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A B S T R A C T

Nitrate is one of the most important contaminants that can release into the environment predominantly as a
result of anthropogenic processes. Excessive intake of nitrates may increase the risk of certain types of cancer. The
aim of this study was to investigate the concentration of nitrate in drinking water and its health to people in Iran.
This cross-sectional study has performed in 2019. Nitrate concentrations in drinking water supplies were
obtained from peer-reviewed publications. Monte Carlo stimulations and mathematical models were used to
determine the excess cancer risk. Risk level for assessing the carcinogen risk was 10�5 (1 per 100,000 persons).
Nitrate concentrations and cancer risk related to nitrate were classified by GIS software. According to the obtained
results, the drinking water supplies of Tehran, Mashhad (Khorasan Razavi), Zahedan (Sistan and Baluchestan),
Shiraz (Fars), Qom, Ardabil and Ahwaz (Khuzestan) have higher nitrate concentrations than the limit
recommended by WHO and Institute of Standards and industrial Research of Iran (ISIRI). The estimated cancer
risks for the provinces of Tehran, Mashhad (Khorasan Razavi), Zahedan (Sistan and Baluchestan), Shiraz (Fars),
Qom, Ardabil and Ahwaz (Khuzestan) were in the no negligible range set by the Health Canada and WHO. The
majority of Iran provinces that have impermissible level of nitrate in drinking water supplies had a significant
association between cancer prevalence and nitrate exposure.
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� The findings demonstrated that carcinogen risk values of nitrate exposure through drinking water was 0.001%.

� Results showed that Tehran, Mashhad (Khorasan Razavi), Zahedan (Sistan and Baluchestan), Shiraz (Fars),
Qom, Ardabil and Ahwaz (Khuzestan) are more exposed to additional cancer risk related to nitrosamine.

� The results of this study is considered as the comprehensive report that indicate the association between
gastrointestinal cancer and nitrate exposure through drinking water.

© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Method details

Nitrate and nitrite are naturally produced by biological oxidation of nitrogen in the soil, plants,
water, and also lightning. These pollutants are also generally formed by anthropogenic processes such
as agricultural activities (including inorganic chemical fertilizer and organic livestock manures),
industrial wastewater discharges, wastewater treatment, and motor vehicles [1–3]. Nowadays,
intensive usage of nitrogeneos fertilizers in agriculture and runoff are the major pollution source for
drinking water supplies [4].

In this study, Monte Carlo analysis and mathematical models [5,6] were used to estimate cancer
risk associated with endogenous nitrosamine formation through drinking water containing nitrate
concentrations.

Cancer risk associated with endogenous nitrosamine formation is a function of four variables: 1)
the amount of nitrite ingested or formed from nitrate, 2) the amount of nitrosatable substances
ingested, 3) the rate of in vivo nitrosation and 4) the carcinogenic potential of the resulting nitrosamine
[7]. According to the above, the modelling techniques were computed from outputs of Monte Carlo
simulations are represented as following:

Estimation of endogenous formation of nitrosamines: exposure model

This model calculates the daily dose of a specific amine formed in vivo as proportional to the
amount of ingested amine precursors and the square of the gastric concentration of ingested nitrite
using the following equation:

DD nitros ¼  
½NO�

2 �2 � DIam �  Kam � 3600 � MWnitros

bw
ð1Þ
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where DDnitros = daily dose of a specific nitrosamine (mg/kg bw/day); [NO2
�] is gastric nitrite

concentration (mol/L), assumed to correspond to the entire amount of salivary nitrite arising from the
reduction of the total nitrite from contaminated drinking water by the oral route. This variable is
squared because two molecules of nitrite ion are required to form one molecule of the nitrosating
species N2O3; DIam is total daily intake of amine (mol/day); Kam nitrosatability rate constant
((mol/L)�2 s�1), an indication of the relative ease of nitrosation of a specific amine; 3600 is 1 h (measured
in seconds); estimation of time during which concentrations of amine and nitrite precursors would
remain constant through the oesophageal/cardia region; MWnitros is molecular weight of the specific
nitrosamine (mg/mol) and bw is average body weight of an adult, estimated as 70 kg.

Estimation of gastric nitrite concentrations

NO�
2

� � ¼  
½NO� 

3 � �  TR � WC
VS

  ð2Þ

where [NO2
�] = gastric nitrite amount (mol/L); [NO3

�] is concentration of nitrate (mol/L) (nitrate
concentrations in drinking water supplies (ground water and surface water) obtained from peer-
reviewed publications presented in Table 2).

The concentration of nitrate was converted from mg NO3-N/L, via a appointed factor of 4.429 ( 1
0:226 ;

0.226 mg NO3-N/L corresponds to 1 mg/L as NO3
�) and the nitrate molecular weight (62 g/mol); TR is

the transformation proportion of nitrate into nitrite, using the highest rate of 0.3; WC is the
consumption of water per day (L); and Vs is volume of stomach (L, estimated to be 0.5 L).

Estimation of daily intake of amines

Specific secondary amine which intakes daily is calculated by multiplying the ingestion rate of each
food item by the corresponding amine concentration [8] and summing all foods as follows:

DIam ¼  
ð am½ �f � IRf Þi þ ð am½ �f � IRf Þj þ . . . þ ð am½ �f � IRf Þn 

MWam
ð3Þ

where DIam is the overall intake of a specific amine per day (mol/day); [am]f is amine content in a
particular food item (mg/kg); IRf is estimated ingestion amount of particular food item (kg/day), based
on Canadian food consumption data [5]; MWam is amine molecular weight (mg/mol); and i, j, . . . , n
are particular food item.

Iranians may be exposed to nitrites and nitrates via various sources including food, drinking water,
air and soil. In this study the concentration of nitrite intake through drinking water, the daily dose of a
specific nitrosamine and total daily intake of a specific amine through other factors were considered
constant.

Estimation of cancer risk

A cancer risk level present an additional incidence of cancer estimation which might be estimated
in an exposed individuals. Shephard et al. applied a non-threshold model for cancer risks estimates, as
it represented the worst-case dose–response at low doses. The model assumed that health risk is
linearly associated with both the specific nitrosamine which formatted endogenously as daily and the
carcinogenic potency [8]. Considering above, in this study, the total cancer risk distribution was
predicted by calculating the cancer risk at each individual Monte Carlo exposure result underlying the
exposure distribution:

ER ¼  DDnitros �  CPFhuman  ð4Þ
where ER is additional cancer risk related to exposure to a specific nitrosamine dose per day, DDnitros
is daily dose of nitrosamine (mg/kg bw/day), calculated in Eq. (1), and CPFhuman is human cancer
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potency factor ((dose unit/day)�1). It is the additional cancer risk related to one daily dose unit of a
specified nitrosamine (1.04 � 10�2 (mg/kg bw/day)�1) [9].

To justify and compare the carcinogen risk assessment related to the contaminated water supplies,
several assumptions were used (Table 1). Various guidelines suggested regulation of carcinogens in
drinking water at a level which additional cancer risk over a lifetime is essentially negligible. Most
regulatory authorities present a risk level of 1 in 100,000 or 1 in 1,000,000. So, in the current research a
10-5 risk level was utilized for the estimation of carcinogen risk.

Nitrate concentrations of water supplies and excess risks related to them were zoned using GIS
software for each provincial capital.

The concentration of nitrate in drinking water supplies of Iran provinces and the ER related to that
concentration based on their population exposed are presented in Table 2.

According to the obtained results, the drinking water supplies of Tehran, Mashhad (Khorasan
Razavi), Zahedan (Sistan and Baluchestan), Shiraz (Fars), Qom, Ardabil and Ahwaz (Khuzestan) have a
higher nitrate concentration than the limit recommended by WHO and Institute of Standards and
Industrial Research of Iran (ISIRI) [30,31].

Nitrate concentrations were classified in three group as high (>100 mg/L as NO3), medium (51–
100 mg/L as NO3) and low (0–50 mg/L as NO3) and determined by specific color using GIS software
(Fig. 1).

Excess cancer risk related to endogenous nitrosation through drinking water with nitrate was
classified in five groups for each province capital which are shown in Fig. 2.

In order to protect human health caused by the potential carcinogenic effects due to exposure of
carcinogen N-nitroso compounds, zero concentrations of this contaminant in water is considered
based on the non-threshold assumption. Nevertheless, zero value might not be achievable at the
present time.

The proposed MAC that has been established for nitrate at 45 mg/L as NO3, is protective for the
health of the most sensitive subpopulation.

According to risk level of 10�5 and the results of Mont Carlo stimulation, the estimated cancer risks
for the provinces of Tehran, Mashhad, Razavi Khorasan, Khuzestan, Sistan and Baluchestan, Fars, Qom,
and Ardabil are in the no negligible range set by the Health Canada and WHO. The risk of 10�5 shows a
possibility of one extra case of cancer for every 100,000 persons exposed, the risk of 10-6 shows one
extra case of cancer for every 1,000,000 individuals exposed. So the probability of extra case of cancer
is going up when the number of people exposed increase.

The results of many previous studies in Iran made clear the association between cancer prevalence
rates and nitrate exposure through drinking water. It is found that the rate of cancer cases in Fars
province increased from 18% to 81% from 1998 to 2005 [32]. According to another study conducted
during 1945–1956, the prevalence rates of cancer were 28 in 100,000 persons in south and 42 in
100,000 persons in some north parts of Iran [33]. Furthermore, a series of reports indicated high
incidence of gastric cardia adenocarcinoma especially in north and northwestern provinces of Iran
especially in Tehran and Ardabil province [11,34] whereas the central and western provinces of Iran
were at medium risk and the southern regions were at a low risk [35]. Also the prevalence of non-
cardia cancer in Khuzestan, south west of Iran was reported in a high level. According to this report
Razavi Khorasan Province in north east of Iran was one of the high risk areas of Iran. In addition an

Table 1
Various guidelines and risk Levels.

Authority risk Levels

U.S. Environmental Protection Agency IRIS
Database

10�6 cancer risk

Canada proposed Maximum Acceptable
Concentration (MAC)

10�5 cancer risk

US EPA Regions 3 and 6 non-enforceable screening level in tap water 10�5 cancer risk
U.S. State of California Public Health Goal 10�6 cancer risk
World Health Organization Guideline 10�5 cancer risk
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Table 2
The nitrate concentration in drinking water supplies of Iran and the ER related to Nitrate.

NO. Province’s center Population Nitrate concentration
(mg/L) and source of
water

References Excess Risk of
Cancer

Location in Iran

1 East Azerbaijan 3724620 6- Surface water [10] 8.6�10�7

2 West Azerbaijan 3080576 17.46- Surface water [11] 2.5�10�6

3 Ardabil 1248488 57.62- ground water [12] 1.01�10�5

4 Isfahan 4879312 22.8- Surface water [13] 3.3�10�6

5 Alborz 2412513 35- Surface water [14] 5 �10�6

6 Ilam 557599 10.5- Surface water [15] 1.5�10�6

7 Boushehr 1032949 5.19- Surface water [11] 7.5�10�7

8 Tehran 12183391 87.5 - ground water [16] 2.4�10�5
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Table 2 (Continued)

NO. Province’s center Population Nitrate concentration
(mg/L) and source of
water

References Excess Risk of
Cancer

Location in Iran

9 Chaharmahal and
Bakhtiari

895263 24.3- Surface water [17] 3.5�10�6

10 South Khorasan 662534 48.1- ground water [18] 6.9�10�6

11 Razavi Khorasan 5994402 74.4- ground water [19] 1.7�10�5

12 North Khorasan 867727 54.9- ground water [20] 7.8�10�6

13 Khuzestan 4531720 59-Well [11] 1.1�10�5

14 Zanjan 1015734 24.5- Surface water [21] 3.5�10�6

15 Semnan 631218 26- Surface water [11] 3.7�10�6

16 Sistan and
Baluchestan

2534327 85- ground water [21] 4.2�10�5
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Table 2 (Continued)

NO. Province’s center Population Nitrate concentration
(mg/L) and source of
water

References Excess Risk of
Cancer

Location in Iran

17 Fars 4596658 72- ground water [22] 1.6�10�5

18 Qazvin 1201565 20- ground water [23] 2.9�10�6

19 Qom 1151672 70- ground water [21] 1�10�5

20 Kurdistan 1493645 21- Surface water [11] 3.2�10�6

21 Kerman 2938988 20- Surface water [21] 2.9�10�6

22 Kermanshah 1945227 25.5- ground water [11] 3.7�10�6

23 Kohgiluyeh and
Boyer-Ahmad

658629 20.83- Surface water [24] 3�10�6

24 Golestan 1777014 23.09- Surface water [25] 3.3�10�6
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incidence rate of higher than 100 per 100,000 person-years for esophageal cancer has been reported in
the north east of Iran [11,26,35,36].

There are many results as mentioned above that were consistent with the obtained results from
present study for the northeastern and northwestern provinces including Ardabil, Razavi Khorasan,
and Tehran. According to the obtained results from present study, the cancer risk for some central
provinces of Iran such as Isfahan and Arak was reported innegligible.

The results of previous study indicated that upper gastrointestinal cancer, especially esophageal
cancer was very rare in central part of Iran (for instance the population-based cancer survey in Kerman

Table 2 (Continued)

NO. Province’s center Population Nitrate concentration
(mg/L) and source of
water

References Excess Risk of
Cancer

Location in Iran

25 Gilan 2480874 36.94- Surface water [26] 5.3�10�6

26 Lorestan 1754243 28- Surface water [27] 4.1�10�6

27 Mazandaran 3073943 22.6- Surface water [26] 3.3�10�6

28 Markazi 1413959 47- Well [21] 6.8�10�6

29 Hormozgan 1578183 46- Well [21] 6.6�10�6

30 Hamadan 1758268 30.33- Surface water [28] 4.3�10�6

31 Yazd 1074428 17- Surface water [29] 2.5�10�6
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province of Iran [37]. Also other study indicated a medium risk for these provinces [35]. These results
almost are similar to the present study.

Present study showed direct relationship between nitrate exposure through drinking water and
the cancer prevalence in southern regions of Iran (Ahwaz and Zahedan) [35].

Additional information

Nitrate is more commonly found in groundwater than surface water. Most nitrate reduction in soil
take place through plant uptake and utilization, while extra nitrates leach into groundwater readily.
Groundwater provides drinking water for more than one-half of the world population, and is
considered as the single drinking water source for some rural populations and large metropolises [38].

The fate of nitrate in soil depends on the rainwater amount, the water table depth, the organic
material content and other physicochemical properties. Extraordinary nitrate amount in drinking
water are most often related to private shallow wells and/or depths less than 15 m in districts with
permeable soils [39].

High value of nitrate concentrations, up to 500 mg/L have been formerly reported in some
groundwater samples in India [40]. In British Columbia, nitrate concentration exceeded 45 mg/L in
approximately 60% of 450 well water samples studied in the Fraser Valley. Furthermore, high nitrate
level beyond the standard has been reported in various water supplies of provinces of Iran.

The major path of individuals exposure to nitrate/nitrite is consumption of food and drinking water
[41]. Short-term exposure to drinking water with a nitrate level at or just above the health standard

Fig. 1. Nitrate concentrations were classified in three group from low to high in Iran.
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(10 mg/L as N (equivalent to 45 mg/L measured as NO�
3)) is a potential health problem primarily for

infants. Methaemoglobinemia has been considered as the end-point of concern for humans from long-
term exposure to nitrate in drinking water. Various documents from animal and human studies
recommended that impact on thyroid gland function is an end-point of concern as well. In addition,
recent studies has reported relationship between cancer and nitrate exposure in drinking water when
conditions result in the formation of nitrosation within the human body [42].

An active endogenous nitrogen cycle in body humans that involves nitrate and nitrite, which are
interchangeable in vivo. Nitrosating agents that arise from nitrite under acidic gastric conditions react
readily with nitrosatable compounds (especially secondary amines and amides), to generate N-nitroso
compounds. These nitrosating compounds are increased following ingestion of additional nitrate,
nitrite or nitrosatable compounds. Some of the N-nitroso compounds that could be formed in human
body organs under these conditions are known carcinogens [34].

N-Nitrosodimethylamine (NDMA) is a highly water-soluble nitrosamine that is a member of a
family of extremely potent carcinogens known as N-nitrosoamines [43,44]. The Integrated Risk
Information System (IRIS) of the United States Environmental Protection Agency [45] have categorized
some nitrosamines comprising NDMA as possible human carcinogens (B2 class) and also as 2A class,
probably carcinogenic, by the World Health Organization's International Agency for Research on
Cancer [30]. Epidemiological research that evaluated the association between nitrate and cancer have
primarily focused on stomach cancer. Consequences from various studies have indicated direct
associations, while others have indicated no association and some have shown indirect associations
[46,47]. The present study aimed to assess carcinogenic risk of drinking water in difreent provinces of
Iran by using Monte Carlo stimulation.

Fig. 2. Excess cancer risk related to endogenous nitrosation through drinking water containing nitrate in Iran.
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Conclusions

The results of this study showed that Tehran, Mashhad (Khorasan Razavi), Zahedan (Sistan and
Baluchestan), Shiraz (Fars), Qom, Ardabil and Ahwaz (Khuzestan) are more exposed to additional
cancer risk related to nitrosamine that formed by nitrate consumed through drinking water.
Furthermore, a probability of additional cases of cancer in most populous aera is higher. Also, the
findings of the present study also demonstrated that the majority of Iran provinces with
impermissible levels of nitrate in drinking water supplies had a significant association between
nitrate exposure and cancer prevalence. So, it is important to be concluded that access to safe water is
one of essential important factor to decrease the number cancer (especially gastric cancer) prevalence.
Finally, some important activities are required for decreasing nitrate concentrations. Some operational
technologies for nitrate removal from water supplies include reverse osmosis, ion exchange,
electrodialysis and biological denitrification. Furthermore, some protective agents such as dietary
antioxidants such as vitamin C are recommended.

Acknowledgments

This study is the finding of a research project with Grant Number: 198053. The authors would like
to express their acknowledgements to the Student Research Committee, Faculty of Health, Isfahan
University of Medical Sciences, Isfahan, Iran for its assistance in conducting the study.

References

[1] R. Khosravi, H. Eslami, A. Zarei, M. Heidari, A.N. Baghani, N. Safavi, et al., Comparative evaluation of nitrate adsorption from
aqueous solutions using green and red local montmorillonite adsorbents, Desalin. Water Treat. 116 (2018) 119–128.

[2] M. Alimohammadi, N. Latifi, R. Nabizadeh, K. Yaghmaeian, A.H. Mahvi, M. Yousefi, et al., Determination of nitrate
concentration and its risk assessment in bottled water in Iran, Data Brief 19 (2018) 2133–2138.

[3] F.B. Asghari, A.A. Mohammadi, M.H. Dehghani, M. Yousefi, Data on assessment of groundwater quality with application of
ArcGIS in Zanjan, Iran, Data Brief 18 (2018) 375.

[4] M.M. Emamjomeh, H.A. Jamali, M. Moradnia, Optimization of nitrate removal efficiency and energy consumption using a
batch monopolar electrocoagulation: prediction by RSM method, J. Environ. Eng. 143 (7) (2017)04017022.

[5] S.F. Chébékoué, Évaluation du risque cancérigène associé à la contamination de l’eau potable de puits municipaux par les
nitrates/nitrites dans certaines régions rurales du Québec, (2009) .

[6] D. Phaneuf, K. Chaussé, O. Pantako, P. Levallois, Évaluation du risque à la santé pour la population exposée aux nitrates
présents dans l’eau potable. Étude sur la qualité de l’eau potable dans les sept bassins versants en surplus de fumier et
impacts potentiels sur la santé. Institut national de santé publique du Québec et Unité de recherche en santé publique,
Centre de recherche du CHUL (CHUQ) Disponible, 2004. www.inspq.qc.ca/pdf/publications/331-
BassinsVersantsFumier_Nitrates.pdf.

[7] K.E. McColl, Hostile environment of the gastroesophageal junction, J. Clin. Gastroenterol. 41 (2007) S102–S107.
[8] S. Shephard, C. Schlatter, W.K. Lutz, Assessment of the risk of formation of carcinogenic N-nitroso compounds from dietary

precursors in the stomach, Food Chem. Toxicol. 25 (1) (1987) 91–108.
[9] Z. Gillespie, O. Pulido, E. Vavasour, Risk assessment approaches for carcinogenic food contaminants, Int. Food Risk Anal. J. 1

(1) (2011) 1–18.
[10] P. Dadgar, P.E. Payandeh, Investigation of Nitrate Concentration and its Correlation with Water pH in Drinking Water

Distribution Network of the City of Tabriz, (2019) .
[11] S. Akhavan, H. Zare Abyaneh, M. Bayat Varkeshi, A systematic review on nitrate concentration in water resources of Iran,

Iran. J. Health Environ. 7 (2) (2014) 205–228.
[12] M. Alighadri, S. Hazrati, A. Sakhaiezadeh, M. Soleymanpoor, Measurement of nitrate concentrations in drinking water

supply sources and distribution network of Ardabil City, J. Health 2 (2) (2011) 69–75.
[13] M. Gheisari, M. Messripour, M. Hoodaji, M. Noroozi, A. Abdollahi, Nitrate intake from drinking water in Isfahan in 2004, J.

Sci. Islam. Repub. Iran 16 (2) (2005) 113–116.
[14] A. Mohammadikalhori, M. Noorisephr, M. Zarrabi, Investigation of nitrate and fluoride concentration in karaj water supply

july to december 2012, Alborz Univ. Med. J. 2 (2) (2013) 103–107.
[15] A. Amarlooei, M. Nazeri, H. Nourmoradi, K. Sayehmiri, F. Khodarahmi, Investigation on the Concentration of Nitrate and

Nitrite in Ilam Ground Waters, (2014) .
[16] H. Mohammadi, A. Yazdanbakhsh, A.S. Mohammadi, G. Bonyadinejad, Alinejad5 A, ghanbari6 G. Investigation of nitrite and

nitrate in drinking water of regions under urveillance of shahid beheshti university of medical sciences in Tehran rovince,
Iran, J. Health Syst. Res. 6 (7) (2011) 782–789.

[17] R. Lalehzari, S.H. Tabatabaei, N. Yarali, Variation of Nitrate Contamination in Shahrekord Aquifer and its Mapping Using GIS,
(2009).

[18] Q. Rajaei, M.H. Mehdinejad, S.H. Motlagh, A survey of chemical quality of rural drinking water of Birjand and Qaen Plains,
Iran, J. Health Syst. Res. 7 (6) (2006) 737–745.

1726 M. Darvishmotevalli et al. / MethodsX 6 (2019) 1716–1727

http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0005
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0005
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0010
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0010
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0015
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0015
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0020
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0020
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0025
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0025
arxiv:/www.inspq.qc.ca/pdf/publications/331-BassinsVersantsFumier_Nitrates.pdf
arxiv:/www.inspq.qc.ca/pdf/publications/331-BassinsVersantsFumier_Nitrates.pdf
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0035
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0040
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0040
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0045
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0045
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0050
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0050
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0055
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0055
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0060
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0060
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0070
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0070
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0075
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0075
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0080
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0080
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0080
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0085
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0085
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0090
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0090


[19] M. Latif, S.F. Mousavi, M. Afyuni, S. Velayati, Investigation of nitrate and sources in groundwater in Mashhad plian, J. Agric.
Sci. Nat. Resour. 12 (2) (2005) 21–32.

[20] A. Tavangar, N. Naimi, H. Alizade, H. Tavakoli Ghochani, R. Ghorbanpour, Evaluation of water treatment systems’
performance available in Bojnurd ciry during 2013, J. North Khorasan Univ. Med. Sci. 5 (2013) 1107–1119.

[21] A. Alighardashi, M.J. Mehrani, Survey and zoning of nitrate-contaminated groundwater in Iran, J. Mater. Environ. Sci. 8
(2017) 2785–2794.

[22] A.B. NEZHAD, M.M. Emamjomeh, M. Farzadkia, A.J. JAFARI, M. Sayadi, A.H.D. TALAB, Nitrite and nitrate concentrations in
the drinking groundwater of Shiraz City, South-central Iran by statistical models, Iran. J. Publ. Health 46 (9) (2017) 1275.

[23] M. Panahifard, A. Mahvi, A. Asgari, S. Nazemi, M. Moradnia, A survey on drinking water quality in qazvin in 2015, J.
Rafsanjan Univ. Med. Sci. 16 (1) (2017) 3–16.

[24] M. Zazouli, M. BarafrashtehPour, Z. BarafrashtehPour, F. Veisi, V. Ghalandari, Temporal and spatial variation of nitrate and
nitriteconcentration in drinking water resource in kohgiluyehcounty using geographic information system, Mazandaran
Univ. Med. Sci. 24 (109) (2014) 258–263.

[25] M. Rahimi, M. Ramezani Mojaver, S.M. Seyed Khademi, Investigation of source of nitrate contamintion in the ground water
of Gorgan Iran (2005), J. Gorgan Univ. Med. Sci. 10 (4) (2009) 34–39.

[26] P. Ziarati, T. Zendehdel, S. Bidgoli, Nitrate content in drinking water in Gilan and Mazandaran Provinces, Iran. J. Environ.
Anal. Toxicol. 4 (219) (2014) 2161-0525.1000219.

[27] A. Jafari, H. Mirhossaini, B. Kamareii, S. Dehestani, Physicochemical analysis of drinking water in kohdasht city lorestan,
Iran, Asian J. Appl. Sci. 1 (1) (2008) 87–92.

[28] S. Sobhanardakani, Evaluation of the water quality pollution indices for groundwater resources of Ghahavand plain,
Hamadan province, western Iran, Iran. J. Toxicol. 10 (3) (2016) 35–40.

[29] R.A. Fallahzadeh, S.A. Almodaresi, M.M. Dashti, A. Fattahi, M. Sadeghnia, H. Eslami, et al., Zoning of nitrite and nitrate
concentration in groundwater using Geografic information system (GIS), case study: drinking water wells in Yazd City, J.
Geosci. Environ. Prot. 4 (03) (2016) 91.

[30] IARC, Ingested nitrate and nitrite and cyanobacterial peptide toxins, IARC Monogr. Eval. Carcinog. Risks Hum. 94 (2010).
[31] Organization WH, Nitrate and Nitrite in Drinking-Water: Background Document for Development of WHO Guidelines for

Drinking-Water Quality, (2003) .
[32] Center for Disease Control and Prevention, Noncommunicable Deputy Cancer office. Iranian Annual National Cancer

registration Report 2005–2006, Ministry of Health and Medical Education, Tehran (Iran), 2007.
[33] A. Sadjadi, S. Semnani, S.M. Nouraie, H. Khademi, M. Bahadori, Cancer registry in Iran: a brief overview, Arch. Iran. Med. 11

(5) (2008) 577.
[34] M. Radfarda, A. Gholizadehc, A. Azhdarpoorb, A. Badeenezhada, A.A. Mohammadid, M. Yousefie, Health risk assessment to

fluoride and nitrate in drinking water of rural residents living in the Bardaskan city, arid region, southeastern Iran, Desal.
Water Treat. 145 (2019) 249–256.

[35] Shadi Kolahdoozan, Alireza Sadjadi, A.R. Radmard, Hooman Khademi, Five common cancers in Iran, Arch. Iran. Med. 13 (2)
(2010) 143.

[36] M. Qasemi, M. Afsharnia, M. Farhang, A. Bakhshizadeh, M. Allahdadi, A. Zarei, Health risk assessment of nitrate exposure in
groundwater of rural areas of Gonabad and Bajestan, Iran, Environ. Earth Sci. 77 (15) (2018) 551.

[37] A. Sadjadi, M. Zahedi, M. Nouraie, M. Alimohammadian, A. Ghorbani, S. Bahmanyar, et al., The first population-based cancer
survey in Kerman Province of Iran, Iran. J. Publ. Health 36 (4) (2007) 26–34.

[38] M. Qasemi, M. Farhang, H. Biglari, M. Afsharnia, A. Ojrati, F. Khani, et al., Health risk assessments due to nitrate levels in
drinking water in villages of Azadshahr, northeastern Iran, Environ. Earth Sci. 77 (23) (2018) 782.

[39] M. Sebilo, B. Mayer, B. Nicolardot, G. Pinay, A. Mariotti, Long-term fate of nitrate fertilizer in agricultural soils, Proc. Natl.
Acad. Sci. U. S. A. 110 (45) (2013) 18185–18189.

[40] P. Meena, P. Jain, K. Meena, Assessment of ground water quality and its suitability for drinking and domestic uses by using
WQI and statistical analysis in river basin area in Jahzpur tehsil, Bhilwara district (Rajasthan, india), Int. J. Curr. Microbiol.
Appl. Sci. 5 (3) (2016) 415–427.

[41] F.M. Panahi, A. Mahvi, A. Asgari, S. Nazemi, M.A. Moradnia, Survey on Drinking Water Quality in Qazvin in 2015, (2017) .
[42] M. Malakootian, N. Yousefi, A. Fatehizadeh, Survey efficiency of electrocoagulation on nitrate removal from aqueous

solution, Int. J. Environ. Sci. Technol. 8 (1) (2011) 107–114.
[43] S.W. Krasner, W.A. Mitch, D.L. McCurry, D. Hanigan, P. Westerhoff, Formation, precursors, control, and occurrence of

nitrosamines in drinking water: a review, Water Res. 47 (13) (2013) 4433–4450.
[44] F.M. Panahi, M. Moradnia, A.H. Mahvi, A. Asgari, Nitrate Exposure-Related Cancer and its Risk Assessment on Drinking

Water of Hamedan, (2016) .
[45] EPA US, Analytical Methods Approved for Drinking Water Compliance Monitoring of Inorganic Contaminants and Other

Inorganic Constituents, U.S. Environmental Protection Agency, Washington, DC, 2009 Availableat: www.epa.gov/
safewater/methods/pdfs/methods/methods_inorganic.pdf.:.

[46] G. Pellegriti, F. Frasca, C. Regalbuto, S. Squatrito, R. Vigneri, Worldwide increasing incidence of thyroid cancer: update on
epidemiology and risk factors, J. Cancer Epidemiol. 2013 (2013).

[47] Y. Lin, Y. Totsuka, Y. He, S. Kikuchi, Y. Qiao, J. Ueda, et al., Epidemiology of esophageal cancer in Japan and China, J. Epidemiol.
23 (4) (2013) 233–242.

M. Darvishmotevalli et al. / MethodsX 6 (2019) 1716–1727 1727

http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0095
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0095
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0100
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0100
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0105
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0105
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0110
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0110
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0115
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0115
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0120
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0120
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0120
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0125
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0125
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0130
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0130
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0135
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0135
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0140
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0140
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0145
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0145
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0145
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0150
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0155
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0155
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0160
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0160
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0165
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0165
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0170
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0170
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0170
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0175
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0175
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0180
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0180
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0185
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0185
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0190
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0190
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0195
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0195
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0200
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0200
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0200
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0205
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0210
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0210
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0215
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0215
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0220
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0220
http://www.epa.gov/safewater/methods/pdfs/methods/methods_inorganic.pdf
http://www.epa.gov/safewater/methods/pdfs/methods/methods_inorganic.pdf
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0230
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0230
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0235
http://refhub.elsevier.com/S2215-0161(19)30183-9/sbref0235

	Evaluation of carcinogenic risks related to nitrate exposure in drinking water in Iran
	Method details
	Estimation of endogenous formation of nitrosamines: exposure model
	Estimation of gastric nitrite concentrations
	Estimation of daily intake of amines
	Estimation of cancer risk

	Additional information
	Conclusions
	Acknowledgments
	References


