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A B S T R A C T

The concentration of potentially toxic elements (PTEs) in samples of mustard greens from sub-sites of the 
southern districts of Punjab, Rajan Pur (RP), Dera Ghazi Khan (DGK), and Rahim Yar Khan (RYK) was assessed 
using atomic absorption spectrometry (AAS). The mean concentrations of PTEs in mustard greens samples from 
sub-sites of district RP were in decreasing order of Fe>Zn>Mn>Cu>Cr>Co>Cd>Pb>Ni. The mean concentrations 
of PTEs assessed among the mustard green samples from sub-sites of district RYK were determined in the order 
of Fe>Mn>Zn>Cu>Cr>Co>Cd>Ni>Pb. The mean concentrations of PTEs among mustard greens samples from 
sub-sites of district DGK have shown the order of Fe>Mn>Zn>Cu>Cr>Cd>Ni>Pb>Co. Mean concentrations of Fe 
were found to be highest among all the districts (DGK: 11.16 mg/kg, RYK: 9.281 mg/kg, and RP: 5.821 mg/
kg) than any other PTE mean concentrations. Concentrations of Mn from all sub-sites of all three districts (RP, 
DGK, and RYK) and concentrations of Co from Sadiq Abad Sardar Garh, and Feroza were exceeding the allowed 
maximum residue limits (Mn: 0.2 mg/kg and Co: 0.1 mg/kg) recommended by the Food and Agriculture 
Organization (FAO) and World Health Organization (WHO). Values of chronic dietary intake (CDI) for Cd, Co, 
Cr, Cu, Fe, Mn, Ni, Pb, and Zn were recorded under the safe limits suggested by FAO/WHO 0.001, 0.03, 0.003, 
0.037, 0.7, 0.083, 0.02, 0.0015, and 0.3 (in mg/kg/day), respectively. The hazard quotient (HQ) and cancer 
risk (CR) levels for all said PTEs were analyzed under the limits (HQ: <1, CR: 10-6-10-4). Results indicate that 
the mean HQ values of all the said PTEs found under the threshold limits (<1) are within the safe limits. CR 
for all mentioned PTEs were under the permissible limit (10-6-10-4), revealing that there is no apparent risk to 
health. The findings are very useful for the end users and the food safety authorities to consider for the suitable 
measures to be taken. These findings will thus prompt the relevant parties to take the required precautions 
against hazardous metal exposure. 
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1. Introduction

As a member of the Cruciferae family, the vegetable species mustard 
green (Brassica juncea) has enormous commercial importance [1]. 
Mustard was one of the earliest vegetables to be produced and one 
of the earliest species documented in history, as per Sanskrit writings 
from around 3000 B.C. [2]. The word "mustard" is derived from the 
Latin word "mustum" and was originally used to describe a condiment 
[3,4]. Mustard greens constitute a great source of vitamins and 
minerals that the human body requires in order to function at its best 
[5]. Green leafy vegies like mustard greens contain vitamin C (27.6-
107 mg/100 g edible parts), β-carotene (1825-4760 µg/100 g edible 
parts), and riboflavin (0.15-0.55 mg/100 g edible parts) [6]. Cooked 
mustard greens can provide up to 100% of the recommended daily 
intake of vitamin A [7]. Eating lots of green veggies that are leafy, such 
as mustard greens, lowers your chances of cardiovascular disease [8]. 

They also comprise nutrients that protect plaque from accumulating 
in arteries, which might result in heart problems [7]. Moreover, a 
single serving of mustard greens provides the vitamin K needed for a 
whole day [7]. This vitamin improves coagulation of blood and cardiac 
function [9]. Mustard greens contain beneficial antioxidants such as 
lutein and zeaxanthin [10]. Studies reveal that these two antioxidants 
assist in  alleviating age-associated vision loss and are necessary for 
supporting healthy eyes [11].

Potentially toxic elements (PTEs) were observed in mustard greens 
in various countries across the world, and Pakistan is also facing the 
same situation [12,13]. However, PTEs in mustard green from Bajaur 
Agency were observed exceeding their limits; the study illuminates 
that PTEs are contaminating the vegetables in Pakistan [14]. There 
have been four main entrance points for PTEs into soils: atmosphere 
to soils, solid waste to soil, sewage to soils, and agricultural supplies 
to soils [15,16]. The cation exchange capacity, soil pH, organic matter 
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content, soil texture, and interactions between the target elements were 
identified as factors affecting the bioavailability of metals and their 
presence in crops. It is determined that the primary regulators of metal 
contents in plants are the overall concentrations of metals in soils [17].

When present at an optimum level, different PTEs, like Co, Cu, 
Fe, Mn, Mo, Ni, and Zn, are beneficial to the biological system [17]; 
yet, if they are above the permissible levels, they are harmful to the 
environment [18]. Excessive accumulation in agricultural soils may 
result not only in soil contamination, but also consequences for food 
quality and safety [19]. So, it is essential to monitor food quality, given 
that plant uptake is one of the main pathways through which heavy 
metals (HMs) enter the food chain [20].

Although some trace metals act as micronutrients to maintain normal 
body function, exposure to elements such as Cr, Cu, As, and Zn can 
result in neurologic disorders, headaches, and renal and liver diseases 
when they exceed safe limits [21]. There is also evidence that long-term 
exposure to low doses of some PTEs may increase the incidence of cancer 
[22,23]. Van Maele-Fabry et al. found that dietary Cd intake through 
ingestion of contaminated rice and other vegetables was directly related 
to the incidence of postmenopausal breast cancer. Increased risk of lung 
cancer has been observed as a result of occupational exposure to mists 
and dusts containing hexavalent chromium [24].

Numerous reports that show the presence of HMs in plant-based 
foods, including vegetables and fruits, are available in the literature. 
Concentration and risk assessment of PTEs like Pb and Cd were conducted 
in vegetables and cereals consumed in Western Iran [25]. Similarly, 
another study from Iran reports the determination of concentration and 
assessment of health risks of PTEs in Iranian rice [26]. Another research 
reported a multi-element assessment of potentially toxic and essential 
elements in new and traditional food varieties in Sweden [27].

Mustard greens (Saag) is a traditional dish of Punjab, Pakistan, 
made with the green leaves of the mustard plant [28]. The southern 
cities of Punjab, Pakistan, are drought-hit and face the issue of high 
salinity in the soil and water. The probability of a high concentration of 
PTEs in crops grown in these areas is high. According to the literature, 
this type of research has not been done previously in these study areas. 
Hence, there is a need to investigate the concentrations and health risk 
assessment of PTEs in mustard greens from the southern districts of 
Punjab, Pakistan. Furthermore, the study has focused on estimating the 
chronic daily intake (CDI), hazard quotient (HQ), and cancer risk (CR) 
values of PTEs. The current research is the first comprehensive report 
to estimate PTEs in mustard greens samples from these sub-sites, as per 
our knowledge. Assessing the risk assessment of PTEs in mustard greens 
samples of different sub-sites will help us understand the problem’s 
severity.

2. Materials and Methods

2.1. Study sites

The selected study sites have been shown in the Figure 1.

2.2. Sample collection

There are 45 samples of mustard greens collected for the study from 
different sub-sites of three southern districts of Punjab, as shown in 
Figure 1. All the Samples were collected from different local farm fields 
of district Rajan Pur (RP), Dera Ghazi Khan (DGK), and Rahim Yar Khan 
(RYK), and moved to the laboratory. Until further examination, all of 
the samples were stored at normal temperature until further analysis.

2.3. Chemicals required

The following chemicals and reagents were used for the digestion of 
the mustard green samples.

•	 Sulfuric acid (H2SO4), 98% Sigma Aldrich, USA
•	 Nitric acid (HNO3), 65%, Sigma Aldrich, USA
•	 Hydrogen peroxide (H2O2), 30%, Sitara Peroxide Ltd. Pakistan
•	 Distilled water

2.4. Sample preparation and digestion

A well-known acid digestion methodology was adopted for 
elemental analysis [29]. All the samples were rinsed with tap water and 
cut into small pieces with a stainless-steel knife. The cut pieces were 
then washed with distilled water, homogenized, and air dried. A sample 
of 30 g of mustard greens was collected in a China dish and placed in a 
furnace for 2-3 hrs at 300°C for ashing. A glass beaker was filled with 
0.2 g of the sample's ash. Vegetable samples were fully digested using 
the acidic digestion process with a solution of nitric and sulfuric acids. 
After this, 10 mL of 70 % v/v HNO3 and 5 mL of H2SO4 were added in 
a ratio of 2:1 mL into each sample. To allow the organic contents in 
the acid-treated samples to thoroughly degrade and be maintained at 
room temperature for an entire day. The following day, samples were 
heated at 300°C on a magnetic hot plate. During the heating, 3 mL of 
hydrogen peroxide was added to the sample solution until it became 
transparent or colorless. Hydrogen peroxide made the solution and 
its fumes transparent. Finally, sample solutions were filtered with a 
filter paper and then diluted with 30 mL ultrapure deionized water. 
Deionized water was used for glassware washing and sample treatment 
from throughout the analysis in the laboratory [30].

2.5. Determination of potentially toxic elements

An atomic absorption spectrophotometer (Hitachi Polarized Zeeman 
AAS, Z-8200, Japan) was used for determining the concentration of HMs 
in the treated samples under the conditions mentioned in association 
of official agricultural chemists (AOAC) (1990). The elements that 
were chosen were Zn, Ni, Cd, Co, Cu, Cr, Fe, Pb, and Mn. Operating 
conditions of the instrument for the mentioned elements have been 
described in Table 1.

2.6. Standards preparation

An aqueous solution (1000 ppm) of the commercially available 
stock solution (AppliChem®) was used to prepare calibrated standards. 

Figure 1. Geographic Information System map of the sub-sites of three southern 
districts (RP, RYK and DGK) of Punjab, Pakistan. 
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Calibrated standards were prepared using highly pure de-ionized 
water. All glassware apparatus utilized for the analytical procedure was 
immersed in 8N HNO3 for an entire night [31].

2.7. Health risk assessment

2.7.1. Chronic daily intake (mg/kg/day)

The following formula [32] was used to calculate the CDI values of 
said PTEs (Eq. 1).

CDI
C DI

BW
�

� � (1)

Where “C” stands for the concentration of PTEs in the sample of 
mustard greens (mg/kg or ppm). “DI” indicates daily mustard greens 
consumption in kg/day, and “BW” shows the average body weight [33]. 
Daily intake of mustard greens sample is 105.7 g/day or 0.1057 kg/
day [34].

2.7.2. Hazard quotient (ppm)

The values of HQ of the mentioned PTEs were calculated. It is a ratio 
of CDI and oral reference dose [32]. The following formula was used to 
calculate the HQ values for PTEs (Eq. 2).

HQ
CDI

RfD
= � (2)

Where “CDI” denotes chronically daily intake of PTEs, and “RfD” 
signifies the oral reference dose, which is the US Environmental 
Protection Agency's estimate of the maximum dose of a toxic substance 
that a human may consume. Values of oral reference doses quoted by 
various monitoring organizations have been listed in Table 2.

2.7.3. Hazard Index

The values of hazard index (HI = ∑HQ Cd + HQ Co + HQ Cu + HQ 
Cr + HQ Fe + HQ Mn + HQ Ni + HQ Pb + HQ Zn ….... + HQ n) were 
determined by adding individual HQ values of each metal together. 
HI values higher than or equal to 1 show a risk to human health [35].

2.7.4. Cancer risk

It is possible to calculate the CRs associated with a certain dosage 
of PTEs present  in vegetables. The incremental chance of a person 
acquiring any type of cancer in their lifetimes as a result of being 
exposed to a carcinogen is to known as CR. Formula was given by 
Gržetić I et al. [36] (Eq. 3).

Cancer Risk
CDI Oral Slope Factor Years of Exposure

Average Lifet
�

� �

iime
� (3)

Here “CDI” indicates the chronically daily intake values of PTEs 
(mg/kg/day) and “SF” shows the cancer slope factor (mg/kg/day). 

The slope factor translates estimated daily intake (EDI), averaged over 
a lifespan, of direct contact to the incremental risk of an individual's 
cancer development. The acceptable limit for a particular carcinogenic 
element is regarded to be between 10-6 to 10-4 [32].

2.8. Statistical evaluation

To analyze the minimum, maximum, mean concentrations, standard 
deviation, and correlation coefficient of the PTEs by using statistical 
software SPSS-V27.0.1.0 (2019) was practiced. Figures of results were 
discussed in mean ± standard deviation (±SD).

3. Results and Discussion

3.1. District Dera Ghazi Khan results

Table 3 consists on the detailed concentrations of selected PTEs that 
revealed the mean concentrations of PTEs ware observed in order of Fe 
(11.16 mg/kg)>Mn (2.019 mg/kg)>Zn (1.452 mg/kg)>Cu (0.369 mg/
kg)>Cr (0.205 mg/kg)>Cd (0.0347 mg/kg)>Ni (0.0318 mg/kg)>Pb (0.03 
mg/kg)>Co (0.025 mg/kg), respectively. Results have shown that the Fe 
(11.974 mg/kg) from Kot Chutta possessed the highest concentration. 
The level of Co (0.005 mg/kg) has shown the least concentration in 
the mustard greens sample from Shadan Lund. Only Mn exceeds the 
allowed maximum residue limit (0.2 mg/kg) recommended by WHO/
FAO. Concentrations of Co from Mana Ahmadani, Choti Zereen, 
Kot Chutta, Shah Sadar Deen, and concentrations of Pb from Mana 
Ahmadani, Choti Zereen, DGK, and Tibi Qaisrani were not detected 
(ND).

3.2. District Rajan Pur results

Mean concentration of PTEs ware detected in decreasing order of 
Fe (5.821 mg/kg)>Zn (1.7909 mg/kg)>Mn (1.022 mg/kg)>Cu (0.219 
mg/kg)>Cr (0.1064 mg/kg)>Co (0.035 mg/kg)>Cd (0.032 mg/kg)>Pb 
(0.029 mg/kg)>Ni (0.0234 mg/kgs), as described in Table 4. The 
highest concentration was recorded for Fe (7.401 mg/kg) from the 

Table 1. Operational conditions employed in the determination of PTEs by  atomic absorption spectrometry (AAS).

Elements Wavelength 
(nm)

Slit width 
(nm)

Lamp current 
(mA)

Burner head Flame Burner height 
(mm)

Oxidant gas pressure 
(Flow rate) (kpa)

Fuel gas pressure 
(Flow rate) (kpa)

Cadmium (Cd) 228.8 1.3 7.5 Standard type Air-C2H2 5.0 160 6

Cobalt (Co) 240.7 0.2 12.5 Standard type Air-C2H2 7.5 160 7

Copper (Cu) 324.8 1.3 7.5 Standard type Air-C2H2 7.5 160 7

Chromium (Cr) 359.3 1.3 7.5 Standard type Air-C2H2 7.5 160 12

Iron (Fe) 248.3 0.2 10 Standard type Air-C2H2 7.5 160 6

Lead (Pb) 283.3 1.3 7.5 Standard type Air-C2H2 7.5 160 7

Manganese (Mn) 279.6 0.4 7.5 Standard type Air-C2H2 7.5 160 7

Nickel (Ni) 232.0 0.2 10.0 Standard type Air-C2H2 7.5 160 7

Zinc (Zn) 213.9 1.3 10.0 Standard type Air-C2H2 7.5 160 6

Table 2. Oral reference dose (RfD) values of PTEs.

PTEs Oral reference dose (RfD) (mg/kg) References

Cd 0.001 USEPA (2011)

Co 0.020 USDOE (2011)

Cu 0.037 USEPA (2011)

Cr 0.003 USDOE (2011)

Fe 0.700 USEPA (2011)

Ni 0.020 IRIS USEPA

Mn 0.083 -

Pb 0.003 WHO (1993)

Zn 0.300 USEPA (2011)
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Kotla Mughlan subsite. The level of Cd (0.012 mg/kg) has shown the 
least concentration in mustard greens sample from the Haji Pur sub-
site. Concentrations of all PTEs in mustard greens samples from all sub-
sites never exceed their allowed maximum residue limits recommended 
by FAO/WHO, but Mn exceeds the permissible limit (0.2 mg/kg) in 
mustard greens from all sub-sites of the RP district.

3.3. District Rahim Yar Khan results

Mean Concentrations of the said PTEs recorded in the decreasing 
order of Fe (9.281 mg/kg)>Mn (1.661mg/kg)>Zn (1.5767 mg/kg)>Cu 
(0.2759 mg/kg)>Cr (0.169 mg/kg)>Co (0.073 mg/kg)>Cd (0.0323 
mg/kg)>Ni (0.027mg/kg)>Pb (0.0163 mg/kg), as discussed in Table 
5. Table 5 revealed that the Fe (11.92 mg/kg) from Ameen Garh 
possessed the highest concentration. The level of Pb (0.003 mg/kg) 
has shown the least concentration in the mustard greens sample from 
Chowk Bahadur Pur. Concentrations of all PTEs in mustard greens 
samples from all sub-sites never exceed their allowed maximum residue 
limits recommended by FAO/ WHO, except Mn. Concentrations of Mn 
in samples from all sub-sites were higher than the permissible limit 
(0.2 mg/kg). Concentrations of Co from Sadiq Abad, Sardar Garh, 
and Feroza were exceeding from the allowed maximum residue limits 
(0.1 mg/kg). Concentrations of Co from Iqbal Abad, RYK, Chachraan 
Shareef, Kot Samaba, and Pb from Iqbal Abad, Sadiq Abad, Zahir Peer, 
and Islam Nagar were ND. 

3.4. Comparison of mean concentrations of PTEs among the districts 
(DGK, RP and RYK)

Figure 2 indicates that the mean concentrations of the under 
consideration PTEs were calculated. Except for Co and Zn, mean 
concentrations of said PTEs are higher in mustard green from DGK than 
in those from RYK and RP. Mean concentration of PTEs in mustard 
green from district RYK is greater than the concentrations of PTEs in 

mustard green from RP, except for Pb and Zn. Mean concentrations 
of PTEs in mustard greens from said districts are influenced by the 
factors size, population, and industrial sites present in the relevant 
district. The development factor decreased from the northern cities of 
Punjab to the southern cities of Punjab. As per the figure of results, 
mean concentrations of PTEs in mustard greens from DGK are greater 
than both other districts’ results because the DGK district has a 
greater number of factors affecting the vegetables, like industries 
and factories. And likewise, RYK is more developed and has a larger 
number of industries and factories than district RP. Therefore, the mean 
concentration of PTEs lies in order of DGK>RYK>RP. The same has been 
observed in the contour plot representing the variation in concentration 
of PTEs in the mustard green samples from the southern districts (RP, 
RYK, and DCK) of Punjab, Pakistan as shown in Figure 3.

3.5. Correlation among PTEs concentration

Pearson correlation coefficient was established to statistically 
analyze the associated relationship among the PTEs in mustard greens 
from district DGK subsites. Positively significant correlation of Cd was 
found with Cr, Mn, Pb, Zn, and Cu with Cr, Fe, Mn, Zn, and Co with Cr, 
Fe, Zn, and Cr has positive correlation with all PTEs except Pb, and Fe 
with Mn and Zn, and Ni with Mn, Pb and Zn, and Mn with Pb and Zn, 
as mentioned in Table 6.

Table 7 contains the correlation coefficient among the PTEs in 
mustard green from district RP subsites, which shows a positive 
significant correlation of Cd with Cu, Ni, and positive significant 
correlation of Cu with Co, Cr, Ni, Mn, Pb, and Co associated with Pb 
and Zn. Cr indicates a positive significant correlation with Fe and Mn. 
Ni and Fe have the same correlation with Mn, and Mn is associated 
positively with Pb.

Table 3. Concentrations of PTEs in mustard greens sample from sub sites of 
district DGK.

Sub-sites Element concentration (mg/kg)

Cd Cu Co Cr Fe Ni Mn Pb Zn

Mana Ahmadani 0.024 0.337 ND 0.220 10.4 0.036 2.12 ND 1.33

DGK 0.046 0.497 0.023 0.228 11.9 0.033 2.17 ND 1.72

Choti Zereen 0.026 0.259 ND 0.145 10.9 0.029 1.42 ND 1.17

Ghazi Ghaat 0.056 0.374 0.035 0.201 11.3 0.035 1.98 0.04 1.42

Kot Chutta 0.024 0.351 ND 0.230 12.0 0.036 2.21 0.02 1.79

Paigah 0.018 0.502 0.030 0.207 11.9 0.037 2.19 0.03 1.36

Jhok Utra 0.049 0.328 0.038 0.237 11.3 0.029 2.02 0.02 1.60

Taunsa 0.030 0.266 0.026 0.215 10.9 0.025 1.47 0.03 1.20

Shadan Lund 0.060 0.345 0.005 0.178 10.4 0.039 2.20 0.04 1.38

Shah Sadar Deen 0.027 0.380 ND 0.201 11.9 0.031 2.15 0.04 1.72

Peer Adil 0.029 0.399 0.018 0.157 11.2 0.027 2.10 0.02 1.48

Basti Bohar 0.038 0.350 0.027 0.237 10.5 0.036 1.92 0.02 1.67

Tibi Qaisrani 0.017 0.488 0.014 0.218 11.2 0.022 2.07 ND 1.42

Mangrotha 0.052 0.280 0.023 0.206 10.3 0.036 2.24 0.04 1.33

Jhok Yaran Wali 0.020 0.370 0.032 0.189 11.5 0.028 2.04 0.02 1.20

Minimum 0.017 0.259 0.005 0.145 10.3 0.022 1.42 0.02 1.17

Maximum 0.060 0.502 0.038 0.237 12.0 0.039 2.24 0.04 1.79

Mean 0.034 0.368 0.025 0.205 11.2 0.032 2.02 0.03 1.45

±SD 0.014 0.077 0.010 0.027 0.60 0.005 0.25 0.01 0.20

Allowed 
maximum residue 
limits 

0.2 73.3 0.1 2.3 425.5 67.9 0.2 0.3 99.4

*Allowed maximum residue limits PTEs were recommended by FAO/WHO. SD: 
Standard deviation.

Table 4. Concentration of PTEs in mustard greens samples from sub sites of 
district RP.

Sub-site Elemental concentration (mg/kg)

Cd Cu Co Cr Fe Ni Mn Pb Zn

Rojhan 0.031 0.289 ND 0.144 6.583 0.028 1.403 ND 2.156

Umer Kot 0.018 0.154 ND 0.092 6.948 0.018 0.915 0.025 1.039

RP 0.052 0.215 0.032 0.123 4.494 0.022 1.175 0.019 0.923

Fazil Pur 0.026 0.256 ND 0.093 4.850 0.029 0.896 0.045 1.236

Jam Pur 0.037 0.177 ND 0.080 6.034 0.020 0.761 0.025 1.062

Shahwali 0.030 0.297 0.051 0.131 5.863 0.016 0.937 0.03 1.2607

Jhandi 0.021 0.169 0.019 0.142 6.839 0.029 1.115 0.021 0.936

Kot Mithan 0.055 0.157 0.033 0.090 5.834 0.019 0.901 0.015 1.048

Muhammad 
Pur

0.029 0.239 0.025 0.064 6.143 0.024 1.369 0.047 2.0233

Qazi wala 0.041 0.223 ND 0.078 4.583 0.027 0.796 ND 1.176

Dajal 0.026 0.279 0.035 0.113 4.337 0.027 0.881 0.022 1.356

Haji Pur 0.012 0.176 0.032 0.154 5.134 0.016 1.345 0.028 1.927

Kotla 
Mughlan

0.030 0.170 ND 0.102 7.401 0.025 1.155 ND 7.555

Murghai 0.048 0.261 0.046 0.077 5.710 0.031 0.893 0.045 2.049

Khajee 
Wala

0.021 0.218 0.039 0.114 6.569 0.021 0.789 0.019 1.117

Minimum 0.012 0.154 0.019 0.063 4.337 0.015 0.761 0.015 0.923

Maximum 0.055 0.297 0.051 0.154 7.401 0.031 1.403 0.047 7.555

Mean 0.032 0.219 0.035 0.107 5.821 0.024 1.022 0.029 1.791

±SD 0.013 0.050 0.010 0.028 0.964 0.005 0.220 0.011 1.653

Allowed 
maximum 
residue 
limits 

0.2 73.3 0.1 2.3 425.5 67.9 0.2 0.3 99.4

SD: Standard deviation
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and Zn were present in significant concentrations in all the vegetables, 
whereas Cu and Pb concentrations were lower and considerable, 
respectively. The concentrations of Fe in leafy vegetables like cabbage, 
cauliflower, mustard, and spinach varied from 79.28 mg/kg to 572.80 
mg/kg. Cauliflower, mustard, and spinach all had concentrations from 
2.72 mg/kg to 22.50 mg/kg of Cu on the basis of dry weight, whereas 
cabbage did not. On the basis of dry weight, the concentration of zinc 
in cabbage, cauliflower, spinach, and mustard leaf varied from 27.51 
mg/kg to 71.34 mg/kg.

Another report from India [38] has determined the concentration 
of HMs in vegetables from the farms and commercial sites of India. 
At market sites, the average concentrations of copper in cauliflower, 
as well as zinc and cadmium in both cauliflower and spinach, have 
surpassed the PFA limit. The PFA requirement for cauliflower was also 
surpassed by Zinc in the farms. Vegetables evaluated from farms and 
commercial areas had cadmium concentrations that were much greater 
than the standards of the European Union (EU). However, Pb levels in 
vegetables evaluated from both production and market sites were much 
higher than the current EU and WHO regulations, despite being below 
the PFA limit. Vegetables examined for HM buildup show greater levels 
at market locations than at crop-producing locations. These veggies 
contributed 13%, 1%, 47%, and 9% of the estimated recommended 
levels of Cu, Zn, Cd, and Pb to dietary consumption, respectively.

HMs in vegetables have been linked to health risks for the public 
in Beijing, China. In order to determine the possible health risks, a 
study of the amounts of As, Cd, Cr, Cu, Ni, Pb, and Zn in 416 samples 
(representing 100 kinds) of vegetables was conducted in Beijing. The 
findings showed that the levels of HMs in cauliflower varied from 
0.004-0.021 g/g fw for Cd, from 0.004 to 0.113 g/g fw for Cr, from 
0.29 to 5.63 g/g fw for Cu, from 0.021 to 350 g/g fw for Ni, from 
0.001-0.139 g/g fw for Pb, and from 3.68 to 7.70 g/g fw for Zn [39]. 
In another study from Bangladesh, health risk was assessed based on 
EDI, target HQ, HI, and CR. The EDI values for metals, except for Cr, 
were determined to be below the maximum tolerable daily intake. The 
overall THQs of metals were > 1, suggesting a non-carcinogenic health 
risk [40]. Another study from Khyber Pakhtunkhwa (KPK) Pakistan 
evaluated the health hazards linked to metal consumption by utilizing 
the EDI of metals (EDIM), HQs, and HI. The rates at which metals 
transfer to vegetables have been established. All of the elements' EDMI 
values were discovered to be lower than their RfD values, with the 
exception of Pb and Cd [41].

To our best knowledge, the current study is the first ever report on 
the health risk assessment of PTEs in mustard greens grown in various 
areas of the southern districts of Punjab, Pakistan. Since the southern 
districts of Punjab, Pakistan, are drought-hit and are mostly covered 
by a desert. So, the current study is important in providing useful 
information.

3.6. Health risk assessment

The values of CDI (Table 9), HQ (Table 10), and CR (Table 11) 
of said PTEs in samples of mustard greens from different sub-sites 
of three southern districts of Punjab, Pakistan, were investigated in 
three age groups: 5- 25 years, 25-50 years, and 50-70 years in males 
and females. CDI values of PTEs were found in decreasing order of 
Fe>Zn>Mn>Cu>Cr>Co>Cd>Ni>Pb. And the order for age group was 
5-25 years>25-50 years>50-70 years. CDI values for all the PTEs were 
found under the limits recommended by WHO and FAO (Allowed 
maximum residue limits by WHO/FAO for Cd, Co, Cr, Cu, Fe, Mn, Ni, 
Pb, and Zn were 0.001, 0.03,0.003, 0.037, 0.7, 0.083, 0.02, 0.0015, and 
0.3 respectively). Results showed that the values of  HQ of all the PTEs 
were found under the threshold limit of 1, suggesting that no apparent 
risk to health is associated with these PTEs. The total HQ did not exceed 
the specified threshold limit of 1, the HQs value in the mustard greens 
found in decreasing order of 5-25 years>25-50 years>50-70 years. This 
showed that the 5–25 age group was more prone than the 25–50 and 
50–70 age groups to meet the limit for threat to human health. CR 
linked with the mentioned PTEs from the samples of mustard greens was 
determined by using the targeted carcinogenic risk in three different 
age groups. CR for all mentioned PTEs were under the permissible limit 
(10-6-10-4).

Table 5. Concentration of PTEs in mustard greens samples from sub sites of 
district RYK

Sub-sites Element concentration (mg/kg)

Cd Cu Co Cr Fe Ni Mn Pb Zn

Iqbal Abad 0.040 0.286 ND 0.142 11.42 0.030 1.359 ND 1.713

Ameen Garh 0.038 0.334 0.055 0.213 11.92 0.036 2.038 0.028 1.850

Sadiq Abad 0.031 0.242 0.154 0.236 11.67 0.026 2.221 ND 1.470

RYK 0.022 0.262 ND 0.106 6.383 0.029 0.999 0.005 1.972

Khan Pur 0.036 0.296 0.032 0.218 9.697 0.028 1.984 0.019 1.589

Chowk 
Bahadur Pur

0.034 0.279 0.037 0.202 11.34 0.018 1.116 0.003 1.927

Sardar Garh 0.025 0.243 0.138 0.161 6.340 0.034 1.639 0.034 1.503

Zahir Peer 0.028 0.212 0.049 0.225 9.115 0.025 1.337 ND 1.687

Chahchraan 
Shareef

0.041 0.313 ND 0.122 11.80 0.019 2.205 0.006 1.812

KFUEIT RYK 0.046 0.287 0.055 0.088 9.042 0.029 1.999 0.011 0.973

Machi Goth 0.036 0.324 0.049 0.144 6.010 0.025 2.190 0.024 1.203

Islam Nagar 0.032 0.298 0.035 0.109 8.527 0.027 1.001 ND 1.274

Kot Samaba 0.026 0.224 ND 0.213 11.64 0.019 1.373 0.004 1.404

Feroza 0.019 0.262 0.145 0.197 8.603 0.033 1.709 0.029 1.712

Metla Chowk 0.031 0.279 0.056 0.159 5.709 0.025 1.743 0.016 1.564

Minimum 0.019 0.212 0.032 0.088 5.709 0.018 0.999 0.003 0.973

Maximum 0.046 0.334 0.154 0.236 11.92 0.036 2.221 0.034 1.972

Mean 0.033 0.276 0.073 0.169 9.281 0.027 1.661 0.016 1.577

±SD 0.008 0.036 0.047 0.049 2.318 0.005 0.440 0.012 0.280

Allowed 
maximum 
residue limits 

0.2 73.3 0.1 2.3 425.5 67.9 0.2 0.3 99.4

SD: Standard deviation
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Figure 2. Graph representing the comparison of mean concentration of PTEs among 
the districts (DGK, RP and RYK).

Correlation coefficient among the PTEs in mustard green from district 
RYK was analyzed, as listed in Table 8. Analysis reveals the positive 
correlation of Cd with Cu, Fe, Mn, and Cu has the same correlation with 
Fe, Ni, Mn, Pb, and Co, shows positive correlation with all PTEs except 
Fe and Cd, and Cr, positively correlated with all PTEs except Cd, Cu, 
and Ni. Fe indicates a positive significant correlation between Mn and 
Zn, Ni with Mn and Pb, and Mn has a positive significant correlation 
with Pb.

Probability value (p<0.5) exhibits a significant correlation among 
the PTEs. Significant correlation found among almost all PTEs with 
<5%, i.e., p<0.05, as described in Table 6.

In a previous report, HMs (zinc, copper, lead, and iron) were 
examined in vegetables (spinach, cauliflower, mustard, and cabbage) 
from Thoubal District, Manipur, India [37]. A total of 09 samples from 
each vegetable category were examined, and the results revealed that Fe 
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Figure 3. Contour map representing the variation in concentrations of PTEs in mustard greens samples from southern districts (RP, RYK and DGK) of Punjab, 
Pakistan.

Table 6. Concentration of PTEs in mustard greens samples from sub sites of 
district RYK.

DGK Correlation coefficient

Element Cd Cu Co Cr Fe Ni Mn Pb Zn

Cd 1                

Cu -0.241 1              

Co -0.072 -0.129 1            

Cr 0.065 0.218 0.437 1          

Fe -0.370 0.600 0.395 0.144 1        

Ni 0.440* -0.026 -0.044 0.139 -0.153 1      

Mn 0.169 0.540 -0.274 0.298 0.230 0.462 1    

Pb 0.506 -0.099 -0.352* -0.252 -0.251 0.384 0.164 1  

Zn 0.147 0.353 0.050 0.529 0.473 0.237 0.491 -0.232 1

Statistically significant correlation among the PTEs are bold values at (p<0.05) 
Statistically not significant correlation among the PTEs is asterisk* values at (p>0.05)

Table 7. Correlation coefficient among the PTEs in sample from district RP 
subsites.

RP Correlation coefficient

Element Cd Cu Co Cr Fe Ni Mn Pb Zn

Cd 1                

Cu 0.063 1              

Co 0.218* 0.661 1            

Cr -0.416 0.081 -0.080 1          

Fe -0.293 -0.370 -0.171 0.043 1        

Ni 0.190 0.361 -0.246* -0.217 -0.096 1      

Mn -0.218 0.049 -0.584 0.439 0.186 0.001 1    

Pb -0.075* 0.498 0.172* -0.486 -0.084 0.425* 0.231 1  

Zn -0.070 -0.144 0.150 -0.033 0.449 0.158 0.318* 0.714 1

Statistically significant correlation among the PTEs are bold values at (p<0.05) 
Statistically not significant correlation among the PTEs is asterisk* values at (p>0.05)
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To our best of our knowledge, there are no previous reports 
available regarding the health risk assessment of PTEs in mustard 
greens grown in the southern cities of Punjab, Pakistan. However, there 
are few reports available on other food matrices from various other 
parts of Pakistan. One of those was published relating to the analysis 
of PTEs concentrations and food-related risks to human health in the 
Bajaur Agency, Pakistan [14]. Health risk indices including dim values 
for Cd, Ni, Cr, Cu, Co, and Zn in mustard greens samples were 7E -04, 
4.9E -04 (adult and children), 1.3E -03, 1.4E -03 (adult and children), 
3.9E -04, 4.1E -04 (adult and children), 2.1E -04, 2.2E -04 (adult and 
children), 2.9E -04, 3.1E -04 (adult and children), 7.2E -03 and 7.6E 
-03 (adult and children) and HQ values were 4.7E -01, 4.9E -01 (adult 
and children), 6.5E -02, 6.9E -02 (adult and children), 1.3E -01, 1.4E 
-01 (adult and children), 5.1E -03, 5.4E -03 (adult and children), 2.9E 
-04, 3.1E -04 (adult and children), and 2.4E -02, 2.5E -02 (adult and 
children) respectively.

Another study [42] reported the research on ecological risk 
assessment of HMs in vegetables irrigated with groundwater and 
wastewater: Groundwater-grown mustard leaf exhibited a preference 
for DIM in the following order: Fe (4.34E-02), Mn (1.11E-02), Ni 
(1.62E-04), Zn (5.80E-05), Pb (3.80E-05), Cu (1.10E-05), and Cd 

(4.00E-06). For the elements Pb, Cd, Cu, Zn, Mn, Ni, and Fe, the health 
risk index (HRI) for HMs in vegetables cultivated with groundwater 
and wastewater showed 0.010, 0.000, 0.000, 0.000, 0.335, 0.008, and 
0.062, respectively.

4. Conclusions

This research revealed that the mean concentrations of PTEs lie in the 
decreasing order among district as DGK>RYK>RP. Mean concentrations 
of Fe were found the highest among all the districts (DGK; 11.16 mg/
kg, RYK: 9.281 mg/kg and RP: 5.821 mg/kg) than any other PTEs 

Table 8. Correlation coefficient among the PTEs in sample from district RYK 
subsites

RYK Correlation coefficient

Element Cd Cu Co Cr Fe Ni Mn Pb Zn

Cd 1                

Cu 0.629 1              

Co -0.607* -0.499 1            

Cr -0.304 -0.380 0.260 1          

Fe 0.374 0.042 -0.008 0.410 1        

Ni -0.128* 0.153 0.424 -0.053 -0.265 1      

Mn 0.437 0.387 0.300 0.150 0.125 0.121 1    

Pb -0.192 0.170 0.693 0.252 -0.358 0.797 0.437 1  

Zn -0.305 -0.026 0.054 0.296 0.249 -0.011 -0.289* -0.156 1

Statistically significant correlation among the PTEs are bold values at (p<0.05)
Statistically not significant correlation among the PTEs is asterisk* values at (p>0.05)

Table 9. CDI (mg/kg/day) values of mean concentrations of PTEs in three age 
groups

PTEs Gender CDI (mg/kg/day)

5-25 Years 25-50 Years 50-70 Years

Cd Male 8.08×10-05 4.87×10-05 4.66×10-05

Female 8.69×10-05 5.25×10-05 4.84×10-05

Co Male 1.10×10-04 6.63×10-05 6.34×10-05

Female 1.18×10-04 7.15×10-05 6.58×10-05

Cr Male 3.93×10-04 2.37×10-04 2.27×10-04

Female 4.23×10-04 2.55×10-04 2.35×10-04

Cu Male 7.06×10-04 4.26×10-04 4.08×10-04

Female 7.60×10-04 4.59×10-04 4.23×10-04

Fe Male 2.15×10-02 1.30×10-02 1.24×10-02

Female 2.31×10-02 1.40×-02 1.29×10-02

Mn Male 3.85×10-03 2.32×10-03 2.22×10-03

Female 4.14×10-03 2.50×10-03 2.31×10-03

Ni Male 6.72×10-05 4.05×10-05 3.88×10-05

Female 7.24×10-05 4.37×10-05 4.03×10-05

Pb Male 6.07×10-05 3.66×10-05 3.50×10-05

Female 6.54×10-05 3.95×10-05 3.64×10-05

Zn Male 3.94×10-03 2.38×10-03 2.28×10-03

Female 4.25×10-03 2.57×10-03 2.36×10-03

Table 10. HQ (ppm) values of mean concentrations of PTEs

PTEs Gender HQ (ppm)

5-25 Years 25-50 Years 50-70 Years

Cd Male 8.08×10-02 4.87×10-02 4.66×10-02

Female 8.69×10-02 5.25×10-02 4.84×10-02

Co Male 3.66×10-03 5.21×10-02 2.11×10-03

Female 3.94×10-03 2.38×10-03 2.19×10-03

Cr Male 1.31×10-01 7.89×10-02 7.56×10-02

Female 1.41×10-01 8.51×10-02 7.84×10-02

Cu Male 1.91×10-02 1.15×10-02 1.10×10-02

Female 2.05×10-02 1.24×10-02 1.14×10-02

Fe Male 3.07×10-02 1.85×10-02 1.77×10-02

Female 3.30×10-02 2.00×10-02 1.84×10-02

Mn Male 4.64×10-02 2.80×10-02 2.68×10-02

Female 4.99×10-02 3.02×10-02 2.78×10-02

Ni Male 3.36×10-03 2.03×10-03 1.94×10-03

Female 3.62×10-03 2.19×10-03 2.01×10-03

Pb Male 4.05×10-02 2.44×10-02 2.34×10-02

Female 4.36×10-02 2.63×10-02 2.43×10-02

Zn Male 1.31×10-02 7.93×10-03 7.59×10-03

Female 4.42×10-02 8.55×10-03 7.88×10-03

Table 11. CR values of mean concentrations of PTEs

PTEs Gender CR

5-25 years 25-50 years 50-70 years

Cd Male 1.73×10-06 2.61×10-06 4.00×10-06

Female 1.86×10-06 2.81×10-06 4.15×10-06

Co Male 2.35×10-06 3.55×10-06 5.44×10-06

Female 2.53×10-06 3.83×10-06 5.64×10-06

Cr Male 8.42×10-06 1.27×10-05 1.94×10-05

Female 9.06×10-06 1.37×10-05 2.02×10-05

Cu Male 1.51×10-05 2.28×10-05 3.49×10-05

Female 1.63×10-05 2.46×10-05 3.63×10-05

Fe Male 4.61×10-04 6.94×10-04 1.06×10-03

Female 4.96×10-04 7.49×10-04 1.10×10-03

Mn Male 8.25×10-05 1.24×10-04 1.90×10-04

Female 8.87×10-05 1.34×10-04 1.98×10-04

Ni Male 1.44×10-06 2.17×10-06 3.33×10-06

Female 1.55×10-06 2.34×10-06 3.45×10-06

Pb Male 1.30×10-06 1.96×10-06 3.00×10-06

Female 1.40×10-06 2.12×10-06 3.12×10-06

Zn Male 8.45×10-05 1.27×10-04 1.95×10-04

Female 9.10×10-05 1.37×10-04 2.03×10-04
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mean concentrations. Concentrations of Mn from all sub-sites of all 
three district (RP, DGK, RYK) and concentrations of Co from Sadiq 
Abad Sardar Garh and Feroza were exceeding the allowed maximum 
residue limits (Mn: 0.2 mg/kg and Co: 0.1 mg/kg) recommended by 
FAO and WHO. Values of CDI for Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and 
Zn were recorded under the safe limits suggested by FAO/WHO 0.001, 
0.03, 0.003, 0.037, 0.7, 0.083, 0.02, 0.0015, and 0.3 (in mg/kg/day), 
respectively. The HQ and CR levels for all said PTEs were analyzed 
under the limits (HQ: <1, CR: 10-6-10-4). Pollution in the environment 
and extensive industrial development are the main causes of the high 
concentrations of PTEs. Monitoring of PTEs on continuous basis and 
awareness about the health risks caused by these PTEs in vegetables 
might prove prolific for their prevention in the food chain. The analysis 
of irrigation water on regular intervals is highly recommended. This 
research could be helpful for the governing bodies and food safety 
authorities to implement qualitative measures and spread awareness to 
the consumers from health risks regarding exceeded amounts of Mn and 
Co, which may cause negative consequences on the nervous system, the 
reproductive system, or the pulmonary system.
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