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Abstract /l
This study examines the presence of heavy metal pollution in 111 vegetable
samples that were collected in the winter from industrial regions in Haryana,
India. The samples mean heavy metal concentrations (mg/kg™" dry weight) Article History
were determined to be as follows Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn, Received: 17 March 2025
Accepted: 14 May 2025
was 158.01, 0.23, 0.04, 3.70, 7.82, 297.87, 39.81, 1.78, 0.52, and 32.21
respectively. Two main metal clusters (Al-Fe-Pb and Zn-Cu) were identified Keywords
by statistical analysis, indicating shared contamination sources. The FAO/ Heavy Metals,
WHO-established acceptable limits for heavy metals were surpassed by the E:gg:‘ dR(ilsuko?Zi?'ssment;
majority of vegetables, presenting serious health hazards. For every species Metal Pollution Index:
of vegetable, the total target hazard quotient (TTHQ) was higher than 1, Principal Component
suggesting a possible non-carcinogenic health risk to consumers. Analysis;
The highest metal pollution index (MPI) was found in leafy vegetables, Vegetables.
indicating a higher propensity for metal accumulation. The results highlight
how urgently monitoring and mitigating measures are needed to lower the
exposure to heavy metals from eating vegetables in industrial areas.
Introduction boundaries, the pollutants move from one form

The rapid industrialization, population explosion,  of medium to another, like the lead emitted in the
and unsustainable utilization of natural resources  atmosphere by using leaded petrol, which left
have resulted in an increase in all kinds of pollution its residues on the plants, soil, and water. All the
in recent decades. As the environment has no  pollutants are equally harmful, but heavy metals
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have several health effects on humans and plants.
Heavy metals can be transferred from one form to
another and can change their oxidation states, which
decides the toxicity level of heavy metals." In addition,
long-term exposure to lead can cause hypertension,
nephritis, and cardiovascular disorders in children as
well as negatively impact brain development.2 Also,
Zn can lower immunological function and high-
density lipoprotein levels, whereas Pd can result
in contact dermatitis.®> Furthermore, it was shown
that HM interacted with nuclear proteins and DNA,
resulting in irreversible alterations and confirmational
changes that could trigger apoptosis, carcinogenesis,
or cell cycle modification. The International Agency
for Research on Cancer (IARC) has designated As
and its chemical constituents as Group 1 carcinogens.
promotes cancers of the skin, lungs, and bladder.*5
Once in the environment, heavy metals spread into
the soil, air, and water through the dumping of waste
and then cycle between living and non-living
components through various pathways. These metals
can enter our body by three routes i.e. inhalation,
ingestion, and skin contact.® Any metal will be termed
as a contaminant when it is present at an unwanted
location in such a form and concentration that may
cause detrimental environmental and human health
effects. Heavy metals may get bio-accumulated and
biomagnified at each trophic level through the food
chain. Irrigating water, soil concentration, soil type,
fertilisers, atmospheric deposition, climate, plant
species, and harvest maturity are important variables
that affect HM bioaccumulation in vegetables.”
Environmental metal pollutants have the ability to
settle on soils, where they may be absorbed by
plants or build up on leaves and other aerial
components. In general, compared to fruits, nuts,
and grains, green vegetables tend to collect higher
concentrations of pollutants. Increased human
activity is directly related to the rise in atmospheric
deposition of pollutants in soil, which raises the
amounts of metals in vegetable edible parts.®® Many
heavy metals like Ni, Cd, Pb, etc., are mutagenic,
non-biodegradable, and carcinogenic. Vegetables
make an essential part of human diet as they
serve as a source of nutrients, energy, and
microelements. The natural sources for heavy metals
are forest fire, bubble bursting, sea spray, leaves
and stems, volcanic eruption, and volatilization,
etc.'®" The anthropogenic sources of heavy metals
can be classified as agricultural, industrial, and

transportation.'2'3 Heavy metals like Pb, Cd, As, Hg,
etc. have a toxic and long-lasting effect on human
health whereas Cu, Zn, Fe, Mn, Co and Ni are not only
required for human growth but also essential
micronutrients for plants as they help in plant growth,
development, and signal transduction. Heavy metals
combine with one or more reactive groups hydroxyl,
carbonyl, sulfur, and nitrogen that are essential for
the normal physiological functions." The effect of
heavy metals depends on their form and exposure
dose taken by a human. Hazardous materials like
dioxins, volatile organic compounds, and heavy
metals have been released into the environment
as a result of increased garbage production and
poor waste management.’s The excessive amount
of heavy metals in agricultural soils reduce crop
quality and can result in deleterious health effects
to the consumers.'® Vegetables cultivated in heavy
metals contaminated soils can accumulate these
metals in their non-edible and edible parts.'” Organic
matter, pH, cations exchange capacity, and texture
of soil decide the mobility and availability of metals
for the vegetation.’® Among food, vegetables are the
common diet for humans across the world because
it contains essential elements for normal growth. It
has been shown that along with acting as a source
of essential elements these vegetables may also be
a potential source of toxic heavy metals when grown
on heavy metals contaminated soil."® Even while
HM contamination in food, especially vegetables,
has been the subject of various research conducted
globally,>-239 this problem is still a major worry locally.
The limited research on heavy metal contamination in
vegetables dates back to before 2010,22 prior to the
start of the chronic waste management crisis. Few
studies have evaluated HM contamination in locally
consumed fish, cheese, herbs, and spices.?¢?” While
a more recent study?® looked into copper, nickel,
zinc, and manganese pollution. Only one study?®
looked at aluminium contamination in a variety of
foods, including vegetables. This study aimed to
analyze heavy metals contamination in vegetables
samples of the industrial areas of Haryana and the
health risks associated with the exposure to these
heavy metals to the consumers.

Material and Method

The study area included four districts of Haryana
i.e. Gurugram, Faridabad, Sonepat and Panipat
and is having more than 60 percent industries of the



RANI et al., Curr. World Environ., Vol. 20(2) 620-634 (2025)

state. The different types of industries located in the
area include metal and mineral-based, agro-based,
electrical machinery, engineering units, repair and
servicing, textile, auto parts, rubber, plastic, petro
based motorcycle parts, diesel engines, etc.*® The
emission from these industries may contribute a
significant amount of heavy metals pollution in the
surrounding area. The present study area is irrigated
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by groundwater except for one site located in Sonipat
city, which is irrigated with wastewater. A total of 111
different types of vegetables samples were collected
from the Industrial areas of Haryana during the winter
season (October 2017 to February 2018) for analysis
of heavy metals during. Description of the vegetables
collected from the study area is given below in table 1.

Table 1. Description of the vegetable samples collected from study area

S. No. Vegetable (s)

Scientific name of vegetables

Number of vegetable
samples collected (n)

1 Beet root leaves Beta vulgaris (n=4)
2 Beetroot Beta vulgaris (n=4)
3 Brinjal Solanum melongena L. (n=3)
4 Cabbage Brassica oleracea var. capitata (n=4)
5 Carrot leaves Daucas carota L. (n=4)
6 Carrot Daucas carota L. (n=4)
7 Cauliflower Brassica oleracea L. var. botrytis (n=9)
8 Chenopodium Chenopodium album (n=3)
9 Coriander Coriandrum sativum L. (n=5)
10 Fenugreek Trigonella foenum-graecum (n=8)
11 Mustard Brassica nigra (n=10)
12 Onion Allium cepa (n=4)
13 Onion leaves Allium cepa (n=4)
14 Potato Solanum tuberosum (n=4)
15 Pumpkin Cucurbita (n=4)
16 Radish Raphanus raphanistrum subsp. sativus (L.) (n=14)
17 Round guard Lagenaria siceraria (n=4)
18 Spinach Spinacia oleracea (n=15)
19 Turnip Brassica rapa subsp. rapa (n=4)

The wet acid digestion technique and Atomic
Absorption Spectrophotometry (AAS) were used to
measure the content of heavy metals in vegetable
samples.®! After properly cleaning fresh vegetable
samples with deionised water to remove any
surface impurities, they were allowed to air dry
before being oven-dried at 60°C until their weight
remained consistent. A stainless-steel grinder was
then used to grind the dry samples, and they were
subsequently sieved through a 2 mm mesh screen.
Atri-acid mixture consisting of concentrated nitric acid
(HNO,), sulphuric acid (H,SO,), and perchloric acid
(HCIO,) in a 5:1:1 (v/v/v) ratio was applied to 1.0 g
of the powdered vegetable samples for digestion.
A clear solution, signifying full digestion of the

organic materials, was obtained by heating the
mixture on a hot plate between 1500 and 180°C.%23
Heating between 150-180°C ensures the complete
oxidation of organic matter due to the strong
oxidative properties of the acid mixture, eliminating
the need for H,0,. It is sufficient to ensure efficient
oxidation of organic matter; absence of residual
organic material, perchloric acid plays a similar
oxidative role and is capable of destroying tough
organic bonds without additional oxidizers like
H,O,. After cooling, the digest was filtered using
Whatman No. 42 filter paper and diluted with
double-distilled water to reach the desired final
volume. An Atomic Absorption Spectrophotometer
(Model: Lab India 8000A)* was used to measure
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the amounts of specific heavy metals, such as Pb,
Cd, Cr, Ni, Zn, Cu, and Fe. Each sample was
analyzed in triplicate to assess the precision and
accuracy of the results. Standard solutions with
concentrations ranging from 0.02 to 10 ppm (r2=0.999)
were used to calibrate the device. The results
were found within 5 % of certified values for every
heavy metal with the correlation coefficient value
0.999. The data with value O indicates the heavy
metals concentrations below the limits of detection.
To ensure accuracy and precision, a blank and a
standard solution were examined after every ten
samples. Quality assurance was ensured through
the use of reagent blanks, triplicates, and reference
standard. Calibration of instruments was performed
regularly to maintain accuracy. This approach is in
line with accepted practices as outlined Moore and
chapman.? Total potential non - carcinogenic health
risk due to different metals by various exposure
pathways was calculated as the sum of Hazard
Quotients (HQs) as per literature.®* The Pearson’s
correlation coefficient (r) with two-tailed significance
level, principal component analysis (PCA), and
cluster analysis (CA) using complete linkage method
were applied to understand the relation between
different metals.

Results

Heavy Metals in Vegetables

Metal concentrations detected in the collected
vegetable samples were compared to the permissible
limit of FAO/WHO standards, as well as, the
concentrations reported in earlier studies. Mean
concentration of heavy metals in the vegetables
collected from NCR region of Haryana, India, is
shown in the Table 2. The collected vegetables were
categorized into different groups like leaves, fruits,
bulb, root and flower. The relative abundance of heavy
metal in the vegetable samples was higher amount
of Fe followed by Al, Mn, Zn, Cu, Cr, Ni, Pb, Cd, Co.
In leafy vegetables, the higher amount of Fe followed
by Zn, Al, Mn, Cu, Ni, Cr, Pb, Co, Cd while in case
of fruity vegetables, the heavy metals concentration
was Fe, Al, Zn, Mn, Cu, Ni, Cr, Pb, Cd in bulb, the
higher amount of Fe and Al was followed by Zn, Mn,
Cu, Cr, Ni, Cd, Co, Pb, in rooty vegetables, the higher
amount of Fe was followed by Al, Zn, Mn, Cu, Cr,
Ni, Pb, in case of tuber and in the flower vegetables
the higher amount of Fe was followed by Al, Zn, Mn,
Cu, Cr, Ni, Pb, Co, Cd. Iron was the most prominent

heavy metal detected in all the vegetables. The
slight change in relative abundance of heavy metals
in different categories of vegetables shows the
different accumulation capacity for different metals
amongst vegetables. Aluminium was detected
in all the vegetable samples with minimum and
maximum value observed in pumpkin (13.85 mg/kg)
and mustard (333.88 mg/kg). Very high concentration
of Al was found in cabbage, carrot, pumpkin and
turnip in the present study as compared to Antoine
et al.*” Cadmium was detected in all the vegetables
except in onion leaves, round gourd, and potato. The
minimum value of cadmium was found in cabbage
and pumpkin (0.05 mg/kg) and the maximum value
was in beet leaves (0.5 mg/kg). Amongst leafy
vegetable mustard, beetroot, spinach, chenopodium,
and carrot leaves exceeded the PL of 0.2 mg/kg.
All other vegetables have crossed the permissible
limit of 0.05 mg/kg prescribed by FAO/WHO.* The
leafy vegetables have a high foliar surface area that
can absorb heavy metals from atmospheric
deposition route.?*3® Concentration of Cobalt
was found above permissible limits in mustard,
fenugreek, beet leaves, carrot leaves, spinach,
chenopodium, cauliflower, radish, brinjal, pumpkin,
and round gourd. The minimum value of Cobalt was
found in brinjal (0.05 mg/kg) while the maximum
(0.25mg/kg) was in beet leaves. All the studied
leafy vegetables exceeded the permissible limit of
total chromium prescribed by FAO/WHO, except
carrot leaves, chenopodium, and onion leaves.
Among root vegetables, radish and turnip exceeded
the permissible limits of chromium while in fruity
vegetable only brinjal exceeded the permissible
limit. In potato also the chromium concentration was
higher than the permissible limit of FAO/WHO.* The
value of chromium was the minimum in onion bulbs
(1.37 mg/kg) and the highest was found in mustard
(6.38 mg/kg). The concentration of copper in each
sample was significantly lower than the WHO/FAO
permitted limit of 40 mg/kg.*® Copper concentration
was found to be lowest in cabbage (3.02 mg/kg) and
the highest in pumpkin (20.4 mg kg').

High accumulation of Fe was found in nearly all
vegetable samples, whereas it exceeded the
permissible limit (425 mg kg') of FAO/WHO in mustard,
fenugreek, spinach, and carrot leaves.*' The minimum
concentration of iron was observed in pumpkin
(32.5 mg kg') and the highest concentration was
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observed in mustard (730.72 mg kg™). The average  concentrations of iron reported here are higher than
concentration of Fe reported in bitter gourd, brinjal,  the concentration in the vegetables observed by
and tomato in our study is higher than the concen-  Khan et al.*!

tration reported in various parts of India.*?4* The mean

Table 2: Heavy metal concentration milligram per kilogram dry weight (mg/kg. dw)
in vegetables samples

S. Vegetable Heavy Metals (mg/kg. dw) winter
No. (s)

Al Cd Co Cr Cu Fe Mn Ni Pb Zn

1 Beetleaves 683+ 0.5+ 025+ 375+ 112+ 1432+ 541+ 175+ ND 299+

(n=4) 38.5 0.1 0.05 1.03 3.76 67.5 12.67 0.65 9.67

2 Beetroot 2465+ 015+ ND 1.5+ 1115+ 6965+ 194+ 08+ ND 27
(n=4) 8.93 0.1 0.28 3.98 5.98 4.67 0.456 7.55

3 Brinjal 7255+ 01z 0.05+ 252+ 937+ 10948+ 2412+ 142+ 0.18% 2592+
(n=4) 62.35 0.05 0.01 1.21 1026 79.83 7.53 0.60 0.08 6.75

4  Cabbage 2168+ 0.05 ND 406+ 3.03+ 7564+ 2744+ 098zx 0.15%+ 24.56 +
(n=4) 9.55 +0 474 065 24.51 9.25 025 0.0 10.16

5 Carrotleaves 25095+ 0.2+ ND 19+ 76+ 49635+ 2035+ 14+ ND 18.25
(n=4) 90.45 0.03 1.02 1.56 89.35 13.67  0.99 5.79

6  Carrot 2748+ 0.325+x ND 15+ 698+ 7035+ 1223+ 125+ ND 18.05 +
(n=4) 1.03 0.39 035 293 6.72 3.65 0.78 6.86

7  Caulifower 4256+ 011+ 02+ 196+ 414+ 9039+ 1681+ 112+ 034+ 27.27+
(n=4) 4.55 0.05 0.03 0.5 1.2 3.12 4.16 0.3 0.09 294

8  Chenopodium 111.87+ 0.2z 022+ 2+03 802+ 19823+ 5737+ 6.13+ ND 44.92
(n=4) 18.33 0.05 0.1 0.72  40.7 1943 7.85 10.31

9  Coriander 23327+ 015+ 0.08%+ 267+ 1138+ 4196+ 4061+ 1.7+ 123+ 4311z
(n=4) 227 0.07 0.04 20 6.02 41070 1789 1.04 081 16.13

10 Fenugreek 19334+ 011+ 013+ 448+ 9.06+ 44409+ 3943+ 181+ 042+ 37.05%
(n=4) 85.88 0.06 0.11 563 283 26132 1542 069 0.19 98

11 Mustard 333.88+ 033+ 01+ 639+ 1051+ 730.72+ 5731+ 258+ 401+ 4181+
(n=4) 183.85 0.14 0.07 535 3.64 27458 1964 1.9 3.81 8.48

12 Onion 2005+ 013 -- 138+ 588+ 5183+ 1315+ 235+ 0.15+ 20.7 %
(n=4) 4.6 0.11 0.11  0.67 8.52 8.27 212 0.0 1.98

13 Onionleaves 47.95+ ND ND 145+ 535+ 9845+ 113+ 095+ ND 15.55
(n=4) 12.2 0.78 2.1 9.10 4.3 0.3 3.12

14  Potato 2655+ ND ND 335+ 645+ 1008+ 8.7+ 185+ 08+ 162+
(n=4) 1.05 29 2.34 12.67 3.23 0.34 0.05 267

15  Pumpkin 13.85+ 0.05+ 015+ 205+ 204+ 325+ 3035+ 275+ ND 70.35
(n=4) 1.06 0.03 0.05 042 563 5.67 6.35 0.68 15.1

16 Radish 60.01+ 019+ 02+ 474+ 354+ 103.30+ 1569+ 1.09+ 0.16+ 20.54 +
(n=4) 51.47 0.12 012 9.13 1.41 69.65 4.96 0.74 0.09 7.02

17 Round guard 15.2 ND 015+ 16+ 129+ 635+ 1765+ 23+ ND 49.85 +
(n=4) 5.43 0.06 0.05 6.12 10.98 4.67 0.63 10.23

18 Spinach 31994+ 047+ 013+ 4.04+ 10.72+ 487.96+ 86.98+ 187+ 157+ 4019+
(n=4) 20181 06 0.07 419 3.14 206.72 5719 053 243 1252

19  Turnip 1584+ 02z ND 26+1 345+ 1669+ 16.35+ 0.85+ ND 20.7 +

(n=4) 56.23  0.05 15 4512 2345 0.8 4.32
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Concentration of Manganese was maximum
in spinach (86.99mg kg') and the minimum
concentration in potato (8.7 mg kg-1). The mean
concentration of Mn in vegetable samples was
within the permissible limit of WHO/ FAO.*' Same
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mean concentration for Mn in the vegetables was
reported by Khan et al.*' A high concentration of Mn
was reported in the present study in coriander,*?
spinach,* and fenugreek.*?
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Fig. 1: Heavy metals concentration (mg/kg) in vegetables
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The mean concentrations of Ni were above the
permissible limit in pumpkin, round gourd, potato,
and onion bulb. The lowest Ni concentration (mg kg™)
was found in beetroot (0.8) and the highest was
in chenopodium (6.13). The average concentration
of Ni reported in mustard in the present study is 2
times higher than the concentration reported
in wastewater irrigated mustard from Varanasi,
India.*® Ni concentration in our study is higher than
the concentration reported in spinach, cabbage,
cauliflower, coriander, carrot, beetroot, and onion,*¢
onion,* radish,*® potato, and mustard.*® Mustard,
fenugreek, coriander leaves, and spinach were found
to contain high levels of lead. Pb levels in cauliflower,
radish, brinjal, potato, and onion were higher
than allowed by FAO/WHO guidelines. According
to FAO/WHO,*® the permissible limit of lead for
leafy vegetables is 0.3 mg/kg, whereas the limit for
tuberous and bulbous vegetables is 0.1 mg/kg.

The minimum concentration of lead (mg kg™') was
found in onion bulbs (0.15) while the maximum in
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mustard (4.01). Pb concentration in spinach, potatoes,
cabbage, and cauliflower in present study was
higher than the concentration reported by Bo et al.*®
Prenatal exposure to lead causes abnormality in
offspring, reduces the Ca?* ion absorption in the
body and affects the soft tissues like the brain, heart,
kidney, and central nervous system; and is also
known as mutagen, teratogen, and carcinogens.*%-5

Mean concentration of zinc (mg kg') was found
minimum in onion leaves (15.55) and the maximum
was in Pumpkin (70.35). Pumpkin exceeded the
permissible limits of Zn (60 mg kg') prescribed by
FAO/WHO standards.?* The average concentration
of Zn reported in radish and mustard was 2 times
higher than the concentration reported in Varanasi,
India,*® and in potato it was four times higher than
the concentration reported in India and China.*45
Zn concentration in our study is higher than the
concentration reported in cabbage and onion,5247
Spinach,464354 radish, beetroot, and mustard,*
potato,? and brinjal.5®

Table 3: Inter-metal Pearson’s correlation for winter vegetables collected from NCR, India

Heavy metal Al Cd Co Cr Cu Fe Mn Ni Pb Zn
Al 1

Cd 512* 1

Co .050 .325 1

Cr 535 376 281 1

Cu .092 .079 297 -063 1

Fe .963** 438 .052 .594** 128 1

Mn 710 .676** .465* .492* .364 .660** 1

Ni .108 .070 451 -024  .309 132 442 1

Pb .698**  .336 .047 695" 144 767 509* 113 1

Zn 164 -.001  .525* .093 .832** 181 482  535* 223 1

Statistical Analysis of Heavy Metals

Pearson correlation Matrix showed significantly
positive correlation (p<0.05) of Al, Fe, Mn with Pb,
and Cu with Zn (Table 3). Three principal components
were obtained by principal component analysis using
varimax with Kaiser Normalization. Percentages of
variance explained by three principal components
are 36.70%, 24.16%, and 17.03% with the cumulative
percentage of 77.90 % (Table 4). PC 1 has shown
the maximum loading of Al, Fe, Cr, Pb, and Mn
indicating their mixed source of origin i.e. natural

as well as anthropogenic. Industries are potential
sources of Al, Fe, Cr, Pb, and Mn while Al, Fe, and
Mn are also present in the earth's crust relatively in
abundant amounts. PC 2 is strongly correlated with
Zn and Cu along with some amount of Ni. Zn and
Cu can be added by the application of fertilizers in
the soil while Ni may be present as a contaminant
in fertilizer, irrigation water, and sewage sludge. Air
can also be a potential source of metals deposition in
the vegetables. PC 3 showed the maximum loading
of Co and Cd. The dendrogram (Figure 2) and PCA
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(Figure 4) suggested the formation of two primary
clusters i.e. Al-Fe-Pb and Cu-Zn, indicating a mixed
source of anthropogenic input for these metals which
can be industrial and agricultural. Dendrogram using
linkage between groups method was used to classify
the studied vegetables into several groups as shown
in the Figure 3. The vegetables were classified into
different groups depending upon average heavy
metal concentrations in them. Cluster analysis

Table 4: PCA analysis for winter vegetables

Heavy metal Factor1 Factor2 Factor3
Al .925 .061 115
Cd 467 -.132 .691
Co -.052 409 793
Cr 712 -.102 .296
Cu .079 .883 -.033
Fe .948 .100 .053
Mn .634 .367 .568
Ni -.008 .612 .390
Pb .876 131 -.025
Zn 114 .949 131
Eigen Value 3.671 2.416 1.703
% of Variance  36.707 24.161 17.029
Cumulative %  36.707 60.868 77.897

Dendrogram using Average Linkage (Bstween Groups)
Rescaled Blslance Cluster Combine
? 1P 1|5 1“0 25

Mustard
Fenugirek
Coriander leaves
Carrot leaves

‘Onion leaves

CIT T T 17
]

Radish
‘Chenopo dium
Brinjal

Spinach
> Beetroot
Onion bulb

Cauliflower

Carot
Cabbage

[ o

Beet leaves

Potato
Twnip
Pumpkin |

Round gonrd

Fig. 3: Dendrogram showing association
between vegetables depending on heavy
metals concentrations

Metal Pollution Index (MPI) Assessment
A metal pollution index is an effective tool for
assessing metal pollution in vegetables. Among all
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showed a strong significant correlation among all
the vegetables except for turnip, pumpkin, and round
gourd by forming primary clusters with a distance
of 5 on the scale. Further, it can be seen that most
of the leafy vegetables are grouped together like
mustard, fenugreek, coriander leaves, carrot leaves,
and fruit vegetables that are pumpkin and round
guard were placed in the same group (Figure 3).

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
1[0 1‘5 2“0 2‘5

Al

Fe

Pb

—
]
]

Fig. 2: Dendrogram showing association
between heavy metals

Component Plot

Component 2

Componeyy 5

Fig. 4: Principal components plot for heavy
metals

collected different vegetable samples, the minimum
value of MPI was found in brinjal while maximum
in carrot leaves (Figure. 5). MPI in the different
collected vegetables from NCR, India followed the
decreasing order as carrot leaves, mustard, spinach,
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chenopodium, beet leaves, turnip, potato, round
guard, coriander leaves, carrot, beetroot, fenugreek,
cauliflower, onion leaves, pumpkin, onion bulb,
cabbage, radish and brinjal with MPI values as 11.32,

12.5
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10.32, 9.12, 8.55, 8.07, 7.8, 7.68, 7.04, 6.41, 6.06,
6.05,5.9,5.29,4.77,4.55, 3.6, 3.59, 3.43 and 3.30,
respectively.

Metal pollution index

Vegetables

Fig. 5: Metal pollution index for individual vegetables

Health Risk Assessment

The THQ for non-carcinogenic risk of the studied metal
from consuming vegetables for adults and children
are shown in the Figure 6. The estimation of THQ
provides an indication of the potential risk probability
in a population exposed to the toxicant. Among the
studied metals THQ value of Al exceeded the
threshold value of one for adults and children in
mustard, fenugreek, coriander leaves, spinach,
carrot leaves, radish, carrot, and turnip while THQ
was greater than one for beetroot in children only.
THQ was greater than one for Cd in adults and
children both by the use of mustard, beet leaves,
spinach, and carrot leaves, while it was greater
than one for children only due to the consumption of
coriander leaves and chenopodium. THQ was less
than one for Cobalt in all the vegetable samples.
THQ for Cr was greater than one for beetroot and
carrot in adults and children. THQ value for Ni and
Pb was less than one in Chenopodium and mustard
for adults and children. THQ due to Zn was greater
than one in radish, carrot, turnip, pumpkin, and round
guard for adults and children while it was greater
than one in children in case of coriander leaves,

chenopodium, and beetroot. THQ was less than
one for Cu, Fe, and Mn in Mustard, fenugreek, beet
leaves, coriander leaves, spinach, carrot leaves,
and chenopodium for adults and children. THQ was
less than one for Cu in radish and onion bulb and for
Fe in onion leaves, brinjal, and potato for children.
Cu showed higher THQ values for round guard and
potato, and Mn has THQ less than one for brinjal and
pumpkin. The THQ was high for leafy vegetables due
to all studied heavy metals except Co and Cr, and in
fruit vegetables, the THQ due to Fe, Cu, Mn, and Zn
was higher than one. THQ values were higher than
the safe limits for Fe, Mn, and Cu in root vegetables.
The presence of Fe in the bulb, flower, and tuber
group of vegetables can pose a significant health
risk to the consumer. The total target hazard quotient
expresses the non-carcinogen effect of multi-metals
in a vegetable sample. The highest TTHQ value was
observed for mustard in adults (23.45) and children
(26.96). The total hazard index (HI) is the sum of
individual THQ for vegetables. In the present study,
HIl was 140.85 (less than one) for adults and 170.11
(less than one) for children. Thus potential health
risks from exposure to the vegetable are of great
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concern in the study area. THQ was high for leafy ~ Cu in fruit, for Fe and Cu in bulb and tuber, for Fe in
vegetables due to contamination of Al, Cd, Fe, Mn,  flowery, and for Cd, Cu, and Fe in rooty vegetables.
Cu, and Pb. THQ was higher than one for Fe, Mn and
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Discussion

The average concentration of Cd reported in the
present study was higher than the concentration
reported in by other researcher in coriander and
fenugreek, cabbage,*” carrot,*® pumpkin.®® Chronic
exposure to cadmium can affect the pancreas, kidneys,
lungs, urinary bladder, breast, and prostate and other
health issues.'®® The concentrations of cadmium
reported in the current study are higherin spinach%and
carrot®” Chronic exposure to Cobalt causes allergy
while a high dose of it can cause lung fibrosis and
can destroy the male reproductive system. Cobalt
also affects the heart, thyroid, liver, and kidney.%%
A high concentration of Cr was found in the
present study as compared to the other studies
in cabbage, carrot, onion and beetroot,*® spinach
and brinjal,®® radish, potatoes and mustard,*
cauliflower and radish,* fenugreek,% and cabbage
and onion*” and spinach.? The mean concentration
of Cu in different vegetable samples was higher
in the present study than the concentration
reported in cabbage and onion,*24” cauliflower, and
radish,*45 beetroot, radish, and mustard,* brinjal,
potatoes,? and spinach.*® Copper can cause mental
disorders such as Alzheimer's. It also affects hepatic,
renal, and central nervous systems."%% Higher
uptake of iron increases the chances of the formation
of gastrointestinal ulceration and the development
of strictures in humans. Children are more susceptible
to iron toxicity.®® Fe and Al are present in abundant
amounts in the earth's crust as well as used in the
inorganic fertilizer and industries which may resultin
high accumulation of these metals in the vegetables.
As a micronutrient, nickel is a component of the urease
enzyme molecule and catalyses the metabolism
of nitrogen.®' Except for cabbage, carrot, and onion
leaves, the mean concentration of nickel (mg kg-1)
in all of the collected leafy vegetables was higher
than the allowable limit of 1.5. Nickel induces allergic
contact dermatitis (ACD) and adult respiratory
disease syndromes (ARDS).

The high value indicating the potential non-
carcinogen may occur due to the consumption
of mustard in the population. TTHQ value due
to consumption of vegetables in the study area
was in the following decreasing order mustard,
spinach, coriander, carrot leaves, chenopodium,
fenugreek, beet leaves, pumpkin, turnip, brinjal, round
guard, carrot, beetroot, cauliflower, radish, onion bulb,
cabbage, potato, onion leaves respectively.
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Stricter environmental laws and routine monitoring
of industrial effluents to verify compliance are
preventative methods to lessen heavy metal
contamination in industrial regions. Heavy metal
emissions can be reduced by using green chemistry
and closed-loop systems, two cleaner production
approaches.®? Furthermore, heavy metals in soil can
be immobilised by environmentally benign methods
including phytoremediation and the application
of biochar, which lowers their bioavailability.5?
Proactive industrial practices, employee awareness
and training programs can help to prevent pollution
commercially as well as environmentally.

Conclusion

Fe was the most prominent metal found in the
vegetables while Co was the least reported metal in
the present study. The order of relative abundance
of heavy metals was higher in Fe, followed by Al, Mn,
Zn, Cu, Cr, Ni, Pb, Cd, Co. Most of the vegetables
exceeded the permissible limit of heavy metals
prescribed by FAO/WHO standards. Statistical
analysis supported the formation two primary clusters
(Al-Fe-Pb and Zn-Cu) were observed in vegetables.
Multivariate analysis showed that industrial activities
are major contributor of Al, Fe, Cr, Cd, Ni, Pb, Zn and
Mn in the vegetable samples. Metal pollution index
was found to be high for leafy vegetables. High MPI
values for leafy vegetables are pointing towards
their high tendency of metal accumulation. Mint
consumption may pose a health risk due to the
high contents of Al, Cd, Cu, Fe, Mn, and Pb. TTHQ
value for adults and children was 45.42 and 52.21
for the mint which is 45 and 52 times higher than
the threshold value. The total target hazard (TTHQ)
value was greater than one in all the vegetables
suggesting potential non-carcinogenic risk due to
the presence of multi-metal in vegetable samples.
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