
RESEARCH ARTICLE

Monitoring and exposure assessment of nitrate intake via fruits
and vegetables in high and low risk areas for gastric cancer

Hamid Reza Ghaffari1 & Simin Nasseri1,2 & Masud Yunesian1,3
& Ramin Nabizadeh1,4

& Farhad Pourfarzi5 &

Hossein Poustchi6 & Alireza Sadjadi6,7 & Mohammad reza Fattahi8 & Ali Reza Safarpour8

Received: 7 January 2019 /Accepted: 4 March 2019 /Published online: 22 March 2019
# Springer Nature Switzerland AG 2019

Abstract
Background Gastric cancer (GC) is the first leading cause of cancer-related deaths in Iran. GC is a multifactorial disease and is
caused by the interaction of genetic and environmental factors. The aim of this study was to assess the exposure and risk of nitrate
intake through fruits and vegetables (F&V) in high-risk area (HRA) and low-risk area (LRA) of GC in Iran.
Methods Twenty nine species of F&V were examined for nitrate by reverse-phase HPLC (RP-HPLC) method. Food frequency
questionnaire (FFQ) data of 2000 adults participating in Persian cohort were applied to determine consumption patterns of F&V
in those areas. A point-estimate daily intake was applied to compare two areas in terms of nitrate intake. Monte-Carlo simulation
technique was applied to estimate chronic daily intake (CDI) of nitrate.
Results The results showed that point-estimate daily intake of nitrate for subjects participated in the study was 2.02 ±
1.02 mg kg−1 day−1 in HRA and 1.98 ± 1.05 mg kg−1 day−1 in LRA. 6.53% of the participants in the HRA, and 5.9% of the
participants in the LRA had an unacceptable point-estimate daily intake compared with an acceptable limit of 3.7 mg kg−1 day−1

established by FAO/WHO. CDI of nitrate in HRAwas 1.94 ± 0.95mg kg−1 day−1 and in the LRAwas 1.93 ± 1.06mg kg−1 day−1.
Conclusion The results showed that there is no difference between HRA and LRA in terms of nitrate intake through F&V.
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Introduction

Nitrate is a typical compound in the environment and consti-
tutes paramount part of a nitrogen cycle. Nitrates can enter the
food products through different pathways including soil, water
resources, chemical fertilizer and food additives and conse-
quently affect the food chain of human [1]. Vegetables, fruits,
processed meats and drinking water are extensively consid-
ered as the main sources of nitrate context to the human body

[2, 3]. However, vegetables, especially leafy vegetables com-
prise the higher contribution (more than 80%) [4–6] of human
exposure to nitrate compared to other nitrate sources [7]. High
content of nitrate in vegetables have been reported in different
countries [8]. Nowadays, chemical and animal fertilizers con-
taining a high concentration level of nitrate are being in-
creased all over the world, which consequently exacerbate
the human exposure to nitrate through vegetables and agricul-
tural products [9].
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F&V take advantage of high levels of important nutrients such
as vitamins, minerals and antioxidants [10]. In addition, previous
studies have reported that F&V consumption is inversely related
to obesity, diabetes and hypertension [11]. Therefore, the con-
sumption of vegetables is considered as part of a healthy diet of
individuals [12]. However, high levels of nitrate in vegetables
have raised concerns about these food items. Although nitrates
with a concentration lower than permissible are not considered as
a toxic compound and promote immune system of the body,
secondary nitrate products such as nitrite, nitric acid and nitrosa-
mine compounds may induce adverse health effects like
methaemoglobinaemia and cancer [1, 13].

Nitrate reduction to nitrite is taken place in the human body.
Nitrite is metabolized and produce nitric oxide nitrosing amines
and amides to nitrosamine and nitrosamide compounds [14–16].
Nitrosamine compounds have been reported to be carcinogenic
for some animal organs [17]. Additionally, some nitrosamine
compounds are categorized by the International Agency for
Research on Cancer (IARC) as probable carcinogens (group
2A) for humans [18, 19]. The findings of the studies focusing
on the association between nitrates intake and various cancers
such as the brain, esophagus, stomach and colorectal are unclear
[1]. However, it is suggested that high levels of nitrate intake from
food can be taken into consideration as a pivotal risk factor in the
development of certain cancers [7]. Secondary nitrate products
threaten gastric more than other organs [2]. Some studies have
evidenced a positive correlation between nitrate consumption and
GC in humans [20, 21] and high nitrate intake has been reported
to be associated with GC in different countries worldwide [2].

Iran is considered as an area with high risk of GC. There is
a geographically large difference in terms of mortality rate
attributable with GC in Iran [3, 22, 23]; in the northern parts,
especially in the northwest of Iran, the prevalence of GC is
significantly higher compared to southern parts [24, 25]. The
areas with the highest risk of GC in Iran (especially Ardabil
province and East Azerbaijan) have the same geographical
circumstances to countries of Costa Rica, Chile and Japan as
countries with a high prevalence of GC. The areas with a high
risk of GC in these countries and Iran are highlands and lo-
cated mostly in the vicinity of silent volcanoes and the most
common feature of these regions is the volcanic nitrous soils
[26, 27], which can cause high nitrate and nitrite content of
water and crops. Therefore, high nitrate intake may be a po-
tential risk factor for the high incidence of GC in some regions
of Iran and other countries.

Although there are some studies on nitrate intake and risk of
GC, the results reported are contradictory. In themost studies [12],
the amount of nitrate received is determined by the FFQ and the
nutritional data table. Since the nutritional values of foods and
agricultural crops in each region can be attributed to cultivation
conditions, weather condition, the type of water used for irrigation
and the type and amount of agricultural fertilizer applied for soil
modification [9], the pre-determined table of nutritional values

cannot precisely determine the nitrate content of the food items.
Therefore, a specific-site nitrate intake calculation is suggested to
best determine the human exposure to nitrate.

This comparative study was developed to investigate expo-
sure to nitrate through F&V in two areas of Iran with high and
low risk of GC. The additional aims of the present research
were to evaluate acute and chronic nitrate exposure and as-
sessment of the corresponding risk.

Materials and methods

Study areas

To compare high and low risk areas for GC in terms of nitrate
intake, two cities of Ardabil and Shiraz were selected. Ardabil
is the capital of Ardabil province as a high-risk area (HRA) of
GC (49 in 100,000 for men and 25 in 100,000 for women)
[23] and Shiraz is the capital of Fars province as a low-risk
area (LRA) of GC (12.21 per 100,000 for men and 7.01 per
100,000 for women) [28] in Iran.

Fars is one of the southern provinces of Iranwithmountainous,
temperate and warm climate in different regions. In the 2016
census, the population of Fars province was approximately
4,850,000. The capital of this province is Shiraz and placed on
a height of 1480–1670 m above sea level. This city is surrounded
by Zagros Mountains with temperate climate (Longitude: 38 14
‘58’, Latitude: 48 18′ 05 B). However, Ardabil province is placed
in the northwest of Iran’s plateau with cold winters and mild
summers.According to the 2016 census,Ardabil had a population
of 127,000. The capital of this province is Ardabil and which is
located at an elevation of 1500 m above sea level and in latitude
38 14 ‘58’ ‘and longitude 48 18′ 05 B. The locations of study areas
are shown in Fig. 1.

Fruits and vegetables (F&V) consumption data

Food frequency questionnaire (FFQ) data of subject participating
in Persian cohort were applied to determine the consumption
pattern of F&V in HRA and LRA. Persian cohort has started in
Iran since 2014 and is ongoing in 17 cities of Iran. The Persian
cohort aims to collect data from 170,000 people throughout the
country. In the study of Persian cohort, data of F&Vconsumption
are collected by face to face interview method. In the present
study, data from 2000 individuals participating in the Persians
cohort in two cities of Ardabil (1000 participants) and Kharamah
(1000 participants), a city close to Shiraz, were used. Of note,
individuals were randomly selected from the database. The par-
ticipants filled out informed consent form before participation in
the study. The study protocol of Persian cohort was reviewed and
approved by the Ethics Committee of Digestive Disease
Research Center of Tehran University of Medical Sciences
(IR.TUMS.DDRI.REC.1396.1)

446 J Environ Health Sci Engineer (2019) 17:445–456



F&V sampling

F&V samples were bought from at least five local markets
(hub), supermarkets, and large grocery stores uniformly dis-
tributed throughout the city. Sampling was taken in two au-
tumn and winter seasons (2017–2018). Six types of fruits
(orange, banana, apple, kiwi, watermelon and melon) and 23
types of vegetable (spinach, eggplant, pepper, coriander, to-
mato, carrot, parsley, zucchini, lettuce, cabbage, celery, cu-
cumber, mint, onion, scallion, basil, cress, dill, potato, garlic,
leek, radish, tarragon) were selected and sampled. Taken to-
gether, 29 species of F&V were sampled. F&V were chosen
based on two assumptions: have high consumptions among
Iranians and their nitrate content is likely to be high. The
samples were placed in a plastic bag and transferred to the
laboratory after labeling. The samples kept at a temperature
below 4 °C until further analysis.

Sample preparation and extraction

Sample preparation and extraction were conducted according
to the method developed by Hongsibsong et al. [29]. Firstly,
the non-edible parts of the F&V were separated and then the

rest was washed with distilled water. Afterward, washed parts
were dried using a tissue paper in the ambient air. The foods
which are typically consumed as cooked (potatoes, spinach,
celery, coriander and dill) were boiled with distilled water for
30 min. F&V samples were then shredded and homogenized
using a mixer and kept at −20 °C until extraction. For the
extraction of nitrate, 50 ml of distilled water was added to
1 g of prepared F&Vand then mixed for 15 min at a temper-
ature of 70–80 °C. After mixing, the samples were cooled at
ambient temperature and their volumes were adjusted to
100 ml using distilled water. Finally, 10 ml of the sample
was filtered using a 0. 45 μ filter before being injected into
the HPLC device. The first three milliliters of the filtered
sample were discarded and the rest was stored for injection.
The injection was performed immediately after extraction,
otherwise the extract was kept at −20 °C until injection.

Analytical procedure and quality control

Nitrate was measured using HPLC device (KNAUER)
with UV detector (UV-Detector-K2500). The separation
was performed on a C18 column (C18, MZ, ODS-3, 5
um) with a mobile phase containing methanol (30%),

Fig. 1 Geographic locations of study areas
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distilled water (70%) and Octylamine (0.01 M). pH of
mobile phase was adjusted at 7 using phosphoric acid.
The mobile phase was freshly prepared and used. The
measurements were conducted at a wavelength of
213 nm and at 25 °C. The injection volume was 20 μL.
Five concentrations of 0.1, 1, 10, 50, and 100 mg/l of
nitrate were used to develop calibration curve. At the
end of analysis, HPLC column was regenerated using
50% (v/v) solution of methanol and water at a flow rate
of 0.5 ml min−1 overnight. This method has been previ-
ously developed by Chou et al. [30].

The method was validated using limit of detection (LOD),
limit of quantification (LOQ), and relative standard deviation
(RSD). LOD and LOQwere determined using the blankmeth-
od. In this sense, the concentrations of 10 Blank samples were
measured in triplicate way and LOD and LOQwere calculated
using the Eqs. 1 and 2 [31].

LOD ¼ Mean Bð Þ þ 3� Standard Deviation Bð Þ½ � ð1Þ
LOQ ¼ Mean Bð Þ þ 10� Standard Deviation Bð Þ½ � ð2Þ

Where B is blank sample concentration.
To determine the RSD value as a repeatability index, three

concentrations (10, 50 and 100 mg/L) of standard nitrate so-
lutions were measured three times in three consecutive days,
and RSD was determined using the following Eq. [6] .

RSD ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1

N
∑N

i¼1 X i−X
� �2

r

X
ð3Þ

where N is a total number of samples analyzed, Xi de-

notes a concentration of samples, and X is a mean con-
centration of samples.

Daily exposure assessment

To calculate point-estimate daily intake of nitrate via
F&V, firstly, the average nitrate content of each aforemen-
tioned F&V was multiplied by its per capita daily con-
sumption to obtain intake from each F&V. The total daily
intake per person was determined by summing the intakes
from all F&V. Then, point-estimate daily intake was com-
puted through dividing the total daily intake by body
weight (Eq. 4) [32].

Point−Estimate Daily Intake ¼ ∑n
i¼1Ci � IRi

BW
ð4Þ

where Ci is the nitrate content (mg/g) of the fruit or veg-
etable i and IRi is ingestion rate (g/day) of fruit or vege-
table i, and BW is the body weight. After calculating the
individual daily intake, participants in LRA and LRA
were divided into two groups, namely, acceptable and

unacceptable daily intake according to acceptable daily
intake (ADI) of 3.7 mg kg−1 set by FAO/WHO [33].

Lifetime exposure assessment to nitrate through F&V was
carried out according to the proposed method by US.EPA
[34]. For this purpose, chronic daily intake (CDI) of nitrate
was determined according to the following equation [35].

CDIi ¼ Ci � IRi � EF � ED
BW � AT

ð5Þ

where EF is exposure frequency, ED is the exposure duration
(year), AT is averaging time (year×days), and BW is the body
weight. The corresponding values of the parameters of the
Eqs. (4, 5, 6) are presented in Table 1. The total CDI (CDIt)
originated from all F&V was calculated according to the fol-
lowing equation [35].

CDIt ¼ ∑i
i¼1CDI ð6Þ

Monte-Carlo simulation and sensitivity analysis

A Monte-Carlo simulation technique with 10,000 replicates
was performed using Oracle Crystal ball software to ascertain
the uncertainty and variability of the input parameters in CDI
calculations. The Monte-Carlo technique selects the values of
the parameters of distribution fitted with input data and con-
sequently calculates the level of the risk. This process is re-
peated several times and calculates the average, minimum,
maximum, standard deviation, percentiles and some other sta-
tistical indicators as the final results. Therefore, the results
obtained from the Monte -Carlo simulation technique are
more reliable and more valuable compared with point estimate
method [37]. An uncertainty analysis based on Spearman
rank-order correlation was employed to understand how un-
certainty and variability of input parameters (body weight,
F&V consumption, and nitrate content) can influence on
CDI as response variable in the model.

Statistical analysis

Statistical analysis were implemented using SPSS software
(version 13) and R software (version 3.1.3). The Shapiro
test was applied to determine the normally distribution of
the nitrate content of F&V and the nitrate intake of partici-
pants in the two areas. The matched-pairsWilcoxon test was
applied to compare the average nitrate content of F&V in
two regions and the independent two-sample Wilcoxon test
was applied to compare the mean daily nitrate intake of the
two regions. χ2 statistical analysis was applied to compare
two areas in terms of the number of subjects with unaccept-
able daily intake. The Spearman rank correlation test was
applied to determine the contribution of input parameters to
the uncertainty of CDI value obtained by Monte-Carlo
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simulation. Outlier data of F&V consumption rates and dai-
ly nitrate intakes were discarded using Z-score method. For
this purpose, the Z value was firstly calculated by consider-
ing the average and standard deviation of the consumption
rate and daily nitrate intake and the data whose z value was
outside the range of −2 to 2 were excluded if there was
enough justification. Ward hierarchical cluster analysis
was used to categorize F&V in terms of their contribution
to the total intake of nitrate and their consumption.

Results

Analytical method validation

The regression analysis of calibration curve indicated a good
linear association over the concentration of 0.1–100 mg-NO3/
L (R2 = 0.9976). LOD and LOQ of the method were found to
be 0.068 mg/L and 0.155 mg/L, respectively. Relative stan-
dard deviation (RSD) was calculated to check the repeatability
and reproducibility of the method. RSD for concentrations of
10, 50, and 100 mg-NO3/L were 10.45%, 9.26%, and 1.89%,
respectively. Retention time was found to be 8.017 min.

Characteristics of study populations

To obtain the data associated with consumption rate of
F&V so as to calculate nitrate intake in each region,
1000 individuals in HRA (Ardabil) and 1000 individuals
in LRA (Fars) were randomly selected from the people
participated in the Persians cohort. One person in the
low-risk area and 6 people in the high-risk area were
excluded due to lack of demographic or nutritional infor-
mation. The age of the individuals included in the study
were 52.02 ± 8.04 years and 48.84 ± 8.86 years in the
LRA and HRA, respectively. The weight of participants
was 69.68 ± 13.14 and 78.8 ± 12.85 kg in high and LRA,

respectively. The demographic characteristics of the sub-
jects included in the present study is presented in Table 2.

Consumption pattern of F&V

The amounts of F&V consumed by subjects in two areas are
presented in Table 3. There was no detailed information on the
consumption pattern of raw and vegetable components.
Cooked vegetables include spinach, coriander, dill and raw
vegetables include parsley, mint, radish, scallion, basil, cress,
and tarragon. As can be seen from Table 3, Lettuce, tomatoes,
cucumbers, eggplant, potatoes, onions, apples, melons and
citrus are considered as high consumed items and celery, pep-
pers, bananas, cooked vegetables, raw vegetables, cabbage
and garlic are low consumed items in two areas.

In the LRA, the mean consumptions of lettuce (19 vs.
10 g day−1), tomato (158.68 vs. 114 g day−1), eggplant (32.6
vs. 15.6 g day−1), celery (4 vs. 1.8 g day−1) are higher and the
average consumptions of cucumber (63.5 vs. 101 g day−1),
carrots (18 vs. 30 g day−1), potatoes (31.2 vs. 1/52 g day−1)
and apple (96/8 vs. 127/7 g day−1) are lower than LRA.

The clustering results of F&V consumption rate in
HRA are shown in Fig. 2. As can be seen from this figure,
F&V are categorized to two clear clusters. The first cluster
includes onion, potato, orange, watermelon, cucumber,
tomato, and apple. The second cluster includes zucchini,
eggplant, raw vegetables, cooked vegetables, cabbage,

Table 1 Parameters applied to
calculate CDI and HQ of nitrate
intake via F&V using Monte-
Carlo simulation technique

Parameter Area Value Distribution Reference

Ingestion (g/d) LRA Table 3 Log normal This study

HRA Table 3 Log normal This study

Nitrate content (mg kg-1) LRA Table 4 Log normal This study

HRA Table 4 Log normal This study

Body weight (kg) LRA 69.68 ± 13.14 Log normal This study

HRA 78.82 ± 12.86 Log normal This study

Exposure duration (year) HRA and LRA 30 NA [34]

Exposure Frequency (day/year) HRA and LRA 350 NA [34]

Averaging time (day*year) HRA and LRA 30*365 NA [34]

RfD (mg NO3-N/kg.d) HRA and LRA 1.6 NA [36]

NA: not applicable

Table 2 Demographic characteristics of participants in the study of
food consumption pattern

Characteristics HRA LRA

Total subjects 1000 1000

Male 444 400

Female 556 600

Age (year) 48.84 ± 8.86 52.02 ± 8.04

Body weight (kg) 78.8 ± 12.85 69.68 ± 13.14
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pepper, celery, garlic, lettuce, banana, melon, carrot, cab-
bage, and kiwi. First and second clusters are comprise
75.4% and 24.6% of total F&V intake in HRA. Figure 3
shows clustering analysis of F&V consumption in LRA.
In this area, there are three distinct clusters. Onion, cu-
cumber, orange, watermelon, apple, and tomato are in the
first group, carrot, lettuce, kiwi, potato, eggplant, and

melon are in the second group, and garlic, raw vegetables,
pepper, celery, zucchini, and cabbage are in the third
group. The first, second, and third groups are responsible
for 73.8, 16.7, and 9.5% of total F&V intake, respectively.

Nitrate content of F&V

The nitrate contents of F&VinHRA and LRA are presented in
Table 4. As can be seen from this table, nitrate contents of
leafy vegetables is significantly higher than that in root and
fruit vegetables. In addition, lower nitrate contents of the fruits
are seen compared to vegetables. The average nitrate contents
in different groups of F&Vare listed in Table 4.

With except for fruit vegetables, the average nitrate content
in other groups of vegetables for HRAwas higher than those
for LRA. In HRA, the mean nitrate content in leafy vegetables
(1020.5 vs 1406.5 mg kg−1), root vegetables (329.7 vs
440.7 mg kg−1) , and frui t vegetables (329.7 vs
440.7 mg kg−1) were lower compared to these items in the
low-risk area. However, as for fruits, the mean nitrate content
in HRA (95.3 mg kg−1) was higher compared with LRA
(103.2 mg kg−1). According to the matched-pairs Wilcoxon
test, a significant difference was not detected between two
study areas in terms of the nitrate content of F&V (p = 0.127).

Daily intake of nitrate

The results of point-estimate daily intake of nitrate in two high
and LRA are presented in Table 5. As can be seen from the
table, point-estimate daily intake of nitrate is 2.02 ±
1.02 mg kg−1 day−1 in HRA and 1.98 ± 1.05 mg kg−1 day−1

in LRA. According to two-sample Wilcoxon test result, the
difference between the two areas was not statistically signifi-
cant (p = 0.137). Classification of the participants in the two

Table 3 The consumption rate of F&V (g day−1) consumed by
individuals in HRA and LRA

F&V HRA LRA

Mean (g day−1) SD Mean (g day−1) SD

Lettuce 19.1 28.0 10.8 15.9

Cabbage 8.9 28.1 10.7 24.5

Tomato 158.6 142.7 114.0 96.5

Cucumber 63.5 60.8 101.0 99.7

Raw Vegetables 6.9 6.2 14.6 18.0

Cooked Vegetables 8.4 14.0 9.6 11.1

Eggplant 32.6 32.9 15.6 21.2

Celery 4.0 16.7 1.8 8.2

Potato 31.2 32.0 52.1 43.9

Carrot 18.2 29.9 20.2 30.1

Garlic 0.3 1.3 2.1 4.1

Onion 68.5 59.2 93.7 61.6

Pepper 9.4 15.1 6.5 11.1

Zucchini 15.7 20.0 16.5 35.4

Melon 25.5 42.3 18.1 26.9

Watermelon 70.9 104.2 70.6 98.2

Apple 96.8 110.3 125.7 125.6

Kiwi 21.4 35.7 11.6 26.2

Orange 51.6 68.4 62.4 79.0

Banana 5.7 10.0 10.9 16.2

Fig. 2 Dendrogram presenting
hierarchical clustering for F&V
consumption (g day−1) in HRA
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categories with acceptable nitrate intakes and the unacceptable
nitrate intakes compared to ADI of 3.7 mg kg−1 day−1 [33] are
shown in Table 5. Accordingly, 6.53% of the people in the
HRA and 5.9% of the people in the LRA are exposed to
unacceptable point-estimate daily intake of nitrate. The Chi-

square test was employed to compare two areas in terms of
acceptable nitrate intake. The results of this test showed that
there is no difference between the two areas (p = 0.558).

The results of the chronic exposures (CDI) to nitrate esti-
mated using the Monte-Carlo simulation are presented in

Fig. 3 Dendrogram presenting
hierarchical clustering for F&V
consumption (g day−1) in LRA

Table 4 Annual mean nitrate
content of F&Vanalyzed in HRA
and LRA

HRA LRA

Groups of F&V Name Annual Mean (mg kg−1) SD Annual Mean (mg kg−1) SD

Leafy vegetables Spinach 3171.8 1185 2289.3 307.6
Coriander 1954.1 226.6 1047.2 92.5
Parsley 1015.8 226.4 1077.9 504.2
Lettuce 1095 483 1224.2 284.7
Cabbage 505.4 315.4 420.3 443.9
Celery 1673.2 50.5 567.9 473.9
Mint 1197.8 374 450 132.4
Scallion 549.9 124.7 161.9 155.8
Basil 2238.4 1189 1328.3 1073.5
Cress 2158.3 946.5 2724.6 336.3
Dill 1279.7 137.1 1000.9 934.1
Leek 1294.8 176.4 833.3 136.9
Tarragon 145.8 28.1 141.3 36.6
Mean 1406.1 1020.5

Root vegetables Carrot 88.7 74.2 133.4 34.4
Onion 313.1 145.5 159 81.5
Potato 138.1 17.2 231.8 54
Garlic 212 7.1 236.5 19.1
Radish 1451.8 524.6 887.9 683.2
Mean 440.7 – 329.7 –

Fruit vegetables Eggplant 246.3 144.7 320.71 43.22
Pepper 78.5 49.6 99.54 44.63
Tomato 43.2 2.5 57.06 46.12
Zucchini 410.3 1.1 522.8 11.88
Cucumber 98.9 61.3 86.26 29.36
Mean 175.4 217.2

Fruits Kiwi 66.3 3.8 65.8 3.1
Orange 71.8 2.9 71.8 2.9
Apple 140 151.3 194.7 236.8
Banana 108.4 37 108.4 67.3
Watermelon 74.2 44.8 88.4 3.5
Melon 158.3 5.5 44.1 2.8
Mean 103.2 95.5
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Fig. 4a, b. The statistics are shown in these figures. The aver-
age CDI in HRA and LRAwere 1.94 ± 0.95 mg kg−1d−1 1.98
± 1.06 mg kg−1d−1, respectively. For both HRA and LRA, the
mean and 90th percentile of CDI of nitrate was found to be
less than the ADI limit (3.7 mg kg−1 day−1). The place of the
percentiles of 10 and 90 are shown in pink color columns.

Contribution of F&V to total nitrate intake

The contribution of different F&V in the average nitrate
intake is presented in Fig. 5. In the LRA, the highest per-
centage of nitrate intake was attributable to lettuce (17.4%)
followed by apple (14.4%), onion (8.9%), eggplant (8.2%),
cooked vegetables (8%), raw vegetables (5.1%) and tomato
(7.3%). In HRA, the highest nitrate intake was associated
with onions (25.66 mg/day) followed by cooked vegeta-
bles (17.18 mg/day), raw vegetables (20%), apple
(11.3%), cucumber (6.4%) and lettuce (6.4%). In two
areas, garlic, pepper, banana and kiwi had the lowest share
in nitrate intake. The amount of nitrate intake received
from these items was less than 1%.

Figures 6 and 7 depict the results of cluster analysis of
F&V for their contribution to the amount of nitrate intake
by the Ward Hierarchical Clustering method. Form the
Fig. 6, clusters analysis result in four groups in HRA.
First group includes cooked vegetables, raw vegetables,
onion, apple, and lettuce, the second group comprises cab-
bage, cucumber, celery, and zucchini, third group include
tomato, melon, eggplant, orange, potato watermelon, and
fourth group include garlic, pepper, kiwi, banana, and car-
rot. 63.9%, 14.7%, 18.6%, and 2.8% of total nitrate intake
come from, first, second, third, and fourth groups, respec-
tively. In LRA, F&V classified to three clusters according

to Fig. 7. In the first group, lettuce, cooked vegetables, and
apple, the second group comprises orange, cucumber, raw
vegetables, potato, tomato, watermelon, celery, cabbage,
zucchini, eggplant, onion, and third group include banana,
garlic, pepper, melon, kiwi, and carrot. The first, second,
and third groups are responsible for 39.8%, 55.5%, and
4.6% of total nitrate intake.

Uncertainty analysis

The uncertainty analysis CDI usingMonte-Carlo simulation is
shown in Fig. 8a, b. As can be seen from these figures, for all
calculated CDIs, body weight (BW) has the highest contribu-
tion to variation of this index.

For LRA, body weight, followed by the consumption
rate of lettuce and apple, nitrate content of apple, and the
consumption rate of cooked vegetables had more uncer-
tainty than other parameters in an estimated CDI. The
value of CDI in HRA were heavily influenced by uncer-
tainty of body weight, followed by the consumption rate
of onion, raw vegetables, and cooked vegetables, and ni-
trate content of onion and apple, respectively.

Discussion

The results of nitrate content in vegetables show that the
highest amount of nitrate is found in leafy vegetables,
followed by root vegetables, fruit vegetables and fruits.
These results are in agreement with classification of veg-
etables established by the IARC [38] in terms of nitrate
content. According to this classification, vegetables are
divided into three groups of low nitrate content (<10/

Table 5 Descriptive statistics of
point-estimate daily intake to ni-
trate in two HRA and LRA

Parameter HRA LRA

Point-estimate daily intake (mg kg−1 day−1) 2.02 ± 1.02 1.98 ± 1.05

Acceptable (≤3.7) 929 (93.47%) 940 (94.1%)

Unacceptable (>3.7) 65 (6.53%) 59 (5.9%)

Total 994 (100%) 999 (100%)
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100 g), medium nitrate content (10–100 mg/100 g), and
high nitrate content (>100 mg/100 g). In this classifica-
tion, leafy vegetables such as lettuce, spinach, and celery
fall in the first group, vegetables such as carrots, cabbage
and potatoes fall in the second group and vegetables
such as onions, tomatoes, peppers and fruits fall into
the third group. In present study, in both areas, leafy
vegetables such as spinach, coriander, parsley, lettuce,
celery, mint, basil, cress, dill and leek fall in the first
group, F&V such as cabbage, scallion, tarragon, onion,
potato, garlic, eggplant, zucchini, apple, banana, melon
fall in the second group, and vegetables and fruits such
as pepper, tomato, cucumber, kiwi, orange, watermelon,
melon fall in the third group. High content of nitrate in
vegetables and its relatively low content in fruits have
been reported in previous studies in Iran [2, 8, 39] and

other countries [4, 40, 41]. Qingbing Wang et al. report-
ed a negative relationship between GC and fruits con-
sumption in a systematic and meta-analytical review.
However, they did not observe an inverse association
between vegetables consumption and GC [42]. The main
explanation for these results may be high content of ni-
trate in vegetables and its low content in fruits.

There is no standard limit of nitrate for all F&V. The
European Commission has set the limit for nitrate in fresh
spinach and lettuce grown in open air as 2500–3000 and
4000–4500 mg kg−1, respectively [43]. The annual average
content of nitrate in spinach from HRA (3171 mg kg−1) is
higher than this standard limit. The amount of nitrate in the
spinach of low-risk area (2289.3 mg kg−1) and lettuce of HRA
(1095 mg kg−1) and lower risk area (1224.2 mg kg−1) are
lower than these standard limits.

8.22
4.23 4.34

8.25

16.5817.18

3.06 1.72

6.45

1.38 0.34

25.66

0.36

4.70
2.01

4.24

14.48

0.55
3.75

0.91

19.64

3.34

8.19
4.45 5.71

9.05 9.20

1.66

6.10
2.09

0.03

10.02

0.74

6.18

0.85
4.61

16.16

1.07
3.06

0.48
0
5
10
15
20
25
30

0
5

10
15
20
25
30

Po
in

t-
es

�m
at

e 
da

ily
 in

ta
ke

 (m
g/

da
y)

Po
in

t-
)yad/g

m( ekatni yliad eta
mitse

HRA
LRA

Fig. 5 Point-estimate daily intake
of nitrate from different F&V in
HRA and LRA

Fig. 6 Dendrogram showing
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According to cluster analysis result, onion, cooked and
raw vegetables, apple, and lettuce have high contribution
to total daily intake of nitrate in HRA. In LRA, apple,
lettuce, cooked vegetables are responsible for a large por-
tion of nitrate intake. In a previous study, the high contri-
bution of lettuce and potatoes to nitrate intake in other
countries has been mentioned [44]. What is noteworthy
is the high proportion of apples in the total nitrate intake
of two regions despite its low nitrate content. The main
explanation for this result is the high consumption of ap-
ple by residents of the two regions.

Daily intake of nitrate without considering body weight in
HRA (155.99 ± 77.14 mg day−1) is higher than the LRA
(134.87 ± 70.61 mg day−1). The mean daily intake of nitrate
has been reported to be between 31 and 185 mg per day for
adults worldwide. There is a big difference in the amount of
nitrate intake in different countries. For example, Australia
with an intake rate of about 79 mg per day is categorized in
low-receiving class, Belgium with 148 mg per day in
moderate-receiving class, China with 486 mg per day in high
receiving and Japan with more than 1100 mg per day are
classified as very high-receiving class [6]. Accordingly,

Fig. 7 Dendrogram showing
hierarchical clustering for a point-
estimate daily intake (mg day−1)
through F&V in LRA
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HRA and LRA of stomach cancer surveyed in this study are
categorized as moderate-receiving class.

The results of the chronic exposure to nitrates through
F&V show that the mean CDI obtained by Monte- Carlo is
not significantly different in HRA (1.94 mg kg−1 d−1) com-
pared to a LRA (1.93 mg kg−1d−1). Also, the percentage of
people with an unacceptably intake in the HRA is 6.53% and
in the LRA is 5.9%. Based on the result of chi-square analysis,
there is no significant difference among the two areas in terms
of percentage of subjects with an unacceptable intake.

F&V were selected to study the amount of nitrate intake
with this assumption which is a large part of the nitrate re-
ceived is from these food items. However, nitrates can be
received at lower levels through drinking water and other food
items such as meat and meat products [13]. Therefore, the
amount of nitrate intake calculated in this study can be less
than the actual value.

In previous studies that investigated the relationship
between nitrate and GC, the amount of nitrate received
has been calculated based on the content of nitrate obtain-
ed in previous studies or prepared food tables. So in these
studies, what makes the difference in the amount of nitrate
received is the difference in the amount of food intake of
nitrate than the nitrate content of food items. The content
of nitrate in vegetables depends on the characteristics of
land under cultivation, the type of water used for irriga-
tion, and the type and amount of agricultural and animal
fertilizers applied, moisture, sunlight, air temperature, har-
vest stage and time, and genetic factors [13, 44].
Therefore, the nitrate content of F&V varies from region
to region and in order to obtain the actual nitrate intake of
individuals in each area, vegetable and fruits should be
analyzed separately for the determination of their nitrate
content. In this study, nitrate content of F&V as the main
sources of nitrate were measured separately in two re-
gions. Therefore, in this study, in addition to the amount
of F&V consumed, the nitrate content of F&V was mea-
sured directly and considered in the calculation of nitrate
intake by consumers.

Conclusion

In this study, two regions with high and low risk of GC were
compared in terms of nitrate intake through F&V. To calculate
nitrate intake, measured nitrate content of F&Vand consump-
tion pattern from the FFQ were applied. To the best of our
knowledge, this is the first comparative study on nitrate intake
of residents in HRA and LRA of GC in Iran. The results show
that the nitrate intake of these two regions through F&V is not
significantly different. However, another study is suggested to
study other sources of nitrate and also intake of nitrite and
nitrosamine compounds.
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