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Abstract

The present study evaluated the concentration of heavy metals in six
different fruit vegetables collected from Kawran Bazar market of Dhaka city of
Bangladesh. The analyzed fruit vegetable samples were randomly collected,
processed and analyzed for heavy metal determination using atomic absorption
spectrophotometry (AAS). Mean concentrations (mg kg?) of Cr, Cd, Pb, Ni, Cu,
Zn, Fe and Mn of Lady’s finger, Pumpkin, Tomato, Brinjal, Snake gourd and
Cucumber were within the range of 0.83 to 4.88, 0.08 to 0.18, 0 to 3.00, 0.33 to
3.70, 8.10 to 10.88, 17.81 to 45.91, 53.00 to 131.50 and 10.40 to 45.90 mg kg* of dry
weight, respectively. Mean concentration (mg kg?) of Cr in Brinjal (4.88); Pb in
Pumpkin (3.00) and Brinjal (0.50); Ni in Snake gourd (3.70); Cu in Lady’s finger
(10.10), Brinjal (10.88), Snake gourd (10.53) and Cucumber (10.48) were higher
than the maximum permissible limit (MPL). The study suggests regular
monitoring of heavy metals in vegetables to prevent excessive accumulation in
human body.

Introduction

In recent years, there has been an increasing ecological and global public health
concern associated with environmental contamination by heavy metals. Heavy metals
are extremely persistent in the environment; they are non-biodegradable and non-thermo
degradable and thus readily accumulate to toxic levels. Although heavy metals are
naturally occurring elements that are found throughout the earth’s crust, most
environmental contamination and human exposure result from anthropogenic.

Food is the major source of heavy metals intake by human beings. Vegetables are
most exposed food to the environmental pollution due to aerial burden among different
food systems. They are consumed enormously almost in every country and thus
constitute the major food source. Vegetables constitute an important part of the human
diet since they contain carbohydrates, proteins, vitamins, minerals as well as trace
elements. They are very important protective food and useful for the maintenance of
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health and the prevention and treatment of various diseases. The contamination of
vegetables with heavy metals due to soil and atmospheric contamination poses a threat
to its quality and safety.

Dietary intake of heavy metals poses risk to animals and human health. Most of the
heavy metals are extremely toxic because of their solubility in water. Even low
concentrations of heavy metals have damaging effects to man and animals because there
is no good mechanism for their elimination from the body. High concentrations of heavy
metals (Cu, Cd, Cr, Pb, Ni, Fe, Mn and Zn) in vegetables were related to high prevalence
of cancer®. It is therefore necessary to assess the level of heavy metal contents in different
varieties of vegetables to ensure the food safety. Lack of scientific knowledge of
cultivation, use of wastewater, pesticides, insecticides, fertilizers etc. which are
significant source of heavy metals and thus contaminating vegetables grown in that
condition®.

Heavy metal in vegetables is of growing concerns since some soils and irrigation
water are demonstrated to be polluted. Vegetables easily take up heavy metals and
accumulate them in their edible parts. The uptake and bioaccumulation of heavy metals
in vegetables are influenced by many factors such as climate, atmosphere depositions,
the concentrations of heavy metals in soil, the nature of soil and the degree of maturity of
the plants at the time of harvesting®. Air pollution may pose a threat to post-harvest
vegetables during transportation and marketing causing elevated levels of heavy metals
in  vegetables®. In a developing country like Bangladesh, urbanization and
industrialization may significantly contribute to elevated heavy metal loads in
atmosphere as well as in soil which consequently increases the heavy metals
concentration in vegetables and fruits to a toxic level. As Dhaka is experiencing the rapid
industrialization and urbanization, focusing on food safety aspect, attempt should be
taken to determine the heavy metal concentrations in vegetables available in Dhaka city
markets.

Materials and Methods

Study area: The present study was carried out by collecting samples from Kawran
Bazar vegetable market, Dhaka. Kawran Bazar is the biggest and most famous wholesale
market of Dhaka city. The vegetables in this market mainly come from Savar,
Munshiganj, Narsingdi, Mymensingh, Kishoregonj, Rajshahi, Jessore, Kushtia, Bogra,
Chittagong etc. All kinds of vegetables, fish, rice and different commodities are supplied
to the other fresh markets of Dhaka city from Kawran Bazar. Therefore, this study gave a
representative result of vegetables found in other vegetable markets of Dhaka city.

Sample collection: Six different native fruit vegetable samples were collected in 4
phases with at least 14 days interval for 2 months. In each sampling phase fresh raw
samples of the fruit vegetables were randomly purchased and brought to the laboratory.
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The name of the vegetables were: Lady’s finger (Abelmoschus esculentus), Pumpkin
(Cucurbita maxima), Tomato (Solanum lycopersicum), Brinjal (Solanum melongena), Snake
gourd (Trichosanthes cucumerina) and Cucumber (Cucumis sativus).

Sample preparation and preservation: The collected vegetable samples were washed
thoroughly with fresh tap water and rinsed three times with distilled water to remove
surface pollutants and any items adhering to the surfaces. Samples were sliced into small
pieces and air dried on paper for about 2 h to eliminate excess moisture. Fresh weight of
each sample was taken, then dried in an oven at 60-70°C for 72-96 h depending on the
sample size and reweighed to determine the dry weight. The dried vegetable samples
were ground by pestle and mortar and passed through a 0.2 mm sieve to obtain
homogenized sample. The powdered samples were then preserved in polythene bags at
ambient temperature before analysis.

Digestion of the sample: One gram of the oven dried sample was weighed into 100 ml
beaker, followed by the addition of 10 ml conc. HNOs and 2 ml conc. HCIOs The
digestion was carried out on a hot plate at 150-200°C. After digestion, the samples were
cooled, filtered, made up to 100 ml in a volumetric flask and then preserved in plastic
bottle for analysis.

Analysis of the samples: Concentration of heavy metals i.e. Chromium, Cadmium,
Lead, Nickel, Copper, Zinc, Iron and Manganese in the extracts were analyzed by using
Varian AA 240 Atomic Absorption Spectrophotometer (AAS).

Average Daily Intake (ADI): The ADI of a heavy metal was calculated as shown in the
following equation®:

ADI = AV consumption X % DW vegetable X C heavy metal

Where ADI is average daily intake of heavy metal per person per day (mg/
person/day), AV consumpiion IS @verage daily consumption of vegetable per person per day
(g/day), % DW wegemnie is percentage of dry weight of vegetable (% DW = [(100 -
%moisture)/100]), and C reawy metat iS average heavy metal concentration of dry weight
vegetable (mg/g). The average daily consumption of vegetables reported by Household
Income and Expenditure Survey of Bangladesh is 166.1 g per person®. The value 166.1
g/person/day is used in calculating the ADI values and an average weight of person is
considered to be 60 kg™. If the ADI is above the maximum permissible daily intake
(MTDI) value, it may cause various health hazards.

Hazard Quotient (HQ): Hazard quotient is a proportion of the probable exposure to an
element/chemical and level at which no negative impacts are expected. When the
guotient is <1, this means no potential health effects are expected from exposure, but
when it is >1, it signifies that there are potential health risks due to exposure®. The HQ is
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calculated as a fraction of determined dose to the reference dose as shown in the
following equation:

HQ = ADI/RiD

Where ADI is the average vegetables intake per day (mg kg!) and R:D is the oral
reference dose of the metal (mg kg1). R:D is an approximation of daily tolerable exposure
to which a person is expected to have without any significant risk of harmful effects
during a lifespan. R:D for Pb, Zn, Cu, Cd, Cr, Ni, Fe and Mn is 0.004, 0.3, 0.04, 0.0005,
0.003, 0.02, 0.7 and 0.14 mg kg-iday-, respectively©.

Hazard Index (HI): An exposure to more than one pollutant results in additive effects.
Thus, hazard index (HI) is a vital index that assesses overall likely impacts that can be
posed by exposure to more than one contaminant. When the HI is >1, this suggests that
there are significant health effects from consuming pollutants contained in a foodstuff.
The HI is calculated as an arithmetic sum of the hazard quotients for each pollutant as
shown in the following equation®):

HI =21, HQ

Statistical analysis: The results of the experiment were statistically evaluated by using
ANOVA (Analysis of Variance) and Duncan’s Multiple Range Test in IBM SPSS statistics
version 20 as outlined by Gomez and Gomez®). The letter was used for testing the
significance of differences between mean values. The 0.05 level of probability was chosen
for the statistical judgment.

Results and Discussion

Metal concentration in vegetables: Mean concentrations of the heavy metals in the
studied fruit vegetables revealed significant variation (p<0.05) except for Cr, Cd and Cu
(Table 1). This variation could be attributed to differences in absorption capacities of the
vegetables and their translocation within the plants. Mean concentrations of Cr, Cd, Pb,
Ni, Cu, Zn, Fe and Mn in the studied fruit vegetables were within the range of 0.83 to
4.88, 0.08 to 0.18, 0 to 3.00, 0.33 to 3.70, 8.10 to 10.88, 17.81 to 45.91, 53.00 to 131.50 and
10.40 to 45.90 mg/kg of dry weight, respectively. Mean Cr concentration in Brinjal, Pb
concentration in Pumpkin and Brinjal, Nickel concentration in Snake gourd, Cu
concentration in Lady’s finger, Brinjal, Snake gourd and Cucumber were found to be
higher than the Maximum Permissible Limit (MPL) recommended by FAO/WHO,

Concentration of Cr was also found to be higher in Tomato collected in 4t phase and
in Brinjal collected in 1st and 3rd phase of sampling. Cadmium concentration was found to
be higher than the MPL suggested by FAO/WHO @2 in Cucumber collected in 2nd phase
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and in all the studied fruit vegetables collected in 3@ phase of sampling. Pumpkin
collected in 2nd, 3rd and 4t phase, Tomato collected in 2nd phase, Brinjal and Snake gourd
collected in 3rd phase showed higher concentration of Pb then the MPL. Concentration of
Ni was higher than the MPL in Snake gourd collected in 1st and 3rd phase and in
Cucumber collected in 1st and 4t phase of sampling. Lady’s finger, Snake gourd and
Cucumber collected in the 1st phase, Brinjal collected in 3rd phase and all fruit vegetables
collected in the 4th phase showed higher Cu concentration than the MPL. Concentration
of Zn, Fe and Mn were below the MPL collected in all phases except for Zn concentration
in Cucumber collected in 1st phase of sampling.

Highest mean concentrations of Cr and Cu were observed in Brinjal, Pb in Pumpkin,
Ni and Mn in Snake gourd, Zn and Fe in Cucumber and Cd in Brinjal and Cucumber.
Lowest mean concentrations of Cr and Fe were found in Lady’s finger, Cd and Mn in
Pumpkin, Ni and Cu in Tomato, Zn in Snake gourd and Pb in Lady’s finger and
Cucumber. The comparison among the studied fruit vegetables revealed that mean Cr
concentrations decreased in the order of Brinjal>Tomato>Snake gourd>Cucumber>
Pumpkin>Lady’s finger, mean Cd concentration decreased in order of Brinjal and
Cucumber>Tomato>Lady’s finger and Snake gourd>Pumpkin, mean Pb concentration
decreased in order of Pumpkin>Brinjal>Tomato and Snake gourd, mean Ni concentration
decreased in order of Snake gourd>Cucumber> Brinjal>Pumpkin>Lady’s finger>Tomato,
mean Cu concentrations decreased in order of Brinjal>Snake gourd>Cucumber>Lady’s
finger>Pumpkin>Tomato, mean Zn concentration decreased in order of Cucumber>
Lady’s finger>Pumpkin> Tomato>Brinjal>Snake gourd, mean Fe concentration decreased
in the order of Cucumber>Snake gourd>Brinjal>Tomato>Pumpkin>Lady’s finger and
mean Mn concentration decreased in the order of Snake gourd>Cucumber> Tomato>
Brinjal>Lady’s finger>Pumpkin. But, lead concentration was below the detectable limit in
Lady’s finger and Cucumber in all phases.

In previous studies, zinc, lead and cadmium concentration was found to be higher in
fruit vegetables of Turag river side fields of Dhaka City®?. It was also reported that As,
Cd, Pb, Cr and Ni concentration for most of the fruit vegetable samples collected from
Tangail industrial area of Bangladesh exceeded the standard value®¥. The concentration
of Cd and Cr in cucumber and tomato collected from Isfahan of Iran was significantly
higher than the standard value®®).

Both Cr (111) and Cr (IV) can be toxic to plants and animals, Cr (111) toxicity occurs in
higher concentrations and this form is actually an essential nutrient to human and other
animals. Cr (VI), on the other hand tends to be more mobile and bioavailable than Cr (111)
in surface and subsurface environmentste). Together with Hg, Pb and Cd are the big
three heavy metal poisons and are not known for any essential biological function@.
Nickel is an element that occurs in the environment only at very low level end is essential
in small doses. Copper, zinc, iron and manganese are essential element for normal
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growth and development in human being, although it is toxic at high concentrations(s).
The result obtained from this analysis revealed that the concentration of heavy metals in
the studied fruit vegetables to be from background levels for some metals to excess level
when compared with the standard limits. The excess level of heavy metals in vegetables
may be incorporated via contaminated soil, irrigated waste water or others @. Soils may
be contaminated by accumulation of heavy metals and metalloids through emissions
from rapidly expanding industrial areas, mine tailings, disposal of high metal wastes,
leaded gasoline and paints, land application of fertilizers, animal manures, sewage
sludge, pesticides, wastewater irrigation, coal combustion residues, spillage of petro-
chemicals and atmospheric deposition).

Intensive uncontrolled operation of various industries has resulted in the release of
trace metals in the local environment®?. Vegetables grown in the nearby sites are
contaminated by relevant metals, especially Zn, Cd and Pb. Tannery industries around
Dhaka city acts as the major source of Cr@). Transportation and marketing of vegetables
may elevate the levels of heavy metals in vegetables through surface deposition.

Average Daily Intake (ADI) of heavy metals: The average daily intakes of heavy metals
were calculated according to the concentration of each metal in each vegetable. The mean
ADI values and the Permitted Maximum Tolerable Daily Intake (PMTDI) of the studied
metals via dietary intake of the studied fruit vegetables are represented in Table 2.

Mean ADI values of Cr, Pb, Ni and Zn from the consumption of studied fruit
vegetables varied significantly (p<0.05), but mean ADI values of Cd, Cu, Fe and Mn
revealed no significant variation (Table 2). Mean ADI values of all the heavy metals were
below the PMTDI endorsed by FAO/WHO®), RDA@), JECFA®), WHO®@ and NIN@
(Table 3). Mean ADI values of Cr, Cd, Pb, Ni, Cu, Zn, Fe and Mn ranged from 0.012 to
0.202, 0.001 to 0.002, 0.00 to 0.042, 0.003 to 0.031, 0.070 to 0.174, 0.947 to 4.682, 0.857 to
1.215 and 0.145 to 0.381mg/person/day, respectively. The average daily intake of heavy
metals in fruit vegetables were also reported lower than the permitted maximum
tolerable daily intake®@. But average daily intakes of heavy metals were reported higher
than PMTDI by Kacholi and Sahu®; Zhuang et al.@) and Sridhara Chary et al.@.

The decreasing order of mean average daily intake of Cr from consumption of the
studied fruit vegetables was Brinjal>Tomato>Lady’s finger>Pumpkin>Snake gourd>
Cucumber. The maximum ADI value was 0.002 mg/person/kg for dietary intake of
Lady’s finger and Brinjal and the minimum value was 0.001 mg/person/kg for dietary
intake of Pumpkin, tomato, Snake gourd and Cucumber. The order of contribution for Pb
intake via dietary consumption of studied fruit vegetables was Pumpkin>Brinjal>Tomato
and Snake gourd>Lady’s finger and Cucumber, for intake of Ni was Snake gourd>
Cucumber>Brinjal and Pumpkin>Lady’s finger>Tomato, for intake of Cu was Lady’s
finger> Brinjal>Pumpkin> Snake gourd>Tomato> Cucumber, for Zn intake was Lady’s
finger>Pumpkin>Cucumber> Brinjal>Tomato>Snake gourd, for intake of Fe was
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Brinjal>Pumpkin>Snake gourd>Lady’s finger>Cucumber>Tomato and for Mn intake was
Snake gourd>Lady’s finger>Brinjal> Tomato>Cucumber>Pumpkin.

Hazard Quotient (HQ) and Hazard Index (HI): The Hazard Quotient (HQ) values of
heavy metals for intake of fruit vegetables are represented in Table 3. The findings
showed that HQ values of all heavy metals were less than 1 in all the fruit vegetables.
When HQ exceeds 1, these means there are potential health effects from exposure®. So,
consumers are said to be free of risks for consumption of the studied fruit vegetables. The
HQ values for Cr, Cd, Pb, Ni, Cu, Zn, Fe and Mn were ranged from 0.03-0.33, 0.03-0.07,
0.00-0.17, 0.003-0.03, 0.03-0.07, 0.05-0.26, 0.02-0.03 and 0.02-0.05, respectively (Table 3).

Table 2. Average daily intake of heavy metals (mg/person/day).

Name of Average Daily Intake (mg/person/day)
vegetables Cr Cd Pb Ni Cu zZn Fe Mn

Lady’'sfinger  po014ab 0.002a 0000a 0.006a 0.174a 4.682b 0916a 0.323a

Pumpkin 0.013ab 0.00la 0.042b 0.012ab 0.124a 2.694ab 1.132a 0.145a
Tomato 0.017ab 0.00la 0.002a 0.003a 008la 1517a 0857a 0.235a
Brinjal 0.059b 0.002a 0.006a 0.012ab 0.132a 1.615a 1215a 0.237a

Snake gourd 0.008ab 0.001a 0.002a 0.031b 0.087a 0.947a 0.928a 0.38la

Cucumber 0.006a 0.00la 0.000a 0.013ab 0.070a 2.14l1a 0.874a 0.215 a

PMTDI 0.202 0.046>  0.21° 0.30¢ 2.00d 20.00¢ 17.00¢  2.0-5.0¢

Mean values with same letter (s) in a column do not differ significantly from each other at 5% level
by DMRT. 2aRDA, 1989; 2JECFA, 2003; ‘\WHO, 1996; IFAO/WHO, 2011; eNIN, 2009.

The comparison among fruit vegetables revealed that HQ values for the metals decreased
in the following order:

Cr: Brinjal>Tomato>Lady’s finger>Pumpkin>Snake gourd>Cucumber,

Cd: Brinjal>Lady’s finger>Tomato>Cucumber>Pumpkin>Snake gourd,

Pb: Pumpkin>Brinjal>Tomato>Snake gourd>Lady’s finger and Cucumber,
Ni: Snake gourd>Cucumber>Pumpkin & Brinjal>Lady’s finger>Tomato,
Cu: Lady’s finger>Brinjal>Pumpkin>Snake gourd>Tomato>Cucumber,

Zn: Lady’s finger>Pumpkin>Cucumber>Brinjal>Tomato>Snake gourd,

Fe: Brinjal>Pumpkin>Lady’s finger & Snake gourd>Cucumber>Tomato and
Mn: Snake gourd>Lady’s finger>Tomato & Brinjal>Cucumber>Pumpkin.
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The results in Fig. 1 show that the highest and the lowest values of Hazard Index
(HI) were 0.636 and 0.265 for consumption of Brinjal and Snake gourd, respectively. The
HI values were found in the decreasing order of Brinjal>Lady’s finger>Pumpkin>
Tomato> Cucumber>Snake gourd. When the HI surpasses unity, this implies that
consumption of vegetables can cause health effects. For this study, the consumption of
the fruit vegetables poses no health risks as the HI values for all the fruit vegetables were
below 1.

Table 3. Hazard Quotient for individual heavy metals and Hazard Index for consumption of
individual fruit vegetables.

Hazard quotient (HQ) Hazard
Name of .
index
vegetables Cr Cd Pb Ni Cu zZn Fe Mn (HI)
Lady’s finger ~ 0.079  0.058 0.000 0.005 0.073 0.260 0.022 0.038 0.535
Pumpkin 0.070 0.035 0.174 0.010 0.052 0.150 0.027 0.017 0.534
Tomato 0.093 0.042 0.010 0.003 0.034 0.084 0.020 0.028 0.314
Brinjal 0.328 0.071 0.025 0.010 0.055 0.090 0.029 0.028 0.636
Snake gourd 0.046 0.028 0.009 0.026 0.036 0.053 0.022 0.045 0.265
Cucumber 0.034 0.039 0000 0.011 0.029 0.119 0.021 0.026 0.278

Hazard Index {HI)

Fruit Vegetables

Fig. 1. Hazard Index for consumption of fruit vegetables.

The Hazard Quotient (HQ) has been recognized as a useful parameter for evaluation
of risk associated with consumption of metal contaminated food crops® and Hazard
index (HI) is estimated as the sum of hazard quotients when more than one heavy metal
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is involved. In the present study, though all the HQ and the HI values were below 1 for
consumption of studied fruit vegetables, the concentration of heavy metals in different
fruit vegetables were higher than the MPL which indicated that there might be a
potential health risk via dietary intake of these vegetables.

Higher HQ and HI value in vegetables collected from different regions of Bangladesh
was reported earlier. Islam and Hoque reported that HQ was 1.33, 1.18 and 1.11 via
intake of Pumpkin, Brinjal and Bottle gourd, respectively, which were collected around
the industrial area of Dhaka, Bangladesh®?. But, Shaheen et al.?® reported that HI for
consumption of Brinjal and Tomato were below unity, but HI for consumption of Bean
was above 1 (1.194) collected from 30 different agro-ecological zones in Bangladesh@s).
Kacholi and Sahu also reported that HI values for intake of Lady’s finger and Brinjal
were below 1, which were collected from Temeke municipality area of Dar es Salaam,
Tanzania®).

In Bangladesh, vegetable make up approximately 16% of the total diet®@. This study
exhibited that the concentration of heavy metals in some vegetables were higher than the
recommended limit. The reason for higher intake of heavy metals such as Cr, Cd, Pb, Ni
and Cu etc. may be due to irrigation of agricultural fields around Dhaka city with water
contaminated with wastes from different industries. Atmospheric deposition of the
metals around industrial areas and roadside agricultural fields may be another reason for
the higher concentration of Pb and Ni in vegetables. The application of numerous
biosolids (e.g., livestock manures, composts and municipal sewage sludge) to land
inadvertently and indiscriminate use of agrochemicals leads to accumulation of heavy
metals such as Cd, Cr, Cu, Pb, Ni and so forth in soil®.

It is suggested that monitoring and assessment of heavy metal concentrations in
different vegetables from the market as well as production sites require more extensive
studies for assessing the risk of health hazards to the human beings and to prevent
excessive buildup of these heavy metals in the human food chain.
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