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Summary: Copper (Cu), cadmium (Cd), chromium (Cr) nickel (Ni), lead (Pb), Iron (Fe), Manganese 
(Mn) and zinc (Zn) contents of various vegetables (bitter melon, tomato, eggplant, lettuce, cucumber 
and bell pepper) produced in Rawalpindi, Pakistan was determined using Atomic absorption 
spectrophotometer (AAS). These plants are the basis of human nutrition in the study area. All 
vegetables grown at sewage water by farmers showed the highest contamination of heavy metals, 
followed by local market, Progressive farmers and hydroponic plant. The concentration ranges in 
mg/kg were (1.45 -2.55) for Cd, (3.10 to 4.92) Cr, (12.15- 20.50) Cu, (25.00-51.00) for Fe, (7.80 to 
15.60) for Mn, (10.16 to 15.42) for Ni, (2.12 to 5.41) Pb and (16.58 to 24.08) for zinc. The 
contamination was above the Maximum Residue Limits (MRLs), set out by WHO. Irregular trends in 
concentration were also observed in vegetables obtained from local market, progressive farmers and 
hydroponic plant. 
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Introduction 
 

 Food safety is a major public concern 
throughout the world. Consumption of nutritious and 
wholesome food has increased the demand of safe 
food. During the last few decades there is increase in 
research and efforts regarding the risk and health 
hazards associated with foodstuffs contaminated with 
heavy metals and pesticides [1]. Heavy metals in 
general are non-biodegradable, long biological half-
lives and have high potential to accumulate in various 
body parts. Being water soluble they are highly toxic 
and have adverse effects on life even at low 
concentrations. Higher amounts of toxic heavy metals 
are found in waste water. Because of their excessive 
use in industrial applications, they are found 
everywhere [2, 3]. 
 

 There are many factors which contribute to 
heavy metal contamination such as contaminated 
irrigation water, fertilizers and pesticides 
applications, emissions of different waste materials 
from industries, lack of good transportation facilities, 
harvesting process and storage. The main sources of 
heavy metals are natural inputs like parent material 
weathering and anthropogenic inputs like 
metalliferous industries, mining, vehicle exhaust and 
agronomic practices [4]. An alarming situation is that 
human input has greatly exceeded the natural input of 
these metals due to pedogenic processes in soils [5]. 
The heavy metals availability to plants is regulated 

by many characteristics of soil like pH, cation 
exchange capacity, organic matter content, redox 
conditions and chloride content. In soil, increasing 
salinities has been reported to accelerate heavy 
metals mobilization and promote the metals uptake 
by plants [6-8]. Plants absorbs these heavy metals 
either from contaminated soils or from parts of the 
plants exposed to the air in polluted environments on 
which the heavy metals are deposited [9, 10]. Plants 
accumulation with heavy metal relies on plant species 
and the metal absorbing efficiency of different plants 
[11].  
 

 Nature has bestowed upon Pakistan a land 
and climate conducive to the growth of a wide 
spectrum of fruits and vegetables. The Agriculture 
sector continues to play a central role in Pakistan’s 
economy. It is the second largest sector, accounting 
for over 21 percent of GDP [12]. Pakistan is 
producing thousands of tons of vegetables like 
potato, okra, bitter melon, eggplant, tomato, 
cucumber, bell pepper, spinach, cauliflower, 
pumpkin, carrots etc. But these vegetables are 
contaminated with heavy metal because of untreated 
city effluent and usage of sewage water especially in 
big cities [13]. Vegetables are the most important 
components of human diet [14] and are rich in 
vitamins, minerals and fibers. But these vegetables 
are contaminated with heavy metal and intake of 
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these contaminated vegetables has shown risk to the 
human health Toxic heavy metals are associated with 
cardiovascular, kidney, nervous and bone diseases 
[15-18]. Vomiting, diarrhea, stomach irritation, 
decreases in reaction time, kidney problems, anemia 
and blood disorders in humans are some of the 
diseases associated with heavy metals [19]. They 
may also cause respiratory tract cancer and 
mucodermal ulceration [20].  Current scenario 
demands to assess heavy metal contamination in soil, 
their bioaccumulation in vegetables and finally 
entering into the food chain that affects human 
health. Therefore a research work was planned to 
quantify the heavy metal accumulation in different 
vegetables. 
 

Results and Discussion 
 

The statistical results indicated that the 
cadmium, chromium, copper, iron, manganese, 
nickel, lead and zinc were affected significantly 
(P<0.05) due to differences in sources. Similarly, 
differences in vegetables regarding heavy metals 
content were found to be significant. The interaction 
between sources and vegetables were also found to 
be significant. 
 

Cadmium 
 

The mean values for cadmium have been 
presented in Table-1. The results showed 
significantly the highest content of cadmium  in 
sewage water (1.930 mg kg-1) followed by the 
samples collected from local market (0.650 mg kg-1), 
progressive farmers (0.016 mg kg-1) and hydroponic 
plant (0.006 mg kg-1). The difference for cadmium 
content in the vegetables collected from progressive 
farmers and hydroponic plant was non-significant. 
The results further substantiated that cadmium 
content was found to be significantly highest in 
eggplant (0.912 mg kg-1) and significantly lowest in 
bitter melon (0.466 mg kg-1), however, variation in 
vegetables for cadmium in eggplant and bell pepper 
was non-significant. 
 

Chromium 
 

The mean values for chromium have been 
presented in Table-2. The results showed 
significantly (P<0.05) highest content of chromium in 
sewage water (3.810 mg kg-1) followed by the 
samples collected from local market (1.356 mg kg-1), 
hydroponic plant (0.152 mg kg-1) and progressive 
farmers (0.134 mg kg-1). The difference for 
chromium content in the vegetables collected from 
progressive farmers and hydroponic plant was non-
significant. The results further demonstrated that 
chromium content was found to be significantly 

higher in eggplant (1.725 mg kg-1) and significantly 
lower in cucumber (0.937 mg kg-1) However, 
variation in vegetables for chromium in eggplant and 
tomato was non-significant. 
 

Copper 
 

The mean values for copper have been 
presented in Table-3. The results showed 
significantly highest content of copper in sewage 
water (15.840 mg kg-1) followed by the samples 
collected from local market (12.770 mg kg-1), 
hydroponic plant (0.180 mg kg-1) and progressive 
farmers (0.112 mg kg-1). The difference for copper 
content in the vegetables collected from progressive 
farmers and hydroponic plant was non-significant. 
The results further substantiated that variation in 
vegetables for copper in eggplant and bell pepper was 
non-significant, however copper content was found to 
be significantly higher in bell pepper (8.625 mg kg-1) 
and significantly lower in cucumber (5.465 mgkg-1). 
 

Iron 
 

The mean values for iron have been 
presented in Table-4. The results showed 
significantly highest content of iron in sewage water 
(36.600 mg kg-1) followed by the samples collected 
from local market (16.274 mg kg-1), progressive 
farmers (0.839 mg kg-1) and hydroponic plant (0.704 
mg kg-1). The difference for iron content in the 
vegetables collected from progressive farmers and 
hydroponic plant was non-significant. The results 
further substantiated that iron content was found to 
be higher in eggplant (19.742 mg kg-1) and lower in 
tomato (9.150 mg kg-1) However, variation in 
vegetables for iron content was found to be 
significant in all vegetables.  
 
Manganese 

 
The mean values for manganese have been 

presented in Table-5. The results showed 
significantly highest content of manganese in sewage 
water (11.170 mg kg-1) followed by the samples 
collected from local market (5.160 mg kg-1), 
hydroponic plant (0.183 mg kg-1) and progressive 
farmers (0.063 mg kg-1). The difference for 
manganese content in the vegetables collected from 
progressive farmers and hydroponic plant was non-
significant. The results further substantiated that 
manganese content was found to be higher in 
eggplant (6.104 mg kg-1) and lower in tomato (3.037 
mg kg-1).However, variation in vegetables for 
manganese in tomato, cucumber and bitter melon was 
non-significant. 
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Table-1: Mean detection of cadmium (mg kg-1) in different vegetables collected from different sources. 

 

Table-2: Mean detection of chromium (mg kg-1) in different vegetables collected from different sources. 

 

Table-3: Mean detection of copper (mg kg-1) in different vegetables collected from different sources. 

 

Table-4: Mean detection of iron (mg kg-1) in different vegetables collected from different sources. 
 Sewage Water LocalMarket Progressive Farmers Hydroponic Plant Mean 

Eggplant 51.000±1.500 26.760±0.100 0.470±0.005 0.740±0.003 19.742 A 
Tomato 25.000±0.400 10.700±0.200 0.120±0.010 0.782±0.004 9.150 E 

Bell Pepper 38.000±0.500 12.860±0.110 0.212±0.005 0.897±0.002 12.992 C 
Cucumber 27.000±1.000 13.600±0.600 0.214±0.003 0.011±0.001 10.206 D 

Bitter melon 42.000±1.100 17.450±0.100 3.181±0.006 1.088±0.003 15.930 B 
Mean 36.600 A 16.274 B 0.839 C 0.704 C  

 

Table-5: Mean detection of manganese (mg kg-1) in different vegetables collected from different sources. 
 Sewage Water Local Market Progressive Farmers Hydroponic Plant Mean 

Eggplant 15.600±0.200 8.500±0.400 0.115±0.005 0.201±0.001 6.104 A 
Tomato 10.750±0.060 1.400±0.200 0.000±0.000 0.000±0.000 3.037 C 

Bell Pepper 12.250±0.040 8.800±0.400 0.075±0.007 0.331±0.002 5.364 B 
Cucumber 7.800±0.600 4.550±0.060 0.030±0.003 0.184±0.005 3.141 C 

Bitter melon 9.450±0.070 2.550±0.050 0.096±0.004 0.200±0.005 3.074 C 
Mean 11.170 A 5.160 B 0.063 C 0.183 C  

 
Nickel 
 

 The mean values for nickel have been 
presented in Table-6. The results showed signify-
cantly highest content of nickel in sewage water 
(12.060 mg kg-1) followed by the samples collected 
from local market (6.020 mg kg-1), progressive 
farmers (0.056 mg kg-1) and hydroponic plant (0.036 
mg kg-1). The difference for nickel content in the 
vegetables collected from progressive farmers and 
hydroponic plant was non-significant. The results 
further substantiated that nickel content was found to 
be higher in bitter melon (5.275 mg kg-1) and lower 
in eggplant (2.909 mg kg-1); however, variation in 
vegetables for nickel was significant in all 
vegetables. 
 
Lead 
 

The mean values for lead have been 
presented in Table-7. The results showed signi-
ficantly highest content of lead in sewage water 
(3.838 mg kg-1) followed by the samples collected 

from local market (1.526 mg kg-1), progressive 
farmers (0.099 mg kg-1) and hydroponic plant (0.043 
mg kg-1). The results further substantiated that lead 
content was found to be higher in eggplant (2.025 mg 
kg-1) and lower in cucumber (0.837 mg kg-1), 
However, variation in vegetables for lead in all 
vegetables was significant. 
 
Zinc 
 

The mean values for zinc have been 
presented in Table-8. The results showed signi-
ficantly highest content of zinc in sewage water 
(18.964 mg kg-1) followed by the samples collected 
from local market (9.150 mg kg-1), hydroponic plant 
(0.823 mg kg-1) and progressive farmers (0.247 mg 
kg-1) The results further substantiated that zinc 
content was found to be higher in bell pepper (8.501 
mg kg-1) and lower in tomato (6.197 mg kg-1), 
however, variation in vegetables for zinc in all 
vegetables was significant. 

 Sewage Water Local Market Progressive Farmers Hydroponic Plant Mean 
Eggplant 2.100±0.100 1.500±0.100 0.041±0.002 0.007±0.002 0.912 A 
Tomato 1.450±0.250 0.700±0.050 0.009±0.001 0.005±0.001 0.541 B 

Bell Pepper 2.550±0.200 0.850±0.110 0.004±0.001 0.007±0.002 0.853 A 
Cucumber 1.800±0.050 0.100±0.010 0.015±0.003 0.008±0.003 0.481 BC 

Bitter melon 1.750±0.050 0.100±0.010 0.012±0.002 0.003±0.001 0.466 C 
Mean 1.930 A 0.650 B 0.016 C 0.006 C  

 Sewage Water Local Market Progressive Farmers Hydroponic Plant Mean 
Eggplant 4.140±0.100 2.190±0.020 0.235±0.004 0.334±0.011 1.725 A 
Tomato 4.920±0.010 1.730±0.140 0.137±0.008 0.000±0.000 1.697 A 

Bell Pepper 3.390±0.070 1.770±0.050 0.077±0.007 0.000±0.000 1.309 B 
Cucumber 3.100±0.010 0.330±0.030 0.113±0.001 0.207±0.006 0.937 D 

Bitter melon 3.500±0.400 0.760±0.040 0.108±0.007 0.217±0.011 1.146 C 
Mean 3.810 A 1.356 B 0.134 C 0.152 C  

 Sewage Water LocalMarket Progressive Farmers Hydroponic Plant Mean 
Eggplant 20.500±0.500 13.200±0.700 0.308±0.006 0.089±0.003 8.524 A 
Tomato 14.900±0.400 13.400±0.300 0.041±0.002 0.338±0.008 7.169 B 

Bell Pepper 18.450±0.100 15.700±0.400 0.105±0.005 0.246±0.004 8.625 A 
Cucumber 12.150±0.070 9.650±0.030 0.039±0.003 0.024±0.002 5.466 D 

Bitter 
melon 13.200±0.400 11.900±0.500 0.065±0.002 0.204±0.003 6.342 C 

Mean 15.840 A 12.770 B 0.112 C 0.180 C  
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Table-6: Mean detection of nickel (mg kg-1) in different vegetables collected from different sources. 

 
Table-7: Mean detection of lead (mg kg-1) in different vegetables collected from different sources. 

 Sewage Water Local Market Progressive Farmers Hydroponic Plant Mean 
Eggplant 5.410±0.040 2.430±0.030 0.165±0.004 0.093±0.002 2.025 A 
Tomato 4.820±0.070 1.260±0.040 0.059±0.005 0.000±0.000 1.535 B 

Bell Pepper 3.310±0.020 1.640±0.010 0.157±0.003 0.064±0.002 1.293 C 
Cucumber 2.120±0.010 1.140±0.040 0.067±0.006 0.022±0.003 0.837 E 

Bitter melon 3.530±0.040 1.160±0.050 0.047±0.002 0.034±0.003 1.193 D 
Mean 3.838 A 1.526 B 0.099 C 0.043 D  

 
Table-8: Mean detection of zinc (mg kg-1) in different vegetables collected from different sources. 

 Sewage Water LocalMarket Progressive Farmers Hydroponic Plant Mean 
Eggplant 19.560±0.030 9.250±0.040 0.301±0.003 0.907±0.001 7.505 B 
Tomato 16.580±0.080 7.250±0.020 0.067±0.006 0.893±0.002 6.198 E 

Bell Pepper 24.080±0.070 8.750±0.050 0.243±0.003 0.929±0.002 8.501 A 
Cucumber 16.860±0.120 10.700±0.400 0.240±0.040 0.440±0.001 7.060 D 

Bitter melon 17.740±0.060 9.800±0.070 0.386±0.003 0.946±0.005 7.218 C 
Mean 18.964 A 9.150 B 0.247 D 0.823 C  

 
The results of analysis revealed that 

cadmium, chromium, copper, iron, manganese, 
nickel, lead and zinc content in vegetables samples 
collected from sewage water were higher than the 
Maximum Residue Limits (MRLs) prescribed by 
WHO [24]. It has been observed that environmental 
contamination and naturally occurrence of cadmium  
in local soils is the cause of accumulation of 
cadmium in vegetables [25, 26]. Ward [27] also 
described the sewage and industrial effluents as the 
cause of metal enrichment in agricultural fields near 
urban areas.  Long term use of wastewater for 
vegetable production has shown elevation of heavy 
metals in vegetables [28-30]. The heavy metal 
concentration in sewage water may not only cause 
soil contamination as well as their uptake by crops 
may deteriorate food quality and safety [31]. A 
number of different studies have indicated the 
presence of toxic metal in waste water and also in 
soil irrigated with waste water [2, 27, 32, 33]. 

 
 
Vegetable samples collected from local 

market have cadmium, iron, lead and zinc content 
above than Maximum Residue Limits (MRLs) set by 
WHO [24]. Three samples of vegetables i.e. eggplant 
(2.19 ± 0.02), tomato (1.73 ± 0.14) and bell pepper 
(1.77 ± 0.05) have chromium content above the 
critical limit, whereas the bitter melon and cucumber 
were below the permissible limit. Copper content in 
local market vegetables were also observed to be 
higher than the permissible limit except cucumber.  
Two samples of vegetables i.e. eggplant (8.50 ± 0.40) 
and bell pepper (8.80 ± 0.40) have manganese 
content above the critical limit, whereas bitter melon, 

tomato and cucumber were below the critical limit. 
Whereas all the vegetable samples collected from 
local market have nickel content below the 
recommended value given by WHO. Transportation 
and marketing systems of vegetables has great impact 
on contamination of vegetables with heavy metals. 
The similar results were observed in vegetables 
collected from markets by Jassir et al. [34]. The 
elevated level of iron in vegetables samples collected 
from local market may because of air pollution. Air 
pollution can become a threat during transportation 
and marketing to post-harvest vegetables, cause to 
increase heavy metals concentration in vegetables 
[20, 35]. 
 
 

Vegetable samples collected from 
progressive farmers have chromium, copper, iron, 
manganese, nickel and zinc below the maximum 
permissible limit described by WHO [24]. Three 
samples of vegetables i.e. eggplant (0.04 ± 0.002), 
bitter melon (0.01 ± 0.002) and cucumber (0.02 ± 
0.003) have cadmium content above the critical limit, 
whereas the tomato and bell pepper cucumber have 
cadmium content below the maximum permissible 
limit. Zinc content in progressive farmers vegetables 
i.e. eggplant (0.91 ± 0.001) and bell pepper (0.93 ± 
0.002) were found to be above the critical limit, 
whereas bitter melon, tomato and cucumber have 
zinc content below the critical limit  All the vegetable 
samples collected from hydroponic plant have 
cadmium, chromium, copper, iron, manganese, 
nickel, lead and zinc content below the Maximum 
Residue Limits (MRLs) given by WHO [24]. 
 

 Sewage Water Local Market Progressive Farmers Hydroponic Plant Mean 
Eggplant 10.180±0.060 1.400±0.300 0.000±0.000 0.058±0.002 2.909 D 
Tomato 15.420±0.060 5.400±0.080 0.114±0.004 0.011±0.003 5.236 AB 

Bell Pepper 10.160±0.090 6.300±0.050 0.116±0.003 0.000±0.000 4.144 C 
Cucumber 12.100±0.200 8.500±0.500 0.000±0.000 0.000±0.000 5.150 B 

Bitter melon 12.440±0.090 8.500±0.200 0.052±0.002 0.110±0.004 5.275 A 
Mean 12.060 A 6.020 B 0.056 C 0.036 C  
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Experimental  
 
Collection of Samples 
 
 The fresh samples of five vegetables; bitter 
melon (Momordica charantia), eggplant (Solanum 
melongena), tomato (Lycopersicon esculentum), 
cucumber (Cucumis sativus) and bell pepper 
(Capsicum annuum), were collected from four 
different localities in Rawalpindi region i.e.; 
Hydroponics plant (Farmers Market Pvt. Ltd. PMAS-
Arid Agriculture University Rawalpindi), farms of 
progressive farmers, local market and farmers who 
grow vegetables on sewage water. After collection of 
vegetable samples they were transported to 
laboratory in Department of Food Technology, 
PMAS-Arid Agriculture University, Rawalpindi and 
stored at low temperature (4-8ºC) until use. 
 

Vegetables Preparation for Analysis 
 

Vegetable samples were digested for 
analysis of heavy metals according to the method 
reported by Richard [21]. The fresh samples of 
vegetables collected were washed with deionized 
water to eliminate air-borne contaminants. After 
washing uneatable portions of the vegetable were 
removed and eatable portions were chopped into 
small pieces. The test portion was then dried in an 
oven at 100 °C to remove moisture. 0.5g of the test 
portion were taken in 100 ml conical flask with the 
addition of 10 ml HNO3 at 60-70 °C for 20 minutes 
and then the samples were  digested with 5 ml HClO4 
at 60-70 °C for 20 minutes. Finally the temperature 
was raised to 195 °C till the samples were transparent 
and reduced to 1-2 ml. The digested samples were 
diluted in a volumetric flask with deionized water. 
 

Heavy Metals Estimation 
 

The digested samples were tested for heavy 
metals i.e.; cadmium, chromium, copper, iron, nickel, 
lead, manganese and zinc through Atomic Absorption 
Spectrophotometer (GBC 932 PLUS) according to 
the procedure given in AOAC [22]. Hallow Cathode 
Lamps used for determination of these heavy metals. 
Cadmium, chromium, copper, iron, nickel, lead, 
manganese and zinc at wavelengths of 228.8 nm, 
357.9 nm, 324.7 nm, 248.3 nm, 232.0 nm, 217.0 nm, 
279.5 nm and  213.9 nm respectively. 
 

Statistical Analysis 
  
 The data obtained from each parameter was 
analyzed statistically to assess the changes in various 
parameters of the study as described by Steel et al. 
[23]. Completely Randomized Design was applied on 
the data to assess the significance of different sources 
of variation and the differences among the means 

were compared with Duncan’s Multiple Range test 
(DMR) using Statistical Package (MSTAT C 
Software). 
 
Conclusion 
 

The study concluded that there is significant 
buildup of heavy metals in vegetables irrigated with 
sewage water. Urban activities have also elevated the 
level of heavy metals concentration in local market 
vegetables. So there is a need to create an awareness 
program for the farmers not to use wastewater for 
irrigating vegetables. Appropriate precautions should 
also be adopted during transportation, marketing and 
storage of local market vegetables. 
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