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Heavy metal pollution of soil has increased globally in recent years. In many dry and
semi-arid locations throughout the world, wastewater is seen as a novel and unusual
supply of water for agricultural development. As a result, soil and plant monitoring for
a variety of factors, including heavy metals and hazardous contaminants, is necessary.
The farmers in Shakargarh use wastewater and tube wells for crop production,
however workers and customers are concerned about the possible public health
hazards linked with the use of wastewater. This investigation aimed to determine the
health threats of using wastewater for crop production by estimating heavy metal
concentrations in vegetable crops. Vegetables samples (radish and turnip), soil and
irrigation water were collected from critical points and examined for the detection of
heavy metals (copper, chromium, cadmium, cobalt, and arsenic) by atomic absorption
spectrophotometer. Vegetable parts were collected at the growing stage and at the
time of harvesting from farmers’ fields. Three soil sampling campaigns were carried
out from the radish and turnip plots. Irrigation water samples were collected from
different water bodies including wastewater and the tube well water. The following
metals were detected: copper, chromium, cadmium, cobalt, and arsenic in the tested
samples. It was observed that the high concentration of these metals in the roots of
radish at fruiting stage: Cu (39 mg kg), Cr (201 mg kg-1), Cd (1.3 mg kg1), Co (54 mg
kg1), and As (17.3 mg kg1). It was found that mean concentration of these metals in
the roots of turnip at fruiting stage: Cu (34 mg kg1), Cr (178 mg kg1), Cd (2.1 mg kg1),
Co (49 mgkg1),and As (14.1 mg kg1). The general pattern for the distribution of heavy
metals in different parts of the plant was roots > stem > leaves > fruits. The incidence
of heavy metals in soil samples was highest for chromium followed by copper, arsenic,
cobalt and cadmium. The incidence of heavy metals in irrigation water samples was
highest for chromium followed by copper, cadmium, arsenic, and cobalt. These
concentrations were significantly greater than the permissible level recommended by
FAO / WHO. It can be inferred that the health threats associated with the consumption
of vegetables are currently very significant. Therefore, it is recommended that
irrigation water, soil, and vegetables be monitored on a regular basis to safeguard the
health of workers and consumers.
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INTRODUCTION

in environmental pollution literature. A heavy metal has

Metals and metalloids linked to contamination and a high specific gravity (greater than 5) (Csuros and
probable toxicity have been referred to as "heavy metals Csuros, 2016). Heavy metal pollution has spread across
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the globe, instigating environmental disruption and
posing serious health threats to humans (Khan et al,
2007). Pb, Cd, Hg and As are often considered as priority
pollutants as they are very toxic, are released in a large
concentrations and are persistent in the environment
(Wang and Chen, 2014). Zn and Cu are essential elements
for organisms. For instance, immune system functioning,
cognitive abilities are dependent on zinc in living entities.
However, these elements may be toxic if present in higher
concentrations (Parveen et al., 2017).

Soil and water pollution by heavy metals is the main
topics of discussion of all environmental problems. The
amount of nutrients in soil becomes very poor due to
contamination of soil with heavy metals. Heavy metals
deposition in the plants and the soil causes
environmental problems (Wuana and Okieimen, 2011).
Polluted water is used to cultivate crops, contaminating
food grains and vegetables; it also reduces plant
productivity, which has a negative impact on human
health (Thompson and Darwish, 2019). Pakistan is
primarily an agricultural country comprising semi-arid
and arid regions used for agriculture (Butt et al,, 2005).
Around 32,500 hectares of land in Pakistan is being
irrigated with wastewater (Ensink et al,, 2002). The fruits
and stems of plants and vegetables that were grown in
contaminated soil absorbed and accumulated these
contaminants (Shehata and Galal, 2020).

The use of wastewater to irrigate crops and vegetables is
a common practice in Shakargarh, Pakistan. The present
study has undertaken to investigate the contamination of
heavy metals in selected plants like turnip and radish
from agriculture land and irrigation water of Shakargarh,
District Narowal.

MATERIALS AND METHODS

The entire experiment was conducted at Department of
Baotany, Minhaj University Lahore, Pakistan. For Heavy
metal analysis, atomic absorption spectrophotometery
were carried out from institute of soil survey of Pakistan.
The samples of radish and turnip were taken from
random sites at Shakargarh's fields.

Types of crops

Vegetable crops radish and turnip were used as sample
materials.

Sample preparation

The radish and turnip samples were thoroughly cleansed
with distilled water. The stem, root, and fruit were
separated from the rest of the samples. The samples were
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first dried for 24 hours in an oven set to 70 to 80 °C, and
then they were dried in dry air. The dry samples were
then sieved after being ground in a mortar.

Digestion of the vegetable samples

Each sample was precisely weighed at 0.5 g and added in
4 mL of Nitric acid (HNO3) and 1 mL of perchloric acid
(HClO4) for digestion. The contents of each sample were
filtered after they were cooled. After that, add 25 mL of
distilled water to the filter to dilute it. Prepare the Blank
solution in the same way as the Sample solution, but
without adding the sample. (Rashid et al., 2016)
Digestion of the water samples

Add 50 mL distilled water and 10 mL concentrated HNO3
to a beaker. Heat the mixture until it has a volume of 40
mL. The combination was then filtered, and the filtrate
was diluted with 50 mL distilled water. All of the
subsequent samples of turnip and raddish were made in
the same way. Prepare the Blank solution in the same way
as the Sample solution, but without adding the sample.
Digestion of the soil samples

Nitric acid and perchloric acid digestion methods were
utilized to prepare soil samples (Rashid et al.,, 2016). Each
sample weighed 1 gramme and was put in a digestive
tube, followed by 10 ml of concentrated HNOs. To oxidize
all oxidizable materials, the entire mixture was boiled for
30-40 minutes. After cooling the sample mixture, 5 mL of
70% HCIO4 was added. It was cooked once more till the
dense white vapours appeared. After the contents had
cooled, added 20 mL distilled water and heated again to
halt the departure of thick white vapours. The solution
was then cooled again, filtered, and placed in a volumetric
flask. The volume was then increased to 25 ml with
filtered water up to the mark. Prepare the Blank solution
in the same way as the Sample solution, but without the
sample.

Determination of heavy metals

Using the dilution procedure, working standards of
various concentrations based on the heavy metals were
created from Perkin Elmer standard solutions (1000
ppm). The assessment of heavy metals was carried out by
atomic absorption spectrophotometer. All of the samples
were evaluated once the appropriate setup for the
standardization procedure was completed. The metal content
of the blank was deducted from the calculated value to correct
the result of each heavy metal. All of the readings were noted
three times. (Woldetsadik et al., 2017)

Statistical analysis

The well-organized data were used in a suitable statistical
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analysis. This study employed standard deviation, said plant parts during vegetative stage was root > shoot

analysis of variance, mean, and range using the SPSS 15.0 > leaves. Furthermore, the trend of metal (Cu, Cr, Co, Cd

programme. and As) uptake during fruiting stage was bulb > shoot >
leaves > flower.

RESULTS AND DISCUSSIONS Table 1. lists the suggested allowed limits for the

The results revealed tremendous variations in metal presence of heavy metals in vegetables and agricultural
uptake by different parts at vegetative (root, shoot, leaf) plants. In recent decades, unanticipated pollutants’
and fruiting (bulb, shoot, leaf and flower) stages of R. negative influences on crop quality have posed a danger
sativus and B. rapa. It was also found that the copper (Cu), to food safety and human health in recent decades;
chromium (Cr), cobalt (Co), cadmium (Cd) and arsenic therefore, more studies are essential that describe
(As) uptake concentration in fruiting stage of both plants heavy metal contamination in soil and food crops in
R. sativus and B. rapa was higher than the vegetative terms of the dangers to human health in sewage water
stage. Moreover, each tested metal uptake trend in the irrigated areas.

Table 1. Permissible limits of various heavy metals in plants.

Heavy metals Allowed limits (mg Kg-1) Reference
Copper 10 (WHO, 1996)
Chromium 1.3 (WHO, 1996)
Cadmium 0.02 (Husain et al, 195; WHO, 1996)
Cobalt 50 (WHO, 1996)

At the vegetative stage, measurements of copper (Cu) in concentrations in the roots of turnip and radish plants.
radish (Raphanus sativus) and turnip (Brassica rapa) The findings indicate that the mean Cu contents in radish
plant sections revealed that the roots of both plants had and turnip plants are higher than the maximum level
greater concentrations of copper 36 and 31 mg kg'! advised by the WHO/FAO. The order of build-up for Cu in
respectively. At the fruiting stage, 39 mg kg-! and 34 mg  various parts of the plants was found to be root > bulb >
kgl, respectively, of copper were found in greater stem > leaves > flower (Figure 1 a and b).

A . Root . Shoot. Leaf . Bulb |:| Flower B . Root . Shoot. Leaf . Bulb

100.00 4 100.00 4

50.00 - 50.00

Cu Concentrations (ppm)
Cu Concentrations (ppm)

0.00 - 0.0 -

Vegetative stage Fruiting stage Vegetative stage Fruiting stage
Stages of Raphanus sativus Stages of Brassica rapa

Figure 1. Copper (Cu) uptake by Raphanus sativus and Brassica rapa at different stages of plant. (Alphabets: Least
significant difference of three replicates, vertical bars: Standard error of three replicates).
It was established that heavy metals accumulated more in studies that described contents of heavy metals above
the roots of vegetables than other parts since roots were the acceptable levels for human consumption in all the
considered as entrance routes of heavy metals from the vegetables (Singh et al.,, 2010). Our findings contradict a
soil water. Our findings are supported by preceding prior research that described the levels of have heavy
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metals below the acceptable levels except lettuce in vegetative stage (198 mg kg!) and (160 mg kg1),
which concentration of cadmium was beyond the safe respectively. Chromium levels greater than the WHO-
limit (Azeem and Rashid, 2019). Several studies recommended acceptable limits were found in turnip
reported the accumulated concentration of Cu in all and radish plant’s roots 201 and 178 mg kg,
vegetables was below the permissible limits respectively during the fruiting stage. The order of
(Woldetsadik et al.,, 2017). build-up for Cr in various parts of the plants was found
According to our findings, the roots of turnip and radish to be root > bulb > stem > leaves > flower (Figure 2 a and
plants had greater concentrations of chromium at the b).

A . Root - Shoot. Leaf - Bulb |:| Flower B . Root . Shoot- Leaf . Bulb

700.00 600.00 -
~  600.00 4 _ J
g_ g_ 500.00
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5 40000 Y 5
T | = 300.00
£ 30000 4 | =
8 g 200.00 A
§ 200.00 | § : 7
g J i 100.00
5 10000 \ ’ 5

0.00 ‘ ) 0.00 )
Vegetative stage Fruiting stage Vegetative stage Fruiting stage
Stages of Raphanus sativus Stages of Brassica rapa

Figure 2. Chromium (Cr) uptake by Raphanus sativus and Brassica rapa at different stages of plant. (Alphabets: Least
significant difference of three replicates, vertical bars: Standard error of three replicates).

The increased amount of Cr in our study poses a risk to the in the roots of radish and turnip (0.9 mg kg-1) and (1.8 mg
customers' health. Our results were in agreement with that ~ kg1) respectively. At the fruiting stage, radish and turnip
obtained by preceding findings that described contents of = plants’ roots had the highest concentrations of cadmium,
heavy metals beyond the safe levels for human  measuring 1.3 and 2.1 mg kg, respectively. These levels
consumption in all the vegetables (Singh et al, 2010). Our  are above the WHO/FAO recommended maximum limit,
findings conflict with earlier research that described the posing a health risk to consumers. The order of
levels of Cr in vegetable plants within permissible limits accumulation for Cd in various parts of the plants was
(Galal et al, 2021; Woldetsadik et al, 2017). The found to be roots > bulb > stem > leaves > fruits (Figure 3 a
quantification of cadmium at vegetative stage was higher and b).

A - Root - Shoot- Leaf - Bulb |:| Flower B - Root - Shoot- Leaf - Bulb
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8 1.00 4 | 3 2.00 4
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0.50 - ! 1.00 -
3 \ K
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Vegetative stage Fruiting stage Vegetative stage Fruiting stage
Stages of Raphanus sativus Stages of Brassica rapa

Figure 3. Cadmium (Cd) uptake by Raphanus sativus and Brassica rapa at different stages of plant. (Alphabets: Least
significant difference of three replicates, vertical bars: Standard error of three replicates).

The results of our study are supported by previous indicated the levels of Cd in vegetable plants within
findings that reported accumulation of Cd in radish plants permissible limits (Woldetsadik et al,, 2017).

was higher than the permissible limits (Woldetsadik et ~ Cobalt (Co) concentration measurements in vegetative
al, 2017) . Our findings contradict earlier research that stage plant sections showed greater concentrations in the
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roots of turnip (51 mg kg1) and radish (43 mg kg1). The
higher levels of cobalt, 54 mg kg and 49 mg kg! were
found in turnip and radish plant roots respectively,
during the fruiting stage, above the safe limits
recommended by the WHO. The order of accumulation for
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@

Co Concentrations (ppm)
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Co in various parts of the plants was found to be bulb >
roots > stem > leaves > Flower (Figure 4 A & B). Our
findings conflict with earlier research that indicated the
amounts of cobalt in vegetable plants within permissible
limits (Woldetsadik et al,, 2017).

- Root - Shoot - Leaf - Bulb

140.00 -
C ' ! *
I ] I
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0.00

Fruiting stage
Stages of Brassica rapa

Figure 4. Cobalt (Co) uptake by Raphanus sativus and Brassica rapa at different stages of plant. (Alphabets: Least
significant difference of three replicates, vertical bars: Standard error of three replicates).

According to estimates of arsenic (As) in plant parts
during the vegetative stage, the roots of turnip and radish
plants had greater concentrations of the toxic substance
15 and 14 mg kg, respectively. At the fruiting stage,
arsenic levels higher than the safe WHO limits were found
in the roots of turnip and radish plants, at 17.3 and 14.1
mg kg1, respectively. The order of accumulation for As in
various parts of the plants was found to be bulb > roots >
stem > leaves > flowers (Figure 5 a and b). Previous

- Root - Shool- Leaf - Bulb |:| Flower

45.00 1
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|

15.00 4

As Concentrations (ppm)

0.00

Vegetative stage Fruiting stage

Stages of Raphanus sativus

B

As Concentrations (ppm)

studies that showed greater concentrations of arsenic in
vegetable plants confirm our findings (Galal et al,, 2021).
The heavy metals accumulation in the plant components
throughout plant life is shown by the greater levels of
heavy metals during the fruiting stage. It has been
documented that the low levels of heavy metals in
vegetables can harm people's health if they consume
them frequently (Rana et al,, 2014).

- Root - Shoot - Leaf - Bulb

U &
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20.00 4

10.00 4
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Fruiting stage
Stages of Brassica rapa

Figure 5. Arsenic (As) uptake by Raphanus sativus and Brassica rapa at different stages of plant. (Alphabets: Least
significant difference of three replicates, vertical bars: Standard error of three replicates).

Heavy metal levels in soils are high in many parts of the
world, particularly in developing countries and regions.
Heavy metals have contaminated soil ecosystems around
the world as a result of numerous human activities, and
metal mobility in the food chain has become a human
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health danger. Determining the concentrations of
contaminants (heavy metals) in soils is crucial since they
can contaminate food and water. The suggested allowable
levels for heavy metals incidence in soil samples are

provided in table 2.
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Table 2. Permissible limits of various heavy metals in soil.
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Heavy metals Allowed limits (mg Kg-1) Reference
Copper 20 (WHO, 1996)
Chromium 100 (WHO, 1996)
Cadmium 0.03 (Husain et al, 195; WHO, 1996)
Cobalt 8 (WHO, 1996)
Arsenic 14 (WHO, 1996)

Raphanus sativus and Brassica rapa revealed greater
concentration during fruiting stage, with corresponding
values of 42 ppm and 45 ppm, which were over the
acceptable limits recommended by the WHO. Copper was
quantified in soil samples taken from several chosen
areas. When Raphanus sativus and Brassica rapa were in
the fruiting stage, soil samples from several chosen fields
had somewhat higher concentrations of chromium,
measuring 146 ppm and 234 ppm, respectively. These
values were over the safe limits recommended by the
WHO. Cadmium concentrations in soil samples quantified
from Raphanus sativus and Brassica rapa during the
fruiting stage were higher, at 1.4 ppm and 2.4 ppm,
respectively, than the safe limits recommended by the
WHO. Our findings showed that the levels of cobalt in soil
samples taken from several chosen fields, including those

where Raphanus sativus and Brassica rapa were in the
fruiting stage, were higher than the WHO-recommended
safe limits at 9.1 ppm and 10.1 ppm, respectively.
Raphanus sativus and Brassica rapa soil samples obtained
from several chosen fields had higher concentrations of
arsenic, measuring 22 ppm and 19 ppm, respectively,
during the fruiting stage. These levels were over the safe
limits recommended by the WHO. Chromium was the
heavy metal with the highest prevalence in soil samples,
followed by copper, arsenic, cobalt, and cadmium (Table
3). Previous studies that showed greater contents of
heavy metals in soil samples confirm these results (Galal
et al, 2021). A recent research reported that the heavy
metal concentrations in irrigation soil samples did not
surpass the recommended maximum limits (RMLs)
(Woldetsadik et al., 2017) which is against our findings.

Table 3. Concentrations of heavy metals in soil of Raphanus sativus and Brassica rapa collected from Shakargarh, during

vegetative and fruiting stage.

Concentrations of heavy metals in soil (ppm)

Heavy metal Raphanus sativus Brassica rapa
Vegetative stage Fruiting stage Vegetative stage Fruiting stage
Copper 30¢ 42b 43ab 452
Chromium 134 230 146 234
Cadmium 1.1 1.4 21 2.4
Cobalt 8.3 9.1 9.9 10.1
Arsenic 15.3 16 17 17

In order to maintain the health and safety of the crops in
sewage water irrigated areas, it is necessary to check for
the presence of harmful heavy metals in irrigation water
samples. The recommended permissible limits for heavy
metals incidence in irrigation water samples are
presented in table 4. Raphanus sativus and Brassica rapa
revealed greater concentrations of copper throughout the
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fruiting stage with quantification results of 76.5 ppm and
73 ppm, respectively. These values were over the
acceptable limits recommended by the WHO. Chromium
content was found to be greater during the fruiting stage
in irrigation water samples from Raphanus sativus and
Brassica rapa, respectively, and was found to be 102 and
110 ppm, respectively that were beyond the safe levels
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recommended by the WHO. Our findings showed that
irrigation water samples from several chosen crops,
including Raphanus sativus and Brassica rapa during

fruiting stage, had higher cadmium concentrations above
the safe WHO standards of 43 ppm and 45 ppm,
respectively.

Table 4. Permissible limits of different heavy metals in irrigation water samples.

Heavy metals Allowed limits (mg Kg-1) Reference
Copper 0.55 (WHO, 1996)
Chromium 0.017 (WHO, 1996)
Cadmium 0.02 (Husain et al, 195; WHO, 1996)
Cobalt 005 (WHO, 1996)
Arsenic 0.1 (WHO, 1996)

Table 5. Concentrations of heavy metals in soil of Raphanus sativus and Brassica rapa collected from Shakargarh, during
vegetative and fruiting stage.

Concentrations of heavy metals in irrigation water (ppm)

Heavy metal Raphanus sativus Brassica rapa
Vegetative stage Fruiting stage Vegetative stage Fruiting stage
Copper 75 76.5 64 73
Chromium 86 102 91 110
Cadmium 37 43 41 45
Cobalt 12 15 19 23
Arsenic 25 30 35 40

In our investigation, we found that irrigation water
samples from Raphanus sativus and Brassica rapa during
the fruiting stage had higher cobalt concentrations of 15
ppm and 23 ppm, respectively, which were beyond the
safe limits recommended by the WHO. Raphanus sativus
and Brassica rapa had higher concentrations of arsenic
during the fruiting stage, estimating values of 30.1 ppm
and 40 ppm for arsenic in irrigation water samples
obtained from several chosen fields. These values were
beyond the safe levels recommended by the WHO.
Chromium had the greatest content in irrigation water
samples, followed by copper, cadmium, arsenic, and
cobalt. The concentration of heavy metals in wastewater
used for vegetable irrigation shows that the water used
for irrigation in Shakargarh was highly contaminated.
Previous studies that showed greater contents of heavy
metals in soil samples confirm these findings (Galal et al.,
2021).

A recent investigation reported that the heavy metal
concentrations in irrigation soil samples did not surpass
the recommended maximum limits (RMLs) (Woldetsadik
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et al, 2017) which is against our findings. A recent study
reported that Zn was found in the greatest quantity in
irrigation wastewater, followed by Pb, Cr, Ni, Cu, and Cd.
Contents of heavy metals in pure irrigation water were
below detectable levels (Singh et al, 2010). Similar
results were reported in an investigation on heavy metal
distribution in vegetables and soil samples in Shakargarh
(Azeem and Rashid, 2019).
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