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Abstract 
A general concern about the safety of foods has been on the increase in recent years. 
The increase in demand for food has drawn the attention of researchers to the risk 

associated with consumption of foodstuff contaminants i.e pesticides, heavy metals 

and toxins in vegetables. Vegetables are parts of plants that are consumed by humans 

or other animals as food. This work investigated four heavy metals (Pb, Cr, Zn and 

Cd) accumulation in four selected vegetables; Telferia occidentalis (fluted pumpkin), 

Chocorus oleitoros (jute mallow), Cucumbis sativus (cucumber) and Amaranthus 

hybridus (slender amaranth) obtained from Ibaka market in Akungba Akoko 

metropolis. The metals were analysed using Atomic Absorption Spectrophotometer 

(AAS) and it was observed that the concentrations of all metals are quite generally 

lower than the permissible limit by FAO/WHO in all the sampled vegetables. 

Statistical analysis for levels of the studied metals in T. occidentalis, C. oleitoros, C. 

sativus and A hybridus in the market samples showed significant differences in order 

of Zn>Cr꞊ Cd꞊Pb (p>0.05). It was deduced from this research that Zn as a heavy metal 

in the assessed vegetables has a larger part of the contamination against health risk for 

human consumption, therefore, it poses serious health risk concern.
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Introduction 
Physiological study on vegetables shows that they are made of cells and needs oxygen to survive just as humans do. They interact 

with their environments responding to changes in temperature, humidity and the composition of the atmosphere. Vegetables can 

come from any part of the plant, from the root to the shoot tip and everywhere in between. Vegetables are edible plants or parts 

of a plant; they are those herbaceous plants whose part or parts are eaten as supporting food or main dishes and they may be 

aromatic, bitter or tasteless [16]. The utilization of leafy vegetable is part of Africa’s cultural heritage and they play important 

roles in the customs, traditions and food culture of the African household.  

Nigeria is endowed with a variety of traditional vegetables and different types are consumed by the various ethnic groups for  

different reasons. The nutrient content of different types of vegetables varies considerably and they are not major sources of 
carbohydrates compared to the starchy foods which form the bulk of food eaten, but contain vitamins, essential amino acids, as 

well as minerals and antioxidants [10]. The increase demand for food has drawn the attention of researchers to the risk associated 

with consumption of contaminated foodstuff i.e pesticides, heavy metals and toxins in vegetable although there is no clear 

definition of what a heavy metal is, density, in most cases is taken to be the defining factor. Heavy metals are therefore defined 

as chemical elements having a specific density greater than 5 g/cmᶟ [12]. 

Considering the potential toxicity, recalcitrant nature and cumulative behavior of heavy metals, the frequency of vegetables 

consumption, its safety and health concern, more research work is still needed to be done on all species of vegetables grown and 

consumed in Nigeria. Thus, this study was designed to assess the level of some heavy metals in four selected vegetable species 

sold in a major market in Akungba Akoko, Ondo State, Nigeria. 
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Materials and Method 
Fresh samples of four (4) selected vegetables: Telferia 

occidentalis (fluted pumpkin), Amaranthus hybridus (slender 

amaranth), Cucumbis sativus (cucumber) and Chocorus 

oleitoros (jute mallow), were obtained from Ibaka market in 

Akungba Akoko metropolis, the vegetables were properly 

tagged accordingly in polyethylene bags and taken to the 

Plant science and Biotechnology laboratory, Adekunle 

Ajasin University, Akungba Akoko.  

The vegetables sample were washed with tap water and de-

ionized water to remove air pollutants, followed by oven 
drying at 70℃ for 48 hours to remove moisture. The dried 

samples were pulverized, using agate pestle and mortar in 

other to obtain a required particle size. Each vegetable sample 

were labeled and stored in a bagging envelop for further 

investigation. 

Aqua-regia method of digestion was used by weighing 2 g of 

the vegetable, 4 ml of HNO3 plus 1ml of HCl was added to 

the sample. The digestion was carried out on hotplate inside 

fume cupboard. The digest was allow to cool to room 

temperature, then filtered and made up to 25 ml of solution. 

The samples were then subject to Atomic Absorption 

Spectrophotometer (AAS) using GBC A Vanta PM Version 

2.02 for heavy metal analysis. The metals analysed are; Zinc, 

Cadmium, Chromium and Lead.  

Data obtained from this research were subjected to Statistical 

analysis using SPSS version 20. Means were separated with 

Duncan Multiple Range Test (DMRT) and the Analysis of 

Variance was used to test for level of significance.  

 

Results 
Table 1 shows the mean concentration of heavy metal 

assessed in Telferia occidentalis. It was observed that the 

mean concentration of Cd is 0.1±0.01, Cr is 0.03±0.01, Pb is 

0.03±0.01 and Zn is 0.62±0.07. Statistical analysis revealed 

that the metals were not significantly different at p>0.05 (F = 

1.080). However, while the values were considered 

numerically, it was observed that Zn>Cd꞊Cr꞊Pb 

Table 2 shows the mean concentration of heavy metal 

assessed in Amaranthus hybridus. It was observed that the 

mean concentration of Cd is 0.02, Cr is 0.05, Pb is 0.01 and 

Zn is 0.48, statistical analysis reveal significant difference 

among the metals at p>0.05 (F = 9.167). Duncan Multiple 

Range Test was used to separate the differences in such a way 

that Zn is significantly greater than Cr, Pb and Cd which are 

statistically same at P>0.05. 
The mean concentration of heavy metal assessed in Cucumbis 

sativus was recorded in table 3. It was observed that the mean 

concentration of Cd is 0.02, Cr is 0.04, Pb is 0.01 and Zn is 

0.49. There was significant difference among the metals at 

P>0.05 (F = 10.137). 

Table 4 explains the mean concentration of heavy metal 

assessed in Chocorus oleitoros. It was observed that the mean 

concentration of Cd is 0.01, Cr is 0.04, Pb is 0.00 and Zn is 

0.47 there were significant among the metals at P>0.05 (F = 

54.430) in such a way that Zn was significanlyt higher than 

Cr, Cd and Zn which were statistically same at P>0.05 

 

Table 1: Mean concentration of heavy metals assessed in Telferia 

occidentalis in mg/kg 
 

Days Cd Cr Pb Zn 

Day 1 0.029 0.022 0.001 0.832 

Day 2 0.001 0.07 0.014 0.535 

Day 3 0.002 0.026 0.006 0.483 

Day 4 0.119 0.009 0.001 0.613 

mean±SD 0.1±0.01a 0.03±0.01a 0.1±0.00a 0.62±0.07a 

 
Table 2: Mean concentration of heavy metals assessed in 

Amaranthus hybridus in mg/kg 
 

Days Cd Cr Pb Zn 

Day 1 0.021 0.019 0.001 0.710 

Day 2 0.024 0.021 0.003 0.437 

Day 3 0.002 0.027 0.041 0.299 

Day 4 0.45 0.120 0.001 0.474 

mean±SD 0.02±0.01a 0.05±0.02a 0.01±0.01a 0.48±0.09b 

 
Table 3: Mean concentration of heavy metals assessed in 

Cucumbis sativus in mg/kg 
 

Days Cd Cr Pb Zn 

Day 1 0.03 0.026 0.013 0.61 

Day 2 0.007 0.04 0.002 0.386 

Day 3 0.026 0.027 0.001 0.562 

Day 4 0.001 0.061 0.012 0.434 

mean±SD 0.02±0.01a 0.04±0.01a 0.01±0.00a 0.49±0.05b 

 
Table 4: Mean concentration of heavy metals assessed in 

Chocorus oleitoros in mg/kg 
 

Days Cd Cr Pb Zn 

Day 1 0.001 0.006 0.003 0.249 

Day 2 0.006 0.019 0.002 0.561 

Day 3 0.012 0.036 0.002 0.423 

Day 4 0.031 0.1 0.001 0.653 

mean±SD 0.01±0.01a 0.04±0.02a 0.00±0.00a 0.47±0.09b 

 

Discussion 
Plants differ in their sensitivity to the nutrient and metal 
concentrations and show variable responses through their 

changes in pigment concentration, water content, dry weight, 

and growth. All these changes in plant characteristics result 

in distinct light absorption and reflectance characteristics of 

the plants, which can be used as an indicator of soil 

contamination and the physiological status of the plant. 

Several studies have demonstrated that metal and nutrient 

stress in plants causes changes in the spectral reflectance of 

the vegetation that may cause several physiological and 

biochemical changes in the plants, and thus may contribute to 

the increase or decrease in the nutrient availability in the 

vegetables. 

At the cellular level, metal toxicity is known to cause 

alterations such as membrane damage, disruption of electron 

transport, inhibition or activation of enzymes and interaction 

with nucleic acids [5]. The blocking of enzymes, transport 

systems for essential nutrients and ions, displacement and/or 
substitution of essential ions from cellular sites, denaturation 

and inactivation of enzymes, and disruption of cell.  
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And organelle membrane integrity are results of heavy metal 

toxicity. Heavy metals, such as Cadmium, Lead, Chromium, 

Copper, Zinc, and Nickel, at supra-optimal concentrations 

affect plant growth, development, and yield [21]. 

Various sources of environmental contamination have been 

implicated as route for heavy metals in food. Waste water 

irrigation, air deposition, spillage are major pathway to heavy 

metals bioaccumulation in vegetables and plants [20, 18, 2]. 

Vegetable is a major part of Nigerian diet and is very 

susceptible to environmental pollution due to the activities 

and processes going on or practiced in the area where it is 
cultivated or obtained from. The recommended maximum 

limit of cadmium, chromium and lead for vegetables by 

FAO/WHO 2001 [9] is 0.2, 2.3 and 0.3 (mg/kg) respectively 
[14]. The Chinese Department of Protective Medicines 1994 

has the safe limit for lead in vegetable as 0.2 mg/kg and 0.6 

mg/kg for Zinc [4]. The recommended limits for various heavy 

metals vary depending on the food being consumed and the 

country sometimes or the organization. While we find safe 

limits of heavy metals documented by health sectors in some 

countries other countries do not have an available document 

to guide the heavy metal consumption of its citizens. The 

results obtained from the selected vegetable samples 

collected from Ibaka market in Akungba Akoko for the 

assessment of Cd, Pb, Zn and Cr were shown in table 1-4. 

The variation in the concentrations of the heavy metals in the 

investigated vegetables could be due to various factors such 

as heavy content of the soil, geographical location and 

environmental pollution. The levels of the metals in the 
vegetables are of great interest from the toxicological and 

nutritional point of view, and it may be observed as an 

indication of pollution. A considerable amount of trace 

elements could have been absorbed directly via the foliages 

and roots, from deposition of particulate dust, and heavy 

metal profiles of the soil [11, 19]. These sources may have 

contributed significantly to the concentrations of heavy 

metals in the vegetables analyzed. Cadmium concentration in 

all the vegetable samples were not significantly different at 

p>0.05. Cadmium is a heavy metal with high toxicity and it 

is a non-essential element in foods and natural waters and it 

accumulates principally in the kidneys and liver [7, 2]. Higher 

values have been previously reported for leafy vegetables 

cultivated along road sides (0.27 mg/kg) by Oluwole et al., 
[18]. According to FAO/WHO [9], the safe limit for Cd 

consumption in vegetables is 0.2 mg/kg. The concentration 

of Cadmium in this study is lesser than the permissible to 
Potential Human Health Risk Assessment of Heavy Metals 

Intake levels by FAO/WHO in vegetable. These is in contrast 

with the work of Naghipour et al [17] who report Cd 

concentration between 0.2 – 0.6 mg/kg. The most common 

sources of cadmium in plants and vegetables are sewage 

sludge application, deposition from fossil fuel combustion, 

phosphate fertilizers etc [2].  

There was high variation in Pb level in all the different 

vegetables across all sampled vegetables. Lead pollution has 

been shown to be commensurate with population/vehicular 

density [3, 8]. Generally, lead contaminations occur in 

vegetables grown on contaminated soils, through air 

deposition or through sewage sludge/waste water application 
[18]. In this study, the concentrations of Pb are quite generally 

lesser than the permissible levels by FAO/WHO in 

vegetables which is expected to be within the range of 0-0.3 

mg/kg. This is in contrast to the results obtained by Asdeo 
and Loonker, [4], where the Pb accumulation in vegetables 

was found to be within the range of 2.32 – 5.76 mg/kg, and 

also in contrast with the work of Naghipour et al [17] where 

they report concentrations ranging from 0.5 – 1.5 mg/kg for 

their selected vegetables. The high levels of Pb in vegetables 

may probably be attributed to pollutants in irrigation water, 

farm soil (farm site) or due to pollution from the highways 

traffic [18]. Lower levels of Lead have been reported in C. 

sativus, A. hybridus and C. oleitoros respectively.  

The concentration of Zn was recorded in all sampled 

vegetables and their statistical analysis shows that they were 

significantly different as values from each samples varied 
from one another also T. occidentalis has a higher value of 

Zinc across all the vegetables sample which align with the 

work of Ekundayo et al [8] where they recorded higher value 

of Pb and Zn in their sampled vegetables. Zinc is an essential 

element in human diet and it is required to maintain the 

functioning of the immune system. It is also a natural 

constituent of soils in terrestrial ecosystem and it is taken up 

actively by roots [2]. Zn was quite abundant in all the sampled 

vegetable species but it does not exceed the Chinese 

Department of Protective Medicines safe limit in vegetable 

of 20 mg/kg [4]. As reported by [13] high concentration of zinc 

in vegetables may lead to vomiting, renal damage, cramps 

etc. 

Chromium levels in the vegetables sampled are within safe 

limits of consumption. However, the chromium levels 

obtained from this study are lesser than that of [1] where they 

reported a mean value of 0.25 – 1.51 mg/kg chromium found 

in vegetables they worked with. Chromium depending on the 
valent state can be beneficial or harmful; the hexavalent state 

of chromium is harmful [14]. Chromium is known to help 

maintain normal blood glucose levels by enhancing the 

effects of insulin [6]. The most widespread human effect is 

chromium allergy caused by exposure to chromium (especially 
Cr (VI) compounds), and they are assumed to cause cancer. 

 
Conclusion 
All the vegetables assessed had low concentrations of heavy 

metals investigated within the permissible limits except T. 

occidentalis which was higher than others. Hence this 

vegetable can be used to monitor environmental pollution in 

a specific environment. Results of this study have shown that 

the low concentrations of the heavy metals in the vegetables 

were below the safety baseline levels. It can be suggested that 

the consumption of average amounts of these contaminated 

vegetables does not pose a health risk for the consumers as 

the values obtained are below the FAO/WHO limits for heavy 

metals daily intake. However, necessary precautions should 

be put in place in order to prevent accumulation of the metals 

which can be disastrous in the nearest future. 
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