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Background: Nitrate content is one of the most critical factors to determine the quality of
vegetables, and its permissible limits in food chain is important to the human health. Due to
the harmful effects of nitrate, many studies have been conducted on its accumulation in crops
in recent years. This study assessed the nitrate concentrations in some edible vegetables and
the associated health risks.
Methods: In this descriptive study, raw agricultural produce, such as leafy vegetables, tubers,
cucurbits, kitchen produce and edible grains were collected in the winter and summer. The
samples were then transferred to a laboratory by maintaining the temperature-controlled
supply chain. After preparing the samples, the nitrate content was determined in each, using
an Ultraviolet-Visible spectrophotometric (UV/Vis) unit. The data were analyzed statistically
on SPSS v. 26.
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Results: The mean nitrate contents in leafy and kitchen produce, grains, and tuber vegetables
were approximately 130, 48, 101, and 61ppm, respectively. The average nitrate content in the
winter was around 38ppm and in the summer about 44 ppm. The highest nitrate content was
documented in spinach (1100.15 ppm) and the lowest in tomatos (20.97 ppm).
Conclusion: The results indicated that the highest nitrate content was found in leafy produce
grown in northern Iran. The highest health risk for non-carcinogenic conditions was likely to
be linked to the consumption of spinach and other edible vegetables, wheat, rice, and potatoes.
Keywords: Dietary intake, Fruits, Vegetables, Health risk assessment, Nitrate content

Introduction

itrate content in vegetables and edible
crops is one of the harmful chemicals
for human health [1]. Nitrate and nitrite
are two anions in the nitrogen cycle that
are widely distributed in nature. Due to
the association of nitrate with methemoglobinemia, a
fatal disease, the consumption of foods and beverages

with high nitrate contents (0.3% by weight) is harmful
to human health, and is linked to certain types of gastrointestinal cancers [2, 3]. Nitrite may bind food amines
to form N-nitrosamine, associated with various types of
cancers, including esophageal and stomach neoplasia [3,
4]. According to studies, all edible vegetables contain
nitrates in varying amounts, ranging from 1 to 10,000
mg/kg [4, 5]. Depending on the type of vegetables, the
nitrate contamination varies based on the nitrogen con-
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tent in the soil, temperature, sunlight, and other factors
[5]. Edible vegetables, such as potatoes, are among the
primary sources of dietary nitrate-containing foods and
account for 85% of nitrate intake in humans [4, 6, 7].

bles have become one of the public health concerns in
recent years. The objective of this study was to assess the
nitrate contents in popular agricultural products, both at
the supplier level and in general consumption by people.

Nitrate content is one of the most important factors in
determining the quality of vegetables. Nowadays, due
to excessive use of nitrogen-containing fertilizers to enhance the vegetations’ growth, many vegetables contribute a high percentage of nitrate to the human diet [8].
Humans receive the majority of their nitrate by consuming contaminated food products and vegetables. Unfortunately, in many parts of Iran, cucumbers, potatoes, and
watermelons have been reported to have high nitrate contents [9]. Considering that edible vegetables and other
kitchen produce absorb and retain large amounts of nitrite
and nitrate, the consumption of such products by humans
can endanger their health [9]. Nitrate is a major pollutant
that accumulates in food chain mainly due to the use of
imbalanced nitrogenous fertilizers in farming industriy.

Materials and Methods

Nitrate is converted to nitrite in the digestive system of
humans and animals, by binding to some amino acids to
produce nitrosamine, which is a carcinogenic chemical
[10]. The International Agency for Research on Cancer
(IARC) has classified nitrite in foods as a carcinogen of
group 2A [11]. This agency determines the permissible
limits of the hazardous substances in agricultural products and the environment [11]. The Admissible Daily
Intake (ADI) of nitrate for humans through food and water consumption is between zero and 3.7 mg/kg of body
weight, as set by the World Health Organization and the
European Union Scientific Committee [12]. Accordingly, a person with an average weight of 70 kg should not
consume more than 259 mg nitrate per day.
Fertilizers used in agriculture are the most important
causes of nitrate contamination. The presence of nitrate
in agricultural materials causes the associated environmental and human health problems [13]. Due to its adverse effects on human health, much attention has been
paid to the accumulation of this chemical compound in
edible vegetables and garden produce. Nitrogen is absorbed by plants in two chemical forms: ammonium and
nitrate; however, plants prefer adsorbing nitrate compounds [14]. The nitrate content in plants is influenced
by environmental and genetic factors [15]. Nitrate is
non-toxic inherently and is essential in human and animal diets. However, its metabolites and biproducts, such
as nitrite, nitric oxide, and nitrous compounds, can have
harmful effects on human health [16]. Due to the contamination of soil and agricultural products with nitrous
compounds, the contents of nitrate and nitrite in vegeta-
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Sampling: To collect the information on nitrate contents in 18 agricultural products, we contacted the main
greengrocers in Arak, and completed a detailed form
based on the available documents. The products were
leafy fruits and vegetables, tuber, kitchen produce,
grains and cereals. These included leafy vegetables, lettuce, spinach, cabbage, potatoes, carrots, onions, sugar
beets, beetroots, eggplants, watermelons, melons, tomatoes, edible mushrooms, pinto beans, soy protein, wheat
and rice were sampled each month if available. The
sample size was determined based on the cargo bills, and
the suppliers information in the summer and winter of
2019. The sampling occurred at least 9 times per season,
collecting about 1-3 kilog of each product, containing at
least 10 pieces of each product per kilogram [17]. The
samples were transferred to Marjaan Khatam Laboratory
in Tehran on a monthly basis, and stored in a cold room
at optimal conditions, with each group bearing its identification tag and number.
Sample preparation & laboratory Methods: The
determination of the nitrate levels were carried out according to established standards, using a uv/vis spectrophotometer (Shimatdzu; Japan). Initially, the edible parts
of the produce were separated and washed with regular
and then deionized water to prepare the study samples.
The samples were dried, crushed, and homogenized,
and a 100g of each sample was collected and placed in
an incubator at 80°C, with the drying time dependant
on the desired texture of the sample. For example, thin
vegetables (lettuce, celery, cabbage, and radish leaves)
needed 12 hours, while vegetables with thick and fleshy
texture (potatoes, tomatoes, and radish tubers) took 24
hours to dry completely. In the case of watermelons and
cantaloups, their extracts were prepared, using a grinder
and then measured. Ten grams of these produce, such as
cantaloupe, was added to 25 mL 2% acetic acid, shaken
for 30 minutes on a rotary shaker then centrifuged for
three minutes at 5000 rpm, filtered through Wattman’s
paper, and read at 400 nm on a uv/vis spectrophotometer.
The experiments followed the instructions provided by
the Institute of Standards and Industrial Research of Iran
(document No. 4106) [12].
Statistical analysis: Due to the abnormal distribution
of nitrate in the samples, nonparametric statistical tests
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Figure 1. Mean nitrate contents in products compared with the allowable limits as set by ISIRI.

were used for the analyses. For each product, the nitrate
content was checked and compared for winter versus
summer, using the Mann-Whitney test. For comparison
among the samples, we used Kruskal-Wallis test. To
analyze the data, we grouped them by the product’s region and the type. The farming regions were divided into
five central areas (Alborz, Dezful, Isfahan, Hamedan,
Markazi, Qazvin), West (Khorramabad, Ahvaz), East
(Bojnourd, Mashhad), North (Mazandaran), and South
(Bandar Abbas, Shiraz, Chabahar). The crops were categorized into leafy (lettuce, vegetables, spinach & cabbage), kitchen produce (watermelon, melon, tomato,
eggplant & edible mushroom), grains (beans, soy beans,
rice & wheat), tuber vegetables (onions, potatoes, carrots, sugar beets & root beets).
Risk assessment: To assess the humn health risk of
non-cancerous diseases, we used the formula provided
by the U.S. Environmental Protection Agency (USEPA)
[17-19]. First, we calculated the number of contaminants
absorbed in the products per kilogram of body weight
per day, using the following Equations:
EDI=(CF×IR×EF×ED)/(BW×AT)

This coefficient varied between 0.25 and 0.4 [17].
EF=the frequency of consumption per year
ED=the number of years used this food
In this study was 33.2.
BW=Body weight
In this study was considered 55.9 kg for adults and 15
kg for children [20].
AT=Multiply the ED by the number of days per year
THQ=EDI/RFDi
Was used to determine the risk of non-cancerous diseases [17].
RFD=maximum tolerance
The following Equation was also used to assess the extent of exposure [21]:

EDI=Daily absorption of pollutant

Exposure assessment=Concentration of the hazard
(ng/g)×Food consumption (g/day/w)

CF=Concentration of contaminants in food

Results

IR=Daily consumption

Due to the normal distribution of the data derived from
Kolmogorov-Smirnov test, we used nonparametric tests
for the statistical analyses. The average amount of nitrate measured in the products was 165±27.88 ppm.

FI=amount of pollutants absorbed by the body through
food
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Table 1. The nitrate contents in various products versus seasons and locations

Descriptive Statistics

Variables

Nitrate per Plants

Nitrate per Location

Nitrate per Season

N

Mean

Leafy Vegetables

21

129.74

Kitchen Produce

51

47.95

Legumes and Cereals

18

101.25

Root Vegetables

52

60.78

Center

118

70.83

South

8

60.38

North

9

106.78

East

3

53.17

West

4

48.00

Warm season

38

43.45

Cold season

42

37.83

λ*

P

71.75

0.0001

9.137

0.058

686

0.281

λ=Kruskal–Wallis test.

*

The means for nitrate contents in the products and their
permissible limits, based on the national standard, are
shown in Figure 1.
The results of nitrate contents in leafy, tuber, root, and
kitchen produce samples for both summer and winter are
shown in Table 1. As evident by this table, the highest
contamination of nitrate was related to leafy vegetables,
followed by the grains and cereal samples. Geographically, the highest nitrate content was from the northern
regions and the lowest found in the western areas of Iran.
Also, the nitrate contents of the crops were lower for the
warm season than that of the cold season.
Assessment of exposure and undesirable effects:
Based on the results of the exposure assessment, the
high consumptions were for tuber vegetables (19500),
lettuce (18000), tomato (13080) (g/day/w), and the low
consumptions belonged to mushrooms (42), legumes
(1900), onion (3510) (g/day/w) and the average consumption is 1910.3 (g/day/w).
Pathogenic rates: The potential pathogenic risks of
the products are presented in Table 2. According to the
formula for Target Hazard Quotient (THQ), most of the
products carried their risk of pathogenicity. Also, the nitrate aggregation was higher than the permissible limits
in such products as leafy vegetables, rice, wheat, and
potatoes. However, due to the cumulative effects of ni-
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trate over time and consumption of other foods, such as
ready-made meat products [22] and drinking water [23],
there is also a risk of non-cancerous pathogenicity for
other products, such as melon, carrot and eggplant.

Discussion
In this study, nitrate exposure was assessed for food
safety, based on the average and highest concentrations of
the contaminant in different regions. The results showed
that the mean exposure rate in the northern areas was
the highest (106.78), with the western regions having the
lowest rate (40) of nitrate contamination (P=0.05). This
suggests that the soil type, fertilization practices, rainfall
and irrigation, cultivation frequency and type, differences in geographic locations, absorption rate, and using
chemical fertilizers influence the nitrate accumulation in
the vegetables. According to other reports, nitrate from
fertilizers quickly penetrates into light and permeable
soils. This reduces the nitrate contents in plants. Howerver in heavy and less permeable soils, nitrate remains
in the plant roots, and the content in them rises. For this
reason, in farms with light soils, less fertilizer remains
available and accumulate in crops [24, 25]. The most
contaminated samples with nitrate were leafy products
(129.74 ppm) with the least contaminated ones (47.95
ppm) being the tuber vegetables. This suggests that nitrite
and nitrate contents vary with the type of vegetables and
products. The important factors include genetic structure,
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Table 2. Potential severity of non-carcinogenic risks of the agricultural products

Fruites

Target Hazard Quotient (THQ)

Level of Risk

Spinach

16.6

High risk

Vegetables

13.7

High risk

Wheat

8.1

High risk

Rice

3.4

Medium

Potato

2.6

Medium

Lettuce

2.5

Medium

Melone

1.5

Low risk

Carrot

1.16

Low risk

Eggplant

1.1

Low risk

Watermelone

0.9

No risk

Cabbage

0.9

No risk

Tomato

0.5

No risk

Onion

0.2

No risk

being tuber or leafy, root structure, water absorption rate,
and acidity or alkalinity of the product [9].
The other studies have reported that the amount of nitrate in vegetables varies from country to country and
in different regions of the same city or country [26-28].
Hasani Moghadam et al. [8] have reported that nitrate
levels are higher in tuber parts than that in the plant
leaves. Their finding is inconsistent with our results.
While Shahbaz-zadegan [29] and Pourmoghimi [30] reported that the order of nitrate contents was highest in
leafy vegetables followed by roots and tubers, and the
lowest in vegetables. Further, the highest nitrate contamination was observed in the spring, which is inconsistent with those reported earlier by Alemzadeh [31] and
Doomari [25], who reported higher nitrate accumulation
in plants in the winter. However, many studies elsewhere
in the world have reported that temperature negatively
affects the plant growth and influences the nitrate content [24, 32-34]. Colla et al. have suggested that crops
produced in the late spring contained more nitrate than
those in the winter [24].
Exposure to diets contaminated with nitrate and nitrite
results in the formation of nitrosoamines, thus becoming a significant public health issue. This is likely to lead
to acute and chronic conditions, such as methemoglobinemia, thyroid disorders and some forms of cancer

[26]. Previous studies have shown that nitrate can impair iodine absorption by the thyroid gland, leading to
its hypertrophy [35]. Other pathological conditions may
also occur, such as gastrointestinal disorders, GI reflux,
colon and oral cancers [36, 37]. It has been reported that
some other compounds in vegetables, such as ascorbic
acid, phenols and tocopherols, carotenoids, and flavonoids can prevent the formation of N-nitro compounds
and have the ability to inhibit nitro substance [26]. Based
on the findings of the current study, the highest risk of
pathogenicity was related to the consumption of contaminated spinach, vegetables, wheat, rice and potatoes.
Watermelon, cabbage, tomato and onion were reported
to have none to little risk of pathogenicity. Considering
the products with the highest risk, wheat, rice, potatoes
and leafy vegetables, play an important role in the human food basket. Based on the food basket for each Iranian person per day, 310 g of bread, 95 g of rice, 70 g
of potatoes, 300 g of vegetables, and 280 g of fruit are
considered the desirable amounts [38].
Recently, Uddin et al. examined the nitrate levels
in fruits and vegetables, and assessed the health risks.
They have claimed that the pathogenicity risk of almost
all samples except for radish was within the acceptable
range [39]. One study has reported the risk of THQ less
than one [40], which is inconsistent with the results of
the current study. Thomson et al. [41] assessed the risk
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of nitrate in foods and drinking water, and reported that
the nitrate levels in vegetables, e.g., broccoli, exceeded
the permissible limit and that more than half of people in
New Zealand were at risk of the side effects due to high
ADI intakes. In the guidelines of the Iranian National
Standards, despite the lower per capita vegetable consumption compared to those in other countries, has reported that the high-risk range of nitrate in all of the popular vegetables consumed by average Iranian household
is considered much lower than those of Asian, European
and American countries [15]. Based on the maximum
daily absorption of nitrate per kilogram of body weight,
as set by the World Health Organization [42], consuming
more than recommended limits causes nitrate-induced
disorders and harmful effects on the body. It is noteworthy that this issue is more critical in children, and the
amount is reduced to 62 g per day for a 25 kg child. Also,
different parts of vegetables and the plants’ age can influence the nitrate level. The nitrate content in young and
internal parts has been lower than the old and external
parts of many products [40].

Conclusions
This study demonstrated that the leafy vegetables contained high amounts of nitrate, which was more than the
maximum limit set by the Iranian National Standards.
Although the average amount of nitrate in spinach, vegetables, wheat, rice, and potatoes was permissible, it can
be concluded that the risk of pathogenicity increases
due to the frequency of their consumption over time. In
light of the fact that nitrate is carcinogenic, the human
exposure to this compound is worrisome. Considering
the high contents of nitrate in some crops being above
the permissible limits, the agricultural management and
harvesting methods should be monitored, and effective
steps taken to reduce nitrate levels in edible produce. Future research should also focus on the effects of nitrate in
various populations, such as infants and children, adults
over 65 years old, pregnant and lactating women, and
people with different health conditions and/or diets.

Ethical Considerations

This paper was part of a comprehensive plan to monitor the agricultural products at Arak University of Medical Sciences (No.: IR.ARAKMU.REC.1399.270). This
research was supported by Deputy of Food and Drug of
Arak University of Medical Science.
Author's contributions
All authors equally contributed to preparing this article.
Conflict of interest
The authors declare no conflict of interests.
Acknowledgments
The authors express their gratitude to the Research
Council, Arak University of Medical Sciences for funding this research project. We also appreciate Marjaan
Khatam Laboratory in Tehran, Iran, for their assistance
with the experiments.

References
[1] Huang GW, Liu H, Li X, Ma M. Exploring drivers of
nitrate contamination of drinking water in an arid region of
China. J Environ Inform. 2019; 33(2):105-12. [DOI:10.3808/
jei.201900409]

[2] Hmelak Gorenjak A, Cencič A. Nitrate in vegetables and

their impact on human health. A review. Acta Aliment. 2013;
42(2):158-72. [DOI:10.1556/AAlim.42.2013.2.4]

[3] Ding Z, Johanningsmeier SD, Price R, Reynolds R, Truong
VD, Payton SC, et al. Evaluation of nitrate and nitrite contents
in pickled fruit and vegetable products. Food Control. 2018;
90:304-11. [DOI:10.1016/j.foodcont.2018.03.005]

[4] Chung SY, Kim JS, Kim M, Hong MK, Lee JO, Kim CM, et al.

Survey of nitrate and nitrite contents of vegetables grown in
Korea. Food Addit Contam. 2003; 20(7):621-8. [DOI:10.1080/0
265203031000124146] [PMID]

[5] Taghipour H, Hemmati S, Faramarzi E, Somi MH, Dastgiri

Compliance with ethical guidelines
The study did not involve human participants or animals, therefore, the ethical guidelines did not apply.
The study protocol was approved by Arak University Research Council (Registration #: IR.ARAKMU.
REC.1399.270).

262

Funding

S, Nowrouze P. Determination of nitrate concentration in
consumed vegetables and estimation of that’s dietary intake
in Shabestar and Khameneh City, northwest of Iran: Azar
Cohort study. Progress Nutr. 2019; 21(S 1):336-40. https://
azarcohort.tbzmed.ac.ir.document.pdf

[6] WHO. Evaluation of certain food additive and contaminants.
World Health Organ Tech Rep Ser. 2011; (960):1-226. [PMID]

[7] WHO. Evaluation of certain food additives and contaminants: Forty-fourth report of the joint FAO/WHO expert
committee on food additives. Geneva: WHO; 1995. https://
apps.who.int/iris/handle/10665/37246

Alimoradian A, et al. Survey of Nitrate in Corps. Iran J Toxicol. 2021; 15(4):257-264.

October 2021, Volume 15, Number 4

[8] Hassani Moghaddam E, Bazdar A, Shaaban M. [Study of ni-

[21] Samiee H, Hosseini H, Mofid V, Jannat B. [Contamination

[9] Pirsaheb M, Sharafi K, Morad M. [A survey on nitrite and ni-

[22] Sadeghi E, Hashemian AH, Soltanian M, Soltanian S,

[10] Yeganeh M, Bazargan K, Samaee M, Ardebili MF, Tabbakh-

[23] Amarlooei A, Nazeri M, Nourmoradi H, Sayehmiri K,

trate rate in some vegetables cultivated in Poldokhtar and Khorramabad, Lorestan province (Persian)]. Iran J Health Environ.
2019; 12(1):101-12. https://www.cabdirect.org/cabdirect/abstract/20219928513
trate levels in vegetables and cucurbits cultivated in northern
and western plains of Kermanshah City in 2012 (Persian)]. J Food
Hyg. 2013; 3(1):77-87. https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=396124
ian S. [Residual nitrate in potato tuber samples collected from
fields in important production areas and the main fruit and
vegetables supply center of Tehran (Persian)]. Iran J Soil Res.
2019; 32(4):471-83. https://www.cabdirect.org/cabdirect/abstract/20219931302

and risk assessment of total aflatoxin in Iranian rice in various
food security regions (Persian)]. Iran J Nutr Sci Food Technol. 2020; 14(4):45-54. http://nsft.sbmu.ac.ir/browse.php?a_
code=A-10-3161-2&slc_lang=en&sid=1
Mohammadi M. [Study of nitrite and nitrate levels in meat
products distributed in Kermanshah (Persian)]. Iran Occup
Health J. 2014; 11(6):94-100. https://www.cabdirect.org/
globalhealth/abstract/20153168077
Khodarahmi F. [Investigation on the concentration of nitrate
and nitrite in ilam ground waters (Persian)]. J Ilam Univ Med
Sci. 2014; 22(4):34-41. https://www.sid.ir/en/journal/ViewPaper.aspx?ID=420260

[24] Colla G, Kim HJ, Kyriacou MC, Rouphael Y. Nitrate in fruits

[11] Agency for Toxic Substances Disease Registry. Toxicological

and vegetables. Sci Hortic. 2018; 237:221-38. [DOI:10.1016/j.
scienta.2018.04.016]

man Services, Public Health Service Atlanta, GA. 2017. https://

[25] Doomary H, Kamkar A, Sharifi H. [Study of Nitrate con-

Profile for Nitrate and Nitrite. US Department of Health and Hu-

www.atsdr.cdc.gov/toxprofiles/tp204.pdf

[12] Institute of Standards and Industrial Research of Iran. Fruit,
vegetable and drived products - Determination of nitrite and
nitrate content - Molecular Absorption Spectrometric Method.
ISIRI. 1st. Adment, 2013; No.4106.

[13] Karimi B, Rajaie MS, Ghanadzadeh MJ, Mashayekhi M. [Per-

formance evaluation of modified Fenton process using Nano
scale zero-valent iron in nitrate reduction from aqueous solution (Persian)]. Iran J Health Environ. 2014; 6(4):471-80. https://
www.cabdirect.org/cabdirect/abstract/20143329821

[14] Dordas CA, Sioulas C. Safflower yield, chlorophyll content,
photosynthesis, and water use efficiency response to nitrogen
fertilization under rainfed conditions. Ind Crops Prod. 2008;
27(1):75-85. [DOI:10.1016/j.indcrop.2007.07.020]

[15] Tabande L, Safarzadeh SS. [Evaluation of nitrate accumulation
and factors affecting it in some leafy vegetables in Zanjan province (Persian)]. Iran J Soil Res. 2018; 32(2):189-201. [DOI:10.22092/
IJSR.2018.117043]

[16] Malakouti M. [Relationship between balanced fertilization

and healthy agricultural products (a review) (Persian)]. J Crop.
Ecophysiol. 2011; 4(16):133-50. https://www.sid.ir/en/journal/
ViewPaper.aspx?ID=260082

[17] Tajik R, Alimoradian A, Jamalian M, Shamsi M, Moradza-

deh R, Ansari Asl B, et al. Lead and cadmium contaminations
in fruits and vegetables, and arsenic in rice: A cross sectional
study on risk assessment in Iran. Iran J Toxicol. 2021; 15(2):73-82.
[DOI:10.32598/IJT.15.2.784.1]

[18] Assessment E. Guidelines for exposure assessment. Federal

tent and the effective factors on it in the cucumbers of Jiroft
area (Persian)]. J Vet Res. 2017; 72(3):365-73. [DOI:10.22059/
JVR.2017.202970.2446]

[26] Ranasinghe R, Marapana R. Nitrate and nitrite content

of vegetables: A review. J Pharmacogn Phytochem. 2018;
7(4):322-8. https://www.phytojournal.com/archives?year=2
018&vol=7&issue=4&ArticleId=4923

[27] León VM, Luzardo OP. Evaluation of nitrate contents

in regulated and non-regulated leafy vegetables of high
consumption in the Canary Islands, Spain: Risk assessment. Food Chem Toxicol. 2020; 146:111812. [DOI:10.1016/j.
fct.2020.111812] [PMID]

[28] Tamme T, Reinik M, Roasto M, Juhkam K, Tenno T, Kiis A.
Nitrates and nitrites in vegetables and vegetable-based products and their intakes by the Estonian population. Food Addit
Contam. 2006; 23(4):355-61. [DOI:10.1080/02652030500482363]
[PMID]

[29] Shahbazzadegan S, Hashemimajd K, Shahbazi B. [Deter-

mination of nitrate concentration of consumed vegetables
and fruits in Ardabil (Persian)]. J Ardabil Univ Med Sci.
2010; 10(1):38-47. http://jarums.arums.ac.ir/browse.php?a_
code=A-10-27-205&slc_lang=fa&sid=1

[30] Pourmoghim M, Khoshtinat KH, Makkei AS, Fonod RK,
Golestan B, Pirali M. [Determination of nitrate contents of
lettuce, tomatoes and potatoes on sale in Tehran central fruit
and vegetable market by HPLC (Persian)]. Iran J Nutr Sci
Food Technol. 2010; 5(1):63-70. https://www.cabdirect.org/
cabdirect/abstract/20103280822

[31] Alemzadeh Ansari N, Sharif Manesh D, Mousavi fard S.

Register. 1992; 57(104):22888-938. https://rais.ornl.gov/documents/GUIDELINES_EXPOSURE_ASSESSMENT.pdf

[Evaluation of the accumulation of nitrate and nitrite in vegetables grown in different regions of Ahvaz (Persian)]. J Plant
Prod. 2019; 42(3):333-44. [DOI:10.22055/PPD.2019.26457.1626]

[19] Baversad MS, Ghorbani H, Afyuni M, KheirAbadi H. [The

[32] Bose B, Srivastava H. Absorption and accumulation of ni-

potential risk assessment of heavy metals on human health in
some agricultural products in Isfahan province (Persian)]. J Water Soil sci. 2014; 18(67):71-81. https://jstnar.iut.ac.ir/browse.
php?a_id=1852&sid=1&slc_lang=en

[20] Baghaie A, Aghili F. [Evaluation of lead and cadmium con-

centration of arak city soil and their non-cancer risk assessment
in 2017 (Persian)]. J Rafsanjan Univ Med Sci. 2018; 17(8):769-80.
http://eprints.rums.ac.ir/6346/

trate in plants: Influence of environmental factors. Indian J
Exp Biol. 2001; 39(2):101-10. [PMID]

[33] Habben J. Quality constituents of carrots Daucus Carota L.
as influenced by nitrogen and potassium fertilization. Symposium on Nutrition and Fertilization of Vegetables 29. 1971.
[DOI:10.17660/ActaHortic.1973.29.22]

[34] Pavlou GC, Ehaliotis CD, Kavvadias VA. Effect of organic
and inorganic fertilizers applied during successive crop seasons on growth and nitrate accumulation in lettuce. Sci Hortic.
2007; 111(4):319-25. [DOI:10.1016/j.scienta.2006.11.003]

Alimoradian A, et al. Survey of Nitrate in Corps. Iran J Toxicol. 2021; 15(4):257-264.

263

October 2021, Volume 15, Number 4

[35] van Maanen JM, van Dijk A, Mulder K, de Baets MH,

Menheere PC, van der Heide D, et al. Consumption of drinking water with high nitrate levels causes hypertrophy of the
thyroid. Toxicol Lett. 1994; 72(1-3):365-74. [DOI:10.1016/03784274(94)90050-7]

[36] McColl K. When saliva meets acid: Chemical warfare at the
oesophagogastric junction. Gut. 2005; 54(1):1-3. [DOI:10.1136/
gut.2004.047126] [PMID] [PMCID]

[37] Eichholzer M, Gutzwiller F. Dietary nitrates, nitrites,

and N-nitroso compounds and cancer risk: A review of the
epidemiologic evidence. Nutr Rev. 1998; 56(4 Pt 1):95-105.
[DOI:10.1111/j.1753-4887.1998.tb01721.x] [PMID]

[38] Ministry of Health and Medical Education. Optimal food bas-

ket for Iranian community. In: Improvement of Nutritioal Center. Publisher: Ministry of Health and Medical Education; 2013.

[39] Uddin R, Thakur MU, Uddin MZ, Islam GR. Study of

nitrate levels in fruits and vegetables to assess the potential health risks in Bangladesh. Sci Rep. 2021; 11(1):4704.
[DOI:10.1038/s41598-021-84032-z] [PMID] [PMCID]

[40] Mehri F, Heshmati A, Moradi M, Khaneghah AM. The concentration and health risk assessment of nitrate in vegetables
and fruits samples of Iran. Toxin Rev. 2019. [DOI:10.1080/15
569543.2019.1673424]

[41] Thomson B, Nokes C, Cressey P. Intake and risk assessment of nitrate and nitrite from New Zealand foods and
drinking water. Food Addit Contam. 2007; 24(2):113-21.
[DOI:10.1080/02652030600934206] [PMID]

[42] WHO. Environmental Health Criteria. Nitrites and N-

nitrozo compounds. Genva: International Programme on
Chemical Safety. 1978; 1-98.

264

Alimoradian A, et al. Survey of Nitrate in Corps. Iran J Toxicol. 2021; 15(4):257-264.

