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Background:

Consumers may be contaminated by various food intakes as one of the
most important sources of organic and inorganic pollutants associated with
agriculture. The aim of this study was to evaluate the lead (Pb), cadmium
(Cd) and nitrate contaminations in watermelon and carrot samples and the
associated risks to human health.

Methods:

In this cross sectional study, 108 samples of watermelon and carrot
samples were collected randomly from the supermarkets in Kashan, Iran,
from October 2017 to September 2018. Inductively coupled plasma optical
emission spectroscopy (ICP-OES) and spectrophotometry were used to
analyze Pb, Cd and nitrate in the collected samples, respectively.

Results:

The results showed that the carrot samples had the most concentrations of
Pb, Cd and nitrate than those for watermelon (p<0.001). All of the samples
except for some watermelons and carrots had lower contaminants than the
permissible standard limits. The results of the target hazard quotient
(THQ) and total THQ for the compounds were within the safe range (<1)
and were not detected at harmful levels. The excess lifetime cancer risk
(ELCR) of Pb and Cd were in the safe and unsafe range, respectively.
However, the total cancer risk was higher than the standard level and was;
therefore, unsafe to the consumers.

Conclusion:
The study showed that the concentrations of the compounds in carrot and
watermelon may potentially be hazardous to the health of Iranian

consumers.
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INTRODUCTION

The consumption of fruits, such as watermelons and
carrots have increased since people have become
aware that fruits contain beneficial anti-oxidants, and
are the main sources of vitamins, carbohydrates,
minerals and fibers (1). Consumers can be
contaminated by food intakes as one of the most
important sources of organic and inorganic pollutants
associated with agricultural products.

Heavy metals such as lead (Pb) and cadmium (Cd) with
the atomic mass of >5 g/cm3, are among the popular
pollutants that are not biodegradable and may
accumulate in fruits and vegetables (2). These heavy
metals are known to have numerous adverse effects on
humans and are ranked the second (Pb) and seventh
(Cd), respectively, on the priority list of dangerous

compounds published by the US Environmental
Protection Agency (USEPA) (3). Both Pb and Cd have a
long half-life in human tissues and can cause adverse
effects on the normal functions of nerves, kidneys,
lungs and liver (3, 4). The main sources of Pb and Cd
contaminations are industrial products and agricultural
chemicals, such as superphosphate fertilizers (4).
Alimohammadi et al. (1) demonstrated that the order
of metal contaminations in the tested fruits and
vegetables collected from Tehran markets was:

Zn > Cr > Ni > Cu > Pb > Cd > As. Also, the mean
concentrations of Pb and Cr for cabbage, potatoes and
carrots were higher than the permissible limits in the
summer (1). A previous study has reported that the
levels of Pb and Cd in vegetables were more than the
maximum levels permitted for foods in China (5).
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In recent years, the hazards posed by nitrate and nitrite
in various foods have given rise to multiple debates in
the scientific community. Previous studies have shown
that high dietary intakes of nitrate and nitrite are
implicated in the etiology of some human cancers.
However, some researchers have suggested beneficial
effects for nitrate and nitrite, such as lowering
hypertension and cardiovascular diseases (6-8). The
hazards of nitrate are due to its nitrosamines and
nitrosyl-heme forms which are known to be mutagenic
(7Z._9). Bahadoran et al. reported that vegetables
collected from some Tehran’s supermarkets with the
highest nitrate concentrations, including radish,
beetroot, tarragon, lettuce, mint, and celery (10). Also,
Brki¢ et al. showed that there were significant
differences in nitrate levels among the leafy green
vegetables analyzed. They concluded that the nitrate
levels were not a serious concern toward public health
(11).

Considering the high public concern regarding the
dietary intakes of heavy metals and nitrate from
various foods, the aim of this study was to assess the
concentrations of Pb, Cd and nitrate in watermelon and
carrot samples in a mid-sized Iranian city (Kashan) and
to estimate their associated risks to human health.

MATERIALS AND METHODS

Sample Collection and Preparation: This cross-
sectional study was carried out from October 2017 to
September 2018. A total of 108 watermelon (n=48) and
carrot (n=60) samples were collected randomly at
supermarkets and retail stores at six locations in
Kashan, Iran. Sampling locations were identified with
the largest stock of and the customer demands for
watermelons and carrots. At each season, a total of 27
samples were collected (12 watermelon & 15 carrot
samples), with the weight of each sample being at least
one kg. All samples were transferred immediately to
the laboratory in plastic bags for further analysis.
Initially, samples were washed and dried at room
temperature in the lab. After removing the damaged
parts, the fruits were homogenized within 24 hours.

Analytical Methods

Measurement of Nitrate: Nitrate concentrations in
samples were determined using the standards of the
association of analytical communities (AOAC) and
Institute of Standards and Industrial Research of Iran
(ISIRI) (12, 13). For the preparation of samples, 0.5g of
each sample was oven dried at 70°C and was added to
50mL 2% acetic acid (Merck Co., Darmstadt, Germany),
shaken for 30min and filtered. 5mL ammonium
chloride buffered solution (pH=9.6) and 2g reduced
cadmium were added to 10mL of the above solution
and adjusted to 50mL with distilled water. Then, 5mL
disodium tetraborate solution (50g/1000mL) and
100mL hot distilled water (80°C) were mixed with the
above solution. After boiling, 2mL potassium
hexacyanoferrate solution (106g/1000mL) and 2mL
zinc acetate solution (220g/1000mL) were added and
the volume was adjusted to 200mL with distilled water
and filtered. Ten milliliters of this solution were used
instead of the standard solution for the next steps of
the experiment.
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A calibration curve was prepared as follows: 0, 0.5, 1, 2,
and 3mL sodium nitrite (15pg/mL) solution (Merck Co.,
Darmstadt, Germany) were added to 30, 29.5, 29, 28
and 27mL distilled water, respectively, as standard
solutions. Then, 5mL sulfanilamide reagent (0.4 g
sulfanilamide in 160mL distilled water containing
20mL of HCl were adjusted to 200mL with distilled
water) and 3mL of HCl solution (4.45mL/10mL) was
added, mixed and stored in darkness for five min. One
milliliter N-(1-Naphthyl) ethylenediamine solution
(0.1g/1000mL) was added to the above mixture and
stored in darkness for three min. Finally, this solution
was adjusted to 50mL with distilled water. The
absorbance was measured on a spectrophotometer
(CECIL 2021, England) at 538nm. The calibration curve
was constructed with correlation factors 0.996 with the
recovery rate being 98%. The nitrate concentration in
the sample was reported as mg NO2-/kg. Distilled water
was used as the negative control while the sodium
nitrite solution was the positive control. All of the
chemicals were in analytical grades.

Determination of Pb and Cd Concentrations: In
order to determine the Pb and Cd concentrations, the
samples were prepared as follows: ground samples
were oven dried for 24h at 105°C and 500mg of each
sample was weighted and digested with 10mL
concentrated (65%) nitric acid (Merck Co, Darmstadt,
Germany) on a hot plate. This solution was filtered
through Whatman filter paper No. 42, and the filtrate
from each sample was adjusted to 25ml, using
deionized water.

The Pb and Cd concentrations were determined by
inductively coupled plasma optical emission
spectroscopy (ICP-OES, PerkinElmer: Optima 2100 DV).
The standard solutions of Pb and Cd were prepared by
diluting stock solutions at 100mg/mL of the stock
standard solutions, using 1% (w/w) nitric acid. The
detection limit and recovery rate for Pb and Cd were
2.2 to 41 ng/L (94% vs 97%), respectively. The
concentrations of Pb and Cd were reported in pg/kg of
the dry weight in the samples (14).

Health Risk Assessment for Pb, Cd and Nitrate:
The average daily consumption among the Iranian
population for watermelons and carrots were 109
g/day and 39g/day, respectively (14). The average
daily doses (ADD) for Pb, Cd, and nitrate were
calculated by the mean concentrations of the
compounds for each fruit sample. In the worst case
scenario, the maximum concentration for each
compound was identified (1, 15) based on the following
equation: ADD= CxIRxEFxED/BWxAT where, ADD is
average daily dose (mg/kg body weight/day), C is the
mean compound concentrations (mg/kg), IR is the
mean food consumption (kg/day), EF is exposure
frequency (350 days/year), ED is the exposure
duration (70 years), BW is the average body weight set
to 70 kg in this study, AT is the averaging time (365
days/year x the years of exposure, i.e, 70 years). For
the evaluation of non-carcinogenic risk, the target
hazard quotient (THQ) was calculated, using the
following equations: THQ = ADD/RfD where, THQ was
target hazard quotient, ADD was average daily dose
(mg/kg bw/day), RfD was the reference dose (mg/kg
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bw/day). The RfD values for Pb, Cd, and nitrate were
0.00035, 0.001 and 1.6, respectively (1,16). The THQ
values more than 1 (THQ>1) reflected a significant risk
level, indicating a greater likelihood of harmful non-
carcinogenic health impact (15). The total target
hazard quotients (TTHQ) from the consumption of Pb,
Cd and nitrate for watermelons and carrots were

ELCR= LADDxCSF, where LADD was the lifetime
average daily dose (mg/kg-day), and other factors
remained the same as for ADD equation. Also, CSF
represented the cancer slope factor; and the CSF values
of Pb and Cd were 0.0085 and 6.3, respectively (1). The
acceptable range of risk levels for carcinogens was 104
to 1076,

calculated as the sum of THQs for the fruit samples and
expressed as follows: TTHQ = THQ: + THQ:z + .. +
THQ..

Carcinogenic Risk Assessment for Pb And Cd: In order
to measure the carcinogenic risks for Pb and Cd, the
lifetime average daily dose (LADD) and the excess
lifetime cancer risk (ELCR) were calculated using the
following equations: LADD = CxIRxEFxED/BWxAT and

Statistical Analysis: The study data were statistically
analyzed, using SPSS version 18.0 (SPSS Inc., Chicago,
IL, USA) and the results were presented in Tables 1-4.
The final data were the mean * standard deviation (SD)
for each sample, which were analyzed by chi-squared,
t-test and one-way analysis of variance (ANOVA), with
the minimum significance level being P<0.05.

Table 1. Lead, cadmium and nitrate contents in watermelons and carrots.

Compound Fruit Mean * SD Min Max PL Samples #
(ug/kg) (ug/kg)  (ng/kg)  (ug/kg) (PL)
Lead Watermelon 18.68+16.14 ND? 74.43 100 0 (0%)
Carrots 30.83+15.888 0.81 76.88 0 (0%)
Cadmium Watermelon  2.40+2.724 ND 13.40 50 0 (0%)
Carrots 5.25+3.478 1.75 26.20 0 (0%)
Nitrate3 Watermelon  46300+358804 0.00 181170 60000 12 (25%)
Carrots 183230+1812608 8630 599590 250000 18 (30%)

1. PL: Permissible level of Institute of Standard and Industrial Research of Iran (pg/kg).
2. ND: Not detected (< LOD). 3. Nitrate was determined by spectrophotometry.

Table 2. Seasonal cumulative lead, cadmium and nitrate contents in watermelons and carrots.

Compound  Season Mean * SD Min Max Sample #
(ng/kg) (ug/kg) (ng/kg) >PL!
Lead Spring 29.66+15.874 1.18 76.88 0 (0%)
Summer 26.98+11.514 ND? 57 0 (0%)
Autumn  17.43+21.48 0.81 73.82 0 (0%)
Winter 27.66+15.984 ND 74.43 0 (0%)
Cadmium Spring 3.2+2.1A ND 7.11 0 (0%)
Summer  3.03+2.184AC 0.53 7.30 0 (0%)
Autumn  4.77+54 0.7 26.20 0 (0%)
Winter 4.95+3.4248 0.69 13.40 0 (0%)
Nitrate Spring 38550+276504 8630 117950 3 (2.7%)
Summer 137970+£1919808 0.00 599590 5 (4.62%)
Autumn  183620+1605808 8.43 580340 12 (11.11%)
Winter 129350+1456508  0.00 510080 10 (9.26%)

PL: Permissible level of Institute of Standard and Industrial Research of Iran (pg/kg).

1.
2. ND: Not detected (< LOD).

Table 3. The seasonal concentrations of lead, cadmium and nitrate in watermelons and carrots.

Compound  Seasons Fruit Mean £ SD P value Min Max Sample #
(ng/ke) (ng/kg) (g/kg) (PL)
Lead Spring Watermelon 16.17+7.59 P=0.000 1.18 26.78 0(0%)
Carrot 40.44+11.9 25.62 76.88 0 (0%)
Summer Watermelon 19.28+8.9 P=0.001 0.00 30.14 0 (0%)
Carrot 33.1349.6 15.11 56.99 0 (0%)
Autumn Watermelon 18.65+23.17 P=0.796 2.24 73.82 0 (0%)
Carrot 16.44+20.63 0.81 52.28 0 (0%)
Winter Watermelon 20.62+20.41 P=0.038 0.00 74.43 0 (0%)
Carrot 33.29+8.4 24.58 54.87 0 (0%)
Cadmium Spring Watermelon 1.31+0.76 P=0.000 0.00 2.99 0 (0%)
Carrot 4.71+1.48 2.2 7.11 0 (0%)
Summer Watermelon 1.23+0.54 P=0.000 0.53 4.64 0 (0%)
Carrot 4.45+1.72 1.75 7.30 0 (0%)
Autumn Watermelon 3.23+2.19 P=0.155 0.7 7.24 0 (0%)
Carrot 6.1+6.24 2.24 26.20 0 (0%)
Winter Watermelon 3.84+4.39 P=0.134 0.69 13.40 0 (0%)
Carrot 5.84+2.15 2.35 10.59 0 (0%)
Nitrate Spring Watermelon 50870+31680 P=0.036 15100 117950 3 (25%)
Carrot 28680+19930 8630 78720 0 (0%)
Summer Watermelon 33100+18100 P=0.008 0.00 75830 0 (0%)
Carrot 221930226270 11860 599590 5 (33.33%)
Autumn Watermelon 39100+25100 P=0.000 8430 75830 4 (30%)
Carrot 299300+123010 181170 580340 8 (53.53%)
Winter Watermelon 62290+54670 P=0.029 0.00 181170 5 (41.66%)
Carrot 182990+173520 15100 510080 5 (33%)

PL = Permissible level set by the Iranian Institute of Standards and Industrial Research (pg/kg).
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Table 4. Estimated exposure of the consumers to lead, cadmium and nitrate from watermelons and carrots.

Lead Cadmium Nitrate

ADD? WCS? THQ3 ADD wcc THQ ADD wcc THQ

Season Food (mg/kg (mg/kg ELCR* (mg/kg (mg/kg ELCR (mg/kg (mg/kg

bw/day)! bw/day)? bw/day)! bw/day)? bw/day)! bw/day)?
Watermelon  2.41E-05 3.95E-05  0.0688 2E-07 1.9E-06 4.4E-06 0.0019  1.19E-05 0.0759 0.1761 0.0474
Spring Carrot 2.16E-05 4.1E-05 0.0617 1E-07 2.5E-06 3.7E-06 0.0025  1.57E-05 0.0153 0.0420 0.0095
Watermelon  2.87E-05 4.5E-05 0.082 2E-07 1.8E-06 6.9E-06 0.0018  1.13E-05 0.0494 0.1132 0.0308
Summer  Carrot 1.76E-05 3.04E-05  0.0502 1E-07 6.6E-06 3.9E-06 0.0066  4.15E-05 0.1185 0.3203 0.0740
Watermelon  2.78E-05  1.102E-04 0.0794 2E-07 4.8E-06 1.08E-05 0.0048  3.02E-05 0.0583 0.1360 0.0364
Autumn  Carrot 8.7E-06 2.79E-05  0.0248 7E-08 3.2E-06 1.39E-05 0.0032  2.01E-05 0.1599 0.3100 0.0999
Watermelon  3.07E-05  1.111E-04 0.0877 2E-07 5.7E-06 2E-05 0.0057  3.59E-05 0.0930 0.2705 0.0581
Winter Carrot 1.77E-05 2.93E-05  0.0505 2E-07 3.1E-06 5.6E-06 0.0056  1.95E-05 0.0977 0.2775 0.0610
Total 1.77E-4 4.344E-4  0.5051 1.27 E-05 2.96E-5 6.92E-5 0.0321 1.861E- 0.668 1.646 0.4171

04

1; ADD; average daily dose; 2; WCS; worst case scenario; 3; THQ; target hazard quotient; 4; ELCR; excess lifetime cancer risk

RESULTS

Table 1 shows that carrot samples had the highest
concentrations of Pb, Cd, and nitrate compared to those
for watermelons (p<0.001). The mean concentrations
of Pb and Cd were lower than the permissible limits
required by Codex and ISIRI (p<0.001). The mean
concentrations of nitrate in watermelon (p=0.011) and
carrot (p=0.006) samples were also lower than the
permissible limits. However, 12 (25%) and 18 (30%) of
watermelon and carrot samples, respectively, had
higher nitrate contents than the permissible limits.
Compared to the limits, the percentages of Pb, Cd, and
nitrate for watermelons were 18.68%, 30.83% and
4.8%, while those for the carrot samples were 10.5%,
77.17%, and 73.3%, respectively.

Lead Contents: The concentrations of Pb, Cd and
nitrate in decreasing order in the collected fruit and
vegetable samples are shown in Table 2. For Pb, the
seasonal order was: spring > winter > summer > fall.
The mean concentration for Pb content in watermelons
was higher in the winter than in other seasons
(p>0.05). The Pb content for carrots was lower in the
fall than in other seasons (p=0.001), with the highest
content found in the spring.

Cadmium Contents: The order of Cd contents in the
fruit and vegetable samples was: winter > fall > spring
> summer. The mean contents of Cd for watermelons
was higher in the winter than in the spring (P<0.016)
but the difference was not significant compared to
those for other seasons. The mean Cd concentration for
carrots was higher in the fall than in other seasons, but
the differences were not significant compared to the
data for other seasons.

Nitrate Contents: The order of nitrate contents in
the fruit and vegetable samples was: fall > summer >
winter > spring. The nitrate concentration was higher
in watermelon and carrot samples in the winter and
autumn, while in the summer and spring we found the
lowest concentrations for this compound. Based on our
results, the highest number of samples with nitrate
contents exceeded the ISIRI limit for watermelons and
carrots. The percentages of the samples exceeding the
limit in the winter and fall were 41.66% and 53.53%,
respectively.

Overall Contents: The order for the presence of all
compounds in carrot samples were nitrate > Pb > Cd
(Table 3), unlike those for watermelon, in which the
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order was Cd > Pb > nitrate. The exposure estimation,
THQ and ECLR of Pb, Cd and nitrate intakes from
watermelons and carrots in the Iranian community are
shown in Table 4. The results of THQ and total THQ for
the compounds were in a range (<1), that were not at
hazardous levels (Fig. 1). However, the ELCR value for
Pb was safe unlike that for Cd.
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Figure 1. The comparison of the total target hazard quotient for lead,
cadmium and nitrate in watermelon and carrot samples.

DISCUSSION

Lead Contents: As a non-essential heavy metal, lead
can cause adverse health effects in humans, such as
toxic conditions in the nervous and renal systems (17).
Alimohammadiet al. reported the Pb content in fruits
and vegetables from Tehran to be higher than the
permissible limits (1). The Pb content in similar
vegetables in Chinese markets was within the limit of
the national standard (18, 19). A previous study
reported that high concentrations of heavy metals in
various parts of the vegetables might be related to the
concentration in the polluted air due to industrial
activities (20). This study showed that atmospheric
depositions and marketing systems of vegetables play
significant roles in elevating the levels of heavy metals
detected in vegetables (20).

Cadmium Contents: As a highly toxic heavy metal,
cadmium can cause severe toxicity to humans at low
concentrations of about 1 mg/kg body weight (17).
Several studies have shown that Cd concentration in
popular vegetables, crops and fruits to range from
0.116 to 0.151 mg/kg in Tehran (1), 0.92 to 4.13 mg/kg
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in Saudi Arabia (20), 0.078 to 14.787 mg/kg in China
(18) and 0.24 to 10.96 mg/kg in Tabriz, Iran (21). Our
results indicated that the Cd content in fruits ranged
from below limit of detection to 0.026 mg/kg. In
agreement with our results, a previous study (1)
reported that the Cd concentrations in similar fruits
and vegetables from Tehran were lower than the
permissible Iranian limits (1). Chen et al (18)
demonstrated that the transfer factors from soils to
vegetables were dependent on the vegetable species.
Leguminous vegetables were more likely to accumulate
chromium, while leafy vegetables tended to show
higher levels of Cd and Pb. Melons demonstrated a
relatively low capacity for accumulating the heavy
metals. The transfer factors were positively correlated
with the soil organic matter and negatively with the pH
(18).

Nitrate Contents: Studies have reported that the
nitrate concentrations in white and red onions,
watermelons, spinach and tomatoes from Hamedan
(22) and Kermanshah (23) in Iran were 32.1 to 440.30,
5.51 to 21.1, 132.4 to 413.4 and 3.002 to 17.07 mg/kg,
respectively. In contrast, the nitrate contents in
watermelons from Kermanshah (a western Iranian
city) were lower than that found in our study. The
differences in the reported concentrations are likely to
be related to the sampling locations and season of
collecting fruits and vegetables. Brki¢ et al. (11)
reported that nitrate concentrations in the spring
samples were in the range of 436 mg/kg for chard to
1208.6 mg/kg for kale. For the fall season, the ranges
were 248.46 mg/kg for chard to 2120.6 mg/kg for
spinach in Croatia. Their results showed that there
were higher concentrations of nitrate (p<0.05) for
spinach and kale samples detected in autumn than in
the spring (11). Pourmoghim et al. showed that the
nitrate contents in tomato and potato samples in the
winter were higher than those in the summer (24). The
results of the present study were consistent with the
report of Pourmoghim et al. The differences in the
reported data may be due to the fact that fruits sold in
Kashan supermarkets may have come from different
Iranian cities during the seasons evaluated by the
current study. The accumulation of heavy metals in
fruits and vegetables can be due to multiple factors,
including soil characteristics and using untreated
wastewaters and/or industrial fertilizers (1).

Regulatory Limits: Based on the Joint FAO and WHO
Expert Committee on Food Additives (JECFA),
provisional tolerable daily intakes (PTDI) for Pb and Cd
are 0.0036 and 0.001 mg/kg bw/day, respectively.
Interestingly, our results showed the ADD values for Pb
and Cd contents in watermelon and carrot samples
were less than those set by PTDI. Also, in the worst
case scenario, the Pb (0.434 pg/kg bw/day) and Cd
(0.069 pg/kg bw/day) contents per day for all fruit
samples were much lower than those set by PTDI. This
suggests that the risks of adverse effects due to Pb and
Cd contaminations in these fruits were negligible.
Based on the JECFA guidelines, the acceptable daily
intake (ADI) for nitrate is from zero to 3.7mg/kg bw. In
this study, the ADD levels of nitrate per day for

Iran ] Toxicol, IJT 2019;13 (4)

watermelons and carrots in various seasons were
lower than the ADI levels. In addition, the worst case
condition of nitrate per day for all fruits (1.67 mg/kg
bw) was lower than the ADI limit. Therefore, our
results demonstrated that the safety concerns
regarding nitrate was negligible. The THQ values for
the compounds studies in this study were in the safe
range (<1) for watermelon and carrot samples. Also,
the TTHQ values were less than one (Table 3 and Fig. 1)
and did not pose harmful effects to humans.

Cancer Risks: The excess lifetime cancer risk (ELCR)
order for the two heavy metals was Cd>Pb. Our results
conservatively suggest that the cancer producing risk
of Pb was in the safe level based on the USEPA limits
(10* to 109). In the case of Cd, the ELCR was higher
(1.861x10-4) than the range advised by USEPA. Our
result for the total cancer risk was higher (1.988x10-4)
than the standard, hence at an unsafe level for the
Iranian consumers. The results of ELCR for Pb and Cd
that were adjusted for their bioavailability values,
according to the USEPA guidelines, were still at unsafe
levels. Consistent with our results, Alimohammadi et al.
(1) reported that the evaluated HQ of the heavy metals
were in the safe range (<1) for the vegetables, and the
TTHQ was less than 1 (0.63). Also, the ELCR order for
the three heavy metals was Cd>As>Pb (1). Zhou et al.
reported that the TTHQ values for Pb, Ni, Cd and As
were more than 1 in Shizhuyuan area of China,
suggesting that the residents may be facing potential
health risks due to the vegetable consumptions (19).
Salehipour et al. demonstrated that the health risk
contributed by Ni was minimal, compared to those for
other metals (25). Also the total non-carcinogenic
hazard of As and Pb were more than 1, and the total
cancer risk of As was slightly greater than 10-# for the
vegetables produced in Isfahan province (25).

Regulations: In  recent years, regulatory
organizations have become aware of the harmful
effects and the considerable health risks posed by
heavy metals. Therefore, they have begun to accurately
monitor the heavy metal levels in various foods, and
apply good agricultural practices, such as using correct
amount of industrial fertilizers and treated wastewater.
These steps are warranted to reduce heavy metal
contaminations in agricultural products and to
emphasize the human safety aspects (26-27).

CONCLUSIONS

This study evaluated the Pb, Cd and nitrate
concentrations in watermelon and carrot samples in
Kashan, and estimated the daily intakes and the health
risks to the population due to the consumption of fruits
and vegetables. The results demonstrated that all of the
samples except for some, contained Pb, Cd, and nitrate,
although at less than the limits set by the regulatory
organizations in Iran. High concentrations of Pb and Cd
were detected in local fruits in all seasons except for
the summer. The nitrate contamination was highest in
the fall and lowest in the spring. The results indicated
that the THQ and TTHQ values for the tested
compounds were in the safe range (<1) for watermelon
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and carrot samples, hence they were not present at
harmful levels to human consumers. The ELCR values
for Pb was safe but not for Cd. The ELCR value for Cd
was more than that recommended range by USEPA.
Lastly, the total cancer risks were higher than the
standard limits, hence at wunsafe limits for the
consumers in Kashan province.
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