao SA, Sharma AS, Poojari AC.
Toxicity of nickel in plants. Int. J. Pure
Appl. Biosci. 2015;3(2):345-355.
Rahimzadeh MR, Rahimzadeh MR,
Kazemi S, Moghadamnia AA. Cadmium
toxicity and treatment: An update. Caspian
Journal of Internal Medicine. 2017;8(3):
135.

Genchi G, Sinicropi MS, Lauria G, Carocci
A, Catalano A. The effects of cadmium

36.

37.

38.

39.

40.

41.

42.

43.

190

toxicity. International Journal of
Environmental Research and Public
Health. 2020;17(11):3782.

Ezeilo CA, Okonkwo SlI, Chibuzor C,

Onuorah ALC, Ugwunnadi NE.
Determination of heavy metals in some
fruits and vegetables from selected
market’'s in Anambra state. ACTA Sci.
Nutr. Heal. 2020;4:163-171.

Nazir R, Khan M, Masab M, Rehman HU,
Rauf NU, Shahab S, et al. Accumulation of
heavy metals (Ni, Cu, Cd, Cr, Pb, Zn, Fe)
in the soil, water and plants and analysis of
physico-chemical parameters of soil and
water collected from Tanda Dam Kohat.
Journal of Pharmaceutical Sciences and
Research. 2015;7(3):89.

Li Z, Liang Y, Hu H, Shaheen SM, Zhong
H, Tack FM, Zhao J. Speciation,
transportation, and pathways of cadmium
in soil-rice systems: A review on the
environmental implications and
remediation approaches for food safety.
Environment  International.  2021;156:
106749.

Christou A, Georgiadou EC, Zissimos AM,
Christoforou IC, Christofi C, Neocleous D,
Fotopoulos V. Uptake of hexavalent
chromium by tomato (Solanum
lycopersicum L.) plants and mediated
effects on their physiology and
productivity, along with fruit quality and
safety. Environmental and Experimental
Botany. 2021;189:104564.

Ahmed F, Fakhruddin ANM, Fardous Z,
Chowdhury MAZ, Rahman MM, Kabir MM.
Accumulation and  Translocation  of
Chromium (Cr) and Lead (Pb) in Chilli
Plants (Capsicum annuum L.) Grown on
Artificially Contaminated Soil. Nature
Environment & Pollution Technology.
2021; 20(1).

Islam MA, Parvin M, Quader MFB,
Hossain MS. Determination of toxic heavy
metal contents of some selected tropical
fruits grown in industrial areas of
Bangladesh. Dhaka University Journal of
Science. 2022;70(1):22-27.

Bamigboye OS. Exploration for Fe-Mn
oxides using geochemical signatures in
soil: A Case Study of Part of Northwestern
Nigeria. In Geochemistry. Intech Open;
2021.

Chen YG, Huang JH, Luo R, Ge HZ,
Wotowicz A, Wawrzkiewicz M, et al.
Impacts of heavy metals and medicinal



Palani et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 9, pp. 179-191, 2024; Article no.JABB.121554

crops on ecological systems, 44. Abdurrahman MI, Chaki S, Saini G.
environmental pollution, cultivation, and Stubble burning: Effects on health &
production processes in China. environment, regulations and management

Ecotoxicology and Environmental Safety.
2021;219:112336.

practices. Environmental Advances. 2020;
2:100011.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/121554

191


https://www.sdiarticle5.com/review-history/121554

