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INTRODUCTION 

 

Vegetables are the major part of daily food intake by 

human population all over the world which plays an 

important role in their daily diet. The nutritional status of 

Bangladesh is quite alarming with a great number of 

populations suffering from malnutrition. The household 

consumption survey showed that the average per capita 

consumption of vegetable in Bangladesh is about 166 g 

(BBS, 2010). About 60% of the total populations suffer 

from various micronutrient deficiencies, resulting the 

cause of serious health problems. Green leafy vegetables 

are an excellent sources of micronutrients, so the 

consumption of these food stuffs may contribute to meet 

the nutritional requirement as well as to overcome the 

micronutrient deficiency at minimum cost (Saikia, 2013; 

Ebert, 2014), However, these vegetables contain both 

essential and toxic metals over a wide range of 

concentration and have several toxicological effects on 

the human body (Orisakwe et al., 2012). 

Heavy metal such as lead, cadmium, cromium 

contamination of food items is one of the most important 

considerations in food quality assurance (Marshall, 2004; 

Wang et al., 2005). Heavy metal contamination in 

vegetables cannot be underestimated since these food 

items are largely consumed in daily human diet. 

International and national regulations on food quality 

have declared the maximum permissible limits of toxic 

metals in food items since, these metals can pose serious 

food contamination directly or even in food chain (Wang 

et al., 2005). Sometimes, the heavy metals are become 

very toxic to humans even at a very low level. Excessive 

content of lead and cadmium metals in food is associated 

with a number of diseases especially with cardiovascular, 

kidney, nervous as well as bone diseases (WHO, 1992, 

1995; Steenland and Boffetta, 2000; Jarup, 2003). It has  

also been implicated in causing carcinogenesis, 

mutagenesis and teratogenesis (IARC, 1993; Pitot and 
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 Abstract 
 

The present study was conducted to determine the heavy metals viz. lead (Pb), nickel (Ni), cromium (Cr) and cadmium 

(Cd) accumulation in some popular vegetables from local markets at Rajshahi City, Bangladesh. The mean concentration 

of heavy metal was calculated for each sample collected from three local markets and compared the value with the 

permissible levels set by the FAO and WHO. The results showed that the levels of Pb, Cd, Ni and Cr in studied 

vegetables ranged from 0.017 mg/kg to 0.158 mg/kg; 0.015 to 0.019 mg/kg; 0.255 to 0.297 mg/kg; 0.185 to 0.324 mg/kg 

respectively. The values obtained from the results were within the permissible limits as recommended by *WHO/FAO. 

The mean performances of heavy metals accumulation between leafy and fruit-based vegetables were also compared and 

found that the subjected metals were mostly in similar level in both the vegetables except the Cr value. Comparing 

among the four metals high accumulation was observed for Ni and Cr than Pb and Cd in both the cases. 
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Dragan, 1996). High level of Nickel may also result in 

zinc or iron deficiency as well as enzymic malfunctioning 

(Jarup, 2003). Excess of cadmium has been reported to 

cause renal tubular dysfunction accompanied by 

osteomalacia (bone softening) and other complications, 

which can lead to death (Itanna, 2002). 

 

Vegetables take up heavy metals by absorbing them from 

contaminated soils, as well as from deposits on different 

parts of the vegetables exposed to the air from polluted 

environments (Sobukola et al., 2010).  Generally, people 

do not have adequate knowledge or information on 

whether which vegetables are beneficial or not and have 

any toxic effect or not. When consumers buying 

vegetables they consider undamaged, fresh looking, dark 

green and big leaves as characteristics of good quality 

vegetables. But the external appearance of vegetables 

cannot assure safety from internal contamination or of 

any innate toxicity. Considering circumstances at the 

present day scenario, food safety is now a major public 

concern especially in Bangladesh perspective.  With a 

view to address the potential toxicity of heavy metals 

with frequent consumption of vegetables by the people, 

safety aspect of foods and the awareness of the people, 

much research work is still needed to highlight this 

important issue.  

 

The heavy metal contamination in local areas depends on 

the different sources of pollution. Some researchers 

suggested that plants growing in polluted environment 

can be accumulated by the high concentration of toxic 

metals (Alloway 1990; Voutsa et al. 1996). It is rationale 

that if we know the level of heavy metals in various types 

of vegetables cultivated in the certain area, it can be 

predicted the toxicity level of the respective crop lands. 

The present study was investigated to determine the 

levels of accumulation of heavy metals (Pb, Cd, Ni and 

Cr), in   some popular vegetables (lalshak, puishak, 

kochushak, kolmishak, tomato, bean and brinjal) 

collected from local market at Rajshahi city, Bangladesh 

in respect to meet the agreed international permissible 

limit.   

 

Therefore, this study is expected to provide information 

of heavy metals accumulation status of studied vegetables 

in the local market places. 

 

.MATERIALS AND METHODS     

 

Collection of vegetables 

The vegetables used for this study were collected from 

local markets at Rajshahi city, Bangladesh. The inedible 

portions of the vegetables were removed prior to study 

and a composite sample was prepared. The samples were 

collected during the period of January–March 2016. In 

each market, three vendors were selected randomly. The 

details of the vegetable materials used for present study 

are shown in Table 1:  

 

Table 1. Vegetables used in the study. 

Vegetables English name Botanical name 
Sampling sites 

(Rajshahi City) 

Leafy Vegetables   

1. Lalshak Red amaranth Amaranthus gangeticus L. 

1. Binodpur 
Bazar 

 

 

 

2.   Kazla Bazar 
 

 

 
3.   Master Para 

Sobzi  Bazar 

(adjacent to 
collegiate school, 

Rajshahi) 

2. Puishak, 
Indian green 

spinach 
Spinacia oleracea L. 

3. Kolmishak Water spinach Ipomoea aquatica  L. 

4. Kochushak 
Leaf Green arum 

leaves 

Colocasia esculenta  L. 

 

Fruit-based vegetables 

1. Bean Kidney bean Phaseolus  vulgaris L. 

2. Brinjal Egg plant Solanum melongena L. 

3. Tomato Tomato Lycopersicon esculentum L. 

 

Sample preparation 

The freshly collected vegetables (Table 1) were brought 

to the laboratory and washed up with tap water 

thoroughly to remove the surface dust particles, soil, and 

diseased or rotten parts. Then these were washed with 

distilled water and finally with deionized water. The 

washed vegetables were dried with blotting paper 

followed by filter paper at room temperature to remove 

surface water. The vegetables were immediately kept in 

desiccators to avoid further evaporation of moisture from 

the materials. The dried vegetables were chopped into 

small pieces followed by oven dried at 70 °C for 72 h. 

Chopped samples were grinded into a fine powder using a 

porcelain mortar and pestle. The resulting powder was 

kept in air tight polythene packet at room temperature 

until for acid digestion. 

 

Acid digestion 

About 0.5 g of the dried samples were weighed and 

digested in a mixture of 1 ml of concentrated 

hydrochloric acid (HCl) and 3 ml of concentrated nitric 

acid( HNO3 ) in a conical flask inside a fume hood. The 

content was mixed and heated gently at 180–220 °C for 

about 30 min on a hot plate. The content was 

continuously heated until dense white fumes appear.  It 

was then finally heated strongly for about 30 min and 

then allowed to cool. After completion of digestion, the 

resulting pale yellow solution was transferred to 100 ml 

http://www.sciencedirect.com/science/article/pii/S2221169115002737#tbl1
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volumetric flask and made up to 50ml with de-ionized 

water and stored. The composite of the samples were 

made for each market.  After cooling and the digested 

solution was filtered (Whatman No. 1) and transferred to 

the 15 ml tube. Each tube contained 10 ml of digested 

solution. All reagents used were of analytical grade. 

 

Heavy Metals Analysis 

The digested solution was analyzed using a flame atomic 

absorption spectrophotometer (AAS) at Central Science 

Lab, University of Rajshahi. A certified standard 

reference material was used to ensure accuracy and the 

analytical values were within the range of certified value. 

Blank and standards were run after five determinations to 

calibrate the instrument. 

 

Statistical analysis 

The data were statistically analyzed by MSTAT software. 

Mean separation was applied by DMRT for evaluating 

the difference of heavy metal concentrations among the 

studied vegetables.  

 

RESULTS AND DISCUSSION 

 

The heavy metals concentrations of Pb, Cr, Cd and Ni 

obtained from the studied vegetables are shown in Figure 

1 & 2. The values are given as mean ± SE and the results 

are the means of three replicates. 

 

Heavy metals accumulation in leafy vegetables 

The accumulation of heavy metals in leafy vegetables 

varied depended on the types of vegetables. The 

accumulation of Pb obtained in leafy vegetables ranged 

from 0.017 to 0.158 mg/kg as shown in Figure 1. 

Significant differences were found among the leafy 

vegetables in Pb accumulation. The highest value of Pb 

accumulation was obtained in Lalshak (0.158 mg/kg) 

followed by Kolmishak  (0.77 mg/kg) and the lowest 

value was in Kochushak (0.017 mg/kg).  It was reported 

that contamination of Pb in plants might be derived from 

fertilizers application during agricultural practices 

(Alloway 1990). Other researchers studied that the use of 

excessive pesticides increased the Pb content in 

agricultural soils between 0.59 and 0.86 mg/kg  which 

ultimately absorbed by the plants (Ogunlade and 

Agbeniyi 2011). In case of Cd accumulation, no 

significant differences were noticed among the leafy 

vegetables while Ni accumulated in leafy vegetables were 

found significantly different.  The highest value for Ni 

was noted in Kochushak (0.297 mg/kg) and the lowest 

was for Puishak (0.259mg/kg). The accumulation of Cr in 

all types of leafy vegetables was found significantly 

different (Figure 1).    In this study, Kochushak resulted 

highest level of Cr (0.288 mg/kg) and Lalshak 

accumulated the lowest value of Cr (0.185 mg/kg).  

Among the studied metals, high accumulation was 

observed for both Ni and Cr compare to that of  Pb and 

Cd. In all cases the values of Pb, Cr, Cd and Ni obtained 

from the studied leafy vegetables were below the 

permissible limit as recommended by WHO/FAO (Codex 

2001). So, the levels of heavy metals accumulated by the 

subjected vegetables were not threat for the consumers. 

 

Heavy metals accumulation in fruit-based vegetables  

In case of fruit based vegetables significant differences 

were observed only for Pb accumulation but not for other 

metals (Figure 2). The highest value of Pb (0.109 mg/kg) 

and Cr (0.324 mg/kg) accumulation was obtained in 

tomato while the lowest value of Pb (0.021 mg/kg) and 

Cr (0.313 mg/kg) was noted in bean. On the other hand 

bean accumulated the highest value of  Cd (0.019 mg/kg)  

and Ni (0.287 mg/kg). The heavy metals accumulated in 

each fruit-based vegetables was also found lower than the 

maximum permissible value regulated by WHO/FAO 

(Codex 2001).  

 

The different levels of accumulation in different 

vegetables might be due to their accumulation ability and 

levels of contaminated soil. Different plant types and 

parts of plants have different ability in accumulating 

heavy metals (Remon et al., 2005). It was reported that 

heavy metals concentrations in roots and leaves were not 

significantly different since the metals were in 

equilibrium between roots and leaves (Remon et al., 

2005). Generally leafy type vegetables accumulated 

higher level of metals compared to fruit types. But our 

study noticed that both types of vegetables (leafy and 

fruit-based) accumulated in heavy metals were mostly 

comparable  except the value of Cr (Figure 3).  

 

It was reported that lead being a serious toxic enters into 

the body system through air, water and food and cannot 

be removed by washing fruits and vegetables (Divrikli et 

al., 2003). The level of Pb reported in this study was less 

than the permissible limit by WHO/FAO (Codex 2001). 

Cadmium is a non-essential element in foods and natural 

waters and it accumulates principally in the kidneys and 

liver (Divrikli et al., 2006). Various values of Cd have 

been previously reported for leafy vegetables which 

include 0.090 mg/kg for fluted pumpkin by Sobukola et 

al (2010), 0.049 mg/kg for lettuce (Muhammed and 

Umer, 2008). The study is in agreement with our 

findings. Nickel also plays some role in body functions 

including enzyme functions. It occurs naturally more in 
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plants than in animal flesh. It activates some enzyme 

systems in trace amount but its toxicity at higher levels is 

more prominent (Divrikli et al., 2006).   The Cr content in 

the subjected vegetables were within the permissible 

value.  It can be suggested that the Cr contained in the 

vegetables was derived from polluted soils or probably 

from extensive use of inorganic fertilizers and synthetic 

pesticides. A study reported by Osma et al. (2012) that 

the higher Cr concentrations were found in vegetables 

grown in the vicinity of the road side.  

 

The values of heavy metals obtained from both of the 

studied vegetables were followed by WHO/FAO 

permissible limit since its concern with the people's 

health.  

 
 

Figure 1. The accumulation of heavy metals in selected 

leafy vegetables. 

 
Figure 2.  The accumulation of heavy metals in selected 

fruit-based vegetables. 

 
 

Figure 3. The comparative accumulation level of heavy 

metals between leafy vegetables and fruit-based 

vegetables. 
 

* WHO/FAO permissible limit for vegetables: Pb=0.3 (mg/kg); Cr=2.3(mg/kg ;  

Cd= 0.2(mg/kg) ; Ni= 1.0 (mg/kg); (Codex 2001) 

 

CONCLUSION  

 

The vegetables consumed in Bangladesh have the 

potential to provide essential nutrients needed to human 

diet for maintaining the normal body function.  The 

results obtained from the investigation would provide 

some information for background levels of heavy metals 

contents in popularly consumed vegetables in the local 

markets of Rajshahi city. Heavy metals contained in 

different types of vegetables are varied depended upon 

the species of the vegetables. Different species have 

different ability to absorb the heavy metals since their 

amounts use for metabolic process in different plants are 

also vary. The studied vegetables containing heavy metals 

were within the permissible limit regulated by 

FAO/WHO.  

 

The results of this study is suggesting that the 

accumulation of heavy metals in vegetables is reflected 

the status of agricultural soil as well. Thus, it can be 

predicted that the level of toxicity in local agricultural 

soils were might be of poorly contaminated.  The present 

investigation can give illustrations for further study to 

find the status of heavy metals in local agricultural soil 

corresponding with their cultivating crops. 
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