
  

 

INTRODUCTION 

 

The concentrations of heavy metals and metalloids in agricul-

tural soils are of great concern because of their persistence in 

the environment, non-biodegradable nature, long biological half

-lives and toxicity to humans and other organisms (Radha et al., 

1997). Heavy metals and metalloids such as Cr, Cu, Cd, Pb and 

As have been considered the most toxic elements in the  

environment and included in the US Environment Protection 

Agency (EPA) list of priority pollutants (Lei et al., 2010). The 

degree at which metals are associated with different chemical 

forms depends on soil properties such as pH, organic matter 

content, redox conditions and soil texture (Rieuwerts et al., 

2006). In general, under natural conditions, only a small portion 

of the metals in soils can be available for plants (Kabata-Pendias 

and Pendias, 1992). Therefore, the total concentration of metals 

in soils can provide very limited information on their toxic  

effects (Kashem et al., 2007). Some studies have shown that the 

toxicity and mobility of heavy metals in soil depend on their 

specific forms or binding condition (Kashem et al., 2007). There-

fore, the geochemical fractionation of heavy metals in soil is 

necessary to know the fate and behavior of metals in soil.  

The accumulation of heavy metals in vegetables may depend on 

the soil type, plant species, growth condition, the surrounding 

environment and the presence of other ions. However, the 

transformation efficiency of metals is measured by soil–plant 

transfer factors (Rattan et al., 2005). The transfer factor is  

generally defined as the ratio of metal concentration in plant to 

the total metal concentration in soil (Cui et al., 2004). The envi-

ronmental safety of vegetables against pollution is especially 
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 This study was conducted to investigate the contamination and chemical speciation of six 

heavy metals like Cr, Ni, Cu, As, Cd and Pb in soil, their transfer to the edible parts of vegeta-

bles i.e. Brinjal (Solanum melongena), Green amaranth (Amaranthus hybridus), Red amaranth 

(Amaranthus Gangeticus), Bottle gourd (Lagenaria siceraria), Tomato (Solanum lycopersicum), 

Pumpkin (Cucurbita maxima), Chili (Capsicum annuum L), Carrot (Daucus carota), Bean (Phaseolus 

vulgaris), Onion (Allium cepa), Potato (Solanum tuberosum) and Lentil (Lens culinaris). The ranges 

of heavy metals in soil were 3.7-41, 3.9-36, 7.6-46, 2.3-26, 0.61-13 and 4.5-32 mg/kg for Cr, Ni, 

Cu, As, Cd and Pb, respectively. The metals were mainly associated with the residual fractions 

of 39%, 41%, 40%, 40%, 34% and 41% for Cr, Ni, Cu, As, Cd and Pb, respectively. In the edible 

tissues of vegetables, the concentrations of As, Cd and Pb in most vegetable samples exceeded 

the maximum permissible levels, indicating not safe for human consumption. Target hazard 

index (HI) value indicates people would experience health risk due to consumption of vegeta-

bles. The carcinogenic risk (TR) of As and Pb through consumption of vegetables were higher 

than the USEPA threshold level (10−6), indicating potential cancer risks.  
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water irrigation has been a common practice for many years. 

The name of the sampling locations were S1: Chargarabdi, S2: 

Boga ferrighat, S3: Boga, S4: Big vegetables field, Patuakhali, S5: 

Ferri ghat, Patuakhali, S6: Patuakhali Sadar, S7 & S9: Patuakhali 

launch ghat area, S8: launch new market and S10: Patuakhali 

and Galachipa connecting point.  

 

Soil and vegetable sampling 

The sampling was conducted in August−September, 2013. The 

samples were collected from ten vegetable growing fields be-

sides the Paira River of Patuakhali district located at the south-

ern part of Bangladesh. At each sampling station, soil sample (up 

to 20 cm) was collected in the form of sub-samples at a distance 

of about 20 m each from the first sub-sample in five different 

locations. These sub-samples were thoroughly mixed to form a 

composite sample and each station four composite samples 

were collected. Twelve different vegetable species i.e. Brinjal 

(Solanum melongena), Green amaranth (Amaranthus hybridus), 

Red amaranth (Amaranthus Gangeticus), Bottle gourd (Lagenaria 

siceraria), Tomato (Solanum lycopersicum), Pumpkin (Cucurbita 

maxima), Chili (Capsicum annuum L), Carrot (Daucus carota), Bean 

(Phaseolus vulgaris), Onion (Allium cepa), Potato (Solanum  

tuberosum) and Lentil (Lens culinaris) were collected from the 

same sites where the soil samples were collected in the study 

area during the sampling period. At each sampling site, three to 

five replicate vegetable samples were randomly collected. Soil 

samples were air-dried at room temperature, then grounded 

and homogenized. Each vegetable sample was carefully washed 

with distilled water and the edible part of vegetables were cut 

into small pieces and then oven dried at 70–80 °C to attain  

constant weight (Tiwari et al. 2011). The moisture contents in 

vegetables were calculated by recording the fresh and dry 

weights. The dried soil and vegetable samples were crumbled 

and pulverized with a porcelain mortar and pestle and sieved 

through 2 mm nylon sieve and stored in airtight clean zip lock 

bag in freezer condition up to chemical analysis was carried out. 
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crucial to human health. A continuous determination of total 

amounts enables evaluation of possible routes through which 

food elements are ingested. Thus, elemental concentration  

assessments in vegetables are very important to risk assess-

ment studies. Vegetables can uptake heavy metals and accumu-

late them in their edible and inedible parts (Rahman et al., 2013) 

in quantities high sufficient to cause clinical harms both to the  

animals and humans consuming these metal-rich plants (Islam et 

al., 2014a). Therefore, heavy metal contamination in vegetables 

cannot be taken too lightly as these foodstuffs are important 

components of human diet. Vegetables are rich sources of vita-

mins, minerals and fibers and also have beneficial antioxidative 

effects (Ali and Al-Qahtani, 2012). However, intake of metal-

contaminated vegetables may pose a risk to the human health.  

Health risks have been evaluated by numerous methods but 

most commonly, risk to the human health is computed in terms 

of target hazard quotients (THQs) which is based on the concen-

tration of the metal in edible parts in comparison with the  

reference dose of the metal and intake/body weight of the con-

sumers, while carcinogenic health risk is assessed by calculating 

the target cancer risk (TR) (USEPA, 2006, 2010). Concern over 

the environmental pollutants particularly the toxic heavy metals 

has increased immensely in Bangladesh during the last few  

decades in the wake of population explosion, industrialization, 

urbanization and other human activities (Islam et al., 2015, 

2016). Studied vegetables are being used by the local inhabit-

ants on regular basis since long time, but to our knowledge, no 

systematic investigation has been carried out to find the health 

risks associated with metal concentration in these vegetables.  

The present investigation was, therefore, aimed to assess the 

chemical speciation of heavy metals in soil, to evaluate the  

concentrations of heavy metals in commonly consumed  

vegetables i.e. Brinjal (Solanum melongena), Green amaranth 

(Amaranthus hybridus), Red amaranth (Amaranthus Gangeticus), 

Bottle gourd (Lagenaria siceraria), Tomato (Solanum  

lycopersicum), Pumpkin (Cucurbita maxima), Chili (Capsicum  

annuum L), Carrot (Daucus carota), Bean (Phaseolus vulgaris),  

Onion (Allium cepa), Potato (Solanum tuberosum) and Lentil (Lens 

culinaris) and to estimate the potential non-carcinogenic and 

carcinogenic health risks of heavy metals for the inhabitants in 

the study area. 

 

MATERIALS AND METHODS 

 

Study area 

For present study, the agriculture fields selected besides the 

Paira River located at the southern part of Bangladesh (Figure 

1). The study area is located between latitudes 22º20'49.87'' 

and 22º27'27.18'' N and longitudes 90º23'58.24'' and 

90º26'54.68'' E. Most of the treated and untreated industrial 

effluents have been continuously discharged to the river.  

Several acres of agricultural lands have been irrigated by river 

water and farmers cultivate various types of vegetable crops for 

their economic importance. As per the information given by the 

local farmers we have identified the above area where river Figure 1. Map of the study area of Patuakhali district in Bangladesh. 
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Sample processing 

All chemicals were analytical grade reagents and Milli-Q (Elix 

UV5 and MilliQ, Millipore, USA) water was used for solution 

preparation. For total metal analysis, 0.5 g of the soil sample was 

treated with 1.5 ml 69% HNO3 (Kanto Chemical Co, Japan) and 

4.5 ml concentrated HCl (Kanto Chemical Co, Japan) in a closed 

Teflon vessel and was digested in a Microwave Digestion System 

(Berghof speedwave ®). For vegetable, 0.3 g of dried sample was 

digested with 6 ml 69% HNO3 and 2 ml 30% H2O2 (Wako Chemi-

cal Co, Japan) in a Microwave Digestion System. The digested 

soil and vegetable samples were then transferred into a Teflon 

beaker and was filtered by using syringe filter (DISMIC® - 25HP 

PTTF, pore size = 0.45 µm) Toyo Roshi Kaisha, Ltd., Japan and 

stored in 50 ml polypropylene tubes (Nalgene, New York).  

For chemical partitioning of metals, soil samples were analyzed 

by using Tessier sequential chemical extraction procedure 

which helps to evaluate the mobility of metals (Tessier et al., 

1979). The sequential extraction procedure was divided into 

five operationally defined chemical fractions: (F1) the exchange-

able fraction: readily soluble and exchangeable; (F2) the  

carbonate bound and specifically adsorbed fraction: carbonate-

bound, specifically adsorbed and weak organic and inorganic 

complexes; (F3) the Fe–Mn oxides fraction: bound to iron and 

manganese oxides (Fe–Mn oxides); (F4) the organic/sulphide 

fraction: bound to stable organic and/or sulphide (organic)  

complexes; and (F5) the residual fraction: held in primary and 

secondary minerals within their crystal structure.  

 

Instrumental analysis and quality assurance 

For trace metals, samples were analyzed by using inductively 

coupled plasma mass spectrometer (ICP-MS). Multi-element 

Standard XSTC-13 (Spex CertiPrep® USA) solutions was used 

to prepare calibration curve. The calibration curves with R2 > 

0.999 were accepted for concentration calculation. Working 

standards were prepared daily in 5% (v/v) HNO3 at 69%  

ultrapure grade and were used. Multielement standard solution 

(Agilent Technologies, USA) 1.0 µg/L was used as tuning  

solution covering a wide range of masses of elements. For each 

experiment, a run included blank, certified reference materials 

(CRM) and samples were analyzed in duplicate to eliminate any 

batch-specific error. Before starting the analysis sequence,  

relative standard deviation (RSD, < 5%) was checked by using 

tuning solution purchased from the Agilent Technologies.  

 

Estimation of metals transfer factor from soil to vegetables 

The transfer factor (TF) of metals from soil to the edible parts of 

a vegetable was defined as the ratio of the metal concentration 

in the plant‖s tissues to the metal concentration in soil and was 

calculated as follows: 

 

                   (1) 

 

Where, Cplant and Csoil represent the total trace  

metal concentration in the edible part of vegetables and total or  

fractionated metal concentration in soils on a dry weight  

basis, respectively (Khan et al., 2010; Li et al., 2012). 

 

Health risk assessment 

 

Estimated daily intake (EDI) of metal 

The estimated daily intakes (EDIs) of selected heavy metals (mg/

day) were calculated using their respective average concentra-

tion in vegetables by the weight of food items consumed by an 

individual (body weight 60 kg for an adult in Bangladesh) (FAO, 

2006), which was obtained from the household income and  

expenditure survey (HIES, 2011; Islam et al., 2014a; Shaheen et 

al., 2016) and calculated by the following formula:  

 

                   (2) 

 

Where, FIR is the vegetable intake rate (g/person/day), C is the 

concentration of heavy metals in vegetables [mg/kg, fresh 

weight (fw)], BW is the body weight assuming 60 kg for adult 

residents in the present study. 

 

Non-carcinogenic and carcinogenic risk assessment 

The non-carcinogenic risk for selected metal through vegetables 

consumption were calculated by the target hazard quotient 

(THQ) (USEPA, 1989), which is ――the ratio of a single substance 

exposure level over a specified time period (e.g., sub-chronic) to 

a reference dose (RfD) for that substance derived from a similar 

exposure period‖‖. The equation used for estimating the target 

hazard quotient is as follows: 

 

                   (3) 

 

 

TTHQ (Individual vegetable) = THQ toxicant 1 + THQ toxicant 2 +… 

+THQ toxicant n                      (4) 

 

Where, T in the expression "TTHO" means total. In order to  

assess the overall potential for non-carcinogenic effects from 

more than one heavy metal, a hazard index (HI) has been formu-

lated based on the Guidelines for Health Risk assessment of 

Chemical Mixtures of USEPA (1989) as follows: 

 

HI = ∑TTHQ =TTHQ vegetable 1 + TTHQ vegetable 2 +……+TTHQ  

vegetable n                   (5)             

     

Where, THQ is defined as the the target hazard quotient; EFr is 

the exposure frequency (365 days/year); ED is the exposure 

duration (70 years); FIR is the vegetables intake rate (170.04 g/

person/day) (Islam et al., 2014a,b); C is the metal concentration 

in vegetables (mg/kg fw); RfD is the oral reference dose (mg/kg/

day); AT is the averaging time for non-carcinogens (365 days/

year × number of exposure years). The oral reference doses 

were based on 1.5, 0.02, 0.04, 0.0003, 0.0005 and 0.004 mg/kg/

day for Cr, Ni, Cu, As, Cd and Pb, respectively (USEPA, 2010; 

Islam et al., 2014b). If the THQ is less than 1, the exposed  

population is unlikely to experience obvious adverse effects. If 
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the THQ is equal to or higher than 1, there is a potential health 

risk and related interventions and protective measurements 

should be taken. 

The equation used for estimating the target carcinogenic risk 

factor (lifetime cancer risk) (USEPA, 1989) is as follows: 

                  

                   (6) 

 

Where, TR represents target cancer risk or the risk of cancer 

over a lifetime; AT is the averaging time for carcinogens (365 

days/year × ED); CSFo is the oral carcinogenic slope factor from 

the Integrated Risk Information System USEPA (2010)  

database. It is 1.5 and 8.5× 10-3 (mg/kg/day)-1 for As and Pb,  

respectively.  

 

Statistical analysis 

The data were statistically analyzed using the statistical pack-

age, SPSS 16.0 (SPSS, USA). The means and standard deviations 

of the metal concentrations in soil and vegetables were calculat-

ed. Multivariate Post Hoc Tukey tests were employed to exam-

ine the statistical significance in the differences of mean concen-

trations of heavy metals among vegetables and sites.   

 

RESULTS AND DISCUSSION 

 

Metal contamination in soil 

The concentration of various heavy metals (Cr, Ni, Cu, As, Cd 

and Pb) in different soil samples of the study area are presented 

in Table 1. The average concentration of total heavy metals in 

soils were in the following decreasing order of Cr > Ni > Cu > Pb 

> As > Cd. The highest mean concentration of Cr (33 mg/kg), Ni 

(30 mg/kg) and Pb (29 mg/kg) were found at S5 site, and Cu (29 

mg/kg) at S1 site, As (14 mg/kg), Cd (9.4 mg/kg) at S7 site,  

respectively (Table 1). High levels of these elements were  

observed at S1, S5 and S7 sites, due to the effects of brick kiln 

and the activities from the district town. There were significant 

differences for metals content in soil among the sampling sites. 

According to our evaluation, Cr showed the highest values  

followed by Ni, amongst the heavy metals reported in this study. 

This finding can be ascribed to the fact that chromium salts are 

the most widely used as tanning substances (Kabata-Pendias 

2001).  

The highest concentration of Cd was obtained at 9.4 mg/kg at 

S7 site, which is mostly used for making paints, batteries and 

catalyst of this site. During our sampling campaign, we observed 

leachates from defused Ni-Cd batteries, Cd plated items, casting 

lead and lead products manufacturing of Patuakhali district 

town at S7 site. Used metal fittings, rubber, plastics, tires, paints, 

etc. are materials emitting Cd to the environment (Hossain et al., 

2007). One of the previous studies conducted in Bangladesh, 

mean soil concentrations of Pb, Ni, and Cd in the vicinity of  

textile industries were found to be 56.4, 51.1, and 164 mg/kg, 

respectively (Kashem and Singh, 1999). The mean concentration 

of Cd was higher than Dutch Target Value, Canadian Environ-

mental Quality Guidelines and department of Environmental 

Protection, Australia (Table 2). It seems that the pollution of Cd 

in soil is the most serious among the studied metals. The soil was 

contaminated with Cd through the repeated use of polluted 

water from the river, application of chemical fertilizers and  

pesticides (Ahmad and Gani, 2010). In comparison with the  

maximum permissible concentration of metals for agricultural 

soil and some other study from Bangladesh and other countries 

near the industrial area indicated that soils were contaminated 

by As, Cd and Pb (Table 2). However, these soils might pose  

severe contamination due to the frequent use of contaminated 

river water and untreated waste from the town for crop produc-

tion. With regard to agricultural soil, the major inputs of heavy 

metals are the application of agrochemicals and other soil 

amendments (Wong et al., 2002).  

 

Geochemical speciation of metals in soil 

The relative distribution of trace metals in different fractions 

are shown in (Figure 2). In general, the results indicated that 

studied metals were predominantly associated with the residual 

fraction followed by the organically bound phases. These two 

fractions accounted for more than (44-79%), (56-77%), (50-

77%), (44-72%), (41-77%) and (50-75%) for Cr, Ni, Cu, As, Cd 

and Pb, respectively of the total concentrations in soil (Figure 2). 

In this study, the residual phase is believed to consist mainly of 

primary and secondary minerals, which hold metals within their 

crystalline structure (Szolnoki and Farsang, 2013). Considering 

the average percentage of exchangeable and carbonate bound 

fraction, Cd was significantly higher than the other metals,  

implying that Cd is more mobile and phytoavailable. In the case 

of Cu, in addition to the reducible fraction, the oxidisable  

fraction (coinciding with organic matter and sulphides) was also 

noticeable (21 % of the total content). This agrees with the  

results obtained by several authors (Morillo et al., 2004; Wang 

et al., 1998) found high proportions of Cu in the oxidisable  

fraction due to the high stability of the organic Cu complexes. As 

for Cr, Ni, Cu, As, Cd and Pb, in the soil of the studied fields, they 

were mainly bound to the residual fraction, followed by the Fe-

Mn oxides or organically bound phases (Figure 2). This result 

suggested that under the aerobic conditions and acidic to  

neutral pH condition, Cr, Ni and Pb can make complex form with 

organic ligands, oxides, and clay content in soil. In the present 

study, relative distribution of Pb in soil samples were (2.4-9.0%), 

(7.1-21%), (9.4-26%), (19-31%) and (31-50%) for exchangeable, 

carbonates, Fe-Mn oxides, organic and residual fraction,  

respectively (Figure 2). 

 

Metal contamination in vegetables 

The concentrations of heavy metals (mg/kg fw) in the edible 

parts of vegetables are summarized in Table 3. The average  

concentration of heavy metals among the vegetables showed 

the following descending order of A. hybridus > A. Gangeticus > L. 

siceraria > S. melongena > C. annuum > C. maxima > L. culinaris > S. 

tuberosum > P. vulgaris > D. carota > A. cepa > S. lycopersicum.  

Considering the food safety standards, As, Cd and Pb content in 

all vegetables was higher than the recommended permissible 
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level (Table 3), indicating unsafe for human consumption. Among 

the studied vegetables, green amaranth (A. hybridus) accumulat-

ed much higher amounts of trace metals (1.3, 3.2, 2.9, 0.15, 0.32 

and 1.2 mg/kg fw for Cr, Ni, Cu, As, Cd and Pb, respectively) than 

the other vegetables. Among the vegetables, the highest mean 

concentration of Pb was found in A. hybridus (1.2 mg/kg fw) and 

the lowest content of Pb was obtained in C. annuum (0.10 mg/kg 

fw) (Table 3). A major pathway for Pb may enter the above-

ground tissues of plants is through foliar deposition (Xu et al., 

2013). Our observations revealed pronounced Pb concentration 

in vegetables at S3, S6, S7 and S9 sites. Burning activities of  

industrial waste, coal in the brick fields and dense traffic activi-

ties were observed at these sites, which might result to the  

deposition of particulate matter (PM) on vegetables. Thus, the 

vegetables were exposed to fine particles of lead containing 

PbSO4, PbO and PbCO3. Uzu et al. (2011) showed that PM  

deposited on plant leaves and penetrate inside the plant tissues.  

 

Transfer of metals from soil to vegetables 

As seen from Figure 3, large variations in transfer factor (TFs) 

were observed among different vegetables and metals. The  

average TF of trace metals in all crops were in the descending 

order of Cu > Ni > Cr > Pb > As > Cd. The TF values for Cu varied 

from 0.96 to 2.5, with a mean of 1.7, which was the highest 

among the selected six metals. Considering the TF of metals in 

vegetables, the highest TF was observed in A. hybridus (0.98) and 

the lowest was observed in A. cepa (0.42). The transfer factor for 

the studied vegetables, Cr, Ni and Cu showed slight variation 

whereas, TF varied notably for As, Cd and Pb (Figure 3).  

Generally, the TF of heavy metals is controlled by the chemical 

speciation of trace metals in soil, soil properties, such as pH and 

salinity and crop genetic features (Peris et al., 2007).  

The transfer of metals from soil to vegetables is thought to  

decrease approximately in the order of the extraction sequence, 

from readily available to unavailable, because the strength of 

extraction reagents used increases in this sequence (Tessier and 

Campbell, 1987). Hence, the exchangeable fraction may indicate 

the form of the metals that are most transferable from soil to 

vegetables. Translocation of metal ions from soil to plants is 

mainly controlled by the root cell wall, the ion transmembrane 

transport in the endoderm cytoplasma membrane and the water 

transport in the xylem vessel (Li et al., 2012). Considering the 

exchangeable fraction, Cu was the highest among the studied 

six metals resulting in high TF (Figure 3). The present study 

showed that, a considerable proportion of Cu was observed in 

the loosely bound fraction (exchangeable and carbonates), 

which facilitate higher metal transfer in vegetables.  

 

Health risk assessment due to daily intake of heavy metals 

The dietary exposure approach of heavy metals of vegetables 

consumption is a reliable tool for investigating a population‖s 

diet in terms of intake levels of nutrients, bioactive compounds 

and contaminants, providing important information about the 

potential nutritional deficiencies or exposure to food contami-
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nants (WHO, 1985). The EDI of Cr, Ni, Cu, Zn, As, Cd and Pb were 

evaluated according to the mean concentration of each metal in 

each species of vegetable and the respective consumption rate 

for each species of vegetable (Santos et al., 2004). The EDI of the 

studied metals from consumption of vegetables are shown in  

Table 4. In vegetable samples, mean values of EDI showed the 

same descending order of Ni > Cr > Pb > Cd > Cu > As. Total daily 

intake of Cr, Ni, Cu, As, Cd and Pb were 1.751, 2.157, 0.198, 

0.096, 0.466 and 1.751 mg/day, respectively. The total EDI of the 

studied metals (except Cu and As) through consumption of vege-

tables were higher than the maximum tolerable daily intake 

(MTDI) (Table 4), indicated that these vegetables might pose risk 

to the consumers in the study area, Bangladesh. 

 

Non-carcinogenic and carcinogenic risk 

The target hazard quotient (THQ) for non-carcinogenic risk and 

target carcinogenic risk (TR) of the six studied metals from  

consuming vegetables for adults inhabitants are presented in 

Table 5. The THQ value for individual metal (except some  

species of As) in vegetable was less than unity, which is consid-

ered as safe for human consumption. Total THQ values of the 

studied metals from vegetables (except C. annuum, A. cepa and S. 

tuberosum) were higher than 1, indicated that if people consume 

these types of vegetables in their diet, they might be at risk. 

Arsenic and Cd exhibited relatively higher THQ compared to all 

other metals in the study area. Among the selected vegetable 

species the highest total THQ was observed for L. siceraria 

(4.386) followed by the S. lycopersicum (2.109) (Table 5) indicat-

ing potential non-carcinogenic risks. The total metal THQ value 

[(sum of individual metal THQ (HI)] i.e. due to consumption of 

vegetables in the study area was 18.514 (>1). Potential health 

risks from exposure to vegetables are therefore of great con-

cern. The analysis of non-carcinogenic health hazards resulting 

from exposure to metals through vegetables intake indicated 

that the investigated vegetables were not safe for human  

consumption (Table 5). 

Due to the lack of oral slope factor of Cd, target carcinogenic 

risks (TR) derived from the intake of As and Pb through the  

consumption of different vegetables are listed in Table 5. The 

TR values for As ranged from 0.024 to 0.830 and 0.0001 to 

0.017 for Pb which were higher than the acceptable risk limit 

(0.000001) (USEPA, 2010) indicating that the inhabitants  

consuming these vegetables are exposed to As and Pb with a 

lifetime cancer risk. The percentage of inorganic As depend on 

the types of food. For instance, in fish, the percentage of  

inorganic As is only up to 11 %, whereas in food commodities 

other than fish and seafood, it is assumed to vary from 50 to 100 

% of the total arsenic (EFSA, 2006). If we assume 50 % of the 

total arsenic as inorganic As (Saha and Zaman, 2013) then  

carcinogenic risk through the consumption of vegetable is  

reduced. If the whole intake of metals through dietary means 

(vegetables and other foods) would be taken into account, the 

potential health risks involved in the consumption of local food 

should not be ignored. 
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Figure 2. Relative distribution of heavy metals in soil at different geochemical fractions. 

Figure 3. Transfer factor (TF) of metals in vegetables of the study area in Bangladesh.  
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Table 3. Metal concentration (mg/kg fw) in vegetables of the present study in Bangladesh. 

Common name Scientific name  Cr Ni Cu As Cd Pb 

Brinjal Solanum melongena 
Mean±SD 0.83±0.44 2.8±2.3 2.8±2.1 0.04±0.04 0.11±0.11 0.28±0.41 

Range 0.44-1.9 0.13-6.2 0.27-6.1 0.01-0.15 0.002-0.28 0.04-1.4 

Green amaranth Amaranthus hybridus 
Mean±SD 1.3±0.67 3.2±4.0 2.9±1.5 0.15±0.11 0.32±0.46 1.2±1.3 

Range 0.49-2.4 0.34-12 0.86-5.8 0.01-0.40 0.01-1.6 0.07-4.5 

Red amaranth Amaranthus Gangeticus L Mean±SD 1.5±1.3 3.6±2.9 2.6±1.1 0.12±0.11 0.25±0.32 0.97±0.89 

  Range 0.41-3.9 0.12-8.5 1.1-4.5 0.013-0.32    0.003-0.99    0.04-3.0 

Bottle gourd Lagenaria siceraria Mean±SD 0.67±0.26 3.2±2.2 3.2±1.5 0.83±2.5 0.09±0.09 0.41±0.74 

  Range 0.41-1.1 0.09-7.9 0.64-5.3 0.014-7.9    0.003-0.28    0.04-2.5 

Tomato Solanum lycopersicum Mean±SD 0.63±0.20 0.81±0.67 1.6±0.80 0.21±0.51 0.07±0.07 0.21±0.18 

  Range 0.33-0.87 0.08-2.1 0.46-2.4 0.012-1.7    0.001-0.16    0.03-0.62 

Pumpkin Cucurbita maxima Mean±SD 0.67±0.15 2.1±1.8 2.7±1.9 0.22±0.58 0.06±0.07 0.20±0.16 

  Range 0.47-0.93 0.11-4.9 0.49-5.8 0.01-1.9    0.004-0.19    0.05-0.57 

Chili Capsicum annuum L Mean±SD 0.66±0.30 0.73±1.1 5.0±9.7 0.18±0.20 0.10±0.14 0.17±0.16 

  Range 0.27-1.2 0.05-3.2 0.73-32 0.014-0.48    0.001-0.39    0.03-0.52 

Carrot Daucus carota Mean±SD 0.82±0.32 1.5±2.8 1.5±1.1 0.14±0.09 0.06±0.09 0.52±0.71 

  Range 0.27-1.2 0.08-8.7 0.25-3.2 0.03-0.28    0.001-0.25    0.05-2.2 

Bean Phaseolus vulgaris Mean±SD 0.82±0.31 0.89±1.0 2.1±1.6 0.11±0.06 0.08±0.12 0.95±1.9 

  Range 0.42-1.3 0.02-2.9 0.54-4.9 0.022-0.20    0.003-0.38    0.04-0.63 

Onion Allium cepa Mean±SD 0.80±0.23 0.66±1.2 1.7±1.6 0.10±0.05 0.15±0.34 0.37±0.35 

  Range 0.54-1.2 0.05-3.9 0.41-5.0 0.018-0.21    0.002-1.1    0.10-1.3 

Potato Solanum tuberosum Mean±SD 0.68±0.37 1.3±1.4 2.4±1.8 0.07±0.07 0.10±0.22 0.43±0.67 

  Range 0.34-1.6 0.07-4.5 0.25-5.8 0.01-0.22    0.002-0.71    0.04-2.0 

Lentil Lens culinaris Mean±SD 0.68±0.17 1.7±2.3 1.9±1.8 0.75±2.2 0.03±0.04 0.31±0.31 

  Range 0.48-1.0 0.06-7.0 0.40-6.0 0.02-7.1    0.002-0.13    0.04-0.86 

Chinese standard for metals in vegetables (Li et al., 2012) 0.5 0.3 10 NA 0.05 0.1 

Permissible levels as per (FAO and WHO, 2011) 2.3 10 40 0.1 0.05 0.1 

Table 4. Estimated daily intakes of heavy metals (mg/day) from consumption of vegetable species by Bangladeshi adult population. 

Vegetables species Consumption rate (g/day/person) Cr Ni Cu As Cd Pb 

S. melongena 130 0.108 0.364 0.364 0.005 0.014 0.036 

A. hybridus 50 0.065 0.160 0.145 0.008 0.016 0.060 

A. gangeticus 50 0.075 0.180 0.130 0.006 0.013 0.049 

L. siceraria 80 0.054 0.256 0.256 0.066 0.007 0.033 

S. lycopersicum 130 0.082 0.105 0.208 0.027 0.009 0.027 

C. maxima 100 0.067 0.210 0.270 0.022 0.006 0.020 

C. annuum 10.5 0.007 0.008 0.053 0.002 0.001 0.002 

D. carota 130 0.107 0.195 0.195 0.018 0.008 0.068 

P. vulgaris 130 0.107 0.116 0.273 0.014 0.010 0.124 

A. cepa 22 0.018 0.015 0.037 0.002 0.003 0.008 

S. tuberosum 70.3 0.048 0.091 0.169 0.005 0.007 0.030 

L. culinaris 30 0.020 0.051 0.057 0.023 0.001 0.009 

Total intake from vegetables 1.751 2.157 0.198 0.096 0.466 1.751 

Maximum tolerable daily intake (MTDI) 0.20a 0.30b 30c 0.126c 0.046c 0.21c 
aRDA, 1989;  bWHO, 1996;  cJECFA, 2000 

Table 5. Target hazard quotient and target carcinogenic risks due to heavy metals exposure from vegetables species. 

Species Target hazard quotients (THQs)  Target carcinogenic risk (TR) 

  Cr Ni Cu As Cd Pb Total As* Pb 

S. melongena 0.001 0.303 0.152 0.289 0.477 0.152 1.373 0.065 0.005 

A. hybridus 0.001 0.133 0.060 0.417 0.533 0.250 1.394 0.094 0.009 

A. gangeticus 0.001 0.150 0.054 0.333 0.417 0.202 1.157 0.075 0.007 

L. siceraria 0.001 0.213 0.107 3.689 0.240 0.137 4.386 0.830 0.005 

S. lycopersicum 0.001 0.088 0.087 1.517 0.303 0.114 2.109 0.341 0.004 

C. maxima 0.001 0.175 0.113 1.222 0.200 0.083 1.794 0.275 0.003 

C. annuum 0.0001 0.006 0.022 0.105 0.035 0.007 0.176 0.024 0.0001 

D. carota 0.001 0.163 0.081 1.011 0.260 0.282 1.798 0.228 0.010 

P. vulgaris 0.001 0.096 0.114 0.794 0.347 0.515 1.867 0.179 0.017 

A. cepa 0.0002 0.012 0.016 0.122 0.110 0.034 0.294 0.028 0.001 

S. tuberosum 0.001 0.076 0.070 0.273 0.234 0.126 0.781 0.062 0.004 

L. culinaris 0.0002 0.043 0.024 1.250 0.030 0.039 1.385 0.281 0.001 
*Assuming 50% inorganic As present in vegetables for produce carcinogenic risk (Saha and Zaman, 2013) 
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Conclusion 

 

The results from the sequential extraction procedures revealed 

that Cr, Ni, Cu, As, Cd and Pb in soils were mainly associated 

with residual fraction followed by the organic matter bound 

fractions. Vegetables grown in the nearby sites were also con-

taminated by the relevant metals, especially As, Cd and Pb, 

which could be a potential health concern to the local residents. 

Most of the metals from dietary intake of vegetables were high-

er than the maximum tolerable daily intake (MTDI), suggesting a 

considerable risk. Since, the transfer of metals from soil to vege-

tables, Cu and Ni were indicated to have higher TF values than 

other metals. THQ revealed that the consumption of studied 

vegetables species can result in adverse non-carcinogenic 

health risks to the consumers. The results also elucidated that 

the concentrations of As and Pb in vegetables species might 

exert lifetime cancer risks in the consumers. The findings of this 

study significantly contribute to the field of food safety, consid-

ering the health risk for Bangladeshi population as it represents 

the composite samples of highly consumed vegetables, grown 

and consumed in the country. 
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