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Introduction: Nitrate and nitrite contamination is a major concern in most water supplies in
Iran, as well as other countries. The present study aimed to determine the concentrations of
nitrate and nitrite in the drinking water of Mashhad distribution network and examine the
possible health risks.

Methods: In this study, 72 water samples were collected from five regions in Mashhad city in
spring and summer during March-September 2017.Chemical analysis and in-situ measurement
were conducted to determine the nitrate and nitrite concentrations using a standard, validated
methodology.

Results: Mean concentrations of nitrate and nitrite were 16.63+10.88 and 0.02+0.01 mg/],
respectively. The average daily dose (ADD) of nitrate through the ingestion pathway was within
the range of 2.87-0.32 mg/kg/day in children, while it varied within the range of 1.423-0.16
mg/kg/day in adults. The ADD of nitrite changed from 0.0022 mg/kg/day to 0.0005 mg/kg/day in
children and from 0.0011 mg/kg/day to 0.0003 mg/kg/day in adults. However, the hazard
quotient (HQ) values for nitrate and nitrite in drinking water through ingestion exposure did not
exceed the threshold of the HQ for adult, while this value was higher than one in children in some
of the studied regions, including stations 11, 13, 14, 21, 28, and 33.

Conclusion: According to the results, the health risks associated with nitrate and nitrite
contamination were higher than the threshold of the HQ for children in some areas of the water
distribution network in Mashhad city. Therefore, it is critical to adopt specific strategies to reduce
the nitrate concentration in the water distribution network in Mashhad.
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Introduction

In the past decade, the quality of water
resources has been threatened, especially due to
growth,

population

agricultural activities, as well as the
unprocessed disposal of wastewater into the

urbanization, and environment (1-4). According to recent studies,

* Corresponding author: Hossein Alidadi, Social Determinants of Health Research Center, Mashhad University of Medical Sciences,
Mashhad, Iran; Department of Environmental health engineering, Mashhad University of Medical Science, Mashhad, Iran. Tel:
00985137512428; Email: alidadih@mums.ac.ir

© 2019 mums.ac.ir All rights reserved.

This is an Open Access

article distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the

original work is properly cited.



Risk Assessment of Nitrite and Nitrate in the drinking water JNFH

Zarif Gharaati Oftadeh B et al

approximately 80% of diseases and more than
33% of deaths in developing countries are
caused by the consumption of contaminated
water(5). Disregard of environmental standards,
especially in metropolises, has led to the more
complications in relation to the pollution of
water resources.

Among various pollutants, nitrate and nitrite
are of paramount importance (6). Recently, the
concentration of nitrate has been reported to
increase in surface waters and groundwater
across the world (7). Nitrate is a common
pollutant in the aquifers across the country due
to the anthropogenic activities in underground
water (8).

In the human body, nitrates and nitrite could
lead to the formation of carcinogenic
compounds. The International Agency for
Research on Cancer (IARC) has classified nitrate
as a carcinogenic agent (9). In infants aged less
than six months, nitrate could lead to the
development of methemoglobinemia, also
known as the blue baby syndrome (10), which
may even cause neonatal mortality (11). In
adults, nitrate may cause cancer and fetal
defects (12). The epidemiological studies
conducted by Grosse et al. at the IARC in the
United States have indicated that the
consumption of nitrates and nitrites is
associated with the increased prevalence of
some cancers of the stomach and esophagus, as
well as other cancers (13). Moreover, several
epidemiological studies of various human
populations have shown a correlation between
gastric cancer and nitrate in drinking water
(10).

Drinking water is one of the sources of
nitrate entry into the human body and the
subsequent adverse health effects. In research,
nitrate has attracted great attention as a
common, extensive pollutant of groundwater
within the past decade (2, 11, 14, 15). According
to the studies performed in Shiraz (Iran), the
nitrate concentration in 11% of drinking water
samples was above the standard levels (16).
Additionally, nitrate concentration was reported
to be 1.8-82.2 mg/l in Gonabad (Iran) and 5.5-
84.3 mg/l in Bajestan (Iran) in 2018 (17).

Risk assessment involves the identification
and quantification of the risks associated with
the use of chemical substances through
considering their possible effects on the
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consumers of these chemicals via various
exposure pathways. Risk assessment was
introduced by the United States Environmental
Protection Agency in 1983 (18). The main
objectives of risk assessment include identifying
the hazards associated with each chemical,
assessing the degree of exposure to harmful or
toxic chemicals, evaluating the hazards
associated with harmful or toxic chemicals, and
determining the possible adverse effects of
exposure to these chemicals (19).

Mashhad is the second metropolitan city in
Iran with the population of three million. In this
city, several factors influence the water supply,
leading to the increased concentrations of
nitrate and nitrite. Some of these factors are
sewage disposal into absorbent wells, non-
standard disposal of municipal solid waste, and
the inappropriate location of the industrial
estate in the upstream of water resources (20).
There are limited studies regarding the risk
assessment and exposure of individuals to
nitrate and nitrite contamination through
drinking water in Iran (17, 18). In addition, the
sources and effects of nitrate and nitrite in
Mashhad remain unknown, and there have been
few advanced surveys on the nitrate and nitrite
contamination induced by the spatial and
temporal changes in Mashhad. This paper
represents the first study regarding the
exposure assessment of nitrate and nitrite in
Mashhad.

Given the importance of the Mashhad as the
religious capital of Iran, as well as the booming
tourism and industrial centrality of this
metropolitan, it is essential to conduct such
investigations in order to control the quality of
drinking water for human health preservation.
The present study aimed to determine the
concentrations of nitrate and nitrite in the
drinking water of Mashhad distribution network
and examine the possible health risks.

Material and methods

Mashhad is the second metropolitan city in
Iran, located in the center of Khorasan Razavi
province at the longitude of 58° 20’-60° 8’ and
latitude of 35° 40'-36° 3’ (Figure 1). This city
covers a total area of 313 square kilometers
and is located in the catchment area between
the mountains of Hezarmasjed and Binaloud
(20).
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Figure 1. Location of Sampling Stations and Zones in Mashhad, Iran

In this cross-sectional study, 36 stations
were selected from five zones (north, south,
east, west, and center) in Mashhad based on
population density, easy access, and land use
(Figure 1, Table 1). The stations were sampled
twice in spring and summer during March-
September 2017, and 72 water samples were

Table 1. Address and Coordinates of Sampling Stations

collected. The location of the sampling points
was determined using a GPS receiver (GPS
Garmin Montana, model: 5S, USA). The
collected samples were transferred to the
laboratory at  the temperature of
4°Candanalyzed immediately.

Sampling Station Address UTMx UTMy
1 Toss 78 728336 4028669
2 Toss 51 728806 4027255
3 Qhasemabad, Shahed 4 724286 4025302
4 Qhasemabad, Majidieh 21 721779 4027393
5 Qhasemabad, Shahriary 65 722518 4025707
6 Tarbiat Square 723133 4024359
7 Moallem 19 726626 4023468
8 Mosalla 14 736263 4018037
9 Seyedi, Daie 734257 4013633
10 Seyedi, Koshesh 733642 4015639

11 Hor 25 740564 4016321
12 Hor 90 743884 4014785
13 17-Shahrivar 4 735157 4017668
14 Chaman 23 735520 4016724
15 Faramarz 10 728757 4023409
16 Abdolmotalleb 47 731827 4024099
17 Tollab, Vahid 7 737725 4020556
18 Tabarsi Shomaly 739449 4022826
19 Shafa 21 762856 4023640
20 22 Bahman 15 732412 4023714
21 22 Bahman 16 735752 4025587
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22 Reza Shahr, Razavi 33 725641 4025587
23 Vakil Abad, Eghbal 19 721570 4023396
24 Haft-e-Tir 723658 4021898
25 Ebn-e Sina 14 732209 4020113
26 Adl-e Khomeiny 732974 4017849
27 Imam Reza 63 733079 4016289
28 Ahmadabad, Reza 27 4019124 4019124
29 Vahdat 18 736242 4019041
30 Holy Shrine 734517 4019114
31 Shohada Crossroads 734517 4019616
32 Emam Reza 9 733749 4018256
33 Tabarsi 21 735616 4019630
34 Navab 8 735347 4018686
35 Dastgheib 28 730093 4021693
36 Tohid Square 733361 4020852

Sample analysis was based on the standard
method 4500 and performed wusing a
spectrophotometer (model: HACH 6000-DR,
USA)(21). Nitrate and nitrite concentrations
were measured in accordance with the 355
and 371 spectrophotometer programs at the
wavelength of 500 and 507 nanometers using
NitraVer®5 and NitriVer®3 reagents and
compared to the standard levels. Nitrate and
nitrite concentrations in each sample were
measured three times, and the mean
concentrations were determined. According to
the Iranian standards for drinking water (22)
and the World Health Organization (WHO)
guidelines (23), the maximum acceptable
concentrations (MAC) of nitrate and nitrite are
50 and 3 mg/I, respectively.

At the next stage, the health risks associated
with nitrate and nitrite were evaluated in
children and adults using the recommended
human health risk assessment model of the
USEPA (24, 25). The non-carcinogenic health
risk assessment of nitrate and nitrite was
obtained based on equations 1 and 2, as follows:

ADD=(CxIRdxEFxED)/ BWxAT Equation (1)
THQ=ADD/RfD Equation (2)

where ADD is the average daily dose of the
elements through ingestion pathways
(mg/kg/day), C represents the concentration of
the elements (mg/1), IRd shows the daily
ingestion rate (1/day; average consumption rate:
1.8 and 2 liters per day in children and adults,
respectively), BW denotes the body weight of
the target groups (31.22 and 70 kilograms,
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respectively), ED is the duration of human
exposure (six and 70 years in children and
adults, respectively), EF shows the exposure
frequency (365 days/year), AT represents the
average time of human exposure (EDx365
days), and RfD denotes the oral reference dose
(mg/kg/day), indicating the continuous, daily
exposure of the human population over a
lifetime without the appreciable risk of
deleterious effects. It is notable that the
reference dose for nitrate and nitrite was 1.6
and 0.1 mg/kg/d, respectively. With the hazard
quotient (HQ) of less than one, the population is
assumed to be safe and exposed to no health
risks (24).

Data analysis was performed in SPSS
(Chicago, IL) and Excel (Microsoft Office2007)
using bivariate tests to determine the significant
variation of nitrate and nitrite concentrations in
various stations and seasons.

Results

The statistical descriptions of nitrate and
nitrite values are presented in Table 2. The
analysis of drinking water in Mashhad
demonstrated significant differences between
the distribution of nitrate and nitrite at various
stations (P<0.05, sig. = 0.001), while no
significant difference was observed between the
concentrations of these elements in various
seasons (P>0.05, nitrate sig. = 0.056, nitrite sig.
=0.072).

Nitrate concentration was within the range
0f5.6-49.8 mg/1 with the mean concentration of
16.63+10.88 mg/1 in Mashhad city (Figure 2).
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Figure 2. Comparison of Nitrate Concentration with Maximum Recommended Concentration

Nitrite concentration was within the range of
0.009-0.039 mg/1 with the mean concentration
of 0.02+0.01 mg/l (Figure 3). The average
nitrate concentration was estimated at 9.6,
26.01, 18.77, 13.66, and 16.5 mg/], while the

average nitrite concentration was estimated at
0.015, 0.027, 0.02, 0.019, and 0.023 mg/I in the
northern, southern, eastern, western, and
central zones, respectively.
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Figure 3. Comparison of Nitrite Concentration with Maximum Recommended Concentration

According to the findings, the concentrations
of nitrate and nitrite in all the stations reached
lower levels than the maximum contaminant
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level recommended in the national standards of
drinking water in Iran and WHO guidelines
(nitrate: 50 mg/l, nitrite: 3 mg/1). The average
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daily dose (ADD) of nitrate through ingestion
pathways was within the range of 2.87-0.32
mg/kg/day in children, while it varied within
the range of 1.423-0.16 mg/kg/day in adults.

Table 2. Health Risk Assessment of Nitrate and Nitrite in Studied Areas

The average ADD of nitrite changed from 0.0022
to 0.0005 mg/kg/day in children and from
0.0011 to 0.0003 mg/kg/day in adults (Table 2).

Stations NO3 ADD HQ NO2 ADD HQ

(mg/1) Children Adults Children Adults (mg/) Children Adults Children Adults
1 8.7 0.501 0.248 0.313 0.155 0.015 0.0009 0.0004 0.0005 0.0003
2 7 0.403 0.200 0.252 0.125 0.015 0.0009 0.0004 0.0005 0.0003
3 7.7 0.443 0.220 0.277 0.137 0.013 0.0007 0.0004 0.0005 0.0002
4 15.9 0.916 0.454 0.573 0.283 0.019 0.0011 0.0005 0.0007 0.0003
5 8 0.461 0.228 0.288 0.142 0.013 0.0007 0.0004 0.0005 0.0002
6 7.9 0.455 0.225 0.284 0.141 0.01 0.0006 0.0003 0.0004 0.0002
7 12 0.691 0.342 0.432 0.214 0.017 0.001 0.0005 0.0006 0.0003
8 13.8 0.795 0.394 0.497 0.246 0.019 0.001 0.0005 0.0007 0.0003
9 7.6 0.438 0.217 0.273 0.135 0.01 0.0006 0.0003 0.0004 0.0002
10 17.8 1.026 0.508 0.641 0.317 0.024 0.0014 0.0007 0.0009 0.0004
11 35.5 2.0468 1.014 1.279 0.633 0.342 0.0196 0.0097 0.0123 0.0061
12 14.6 0.841 0.417 0.526 0.260 0.026 0.0015 0.0007 0.0009 0.0005
13 49.8 2.871 1.422 1.794 0.889 0.039 0.0022 0.0011 0.0014 0.0007
14 43 2.4792 1.228 1.549 0.767 0.038 0.0022 0.0011 0.0014 0.0007
15 22.5 1.2972 0.642 0.8108 0.401 0.029 0.0017 0.0008 0.0010 0.0005
16 8.1 0.4670 0.231 0.2919 0.144 0.014 0.0008 0.0004 0.0005 0.0003
17 21 1.210 0.6000 0.7567 0.375 0.023 0.0013 0.0007 0.0008 0.0004
18 17.5 1.0090 0.5000 0.6306 0.312 0.019 0.0011 0.0005 0.0007 0.0003
19 9.9 0.5708 0.282 0.3567 0.176 0.015 0.0009 0.0004 0.0005 0.0003
20 19.2 1.1070 0.548 0.691 0.342 0.025 0.0014 0.0007 0.0009 0.0004
21 33.2 1.914 0.948 1.1963 0.592 0.028 0.0016 0.0008 0.0010 0.0005
22 8.2 0.472 0.234 0.295 0.146 0.01 0.0006 0.0003 0.0004 0.0002
23 7.6 0.438 0.217 0.273 0.135 0.013 0.0007 0.0004 0.0005 0.0002
24 8.4 0.484 0.240 0.3027 0.150 0.014 0.0008 0.0004 0.0005 0.0003
25 16 0.922 0.457 0.576 0.285 0.021 0.0012 0.0006 0.0008 0.0004
26 17.2 0.991 0.491 0.619 0.307 0.026 0.0015 0.0007 0.0009 0.0005
27 8.2 0.472 0.234 0.295 0.146 0.017 0.0010 0.0005 0.0006 0.0003
28 30 1.729 0.857 1.081 0.535 0.03 0.0017 0.0009 0.0011 0.0005
29 18.9 1.089 0.540 0.681 0.337 0.018 0.0010 0.0005 0.0006 0.0003
30 5.6 0.322 0.160 0.2018 0.100 0.009 0.0005 0.0003 0.0003 0.0002
31 6.9 0.397 0.197 0.2486 0.123 0.012 0.0007 0.0003 0.0004 0.0002
32 8.4 0.484 0.240 0.3027 0.1500 0.01 0.0006 0.0003 0.0004 0.0002
33 32.8 1.891 0.937 1.181 0.585 0.033 0.0019 0.0009 0.0012 0.0006
34 18.9 1.089 0.540 0.6811 0.337 0.02 0.0012 0.0006 0.0007 0.0004
35 14.3 0.824 0.408 0.515 0.255 0.013 0.0007 0.0004 0.0005 0.0002
36 16.5 0.951 0.471 0.594 0.294 0.023 0.0013 0.0007 0.0008 0.0004
Mean 16.63 0.96 0.48 0.60 0.30 0.03 0.0016 0.0008 0.0010 0.0005
SD 10.88 0.63 0.31 0.39 0.19 0.05 0.0031 0.0015 0.0019 0.0010

A summary of the HQ values for nitrate and
nitrite in drinking water through ingestion in
adults and children is depicted in Figures 4 and
5. As can be seen, the HQ values through
ingestion exposure did not exceed the threshold
of the HQ for adults (<1), while the value was
higher than one in children in some stations,
including stations 11, 13, 14 (southern zone), 21

J Nutrition Fasting Health. 2019; 7(1): 58-67.

(eastern zone), 28 (western zone), and 33
(central zone). The HQ of nitrate was within the
range of 0.2-1.795 in children and 0.1-0.889 in
adults. Additionally, the range of HQ for nitrite
was 0.0003-0.0014 in children and0.002-0.0007
in adults (Table 2). It is also notable that the HQ
in children was twice higher than the value
obtained in adults in all the stations.
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Figure 5. Nitrite Hazard Quotient in Children and Adults

Discussion

According to the results of the present study,
the nitrate and nitrite concentrations in
drinking water had insignificant variations on
the temporal scale, which could be due to the
insignificant changes in the atmospheric
deposition and pollution load of the
anthropogenic sources in two seasons. Several
studies have indicated that these factors could
cause temporal variations in the dilution,
mobility, chemical properties, bioavailability,
and enrichment of nitrate and nitrite during two
seasons (26).
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In the current research, the nitrate and
nitrite concentrations in drinking water showed
significant variations on the spatial scale, which
could be due to the differential derivation of
these pollutants from various water supplies
and purification systems. Evidently, the drinking
water in Mashhad is derived from various
sources, including Dosti dam (southern and
eastern zones), water wells, and groundwater
(northern and western zones), and both these
sources at the same time (central zone)(27).

In the present study, nitrate concentration
was within the range of 5.6-49.8, and the
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maximum nitrate concentration was observed in
the southern and eastern areas of Mashhad,
particularly in stations 11 (Hor 25), 13 (17-
Shahrivar), and 14 (Chaman 23). This finding
was attributed to the nitrate contamination of
the water supply from which the drinking water
in these stations is derived. Dosti dam(located at
Turkmenistan and Iran border) is the major
source of drinking water in the southern and
eastern areas of Mashhad (28, 29), and the high
concentration of nitrate could be attributed to
the water quality in this dam. A growing number
of studies have reported that factors such as
successive droughts, thermal layering, severe
evaporation from the water surface, chemical
reaction of the reservoir floor with dam water,
and the construction of Salma dam at the top of
the dam in Afghanistan, have affected the water
quality in Dosti dam (28, 29).

According to the literature, the nitrate load
in Dosti dam in spring and summer is derived
not only from atmospheric deposition and situ
nitrification, but also from other sources, such
as agricultural activities (30). This might affect
the quality of drinking water in the southern
and eastern areas of Mashhad compared to the
other regions in this city. In this regard, our
findings are inconsistent with the results
obtained by Latifi et al. (2005), which indicated
that the high concentration of nitrate was
distributed along the southern and central
regions in Mashhad (31). However, the nitrate
concentration in the present study was lower
(16.63+10.88 mg/l) compared to the
concentration reported in the mentioned study
(23.13%11.15 mg/1) (29). Therefore, it could be
inferred that the concentration of nitrate has
decreased within the past decade, which could
be due to the improvement of purification
systems, reconstruction of the distribution
network in some areas, and closing of the
sewage wells with the high dispersion of nitrate
(32).

In the current research, the concentrations of
nitrate and nitrite in all the stations were lower
compared to the maximum contaminant level
recommended by the national standards of
drinking water in Iran and WHO guidelines. Our
findings in this regard are consistent with the
domestic studies conducted by Panahi et al. in
Tehran (33), Nan Bakhsh et al. in Orumiyeh
(34), and Marboti et al. in Khuzestan (35), while

J Nutrition Fasting Health. 2019; 7(1): 58-67.

inconsistent with the results obtained by Ziarati
et al. in Gilan (36), Jafari (37), Ismaili in Isfahan
(38), Khazaei et al. in Sistan and Baluchestan
(28), and Moghadasi et al. in Arak (29).
However, some studies in Iran have reported
nitrate concentrations to be higher than the
standard level. In this regard, the studies
conducted in Shiraz have demonstrated that
nitrate concentration in 11% of drinking water
samples was higher than the standard level (16).
In addition, nitrate concentration was reported
to be 1.8-82.2 mg/l in Gonabad (Iran) and 5.5-
84.3 mg/l in Bajestan (Iran) in 2018 (17).

According to the current research, the health
risks for adults through ingestion exposure
were lower than the recommended values by
the Environmental Protection Agency (HQ<1).
However, the health risks for children was
higher than the recommended values by the
Environmental Protection Agency (HQ>1) in
stations 11, 13, 14 (southern region), 21
(eastern region), 28 (western region), and 33
(central region). Therefore, it could be inferred
that there is no non-carcinogenic threat from
nitrate and nitrite through the daily intake of
drinking water in the adult population in
Mashhad, while non-carcinogenic risks were
observed in children in some of the stations in
Mashhad. It is also notable that the estimated
risks in children were higher compared to
adults, which indicated that children were more
susceptible to the health risks associated with
nitrate and nitrite contamination. This finding is
in line with the majority of the studies in this
regard, reporting that children are affected by
nitrate  contamination more significantly
compared to adults since they consume more
water per kilogram of their body weight (30).
Moreover, the immune, digestive, reproductive,
and nervous systems of children are still
growing, and exposure to toxic substances could
cause irreversible damages to these systems
(39).

In a similar study, Su et al. investigated the
groundwater in the northern provinces of
northern China and the associated non-
carcinogenic health risks, reporting that the
health risks were more significant in children
compared to adults (40). In another research,
Chen et al. (2017) examined the health risks of
nitrate in the underground water in
northwestern China in infants, children, and
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adults. According to the findings, the risk index
for infants and children was higher than adults,
and it is possible that nitrates damage these two
age groups more significantly (41). In addition,
Ghasemi et al. (2018) investigated the drinking
water in the rural areas of Bajestan and
Gonabad (Iran) in terms of health risks,
reporting that infants were more significantly
exposed to the health risks of water
contaminants compared to children and adults
(17). Similarly, Rezaei et al. (2017) claimed that
children were more significantly exposed to the
health risks associated with elements such as
nitrates in drinking water compared to other
populations (42).

Conclusion

According to the results, nitrate and nitrite
concentrations were lower than the standard
values in all the studied stations. Furthermore,
the results of health risk assessment indicated
that the health risks exceeded the recommended
levels for children in some areas of Mashhad
city, which could pose severe threats to their
health. In this study, health risks were
determined based on average ingestion and
average concentration, as well as the uptake and
intake rates over the highest exposure time. This
possibility could be considered a factor of
uncertainly in risk estimations.

The health risk assessment in the present
study was only focused on the concentrations of
nitrate and nitrite, while drinking water
contains other elements as well (e.g, heavy
metals and organic compounds). Therefore, the
level of risks associated with drinking water in
Mashhad may be higher than the calculated
values in this research. Based on this finding,
further efforts are required to decrease the
nitrate concentration in drinking water in
Mashhad. Some suggested measures in this
regard include the control of nitrate discharge
and specific regulations to halt the release of
contaminants into water supplies (e.g., water
wells, groundwater, and Dosti dam).
Furthermore, effective wastewater treatment
methods must be applied in order to reduce the
concentration of nitrate in drinking water.
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