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ABSTRACT

The aim of this study was to investigate the health risk assessment of nitrate and nitrite in drinking
water resources in Iran by conducting a systematic review and meta-analysis. Electronic databases
were searched before August 2017, and methodological quality was assessed by a modified Downs and
Black checklist. Of 1,539 searched references, 49 studies were selected and included in the meta-analysis
study. We used a random effects model to estimate the effect size with 95% confidence interval (CI) to
summarize the results. The hazard index values for health risk assessment were calculated for accrued
data. The pooled mean concentration of nitrate and nitrite in drinking water resources was 24.9 mg/L
(95% CI16.79-32.39) and 0.05 mg/L (95% CI 0.03-0.07), respectively. Using the random effects model,
the pooled nitrite hazard index was found to be 0.40 (95% CI 0.30-0.48). The hazard index of 12.5%
of drinking water resource was above 1. In central and northwestern parts of Iran, the concentration
of nitrate and nitrite exceeded the drinking water standards (50 and 3 mg/L for nitrate and nitrite
according to WHO guidelines and Iran standards) and could be associated with health risks in these
regions. The main reasons for the elevating nitrate and nitrite concentration in Iran could be due to the
usage animal and chemical fertilizers as well as lack of wastewater collection systems, which requires

the necessary authorities to establish new laws.
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1. Introduction

The concentration of nitrate and nitrite in drinking waters
in the whole world has increased over the past three decades
[1]. Chemical fertilizers, organic wastes, and wastewater wells
are responsible for the severe increase in nitrate concentration
in both surface and groundwaters [2]. Soil bacteria oxidize
ammonium to nitrite and subsequently, nitrate concentration
increases in surface waters [3]. Although the denitrification
process is naturally occurring, it contributes to significant
nitrous oxide emissions, with a simultaneous reduction in
nitrate/nitrite load from water bodies. However, these reac-
tions in surface waters are minor compared with biological
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denitrification [4]. Nitrite is more dangerous in the form of
nitrate which can also be reduced to nitrite [4]. Therefore, this
reduction can increase the toxicity of these compounds. The
enzymes present in human saliva as well as the secretions of
the digestive system can reduce nitrate to nitrite [3]. Not only
nitrite is being directly toxic, but it also aids the formation
of carcinogenic compounds such as N-nitroso compounds
in response to secondary and tertiary reactions with amines
and amides [3]. High nitrate concentration in drinking water
is accompanied by diseases, including methemoglobinemia,
hypertension, diabetes, and spontaneous abortions [1,2].
Methemoglobinemia affects newborn babies and is acute
and potentially fatal [3]. As a result, the WHO and Institute of
Standards and Industrial Research of Iran have determined
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the maximum allowable concentration of nitrate and nitrite in
drinking water to be 50 and 3 mg/L, respectively [5]. Nitrate
concentration is an important factor in health risk assessment
studies [6]. Water resources in some Iranian cities such as
Semnan, Tehran, Mashhad, Rasht, Sari, Hamadan, Arak, and
Isfahan have nitrate and nitrite problems [7-9]. A 5-year study
of nitrate in drinking water by Jalali et al. [10,11] indicated
that its concentration in agricultural communities increased
from 24 to 43 mg/L over 5 years, and also increased by 8- to
10-fold in comparison with previous values. Ghadimi et al.
[12] showed that climatic conditions and anthropological
activities (especially agriculture) were responsible for short-
term and long-term changes in nitrate concentration in
drinking water. Other studies have shown that nitrate con-
centration in drinking water depends on seasonal runoffs and
nitrogen fertilizer use in agricultural lands [12,13]. Nitrate
concentration in Markazi Province increased from 0.05 to
40 mg/L over a 10-year period [14]. Considering the role
played by nitrate and nitrite on health and their cumulative
concentration in surface and groundwaters, a continual
survey and analysis of these chemical parameters was
strongly necessitated [15]. Various studies have been carried
out about adverse health effects associated with nitrate and
nitrite in various Iranian cities. However, there is no complete
and comprehensive analysis of these data, which together
with their integration should generate valuable conclusions.
Hence, a systematic review and meta-analysis of these data
were carried out. The objective of this review was to perform
a systematic review of the literature to evaluate nitrate and
nitrite concentrations and health risk assessment in drinking
water resources in Iran.

2. Materials and methods
2.1. Search strategy

Two persons simultaneously searched PubMed,
EMBASE, ISI Web of Science, Scopus, Ovid, Google Scholar
Database, as well as Iranian databases including Maglran,
IranMedex, and Scientific Information Databank for stud-
ies carried out on nitrate and nitrite concentrations before
15 August 2017. Additionally, all papers published in
journals, as well as in national and international conferences
related to nitrate and nitrite concentrations in water sup-
plies from different parts of Iran were collected. The search
keywords used included: “drinking water quality” or “water
quality parameters” or “ground water resources” or “water
quality index” or “pollution resource index” or “physical and
chemical indicators” or “chemical analysis” or “groundwater
hydrochemistry” linked with “nitrate” or “NO",” or “nitrite”
or “NO~,” or “nitrate intake”.

The references of selected articles were explored to find
the additional appropriate articles as well. Unpublished
reports were received by sending an email and direct contact
with the corresponding author. The inclusion criteria were
all studies carried out in Iran which associated with nitrate
and nitrite concentrations in drinking water using appropri-
ate sampling and analytical methods. The selected papers
contained sufficient information about the mean, 95% con-
fidence interval (CI), and standard deviation (SD) of nitrate
and nitrite concentrations (reported as mg/L NO, and NO,).

The exclusion criteria were review papers, systematic review
studies, letters to the editor, and studies with a small sample
size (less than 20).

2.2. Data extraction

For each paper, information of the first author, year of
publication, province, latitude, research design, type of
water resource, nitrate and nitrite analysis method, sample
size, and the major findings were extracted (Table 1). Search
of references, quality control, study selection, and data
extraction were performed by two investigators (B.K and
S.S). The methodological quality of each paper was examined
by Downs and Black checklist [16] (Table S1). The maximum
score in this checklist was 16, where papers with 8 scores had
a medium to high quality and could be included in the study
[16,17]. The included studies were examined again using the
Strengthening The Reporting of OBservational Studies in
Epidemiology (STROBE) checklists, which classifies papers
into high, medium, and low quality.

2.3. Health risk assessment

Non-carcinogens health risk model (U.S. EPA) for nitrate
health risk assessment was calculated using Eq. (1):

en)

HI=205 4y

where HI is non-carcinogens hazard risk, CDI is chronic
daily intake (mg/kg.d), and RfD is reference dose (mg/kg.d)

(Eq. (2)):

CDI:CWXWIXFXD )
WxT

where CW is chemicals content in water (mg/L), WI is water
intake (L/d), F is exposure frequency (d/a), D is exposure
duration (a/life time), W is weight (kg), and T is averaging
time (a) [6].

For computing hazard index, water intake reference
values were set at 2.3 and 1.5 L/d based on the EPA values,
the average exposure time was the exposure duration (ED)
x 365 d/a, the reference dose for nitrates was 1.6 mg/(kg-d)
on the EPA’s Integrated Risk Information System (IRIS),
and a mean body weight of 70 kg were considered. Also,
the nitrates reference value was set at 10 mg/L (measured as
nitrogen) in drinking water [6].

For computing hazard index, water intake reference
values were set at 2.3 and 1.5 L/d based on the EPA values,
the average exposure time was the ED x 365 d/a, the reference
dose for nitrates was 1.6 mg/(kg-d) on the EPA’s IRIS, and a
mean body weight of 70 kg were considered. Also, the nitrates
reference value was set at 10 mg/L (measured as nitrogen) in
drinking water [6].

2.4. Data synthesis and statistical analysis

Statistical analyses were performed with STATA software
version 12 (STATA Corporation, College Station, TX)
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and R version 3.3.2 (R Core Team 2015). Q test was used
to evaluate heterogeneity between the studies. Further, the
extent of heterogeneity was calculated by measuring I* sta-
tistic. Random effects model (REM) and fixed effect model
(FEM) were used for measuring effect size of studies based
on Mantel-Haenszel and DerSimonian methods, respectively
[17]. When I* > 50% and p < 0.10, REM was employed. The
sources of heterogeneity were studied using meta-regression
for geographical latitudes, year of study, and sample size
[17]. The type of water samples (well water, river and dam,
and tap water), nitrate analysis methods (titration, spectro-
photometry, and ion chromatography), and study quality
were used for subgroup analysis. The potential of publication
bias was considered by funnel plots, where the effect sizes
are against standard error. Begg’s test was used for evalua-
tion of asymmetry (p < 0.10). Trim-and-fill method was used
for determination of non-diagnostic studies. Sensitivity anal-
ysis was performed to determine the effect of removing each
study on the changes in total concentration of nitrate [17].

3. Results and discussion

After the initial search of databases, 1,539 papers were
identified. Of them, 765 papers were excluded following
evaluation of the titles and abstracts. After qualitative inves-
tigation using the two checklists and eliminating repetitive
papers and those with unsuitable information from the
study, 101 papers were included in the study. In addition,
52 papers were excluded due to lack of sufficient statistical
information. Finally, 49 articles fulfilled the quality assess-
ment criteria and were included in the meta-analysis (Fig. 1).

All of the included studies were cross sectional, except the
one which was an ecological study [56]. Based on the qual-
ity assessment of the papers using the STROBE Checklist,
23 (46.9%) of the investigated studies were of high quality,
15 (30.6%) were of medium quality, while the 11 (22.45%)
were of low quality. The mean nitrate concentration and
population density across Iranian cities are presented in
Fig. 2. Northern and western cities with large populations
also had high nitrate concentration. As shown in Fig. 2, the
maximum population density and nitrate concentration were

Identified studies from the databases using keywords
and bibliographies of relevant articles (N = 1539)

Identification

765 excluded after title or abstract review

348 not relevant studies

175 exclude duplicate studies, with abstract alone
26 reviews and meta-analysis

73 no relevant outcomes

43 small sample sizes

6 letter comments, correspondence

2 shared and identical populations

Screening

Remaining Studies evaluated in detail with
full text (n=101)

—’I Without sufficient information of (n=52) |

Included studies in this meta-analyses: (n = 49)

Included Eligibility

Fig. 1. Flowchart of literature selection and study identification.

associated with Tehran Province; concentration was higher
than WHO guidelines (50 mg/L). Using nitrate analysis meth-
ods, the mean nitrate concentration was compared with the
type of water consumption (Fig. 3). Other related studies that
report high concentrations of nitrate are given in Fig. 4.

The pooled mean concentration of nitrate from all selected
studies using REM and FEM (presented in the supplementary
material) was 24.59 mg/L (95% CI 16.79-32.39) and 14.29 mg/L
(95% CI 14.22-14.36), respectively (Figs. S1 and S2). The pooled
hazard index of nitrite by the REM was 0.40 (95% CI 0.306-
0.480) (Fig. S3). The results showed that 12.5% of the water
consumed in Iran had hazard index values of above 1. Hazard
index <1 indicated the relatively safe condition. The pooled
nitrite concentration in Iran using the REM was 0.05 mg/L
(95% CI 0.03-0.07) (Fig. S4). To investigate the source of het-
erogeneity, meta-regression model for sample size and year
of study were significant. However, the effect of other param-
eters including latitude cannot affect heterogeneity (Table 2).

The results obtained from subgroup analyses based on
sampling point (well, dam, and tap water), nitrate analysis
methods (titration, spectrophotometry, and ion chromatog-
raphy), geographical region, and related hazard index are
shown in Table 3. The Forest plot indicating sampling point,
nitrate analysis methods, and geographical region are pro-
vided with a supplementary material (Figs. S5-S7).

The funnel plot was asymmetrical and Egger’s test was
not significant (p = 0.039). Trim-and-fill method suggested 61
studies for complete symmetry of funnel plot (Q = 8.1 x 10*
and p=0.00). Sensitivity analysis was performed by removing
each study randomly. Except for Osaloo et al.’s [21] study,
no significant change was observed in nitrate concentrations
(Fig. S7). The funnel plot, Begg’s funnel plot, and sensitiv-
ity analysis are given in supplementary material (Figs. S8
and S9).

Water supply contamination by nitrate and nitrite has
been reported as major environmental and health problems
in all countries of the world, including Iran [77]. Therefore,
IARC is classified as probably carcinogenic to humans [78].
The pooled mean concentrations of nitrate and nitrite in Iran
were 24.59 mg/L (95% CI 16.79-32.39) and 0.05 mg/L (95%
CI 0.03-0.07), which was higher than some regions of the
world including Iowa in the United States [79,80]. However,
it was lower than other regions, including Saudi Arabia [81],
India [82], UK [83], North America [84], Australia [85], and
Changshu in China [86].

Subgroup analysis indicated that the pooled mean con-
centration of nitrate in wells, rivers, and dams as well as
tap water were 21.9, 32.46, and 12.8 mg/L, respectively. The
results of this meta-analysis indicate that nitrate concen-
tration in surface water (rivers and dams) was greater than
groundwater. Groundwater contamination by nitrate has
been commonly reported in other studies [18,19]. Although,
nitrate consumption in surface waters by algae and aquatic
plants has been reported by Barani and Yazdanpanah [46].
However, studies have also shown that surface waters are
very polluted by chemical and animal fertilizers, organic
wastes, and wastewater wells [21,23]. In most of the included
studies, groundwater samples were used, which reveals the
importance of groundwater resources as drinking water
supply in Iran. The main sources of nitrate and nitrite pol-
lution in surface waters of Iran were due to the application
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Fig. 2. Mean concentration of nitrate and population density in Iran.
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of livestock waste and untreated wastewater used in agricul-
tural areas [87,88].

According to Panahi and Moghaddam [89], the baseline
concentration of nitrate in Iranian cities was 4-9 mg/L in
groundwater. They proposed that higher concentrations of
nitrate from 9 mg/L indicate water contamination [89]. Five
studies included in this meta-analysis reported considerably
high nitrate concentrations based on WHO guidelines
(50 mg/L) [21,23,33,36,51,52]. In a study by Sharifi and
Sinegani [51] in the Qorveh, Kurdistan region, nitrate concen-
tration was determined as 178.3 mg/L (SD = 234.4). Similarly,
in two studies by Solgi and Sheikhzadeh [23] and Osaloo
et al. [21] in Aras River water, West Azerbaijan, a remarkably
high concentration of nitrate was reported (respectively, 297 +
195.8 mg/L and 51 +45.5 mg/L). Thereafter, in the water wells
of Ilam Province, a 106.96 mg/L (SD = 86.5) concentration was
reported [33]. Similarly, two studies by Zahiri et al. [52] in
Kurdistan and Sepehrnia et al. [36] in Tehran reported nitrate
concentrations of 69.2 + 8.82 mg/L and 47.43 + 22.6 mg/L,
respectively. These high nitrate concentrations are associated
with Tehran, West Azerbaijan, Kurdistan, Zanjan, Ardabil,
and Razavi Khorasan provinces. The HI results indicated
that in these megacities, serious and health risks exist. As a
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Fig. 4. Box plots of nitrate concentration in some cities of Iran:
(box plots illustrate the 25th, 50%, and 75th percentiles; the
circles represent outliers; and the whiskers indicate the 10th
and 90th percentiles) Arak [65], Mashhad [66-68] Zanjan [69],
Kermanshah [70], Hamadan [71], Isfahan [72,73] Kerman [74]
Gorgan [75], and Yazd [76].

Table 2
Meta-regression analysis of nitrate concentrations in Iran

result, the findings of these studies resulted in increasing the
pooled mean concentrations of nitrate in this meta-analysis.

Other studies that reported considerably high concen-
trations of nitrate in drinking water were excluded from this
meta-analysis [65-76,90,91]. For example, in Hamadan plain,
which is a centre of potato production in Iran, the high use
of urea-based fertilizers is the main cause of nitrate level
elevation [90]. Moreover, in certain cities of Iran, including
Mashhad, Rasht, Sari, Hamadan, Arak, and Isfahan, nitrate
concentration was elevated from the standard level. For
example, nitrate concentration in Mashhad and Arak cities
was six- to eightfold higher than the EPA’s drinking water
standard (46 mg/L) (Fig. 4).

The main cause of nitrate pollution in drinking water
reported in studies includes overuse of animal and chemi-
cal fertilizers, nitrate leachate from agricultural lands, lack of
wastewater collection systems, household wastewater wells,
unhealthy discharge of solid wastes, and herbicide usage on
farms [92,93]. In addition, Malekabadi et al. [72] reported that
the use of poultry and livestock fertilizers is the main cause
of nitrate water pollution in Isfahan Province. In this regard,
the leaching of nitrate from the soil surface by acid rain or
irrigation has been reported to increase nitrate concentration
in surface and groundwaters [94].

To reduce water pollution by nitrate, it is recommended
that nitrogen fertilizer use be reduced in central and west-
ern regions of Iran and non-nitrogen fertilizers should be
used instead. In addition, irrigation methods should be
changed from traditional methods to modern and higher
effective methods including compressed and drip irrigation.
Furthermore, the construction of the wastewater collection
system and other suitable methods should be considered
for long-term reduction of nitrate concentration in water.
In some southern and southeastern parts of Iran, the con-
centration of nitrate and other minerals increased due to
water evaporation. In these regions, adsorption, mixing with
high-quality freshwater and water treatment can be used [95].
The reverse osmosis, ion exchange, and electrodialysis can
be used for water treatment [96-98]. Other alternative water
treatment processes, including chemical reduction, biological
denitrification, and autotrophic-heterotrophic denitrification
along with zerovalent iron, can also be used in in-situ
treatment [95]. Finally, water resource management should
be undertaken to preserve surface and groundwater quality.

Parameter Coefficient Standard error P>t 95% Confidence interval

Nitrate

Sample size -0.00755 0.026942 0.0481 -0.00623 —-0.0472
Publication years 0.414391 0.0865602 0.0535 0.34472 2.173506
Constant -809.83 1,739.843 0.645 —4,345.62 2,725.957
Nitrite

Years 0.042 4.221179 0.099 -8.9553 9.0392
Sample size 0.0000955 0.340457 0.54 -0.72576 0.7256
Constant -84.23 8,493.46 0.099 -18,187.6 18,019.16
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4, Conclusions

Groundwater contamination by nitrate and nitrite in
Iranian cities has increased over the past decades; however,
the risks are not clear. The nitrate and nitrite concentra-
tions of drinking water in some central and northwestern
parts of Iran were higher than the recommended standard
and can be related to adverse health effects. The nitrate and
nitrite concentrations in surface water resources such as
rivers and dams were high in the northwestern area. Some
modifications, as well as studies on solutions, should be
undertaken to improve the water quality in these regions.
To achieve this, it is suggested that the use of nitrogen
fertilizers be reduced through legislation. The treatment of
contaminated water and wastewater reuse should also be
considered.
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Supplementary material

Table S1
Modified Downs and Black checklist for the quality assessment of epidemiological studies

Factor Score
External validity

1. Were the subjects asked to participate in the study representative of the entire population from which they were
recruited? 1
2. Were those subjects who were prepared to participate representative of the entire population from which they were 1
recruited? Participation rate for cases and controls of at least 70%

Subtotal 2
Internal validity-bias

3. Was an attempt made to blind those measuring the main outcomes of the exposure? 1
4. 1f any of the results of the study were based on “data dredging”, was this made clear? 1
5. Were the statistical tests used to assess the main outcomes appropriate? 1
6. Was compliance with the intervention/s reliable? 1
7. Were the main outcome measures used accurate valid and reliable? 1
Subtotal 5
Internal validity-exposure measurement

8. Were measures of exposure robust? Exposure status was either documented or determined via biomarker 2; used )
small area ecological measures, job titles, or was self-reported 1; was based on large area ecological measures 0.

9. Was there a sufficient exposure gradient? The degree of variability between categories of exposure level was certain 1
or not.

10. Were measures of exposure specific? Exposure measures were specific 2; based on broader, chemically related 2
groups 1; based on broad groupings of diverse chemical and toxicological properties 0.

Subtotal 5
Internal validity —confounding

11. Were the cases and controls recruited from the same population? 1
12. Were the cases and controls recruited over the same period of time? 1
13. Was there adequate adjustment for confounding in the analyses from which the main findings were drawn? 2
The study collected data on all major 2, some including basic demographic only 1, or no 0 potential confounders

and assessed their effect in analysis.

Subtotal 4
Total 16
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STROBE Checklist for quality control of systematic review or meta-analysis

Section/topic # Checklist item Reported on

page

Title

Title 1  Identify the report as a systematic review, meta-analysis, or both.

Abstract

Structured summary 2 Provide a structured summary including, as applicable: background; objectives;
data sources; study eligibility criteria, participants, and interventions; study
appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

Introduction

Rationale 3 Describe the rationale for the review in the context of what is already known.

Objectives 4 Provide an explicit statement of questions being addressed with reference to
participants, interventions, comparisons, outcomes, and study design (PICOS).

Methods

Protocol and registration 5  Indicate if a review protocol exists, if and where it can be accessed (e.g., Web
address), and, if available, provide registration information including registration
number.

Eligibility criteria 6  Specify study characteristics (e.g., PICOS, length of follow-up) and report
characteristics (e.g., years considered, language, publication status) used as
criteria for eligibility, giving rationale.

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact
with study authors to identify additional studies) in the search and date last
searched.

Search 8  Present full electronic search strategy for at least one database, including any
limits used, such that it could be repeated.

Study selection 9  State the process for selecting studies (i.e., screening, eligibility, included in
systematic review, and, if applicable, included in the meta-analysis).

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms,
independently, in duplicate) and any processes for obtaining and confirming
data from investigators.

Data items 11  List and define all variables for which data were sought (e.g., PICOS, funding
sources) and any assumptions and simplifications made.

Risk of bias in 12 Describe methods used for assessing risk of bias of individual studies (including

individual studies specification of whether this was done at the study or outcome level), and how
this information is to be used in any data synthesis.

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means).

Synthesis of results 14  Describe the methods of handling data and combining results of studies, if done,
including measures of consistency (e.g., I) for each meta-analysis.

Risk of bias across 15  Specify any assessment of risk of bias that may affect the cumulative evidence

studies (e.g., publication bias, selective reporting within studies).

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses,
meta-regression), if done, indicating which were pre-specified.

Results

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the

review, with reasons for exclusions at each stage, ideally with a flow diagram.

(continued)
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Table S3 (continued)
Section/topic # Checklist item Reported on
page

Study characteristics 18  For each study, present characteristics for which data were extracted (e.g., study
size, PICOS, follow-up period) and provide the citations.

Risk of bias within 19 Present data on risk of bias of each study and, if available, any outcome-level

studies assessment (see [tem 12).

Results of individual 20  For all outcomes considered (benefits or harms), present, for each study:

studies (a) simple summary data for each intervention group and (b) effect estimates
and confidence intervals, ideally with a forest plot.

Synthesis of results 21  Present results of each meta-analysis done, including confidence intervals and
measures of consistency.

Risk of bias across 22 Present results of any assessment of risk of bias across studies (see Item 15).

studies

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses,
meta-regression [see Item 16]).

Discussion

Summary of evidence 24  Summarize the main findings including the strength of evidence for each main
outcome; consider their relevance to key groups (e.g., health care providers,
users, and policy makers).

Limitations 25  Discuss limitations at study and outcome level (e.g., risk of bias), and at review
level (e.g., incomplete retrieval of identified research, reporting bias).

Conclusions 26  Provide a general interpretation of the results in the context of other evidence,
and implications for future research.

Funding

Funding 27  Describe sources of funding for the systematic review and other support

(e.g., supply of data); role of funders for the systematic review.
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Study %
ID ES (95% Cl) Weight
Aghazadeh (2010) —— 26.50 (-21.91, 74.91) 1.38
Alizadeh osalo (2013) * 49.60 (49.23, 49.97) 295
Amarlooei (2010) * 3.97 (-0.66, 8.60) 2.92
Arabgol (2015) - 22.75 (-2.85, 48.35) 224
Badee nezhad (2014) <+ 44.88 (27.30, 62.46) 2.56
Badeenezhad (2011) * 31.70 (15.63, 47.77) 262
Badie Nejad (2010) * 29.85 (19.66, 40.04) 2.81
Barzegar (2014) —— 10.60 (-34.87, 56.07) 1.47
Darabi (2013) <+ 22.00 (2.40, 41.60) 2.49
Dowlati (2009) —— 33.38 (-33.51, 100.27) 0.93
Ebrahimi (2008) - 28.90 (-6.18, 63.98) 1.85
Emamgholizadeh (2011) * 1.01(0.19, 1.83) 2.95
Fadaei (2014) * 15.50 (0.41, 30.59) 2.66
Fakhri (2012) - 23.47 (-17.57, 64.51) 1.62
Fallahzadeh (2015) - 25.89 (1.72, 50.06) 2.30
Fallahzadeh (2015) * 17.62 (11.58, 23.66) 2.90
Fazeli (2007) —— 16.10 (-32.31, 64.51) 1.38
Gheisari (2004) < 22.80 (2.42, 43.18) 245
Hajimirmohammad Ali (2015) * 12.87 (12.79, 12.95) 2.95
Heydari (2006) -- 20.93 (-6.92, 48.78) 2.14
Heydari (2006) -+ 18.83 (-3.00, 40.66) 2.40
Heydari kochi (2006) * 25.40 (22.28, 28.52) 2.93
Khandan Barani (2011) * 10.00 (8.39, 11.61) 2.94
Mahvi (2002) * 32.50 (24.67, 40.51) 2.86
Malakootian (2009) * 7.84 (-1.06, 16.74) 2.84
Miranzadeh (2006) * 16.75 (0.46, 33.04) 2.61
Mirzaei (2009) - 14.30 (-13.43, 42.03) 2.15
Moeinian (2011) * 5.56 (-1.50, 12.62) 2.88
Mohamadi (2010) —— 18.09 (-26.34, 62.52) 1.51
Mohamadian-fazli (2008) - 34.50 (6.08, 62.92) 2.12
Moradi (2013) —— 39.18 (-26.20, 104.56) 0.96
Nanbakhsh (2000) <> 15.22 (-7.06, 37.50) 2.38
Nanbakhsh (2010) - 17.46 (-10.70, 45.62) 2.13
Ostovary (2010) * 10.00 (6.08, 13.92) 2.93
Rahimi (2013) —— 74.00 (1.48, 146.52) 0.83
Rahimi (2013) —— 74.00 (1.48, 146.52) 0.83
Rahmati (2008) <~ 25.42 (-0.63, 51.47) 2.22
Rahmati (2013) - 37.70 (-5.63, 81.03) 1.54
Rahmati (2013) --- 32.15 (2.10, 62.20) 2.05
Rajaei (2013) - 35.80 (-3.40, 75.00) 1.69
Semnani (2004) <+ 21.80 (2.59, 41.01) 2.50
Sepehmia (2013) —= 47.43 (3.13,91.73) 1.51
Setareh (2010) - 19.46 (-4.49, 43.41) 2.31
Sharifi (2012) * 178.30 (-281.12, 637.72) 0.03
Shaykhi (2013) —— 28.10 (-38.40, 94.60) 0.94
Shirani (2011) R — < — 106.96 (-62.58, 276.50) 0.20
Solgi (2014) L 297.00 (-86.76, 680.76) 0.04
Zaheri (2013) * 69.20 (51.91, 86.49) 2.58
Zare (2010) —— 32.20 (-11.31, 75.71) 1.54
Overall (I-squared = 99.9%, p = 0.000) [ 24.59 (16.79, 32.39) 100.00
NOTE: Weights are from random effects analysis | :
| | |
-681 0 681

Fig. S1. Forest plots and pooled concentration of nitrate in drinking water resource of Iran by random effect model.
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26.50 (-21.91, 74.91)
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44.88 (27.30, 62.46)
31.70 (15.63, 47.77)
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33.38 (-33.51, 100.27)
28.90 (-6.18, 63.98)
1.01(0.19, 1.83)
15.50 (0.41, 30.59)
23.47 (-17.57, 64.51)
25.89 (1.72, 50.06)
17.62 (11.58, 23.66)
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2540 (22.28, 28.52)
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17.46 (-10.70, 45.62)
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74.00 (1.48, 146.52)
74.00 (1.48, 146.52)
2542 (-0.63, 51.47)
37.70 (-5.63, 81.03)
32.15 (2.10, 62.20)
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21.80 (2.59, 41.01)
47.43 (3.13,91.73)
19.46 (-4.49, 43.41)
178.30 (-281.12, 637.72)
28.10 (-38.40, 94.60)
106.96 (-62.58, 276.50)
297.00 (-86.76, 680.76)
69.20 (51.91, 86.49)
32.20 (-11.31, 75.71)
14.20 (14.22, 14.36)

%
Weight

0.00
4.12
0.03
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.82
0.00
0.00
0.00
0.02
0.00
0.00
94.66
0.00
0.00
0.06
0.21
0.01
0.01
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
100.00

-681 0

681

Fig. S2. Forest plots and pooled concentration of nitrate in drinking water resource of Iran by fixed effect model.
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Overall (I-squared = 98.8%, p = 0.000)

NOTE: Weights are from random effects analysis

*

L 4

*

ES (95% Cl)

0.24 (0.23, 0.25)
0.05 (-0.32, 0.42)
0.46 (-0.28, 1.20)
0.89 (0.73, 1.05)
0.01 (0.01, 0.02)
0.08 (0.04, 0.12)
0.02 (-0.03, 0.07)
0.06 (-0.18, 0.30)
0.05 (-0.03, 0.13)
0.00 (-0.01, 0.01)
0.02 (-0.02, 0.07)
0.01 (0.01, 0.01)
0.01 (0.01, 0.01)
0.00 (-0.00, 0.01)
0.02 (0.00, 0.04)
0.00 (-0.00, 0.00)
0.00 (-0.16, 0.16)
0.26 (0.04, 0.48)
0.57 (-0.02, 1.16)
0.01 (0.00, 0.02)
0.05 (0.03, 0.07)

%
Weight

8.29
0.24
0.06
1.19
8.50
6.18
5.18
0.57
3.47
8.36
5.67
8.56
8.55
8.54
7.82
8.56
1.19
0.67
0.10
8.29
100.00

I
-1.2

0

I
1.2

Fig. S3. Forest plots and pooled concentration of nitrite by the random effect model in drinking water resource of Iran.
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Study
ID

Nanbakhsh (2000)
Fakhri (2012)
Barzegar (2014)
Alizadeh osalo (2013)
Nanbakhsh (2010)
Solgi (2014)

Shaykhi (2013)
Aghazadeh (2010)
Moradi (2013)
Miranzadeh (2006)
Gheisari (2004)
Ebrahimi (2008)
Heydari (2006)
Heydari (2006)
Amarlooei (2010)
Shirani (2011)

Mahvi (2002)
Mohamadi (2010)
Sepehrnia (2013)
Ostovary (2010)
Fadaei (2014)
Dowlati (2009)
Fallahzadeh (2015)
Emamgholizadeh (2011)
Rahmati (2013)
Fazeli (2007)
Mohamadian-fazli (2008)
Mirzaei (2009)
Khandan Barani (2011)
Badeenezhad (2011)
Heydari kochi (2006)
Badie Nejad (2010)
Hajimirmohammad Ali (2015)
Rahimi (2013)

Sharifi (2012)

Zaheri (2013)
Rahmati (2008)
Rahmati (2013)
Malakootian (2009)
Setareh (2010)
Semnani (2004)
Moeinian (2011)

Zare (2010)

Arabgol (2015)

Rajaei (2013)

Darabi (2013)

Rahimi (2013)

Badee nezhad (2014)
Fallahzadeh (2015)

Overall (I-squared = 81.5%, p = 0.000)

NOTE: Weights are from random effects analysis

”I”*"T"""n‘*zw'

*
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ES (95% Cl)

0.27 (0.04, 1.02)
0.42 (0.08, 1.70)
0.19 (0.03,2.77)
0.89 (0.22, 1.54)
0.31(0.04, 0.98)
5.30 (0.55, 10.84)
0.50 (0.00, 2.56)
0.47 (0.04,2.32)
0.70 (0.00, 2.56)
0.30 (0.04, 0.63)
0.41(0.12, 1.13)
0.52 (0.21, 1.30)
0.37 (0.01,0.93)
0.34 (0.01, 0.93)
0.07 (0.01,0.15)
1.91 (0.59, 5.30)
0.58 (0.43, 0.70)
0.32 (0.05, 1.56)
0.85 (0.17, 2.05)
0.18 (0.11, 0.29)
0.28 (0.13, 0.46)
0.60 (0.09, 3.46)
0.46 (0.12, 0.96)
0.02 (0.01, 0.05)
0.67 (0.13, 1.78)
0.29 (0.04, 1.99)
0.62 (0.36, 1.23)
0.26 (0.00, 1.19)
0.18 (0.07, 0.59)
0.57 (0.09, 1.25)
0.45 (0.41, 1.65)
0.53 (0.09, 1.24)
0.23 (0.14, 0.28)
1.32(0.18, 1.59)
3.18 (0.41, 16.37)
1.24 (0.68, 1.93)
0.45 (0.19, 1.89)
0.57 (0.22, 1.99)
0.14 (0.03,0.71)
0.35 (0.06, 1.58)
0.60 (0.39, 0.86)
0.10 (0.01,0.27)
0.57 (0.05, 1.59)
0.41(0.06, 1.21)
0.64 (0.00, 0.96)
0.39 (0.20, 0.69)
1.32(0.18, 1.59)
0.80 (0.61, 1.27)
0.31(0.16, 0.53)
0.39 (0.31, 0.48)

%
Weight

1.95
0.94
0.37
1.30
2.08
0.03
0.42
0.52
0.42
3.30
1.88
1.7
212
212
5.05
0.13
4.65
1.05
0.74
4.97
4.42
0.25
233
5.22
0.92
0.69
229
1.53
3.57
1.57
1.43
1.59
5.06
1.18
0.01
1.42
0.87
0.81
2.90
1.04
3.76
4.67
1.03
1.59
2.01
3.71
1.18
298
4.22
100.00

O —t—

16.4

Fig. S4. Forest plots and pooled hazard index of nitrite by the random effect model in drinking water resource of Iran.
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Study %
D ES (95% Cl) Weight
e
wells
Aghazadeh (2010) —— 26.50 (-21.91, 74.91) 1.38
Arabgol (2015) - 2275 (-2.85, 48.35) 224
Badee nezhad (2014) L 44.88 (27.30, 62.46) 256
Badie Nejad (2010) * 29.85 (19.66, 40.04) 281
Barzegar (2014) —— 10.60 (-34.87, 56.07) 147
Dowlati (2009) —— 33.38 (-33.51, 100.27) 0.93
Ebrahimi (2008) -— 28.90 (-6.18, 63.98) 1.85
Fadaei (2014) * 15.50 (0.41, 30.59) 2,66
Fakhri (2012) == 23.47 (-17.57, 64.51) 162
Fallahzadeh (2015) - 25.89 (1.72, 50.06) 230
Fallahzadeh (2015) ® 17.62 (11.58, 23.66) 2.90
Hajimirmohammad Ali (2015) * 12.87 (12.79, 12.95) 295
Heydari (2006) - 20.93 (-6.92, 48.78) 214
Heydari (2006) -+ 18.83 (-3.00, 40.66) 240
Heydari kochi (2006) E 3 25.40 (22.28, 28.52) 293
Mahvi (2002) f 32.59 (24.67, 40.51) 2.86
Mirzaei (2009) <= 14.30 (-13.43, 42.03) 2.15
Moeinian (2011) * 5.56 (-1.50, 12.62) 288
Mohamadian-fazli (2008) - 34.50 (6.08, 62.92) 212
Moradi (2013) —— 39.18 (-26.20, 104.56) 0.96
Nanbakhsh (2000) - 15.22 (-7.06, 37.50) 238
Nanbakhsh (2010) - 17.46 (-10.70, 45.62) 213
Rahimi (2013) —— 74.00 (1.48, 146.52) 083
Rahimi (2013) —— 74.00 (1.48, 146.52) 0.83
Rahmati (2008) == 25.42 (-0.63, 51.47) 222
Rahmati (2013) —— 37.70 (-5.63, 81.03) 154
Rahmati (2013) = 32.15 (2.10, 62.20) 2.05
Sharifi (2012) <> 178.30 (-281.12, 637.72) 0.03
Shaykhi (2013) —— 28.10 (-38.40, 94.60) 0.94
Shirani (2011) —— — 106.96 (-62.58, 276.50) 0.20
Zaheri (2013) * 69.20 (51.91, 86.49) 258
Subtotal (I-squared = 82.8%, p = 0.000) [ ] 25.38 (19.89, 30.87) 59.83
Rever and Dam
Alizadeh osalo (2013) * 49.60 (49.23, 49.97) 2.95
Khandan Barani (2011) & 10.00 (8.39, 11.61) 294
Solgi (2014) <> 297.00 (-86.76, 680.76) 0.04
Subtotal (I-squared = 99.9%, p = 0.000) ? 32.46 (-6.16, 71.08) 5.93
tap water
Darabi (2013) & 22.00 (2.40, 41.60) 249
Emamgholizadeh (2011) * 1.01(0.19, 1.83) 295
Fazeli (2007) —— 16.10 (-32.31, 64.51) 1.38
Malakootian (2009) ® 7.84 (-1.06, 16.74) 284
Miranzadeh (2006) < 16.75 (0.46, 33.04) 2561
Mohamadi (2010) == 18.09 (-26.34, 62.52) 1.51
Ostovary (2010) ® 10.00 (6.08, 13.92) 2.93
Rajaei (2013) —— 35.80 (-3.40, 75.00) 1.69
Semnani (2004) & 21.80 (2.59, 41.01) 2,50
Sepehrnia (2013) —— 47.43 (313,9173) 151
Setareh (2010) < 19.46 (4.49, 43.41) 2.31
Zare (2010) —— 32.20 (-11.31, 75.71) 1.54
Subtotal (I-squared = 75.7%, p = 0.000) [ 12.81 (6.18, 19.44) 2625
wells and tap water
Amarlooei (2010) * 3.97 (-0.66, 8.60) 292
Badeenezhad (2011) < 31.70 (15.63, 47.77) 262
Gheisari (2004) <+ 22.80 (2.42, 43.18) 245
Subtotal (I-squared = 84.6%, p = 0.001) L] 18.18 (-1.61, 37.96) 7.99
Overall (I-squared = 99.9%, p = 0.000) | [ 24.59 (16.79, 32.39) 100.00
NOTE: Weights are from random effects analysis :
| | |
681 0 681

Fig. S5. Forest plots and subgroup analyses based on sampling point (well, dam, and tap water) in drinking water resource of Iran.



392 B. Karimi, S. Samadi / Desalination and Water Treatment 136 (2018) 369-394

Study
ID

Titration

Badie Nejad (2010)

Darabi (2013)

Dowilati (2009)

Heydari kochi (2006)

Mohamadi (2010)

Mohamadian-fazli (2008)

Nanbakhsh (2000)

Subtotal (l-squared = 0.0%, p = 0.902)

Spectrophotometric
Aghazadeh (2010)
Alizadeh osalo (2013)
Amarlooei (2010)
Arabgol (2015)
Badee nezhad (2014)
Badeenezhad (2011)
Barzegar (2014)
Ebrahimi (2008)
Emamgholizadeh (2011)
Fadaei (2014)

Fakhri (2012)
Fallahzadeh (2015)
Fallahzadeh (2015)
Gheisari (2004)
Hajimirmohammad Ali (2015)
Heydari (2006)
Khandan Barani (2011)
Mahvi (2002)
Malakootian (2009)
Miranzadeh (2006)
Mirzaei (2009)
Moeinian (2011)
Moradi (2013)
Nanbakhsh (2010)
Ostovary (2010)
Rahimi (2013)
Rahimi (2013)
Rahmati (2008)
Rahmati (2013)
Rahmati (2013)
Rajaei (2013)
Semnani (2004)
Sepehrnia (2013)
Setareh (2010)

4

Sharifi (2012)
Shaykhi (2013)
Shirani (2011)

+ ’*’+++*++’*+’+”0’9’¢0§+”++0¢§’,+ K —***0+00

Solgi (2014)

Zaheri (2013)

Zare (2010)

Subtotal (I-squared =99.9%, p = 0.000)

-, «

lon chromatography

Fazeli (2007)

Heydari (2006)

Subtotal (I-squared =0.0%, p = 0.865)

0+4

Overall (I-squared = 99.9%, p = 0.000)

NOTE: Weights are from random effects analysis

L 4

ES (95% Cl)

29.85 (19.66, 40.04)
22.00 (2.40, 41.60)
33.38 (-33.51, 100.27)
25.40 (22.28, 28.52)
18.09 (-26.34, 62.52)
34.50 (6.08, 62.92)
15.22 (-7.06, 37.50)
25.59 (22.69, 28.49)

26.50 (-21.91, 74.91)
49.60 (49.23, 49.97)
3.97 (-0.66, 8.60)
2275 (-2.85, 48.35)
44.88 (27.30, 62.46)
31.70 (15.63, 47.77)
10.60 (-34.87, 56.07)
28.90 (-6.18, 63.98)
1.01(0.19, 1.83)
15.50 (0.41, 30.59)
2347 (-17.57, 64.51)
25.89 (1.72, 50.06)
17.62 (11.58, 23.66)
22.80 (2.42, 43.18)
12.87 (12.79, 12.95)
18.83 (-3.00, 40.66)
10.00 (8.39, 11.61)
32.59 (24.67, 40.51)
7.84 (-1.06, 16.74)
16.75 (0.46, 33.04)
14.30 (-13.43, 42.03)
5.56 (-1.50, 12.62)
39.18 (-26.20, 104.56)
17.46 (-10.70, 45.62)
10.00 (6.08, 13.92)
74.00 (1.48, 146.52)
74.00 (1.48, 146.52)
25.42 (-0.63, 51.47)
37.70 (-5.63, 81.03)
32.15(2.10, 62.20)
35.80 (-3.40, 75.00)
21.80 (2.59, 41.01)
47.43 (3.13,91.73)
19.46 (-4.49, 43.41)
178.30 (-281.12, 637.72)
28.10 (-38.40, 94.60)
106.96 (-62.58, 276.50)
297.00 (-86.76, 680.76)
69.20 (51.91, 86.49)
32.20 (-11.31, 75.71)
24.75 (16.06, 33.44)

16.10 (-32.31, 64.51)
20.93 (-6.92, 48.78)
19.73 (-4.41, 43.87)

24.59 (16.79, 32.39)

%
Weight

281
249
0.93
293
1.51
212
238
15.16

1.38
295
292
224
2.56
262
1.47
1.85
295
266
1.62
230
2.90
245
295
240
2.94
2.86
2.84
261
215
2.88
0.96
213
293
0.83
0.83
222
1.54
2.05
1.69
2.50
1.51
231
0.03
0.94
0.20
0.04
2.58
1.54
81.32

1.38
214
3.52

100.00

-681

O —t—
L — -

Fig. S6. Forest plots and subgroup analyses based on nitrate analysis methods (titration, spectrophotometer ion-chromatography) in

drinking water resource of Iran.
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Study %
D ES (95% CI) Weight
West
Aghazadeh (2010) —— 26.50 (-21.91, 74.91) 138
Alizadeh osalo (2013) E 3 49.60 (49.23, 49.97) 295
Barzegar (2014) —— 10.60 (-34.87, 56.07) 147
Emamgholizadeh (2011) ® 1.01(0.19, 1.83) 295
Fakhri (2012) —— 23.47 (-17.57, 64.51) 162
Fazeli (2007) —— 16.10 (-32.31, 64.51) 138
Miranzadeh (2006) < 16.75 (0.46, 33.04) 2561
Moradi (2013) —— 39.18 (-26.20, 104.56) 0.96
Nanbakhsh (2000) <= 15.22 (-7.06, 37.50) 2.38
Nanbakhsh (2010) -- 17.46 (-10.70, 45.62) 213
Rahmati (2008) <= 25.42 (-0.63, 51.47) 222
Rahmati (2013) —— 37.70 (-5.63, 81.03) 154
Rahmati (2013) == 3215 (2.10, 62.20) 2,05
Setareh (2010) - 19.46 (-4.49, 43.41) 231
Sharifi (2012) <> 178.30 (-281.12, 637.72) 0.03
Shaykhi (2013) —— 28.10 (-38.40, 94.60) 0.94
Shirani (2011) ———— 106.96 (-62.58, 276.50) 0.20
Solgi (2014) : 297.00 (-86.76, 680.76) 0.04
Zaheri (2013) < 69.20 (51.91, 86.49) 258
Subtotal (I-squared = 99.8%, p = 0.000) Fo 3 28.48 (9.79, 47.17) 31.73
Center
Amarooei (2010) ® 3.97 (-0.66, 8.60) 292
Arabgol (2015) == 22.75 (-2.85, 48.35) 224
Darabi (2013) & 22.00 (2.40, 41.60) 249
Ebrahimi (2008) - 28.90 (-6.18, 63.98) 1.85
Fallahzadeh (2015) & 17.62 (11.58, 23.66) 2.90
Gheisari (2004) <= 22.80 (2.42, 43.18) 245
Heydari (2006) = 20.93 (-6.92, 48.78) 214
Heydari (2006) <= 18.83 (-3.00, 40.66) 2.40
Mahvi (2002) ® 3259 (24.67,40.51) 2.86
Mohamadi (2010) == 18.09 (-26.34, 62.52) 151
Ostovary (2010) ® 10.00 (6.08, 13.92) 293
Rahimi (2013) —— 74.00 (1.48, 146.52) 0.83
Rahimi (2013) —— 74.00 (1.48, 146.52) 0.83
Rajaei (2013) —— 35.80 (-3.40, 75.00) 169
Sepehrnia (2013) —— 4743 (313,91.73) 151
Zare (2010) —— 3220 (-11.31,75.71) 154
Subtotal (I-squared = 73.3%, p = 0.000) [ ] 20.50 (13.39, 27.62) 33.08
'
South
Badee nezhad (2014) <& 44.88 (27.30, 62.46) 256
Badeenezhad (2011) L] 31.70 (15.63, 47.77) 262
Badie Nejad (2010) 2 29.85 (19.66, 40.04) 281
Fadaei (2014) L 15.50 (0.41, 30.59) 266
Heydari kochi (2006) ® 25.40 (22.28, 28.52) 293
Khandan Barani (2011) E 3 10.00 (8.39, 11.61) 294
Malakootian (2009) E 3 7.84 (-1.06, 16.74) 284
Subtotal (I-squared = 94.2%, p = 0.000) [ 22.20 (1321, 31.19) 19.37
East L
Dowiati (2009) —— 33.38 (-33.51, 100.27) 0.93
Fallahzadeh (2015) - 25.89 (1.72, 50.06) 230
Mirzaei (2009) <= 14.30 (-13.43, 42.03) 2.15
Semnani (2004) L 21.80 (2.59, 41.01) 250
Subtotal (I-squared = 0.0%, p = 0.918) (o3 21.77 (8.81, 34.74) 7.88
North
Hajimirmohammad Ali (2015) ’ 12.87 (12.79, 12.95) 2495
Moeinian (2011) E 3 5.56 (-1.50, 12.62) 288
Mohamadian-fazli (2008) = 34.50 (6.08, 62.92) 212
Subtotal (I-squared = 68.5%, p = 0.042) [} 11.48 (3.92, 19.04) 795
Overall (I-squared = 99.9%, p = 0.000) ) 24.59 (16.79, 32.39) 100.00
NOTE: Weights are from random effects analysis :
| | |
681 0 681

Fig. S7. Forest plots and subgroup analyses based on geographical region in drinking water resource of Iran.
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Fig. S8. The potential of publication bias by Funnel plot with pseudo 95% confidence limits.
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Fig. 59. Begg's-test with pseudo 95% confidence limits for evaluation of asymmetry.



