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Vegetables (Beta vulgaris L., Abelmoschus esculentus L. and Brassica oleracea L.) from the production and
market sites of India were tested for Cu, Cd, Zn and Pb. At market sites, the mean concentration of Cu
in cauliflower, and of Zn and Cd in both palak and cauliflower had exceeded the PFA standard. Zn at
the production sites also exceeded the PFA standard in cauliflower. Cd concentration in vegetables tested
from both production and market sites was many folds higher than the EU standard. In contrast, Pb in
vegetables tested from both production and market sites was below the PFA limit, but was considerably
higher than the current EU and WHO standards. Heavy metals accumulation in vegetables tested are
higher at market sites than those at the crop production sites. The contributions of these vegetables to
dietary intake of Cu, Zn, Cd and Pb were 13%, 1%, 47% and 9% of provisional tolerable daily intake, respec-
tively. The study concludes that the transportation and marketing systems of vegetables play a significant
role in elevating the contaminant levels of heavy metals which may pose a threat to the quality of the
vegetables with consequences for the health of the consumers of locally produced foodstuffs.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Heavy metal contamination of vegetables cannot be underesti-
mated as these foodstuffs are important components of human
diet. Vegetables are rich sources of vitamins, minerals, and fibers,
and also have beneficial antioxidative effects. However, intake of
heavy metal-contaminated vegetables may pose a risk to the hu-
man health. Heavy metal contamination of the food items is one
of the most important aspects of food quality assurance (Marshall,
2004; Radwan and Salama, 2006; Wang et al., 2005; Khan et al.,
2008). International and national regulations on food quality have
lowered the maximum permissible levels of toxic metals in food
items due to an increased awareness of the risk these metals pose
to food chain contamination (Radwan and Salama, 2006).

Rapid and unorganized urban and industrial developments have
contributed to the elevated levels of heavy metals in the urban
environment of developing countries such as China (Wong et al.,
2003) and India (Tripathi et al., 1997; Khillare et al., 2004; Mar-
shall, 2004; Sharma et al., 2008a,b). Heavy metals are non-biode-
gradable and persistent environmental contaminants, which may
be deposited on the surfaces and then absorbed into the tissues
of vegetables. Plants take up heavy metals by absorbing them from
deposits on the parts of the plants exposed to the air from polluted
ll rights reserved.

: +91 542 2368174.
al).
environments as well as from contaminated soils (Khairiah et al.,
2004; Jassir et al., 2005; Kachenko and Singh, 2006; Singh and Ku-
mar, 2006; Sharma et al., 2008a,b). A number of studies have
shown heavy metals as important contaminants of the vegetables
(Singh et al., 2004; Marshall, 2004; Sinha et al., 2006; Singh and
Kumar, 2006; Sharma et al., 2006, 2007, 2008a,b). Heavy metal
contamination of vegetables may also occur due to irrigation with
contaminated water (Singh et al., 2004; Sharma et al., 2006, 2007;
Singh and Kumar, 2006).

Emissions of heavy metals from the industries and vehicles may
be deposited on the vegetable surfaces during their production,
transport and marketing. Jassir et al. (2005) have reported elevated
levels of heavy metals in vegetables sold in the markets at Riyadh
city in Saudi Arabia due to atmospheric deposition. Recently, Shar-
ma et al. (2008a,b) have reported that atmospheric deposition can
significantly elevate the levels of heavy metals contamination in
vegetables commonly sold in the markets of Varanasi, India.

Prolonged consumption of unsafe concentrations of heavy met-
als through foodstuffs may lead to the chronic accumulation of
heavy metals in the kidney and liver of humans causing disruption
of numerous biochemical processes, leading to cardiovascular, ner-
vous, kidney and bone diseases (WHO, 1992; Jarup, 2003). Some
heavy metals such as Cu, Zn, Mn, Co and Mo act as micronutrients
for the growth of animals and human beings when present in
trace quantities, whereas others such as Cd, As, and Cr act as car-
cinogens (Feig et al., 1994; Trichopoulos, 1997), and Hg and Pb
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are associated with the development of abnormalities in children
(Gibbes and Chen, 1989; Pitot and Dragan, 1996). Hartwig (1998)
and Saplakog¢lu and Iscan (1997) have reported that long-term in-
take of Cd caused renal, prostate and ovarian cancers.

Monitoring and assessment of heavy metals concentrations in
the vegetables from the market sites have been carried out in some
developed (Jorhem and Sundstroem, 1993; Milacic and Kralj,
2003), and developing countries (Parveen et al., 2003; Jassir
et al., 2005; Radwan and Salama, 2006), but limited published data
are available on heavy metals concentrations in the vegetables
from the market sites of India (Agrawal, 2003; Marshall, 2004; Tri-
pathi et al., 1997; Sharma et al., 2008a,b). Comparison of heavy me-
tal contamination due to atmospheric deposition at production and
market sites is, however, not available in the literature till date.

The present study presents data on heavy metals (Cu, Zn, Cd and
Pb) concentrations in some key Indian vegetables such as palak
(Beta vulagaris L. var bhenghalensis cv allgreen H1 Family: Cheno-
podiaceae), lady’s finger (Abelmoschus esculentus L. Family: Malva-
ceae) and cauliflower (Brassica oleracea var botrytis Family:
Brassicaceae) grown locally in suburban and rural areas and sold
in urban open markets. It was hypothesized that atmospheric
depositions in urban areas may increase the levels of heavy metals
during transport and marketing, leading to significant contamina-
tion of vegetables at the market sites than that at the production
sites. Observed concentrations of Cu, Zn, Cd and Pb in the vegeta-
bles were also compared with Prevention of Food adulteration
(PFA) act (30, 50, 1.5 and 2.5 lg/g, respectively; Awasthi, 2000)
and European Union (EU) (0.1 and 0.3 lg/g, respectively, for Cd
and Pb) standards of food contamination. The contribution of the
heavy metal contamination through dietary intake of the vegeta-
bles tested is also assessed based on the average daily consumption
of the vegetables.
2. Materials and methods

2.1. Study area

The present study was carried out in (market sites; in between 0 and 4 km from
the city centre) and around (production sites; in between 4 and 15 km from the city
centre) Varanasi, India, during September 2004 to March 2005. Fresh samples of
three key Indian vegetables (palak, lady’s finger and cauliflower) were collected
simultaneously from the production and market sites. A reconnaissance survey
was conducted to identify locally grown vegetables and their marketing area in
the city. Based on the survey, it was found that palak, cauliflower and lady’s finger
are grown at a large scale at various production sites around Varanasi city (Fig. 1;
Table 1). Eleven, eight and four production sites are selected for cauliflower, lady’s
finger and palak, respectively, based on their production areas and frequency of
marketing. Some of the production sites are either located in the vicinity of brick
kiln industries (sites 7, 10, 12, 14, 17, 25, 24 and 28) or located close to the national
highway (sites 17 and 18). These vegetables being perishable are sold in open mar-
kets of the city. Five market sites were identified based on the supply of these veg-
etables from their production sites, the traffic load, industrial activities, and
residential and commercial areas (Fig. 1; Table 1). The market sites such as 1, 2, 4
and 5 are located in a zone dominated by heavy traffic on a narrow road (1000–
1500 vehicles run per hour during 10.00 am to 7.00 pm) and dense population. Site
3 is located in an industrial area having a large number of small-scale industries
(manufacturing of tires, fabric paintings, cements, small-scale workshops, etc.)
and heavy traffic on a narrow road. The site name and position no. of the production
and market sites are listed in Table 1, and their relative positions are shown in
Fig. 1.

2.2. Sampling and analysis

Samples of lady’s finger (September and October), cauliflower (November to
February) and palak (November, January and March) were collected (40–45, 50–
60 and 70–80 days after seed sowing of palak, cauliflower and lady’s finger, respec-
tively) during their growing seasons from three fields of each production site and
simultaneously from three outlets of each market site (2 kg each for palak and la-
dy’s finger, and one intact inflorescence head of cauliflower), respectively, in predis-
tilled water-washed polyethylene bags. The samples of each vegetable were of the
same size and age group. The samples were immediately brought back to the lab-
oratory, and uneatable portions of the vegetables were removed and the edible por-
tion was chopped into small pieces. The samples were then oven dried at 80 �C and
then crushed using a stainless steel blender and passed through a 2 mm sieve. The
resulting fine powder was kept at room temperature before analysis. Soil samples
were collected from three fields at each production site by digging out a monolith
of 10 cm � 10 cm � 20 cm size. The soil samples were brought back to the labora-
tory, air dried, crushed and passed through a 2 mm mesh size sieve and were stored
at room temperature before analyses.

Samples of both soils and vegetables (1.00 ± 0.001 g each) were placed into
100 ml beakers separately, to which 15 ml of tri-acid mixture (70% high purity
HNO3, 65% HClO4 and 70% H2SO4 in 5:1:1 ratio) was added. The mixture was then
digested at 80 �C till the solution became transparent (Allen et al., 1986). The result-
ing solution was filtered and diluted to 50 ml using deionized water and was ana-
lyzed for concentrations of Cu, Zn, Cd and Pb using an atomic absorption
spectrophotometer (Model 2380, Perkin–Elmer, Norwalk, CT, USA). The measure-
ments were made using a hollow cathode lamp of Cu, Zn, Cd and Pb at wavelengths
of 324.8, 213.9, 288.8 and 213.3 nm, respectively. The slit width was adjusted for all
the heavy metals at 0.7 nm. The values of the detection limits for Cu, Zn, Cd and Pb
were 0.001, 0.0008, 0.0005 and 0.01 lg/ml, respectively. Standard solutions were
frequently run to check the sensitivity of the instrument.

2.3. Health risk assessment and daily intake of heavy metals through vegetables

An assessment of the health risk posed in human beings by the consumption of
contaminated vegetables was made by comparing the concentration of the contam-
inants recorded from both production and market sites with national and interna-
tional safe limits. The daily intake of heavy metals through the consumption of the
vegetables tested was calculated according to the given equation (Cui et al., 2004):

Daily intake of heavy metals ðlg=dayÞ ¼ ½Daily vegetable consumption

� vegetable heavy metal concentration�

Daily vegetable consumption was obtained through a formal survey conducted
in the study area. An interview of 25 persons of 30–50 years age group and of 60–
70 kg body weight was conducted at each market site regarding their daily con-
sumption rate of vegetables tested. Each person represents a household having
P5 individuals, and thus a total of 125 persons were effectively interviewed. An
average consumption rate of each vegetable per person per day was calculated.
The percent contributions to dietary intake of heavy metals by the urban population
through the consumption of the vegetables tested in this study were calculated by
dividing the daily consumption rates of the heavy metals with the values of provi-
sional tolerable daily intake (Joint FAO/WHO Expert Committee on Food Additives,
1999).

2.4. Quality assurance

Appropriate quality assurance procedures and precautions were taken to ensure
the reliability of the results. Samples were carefully handled to avoid contamina-
tion. Glasswares were properly cleaned, and reagents were of analytical grades.
Deionized water was used throughout the study. Reagent blank determinations
were used to correct the instrument readings. For validation of the analytical pro-
cedure, repeated analysis of the samples against internationally certified plant stan-
dard reference material (SRM-1570) of National Institute of Standard and
Technology were used, and the results were found within ±2% of the certified
values.

2.5. Statistical analysis

The recorded data were subjected to two-way analysis of variance (ANOVA) to
assess the influence of different variables on the concentrations of heavy metals in
the vegetables tested. ANOVA for each vegetable was performed separately using
variables such as months and sites, as numbers of sites and month for each vegeta-
ble tested varied. All the statistical analyses were computed with SPSS software ver-
sion 12.
3. Results and discussion

3.1. Levels of heavy metals in soil

The concentrations of heavy metals (lg/g) in agricultural soil
collected from different crop production sites ranged from a mini-
mum of 9.8 to a maximum of 19.3 for Cu, 83–133 for Zn, 0.6–2.3 for
Cd and 2.9–10.3 for Pb (Table 2). The upper limits of Cu, Zn and Cd
in the soil during the present study were higher than the values re-
ported for uncontaminated soil (Cu; 15, Zn; 100 and Cd; 1 lg/g),
but were lower for Pb (50 lg/g) (Temmerman et al., 1984). The
crop production sites which were in the vicinity of brick kilns or



Fig. 1. Map of Varanasi showing the relative positions of different production and market sites.

Table 1
List of both market and production sites (names and no.) used to label Fig. 1 in the present study.

Market sitesa Production sites

Lady’s finger Cauliflower Palak

Sites name No. Sites name No. Sites name No. Sites name No.

Chanduasatti 1 Banpurwan 6 Nakain 14 Lohta 25
Kabirchaura 2 Akhari 7 Madhwan 15 Daniyapur 26
Chandpur 3 Lathwan 8 Derekhu 16 Tikari 27
Rathyatra 4 Parampur 9 Karnadandi 17 Rohania 28
Lanka 5 Nakainpur 10 Lakhanpur 18

Ramraipur 11 Bharathara 19
Bhatpurwan 12 Chuppeypur 20
Murdi 13 Parmanandpur 21

Bhusaula 22
Kotwa 23
Rustampur 24

a Market sites are common for all the test vegetables.

Table 2
Mean, median, minimum and maximum, and standard deviation of heavy metal concentrations in agricultural soil of the production sites of Varanasi (n = 66).

Heavy metals Mean Median Minimum Maximum Standard deviation

Copper 14.59 14.25 9.80 19.30 2.79
Zinc 109.09 110.00 83.00 133.00 11.41
Cadmium 1.27 1.16 0.60 2.30 0.43
Lead 6.39 5.70 2.90 10.30 2.40
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Table 3
Heavy metal concentrations (lg/g dry wt) in the test vegetables from production and market sites of Varanasi (mean, minimum and maximum).

Heavymetals Production sites Market sites

Palak Lady’s finger Cauliflower Palak Lady’s finger Cauliflower

Copper
Mean 20.27 16.07 16.63 27.59 18.02 35.72
Min 12.80 9.50 9.80 20.10 12.20 21.20
Max 25.60 21.80 24.10 40.10 27.10 56.30
Zinc
Mean 38.40 34.69 51.52 57.56 45.96 63.63
Min 30.10 29.60 38.60 42.30 32.50 25.20
Max 45.50 39.20 63.30 92.30 66.20 94.30
Cadmium
Mean 0.98 0.90 1.26 1.96 1.41 2.57
Min 0.40 0.50 0.60 0.80 0.10 0.80
Max 1.50 1.20 2.10 3.80 2.60 4.30
Lead
Mean 1.00 0.88 1.02 1.44 1.03 1.56
Min 0.70 0.30 0.20 1.10 0.20 0.90
Max 1.40 1.20 1.80 1.90 2.56 2.40
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Fig. 2. Concentration of Cu in the test vegetables collected from different production and market sites of Varanasi.
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near the national highway showed higher concentrations of heavy
metals than those having no specific sources of emission. But even
the upper limits of heavy metal concentrations were below the
upper permissible limits of PFA standards (6, 300, 270 and
500 lg/g, respectively, for Cd, Zn, Cu and Pb; Awasthi, 2000). Other
studies conducted in Varanasi at sites having long-term uses of
wastewater for irrigation showed higher mean concentrations of
Cu, Cd and Pb in the soil (20.35, 2.8 and 15.57 lg/g, respectively;
Sharma et al., 2007) than the concentrations recorded (14.59,
1.27 and 6.39 lg/g, respectively) during the present study. How-
ever, the mean concentration of Zn recorded during the present
study (109.09 lg/g) was higher than the value (43.56 lg/g) re-
ported by Sharma et al. (2007). The higher concentration of Zn in
the soil may also be ascribed to the use of Zn in fertilizers and me-
tal-based pesticides apart from ash from brick kilns. Singh et al.
(2004) have reported 3–15-fold higher concentration of Cu, Zn,
Cd and Pb in wastewater-irrigated areas of Kanpur and Varanasi
as compared to those reported in the present study. By comparison
with our study, Krishna and Govil (2007) also reported higher con-
centrations of Cu (137.7 lg/g) and Zn (139 lg/g) in the soil col-
lected from industrial areas of Surat, western India.

3.2. Levels of heavy metals in vegetables

The heavy metal concentrations varied between the production
sites and vegetables. The levels of Zn in lady’s finger, palak and
cauliflower, respectively, varied from 29.6 to 39.2, 30.1 to 45.5,
and 38.6 to 63.3 lg/g, of Cu varied from 9.5 to 21.8, 12.8 to 25.6
and 9.8 to 24.1 lg/g, of Cd varied from 0.5 to 1.2, 0.4 to 1.5, and
0.6 to 2.1 lg/g, and of Pb varied from 0.3 to 1.2, 0.7 to 1.4 and
0.2 to1.8 lg/g, respectively, at the production sites (Table 3).

Within the production sites, the mean concentrations of the
heavy metals in lady’s finger, cauliflower and palak, respectively,
were recorded maximum at sites 10, 14 and 25 for Cu (Fig. 2), at
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sites 7, 24 and 28 for Zn, at sites 10, 17 and 28 for Cd and at sites
12, 17 and 28 for Pb (Figs. 2–5). The higher concentrations of heavy
metals in the vegetables tested at sites 10, 12, 17 and 28 may be
ascribed to their location in the vicinity of brick kiln industries or
proximity to national highway.

The mean concentration of Zn was highest in all the vegetables
tested followed by that of Cu, Cd and Pb at the production sites as
well as at the market sites (Table 3). The mean concentration of Cu
(lg/g) was recorded minimum in lady’s finger (18.02) and maxi-
mum in cauliflower (35.72) at the market sites (Table 3). Zn con-
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centrations (lg/g) ranged from 32.5 to 66.2, 42.3 to 92.3 and
25.2 to 94.3, respectively, in lady’s finger, palak and cauliflower
at market sites (Table 3). The mean concentrations of Cd (lg/g)
were 1.41, 1.96 and 2.57, and of Pb were 1.03, 1.44 and 1.56,
respectively, in lady’s finger, palak, and cauliflower collected from
the market sites (Table 3).

Within the market sites, the mean concentration of Cu was re-
corded maximum at site 2 in lady’s finger and cauliflower, and at
site 3 in palak (Fig. 2). Mean Zn concentration was recorded max-
imum at sites 2, 4 and 5, respectively, in cauliflower, palak and
 sites
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lady’s finger (Fig. 3). The mean concentrations of Cd and Pb be-
tween the market sites were, respectively, recorded maximum at
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1 and 3 in palak (Figs. 4 and 5).
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Table 4
Results of two-way ANOVA for heavy metal concentrations in the test vegetables
collected from different production and market sites.

Vegetables/variables df Heavy metals

Cu Zn Cd Pb

Palak
Market sites

Months 2 43.56*** 523.70*** 264.36*** 31.49***

Sites 4 119.09*** 242.56*** 663.92*** 16.64***

Month � site 8 11.65*** 35.62*** 22.73*** 8.57***

Production sites
Months 2 8.06** 37.59*** 59.09*** 6.54**

Sites 3 91.45*** 94.84*** 24.77*** 21.12***

Month � site 6 0.50NS 2.60* 0.86NS 1.02NS

Cauliflower
Market sites

Months 3 244.01*** 432.52*** 178.95*** 46.14***

Site 4 197.27*** 267.51*** 750.51*** 80.60***

Month � site 12 18.23*** 93.32*** 13.24*** 8.94***

Production sites
Months 3 71.94*** 19.60*** 70.54*** 183.36***

Sites 10 63.38*** 40.33*** 48.15*** 30.62***

Month � site 30 1.67* 5.10*** 1.39NS 1.66*

Lady’s finger
Market sites

Months 1 36.58*** 39.68*** 2.10NS 221.88***

Sites 4 114.73*** 236.74*** 403.42*** 141.10***

Month � site 4 4.14** 12.46*** 2.43* 182.11***

Production sites
Months 1 12.75** 14.76** 57.76*** 7.05*

Sites 7 221.60*** 28.99*** 34.63*** 39.05***

Month � site 7 0.53NS 0.61NS 0.80NS 0.86NS

df = Degree of freedom. NS = not significant.
*** p < 0.001.
** p < 0.01.
* p < 0.05.
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The heavy metals concentration in the vegetables tested ob-
tained from the production and market sites were compared. The
concentrations of Cu, Zn, Cd and Pb elevated by 36%, 50%, 100%
and 44% in palak, by 12%, 32%, 57% and 17% in lady’s finger and
by 114%, 23%, 103% and 53% in cauliflower, respectively. This result
suggests that all the vegetables tested were contaminated maxi-
mally by Cd during their transport and marketing in the contami-
nated environment of Varanasi. The percent increase in the levels
of heavy metals was recorded maximum in cauliflower (except
for Zn) followed by palak and then lady’s finger at all the months
of sampling (Figs. 6 and 7). The results further showed that the
atmospheric depositions have contributed more than 50% of Zn
and Cd to palak, Cd in lady’s finger and Cu, Cd and Pb in cauli-
flower. The monthly variations in the concentrations of heavy met-
als in vegetables tested at the production sites may be due to their
different uptake rate. The levels of all the heavy metal in all the
vegetables tested collected from the market sites were higher than
those of heavy metals in the respective vegetables collected from
the production site (Figs. 6 and 7). This might be due to heavy me-
tal depositions on the vegetables during transport and marketing
in more polluted urban environment of Varanasi city. The concen-
Table 5
Daily intake of heavy metals by urban population of Varanasi through consumption of the

Vegetables (g/person/day) Moisture Content (%) Cu (mg/da

Palak (13.6) 90 0.04
Lady’s finger (21.96) 85 0.06
Cauliflower (41.09) 80 0.29
Total 0.39
PTDIa 3

a Joint FAO/WHO Expert Committee on Food Additives (1999).
trations of heavy metals in different vegetables at the market sites
varied with the length of exposure and vegetable types. The con-
centrations of Cu, Cd and Pb were higher in cauliflower than in pa-
lak. Results suggest that cauliflower having a higher exposed area
of inflorescence has greater capacity to adsorb heavy metals from
the atmosphere.

Results of two-way ANOVA showed that sites and months have
significant effects on the levels of heavy metals in vegetables col-
lected from market and production sites (Table 4). This result
clearly showed that the location of study sites and growing periods
of vegetables influenced the levels of heavy metals in the vegeta-
bles. However, month did not show any significant effect on the le-
vel of Cd concentration in lady’s finger from market sites. This may
be ascribed to a small variation in Cd deposition on lady’s finger
during the sampling months (Table 4). Interaction of month � site
did not influence the levels of all the heavy metals in lady’s finger,
Cd in cauliflower, and Cu, Cd and Pb in palak collected from the
production sites (Table 4).

The variations in the concentrations of the heavy metals in veg-
etables observed during the present study may be ascribed to the
physical and chemical nature of the soil of the production sites,
absorption capacities of heavy metals by vegetables, atmospheric
deposition of heavy metals, which may be influenced by innumer-
able environmental factors such as temperature, moisture and
wind velocity, and the nature of the vegetables, i.e. leafy, root, fruit,
exposed surface area, hairy or smoothness of the exposed parts
(Zurera et al., 1989). The variations in the concentrations of heavy
metals in the vegetables tested may also be ascribed to the varia-
tions in the anthropogenic activities such as brick kiln activities,
addition of phosphate fertilizers or use of metal-based pesticides
around production sites and urban industrial activities at market
sites. The production sites showing higher levels of heavy metals
are either located in the areas having a number of brick kiln indus-
tries (sites 7, 10, 12 and 14) or located close to national highways
(17 and 28).

The average values of heavy metals in the vegetables tested col-
lected from production sites are lower than the PFA standard
(Awasthi, 2000). At market sites, the mean concentration of Cu in
cauliflower, and of Zn and Cd in both palak and cauliflower had ex-
ceeded the PFA standard. Zn at production sites also exceeded the
PFA standard in cauliflower. Cd concentrations in vegetables tested
from both production and market sites were many folds higher
than the EU standard (Marshall, 2004). In contrast, Pb in vegetables
tested from both production and market sites was below the PFA
standard, but was many folds above the EU standard (Table 3).
Cu concentration exceeded the PFA standard at all the market sites
in cauliflower, and at sites 1 and 3 in palak (Fig. 2). Zinc concentra-
tion exceeded the PFA standard in cauliflower at most of the pro-
duction and market sites (Fig. 3). Cadmium level in all the
vegetables tested exceeded the EU standard (0.1 lg/g) at all the
production sites, but was lower than PFA standard (1.5 lg/g) in
both lady’s finger and palak (Fig. 4). The average values of Cd in
all the vegetables tested at market sites were higher than both
the PFA and EU standards. Pb concentration was, however, below
test vegetables.

y) Zn (mg/day) Cd (lg/day) Pb (lg/day)

0.08 2.67 1.96
0.15 4.61 3.37
0.52 21.15 12.84
0.75 28.43 18.17
60 60 214
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the PFA standard, but was many folds higher than the EU standard
at all the study sites (Fig. 5).

3.3. Estimation of daily intake of heavy metals

Formal interviews conducted in the urban areas of Varanasi
showed that the average consumptions of fresh palak, lady’s finger
and cauliflower per person per day are 13.6, 21.96 and 41.09 g,
respectively; the corresponding dry weights were 1.36, 3.27 and
8.23 g, respectively. If the levels of heavy metal contamination (Ta-
ble 3) recorded in this study are representative of contaminant
concentrations in the vegetables tested and consumed by the inter-
view sample then the contribution of each of the heavy metals to
the dietary intake would be 0.04 mg, 0.08 mg, 2.67 lg and
1.96 lg for palak, 0.06 mg, 0.15 mg, 4.61 lg and 3.37 lg for lady’s
finger and 0.29 mg, 0.52 mg, 21.15 lg and 12.84 lg/day for cauli-
flower, respectively, for Cu, Zn, Cd and Pb (Table 5).

From the estimated daily intake of the studied heavy metals
through the consumption of palak, lady’s finger and cauliflower,
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 intake based on the body weight of an
average adult (60 kg body weight). Provisional tolerable daily in-
takes (PTDIs) for Cu, Zn, Cd and Pb are 3 mg, 60 mg, 60 lg and
214 lg, respectively (Joint FAO/WHO Expert Committee on Food
Additives, 1999). The present study showed that the contributions
of these vegetables to daily intake of Cu, Zn, Cd and Pb were 13%,
1%, 47% and 9% of provisional tolerable daily intake (PTDI),
respectively.
4. Conclusions

The present study has generated data on heavy metal pollution
in and around an Indian city and associated risk assessment for
consumer’s exposure to the heavy metals. The proposed hypothe-
sis that the transportation and marketing of vegetables in contam-
inated environment may elevate the levels of heavy metals in
vegetables through surface deposition has been proved through
this study. The consumption of vegetables directly from production
areas might be less hazardous to human health in comparison to
those from polluted open market areas. Heavy metals have a toxic
impact, but detrimental impacts become apparent only when long-
term consumption of contaminated vegetables occurs. It is there-
fore suggested that regular monitoring of heavy metals in vegeta-
bles and other food items should be performed in order to prevent
excessive buildup of these heavy metals in the human food chain.
Appropriate precautions should also be taken at the time of trans-
portation and marketing of vegetables.
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