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A B S T R A C T

Because of exposure to a wide range of chemical contaminants such as nitrate via potable water resources, the use
of the approaches to set standards for drinking water quality and also to do a risk assessment is necessary for
maintaining the public health. High levels of nitrate in drinking water can have adverse health effects; primarily
for infants and pregnant women. So, the present study aimed to the assessment of nitrate health risk in drinking
water resources of the Iranshahr city, Sistan and Baluchistan province and also, evaluation of the uncertainty of
nitrate and the probability of contamination occurrence by Monte-Carlo Simulation (MCS) technique. Besides, the
geographic information system (Arc GIS, Ver 10.3) was applied to mapping the nitrate concentration in
groundwater resources of the studied area. For these aims, the numbers of 66 samples were collected from rural
groundwater resources, and nitrate concentration was measured using a Spectrophotometer in wavelength of
220 nm. According to the results, the nitrate concentration was in the range of 6.49 mg/L, and its average level was
6.15 mg/L. Also, the simulation results with 90% confidence showed that the hazard equitant (HQ) in the infant
groups, children-teenagers and adults was less than 0.331, 0.311, 0.312, and 0.3, respectively.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
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Specification Table
Subject area Environmental Science
More specific subject
area

Nitrate pollution

Protocol name A nitrate risk assessment by Monte Carlo simulation (MCS)
How data were
acquired

Sixty-six samples were collected from rural water resources and analyzed using UV visible
Spectrophotometer (DR/5000). All experiments were with two-time repetition.

Reagents/tools Spectrophotometer (DR/5000, USA), pH meter (model wtw), Simulation by the Monte Carlo Analysis
(Crystal Ball ribbon), Spatial distribution Arc GIS (Ver. 10.3)

Data source location Iranshahr city, Sistan and Baluchistan Province, Iran
Data accessibility Data is presented in this article.
Trial registration Not applicable
Ethics Not applicable

Value of the protocol

� The adverse health effects of exposure to nitrate in drinking water resources can be determined by using health risk
assessment methods. This protocol introduces a practical and straightforward method for nitrate risk assessment in
different exposed groups, including infants, children, teenagers, and adults.

� Monte-Carlo simulation (MCS) or probability simulation is one of the most comprehensive approaches of probabilistic
modeling that can be used to explain the impact of risk and uncertainty in forecasting models.

� In the present research, a probabilistic risk assessment of nitrate exposure was carried out for different exposed groups.
This protocol is easy to follow and understand.

Description of protocol

Background

In recent decades, with the rapid population growth, increasing human activities especially agriculture
and industrial development; contamination of groundwater resources, as the primary source of drinking
water, by various chemicals has created a severe concern to human health in almost all regions of the world
[1–3]. Continual exposure to nitrate, as one of the main pollutants in groundwater reservoirs, leading to
adverse health effects such as methemoglobinemia (blue baby syndrome) [4], particularly in infants groups
[5–7]. So, monitoring the groundwater resources, and also the use of the approaches to health risk
assessment of water contaminants should be necessary for health promotion programs.

The United States Environment Protection Agency (USEPA) defines the human health risk assessment as
thesystematicapproachforanestimatingthe likelihoodof adversehealth effects intheexposedpopulation
who may be susceptive to specific harmful substances in polluted ecological systems, such as water
resources [8]. This approach presents a systematic pattern of the quantitative or semi-quantitative
description of environmental health effects caused by exposure to deleterious substances [9,10]. Several
studies have been paid attention to risk assessment models [11,12]. In risk assessment studies, because of
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imprecision and insufficiency of the environmental data, two factors should be taken into account: (1) data
uncertainty, (2) uncertainty measurement [13]. An uncertainty, which is an inevitable part of risk
assessment refers to the situation of limited knowledge about the real value of a parameter or variable
[10,14]. However, it can be quantified, evaluated, and reliably modeled by applying different technical
methods [13,15,16]. One such method is the Monte-Carlo Simulation (MCS) technique.

MCS(what-if analysis)–asoneof themost broadlyusedmethodsforprobabilisticriskassessment(PRA)
modeling – is an approach that can evaluate the variability, heterogeneity, and uncertainty in the several
parameters of the human health risk assessment procedure [14,17]. In this probabilistic approach, all the
parameters used in assessing the risk are considered as distributions to achieve awiderange of outcomes(a
risk or hazard quotient) after repeated simulations usually 10,000 or more [18,19]. A simple method to
perform MCS is to create the model in Microsoft Excel, then use of Crystal Ball1 ribbon [17].

Keeping this in preset, the aims of present protocol were: (1) to evaluate the nitrate concentrations
in the groundwater resources of the Iranshahr area, (2) to assess the human health risk for different
exposed groups with both deterministic and probabilistic point of view, (3) MCS technique (by using of
Crystal Ball1 software) was utilized for sensitivity analysis and quantification of the uncertainties
related to the risk, (4) the spatial distribution of nitrate concentration in the study area was carried out
using the Inverse distance weighted (IDW) method in the ArcGIS (Ver 10.3) software [20].

Study area

Fig.1 shows the geographic location of the studied area and sampling points in rural drinking water
resources of Iranshahr city, Sistan, and Baluchistan province.

The study area located in the Sistan and Baluchistan province, southeast of Iran and has the dry and
hot climate. The highest and lowest air temperatures are 50 �C and �6.2 �C, respectively, and also, the
yearly mean temperature of this region is 32 �C. Iranshahr city located between 27�120090 N latitude
60�410050 E longitudes, encompassing an area of 30,200 km2. This city has a hot desert climate with
extremely hot summers and mild winters and it average height above sea level is about 519 m. The
total population of the region is 131,232 peoples [21]. The majority occupation of the people of this
county is farming. Since nitrogen is a vital nutrient for most plants, nitrate will play a fundamental role
in agriculture activities, subsequently, in groundwater resources contamination.

Fig. 1. The geographical location of the study area and sampling points.
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Sampling procedure

In this cross-sectional study, sixty-six groundwater samples were collected from groundwater
resources of rural areas of Iranshahr city, which are being frequently used for drinking water supply
(Fig.1). Before sampling, all dug-wells were pumped for about fifty minutes to remove the influence of
stagnant water. All containers of groundwater sample (polyethylene containers with 1 L capacity)
were rinsed four times, by deionized water, before being sampled. In the following, the samples were
labeled, stored at 4 �C and transported to the laboratory for chemical analysis of essential parameters.
All analysis carried out according to Standard Methods for Examination of Water and Wastewater [22].

Laboratory experiment

According to guidelines, delivery time between sample collection and laboratory receipt was about
6–7 [22]. Nitrate concentration was analyzed using UV Vis Spectrophotometer (HACH DR/5000) in the
wavelength of 220 [23,24]. All specific analysis was carried out according to standard methods for
examination water and wastewater [22]. Also, it should be noted that all experiments were carried out
twice. The measured concentration of nitrate is shown in Table 2.

Data analysis

Correlation analysis was done by the Pearson correlation coefficient. All data has been surveyed
using statistical package IBM SPSS Version 16.00 (SPSS Inc., Chicago, IL, USA). Also, significance tests
were at 95% of confidence level.

Spatial distribution and interpolation

Interpolation forecasts values for cells in a raster from a restricted number of sample data points. It
can be used to forecast unknown values for any spatial point data, such as elevation, rainfall, chemical
concentrations, and so on [25]. Several interpolation techniques are often used in the atmospheric
sciences such as inverse distance weighted (IDW) and kriging [26].

IDW is deterministic method by considering the surrounding points. The assumption of this method is
that interpolation values will be more similar to near sample data than farther ones. The weight will change
linearly according to sample data distance [27]. Kriging is similar stochastic approximation to IDW which
use linear combination of weight to estimate the value among sample data [28]. The assumption of this
method is the distance among sample data showing the important geographical correlation on the
interpolation result [29]. IDW provide more accurate interpolation result than the kriging [30].

In present study, GIS software and IDW interpolation method [31] (Fig. 2) were employed for drawing
the spatial distribution of nitrate concentration in the study area [32]. Interpolation is the method that uses
known data values to estimate unknown data values. IDW is an advanced geostatistical method that can be
used for the analysis of spatial correlations, and also it can construct the prediction maps of any unsampled
value [32]. Fig. 2 shows the spatial distribution of nitrate in Iranshahr city.

Risk assessment of nitrate

Nitrate pollution is a significant concern in most groundwater resources in Iran, as well as many
parts of the world [8]. The health risk assessment is the systematic framework for estimating the
likelihood of adverse health effects in the exposed population who may be susceptive to specific
harmful substances in polluted ecological systems [9].

In the present study, a risk assessment was carried out in four groups of the exposed population
including an infant (<2 years), children (2–6 years), teenager (6–16 years), and adult (>16 years). First,
the daily nitrate consumption was calculated by Eq. (1):

EDI ¼ Cf � Cd

Bw
ð1Þ
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where EDI: estimation of daily nitrate consumption (mg/kg), Cf: nitrate concentration in drinking
water (mg/L), Cd: average daily drinking water intake, Bw: body weight (kg).

Non-carcinogenic impact of a single element can be stated as hazard quotient (HQ) using Eq. (2):

HQ ¼ EDI
RFD

ð2Þ

The RFD is the reference dose of a specific pollutant which is expressed in mg/kg body weight (BW)
per day. The reference dose (RFD) is of great significance in the non-carcinogenic risk assessment.
According to the database of Integrated Risk Information System guideline, the amount of RFD for
NO3

� is 1.6 mg/kg BW day for nitrate from the digestive tract [8,33]. The value of HQ < 1 indicates that
the harmful effects of exposure cannot be expected, but HQ > 1, indicates that the non-carcinogenic
risk excesses the acceptable level [34]. The values of formula parameters for different exposed groups
have been shown in Table 1.

The nitrate concentration and also, calculated hazard quotient for drinking water samples are
presented in Table 2.

Monte Carlo simulation (MCS) and Crystal Ball ribbon

MCS (what-if analysis) – as one of the most broadly used methods for probabilistic risk assessment
(PRA) modeling – is an approach that can evaluate the variability and uncertainty in the several
parameters of the human health risk assessment procedure [14]. In the present study, the variability
and sensitivity analysis of the predictions of the risk assessment model was carried out by using the
Monte Carlo simulation technique. A simplified approach to perform MCS is to create the model
without uncertainty in Microsoft Excel software, then use the spreadsheet-based application, such as
Crystal Ball1 software [36,37].

Fig. 2. Spatial distribution of nitrate in Iranshahr city.

Table 1
Values of parameters which are used in risk assessment.

Group Cf Cd Bw RFD Reference

Infant – 0.08 10 1.6 [32]
Children – 0.85 15 1.6 [34]
Teenager – 2 50 1.6 [35]
Adults – 2.5 78 1.6 [7]
Unit mg/L L/day kg mg/kg day –
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Table 2
Calculated hazard quotient for different groups.

No. Nitrate concentration (mg/L) EDI HQ

Infants Children Teenagers Adults Infants Children Teenagers Adults

1 12.000 0.0960 0.6800 0.4800 0.3846 0.0600 0.4250 0.3000 0.2404
2 18.500 0.1480 1.0483 0.7400 0.5929 0.0925 0.6552 0.4625 0.3706
3 24.000 0.1920 1.3600 0.9600 0.7692 0.1200 0.8500 0.6000 0.4808
4 14.000 0.1120 0.7933 0.5600 0.4487 0.0700 0.4958 0.3500 0.2804
5 9.000 0.0720 0.5100 0.3600 0.2885 0.0450 0.3188 0.2250 0.1803
6 12.000 0.0960 0.6800 0.4800 0.3846 0.0600 0.4250 0.3000 0.2404
7 13.500 0.1080 0.7650 0.5400 0.4327 0.0675 0.4781 0.3375 0.2704
8 17.500 0.1400 0.9917 0.7000 0.5609 0.0875 0.6198 0.4375 0.3506
9 15.000 0.1200 0.8500 0.6000 0.4808 0.0750 0.5313 0.3750 0.3005
10 17.000 0.1360 0.9633 0.6800 0.5449 0.0850 0.6021 0.4250 0.3405
11 20.000 0.1600 1.1333 0.8000 0.6410 0.1000 0.7083 0.5000 0.4006
12 28.000 0.2240 1.5867 1.1200 0.8974 0.1400 0.9917 0.7000 0.5609
13 14.500 0.1160 0.8217 0.5800 0.4647 0.0725 0.5135 0.3625 0.2905
14 13.000 0.1040 0.7367 0.5200 0.4167 0.0650 0.4604 0.3250 0.2604
15 17.600 0.1408 0.9973 0.7040 0.5641 0.0880 0.6233 0.4400 0.3526
16 14.500 0.1160 0.8217 0.5800 0.4647 0.0725 0.5135 0.3625 0.2905
17 10.000 0.0800 0.5667 0.4000 0.3205 0.0500 0.3542 0.2500 0.2003
18 6.500 0.0520 0.3683 0.2600 0.2083 0.0325 0.2302 0.1625 0.1302
19 16.500 0.1320 0.9350 0.6600 0.5288 0.0825 0.5844 0.4125 0.3305
20 15.000 0.1200 0.8500 0.6000 0.4808 0.0750 0.5313 0.3750 0.3005
21 8.500 0.0680 0.4817 0.3400 0.2724 0.0425 0.3010 0.2125 0.1703
22 6.500 0.0520 0.3683 0.2600 0.2083 0.0325 0.2302 0.1625 0.1302
23 9.000 0.0720 0.5100 0.3600 0.2885 0.0450 0.3188 0.2250 0.1803
24 18.500 0.1480 1.0483 0.7400 0.5929 0.0925 0.6552 0.4625 0.3706
25 12.000 0.0960 0.6800 0.4800 0.3846 0.0600 0.4250 0.3000 0.2404
26 13.000 0.1040 0.7367 0.5200 0.4167 0.0650 0.4604 0.3250 0.2604
27 16.500 0.1320 0.9350 0.6600 0.5288 0.0825 0.5844 0.4125 0.3305
28 10.000 0.0800 0.5667 0.4000 0.3205 0.0500 0.3542 0.2500 0.2003
29 13.500 0.1080 0.7650 0.5400 0.4327 0.0675 0.4781 0.3375 0.2704
30 25.000 0.2000 1.4167 1.0000 0.8013 0.1250 0.8854 0.6250 0.5008
31 12.000 0.0960 0.6800 0.4800 0.3846 0.0600 0.4250 0.3000 0.2404
32 12.000 0.0960 0.6800 0.4800 0.3846 0.0600 0.4250 0.3000 0.2404
33 13.500 0.1080 0.7650 0.5400 0.4327 0.0675 0.4781 0.3375 0.2704
34 17.000 0.1360 0.9633 0.6800 0.5449 0.0850 0.6021 0.4250 0.3405
35 49.000 0.3920 2.7767 1.9600 1.5705 0.2450 1.7354 1.2250 0.9816
36 17.000 0.1360 0.9633 0.6800 0.5449 0.0850 0.6021 0.4250 0.3405
37 19.500 0.1560 1.1050 0.7800 0.6250 0.0975 0.6906 0.4875 0.3906
38 11.500 0.0920 0.6517 0.4600 0.3686 0.0575 0.4073 0.2875 0.2304
39 15.000 0.1200 0.8500 0.6000 0.4808 0.0750 0.5313 0.3750 0.3005
40 12.500 0.1000 0.7083 0.5000 0.4006 0.0625 0.4427 0.3125 0.2504
41 18.000 0.1440 1.0200 0.7200 0.5769 0.0900 0.6375 0.4500 0.3606
42 14.500 0.1160 0.8217 0.5800 0.4647 0.0725 0.5135 0.3625 0.2905
43 13.000 0.1040 0.7367 0.5200 0.4167 0.0650 0.4604 0.3250 0.2604
44 15.500 0.1240 0.8783 0.6200 0.4968 0.0775 0.5490 0.3875 0.3105
45 11.500 0.0920 0.6517 0.4600 0.3686 0.0575 0.4073 0.2875 0.2304
46 14.500 0.1160 0.8217 0.5800 0.4647 0.0725 0.5135 0.3625 0.2905
47 11.000 0.0880 0.6233 0.4400 0.3526 0.0550 0.3896 0.2750 0.2204
48 13.000 0.1040 0.7367 0.5200 0.4167 0.0650 0.4604 0.3250 0.2604
49 15.800 0.1264 0.8953 0.6320 0.5064 0.0790 0.5596 0.3950 0.3165
50 16.500 0.1320 0.9350 0.6600 0.5288 0.0825 0.5844 0.4125 0.3305
51 6.000 0.0480 0.3400 0.2400 0.1923 0.0300 0.2125 0.1500 0.1202
52 16.000 0.1280 0.9067 0.6400 0.5128 0.0800 0.5667 0.4000 0.3205
53 15.500 0.1240 0.8783 0.6200 0.4968 0.0775 0.5490 0.3875 0.3105
54 16.000 0.1280 0.9067 0.6400 0.5128 0.0800 0.5667 0.4000 0.3205
55 13.000 0.1040 0.7367 0.5200 0.4167 0.0650 0.4604 0.3250 0.2604
56 13.000 0.1040 0.7367 0.5200 0.4167 0.0650 0.4604 0.3250 0.2604
57 10.000 0.0800 0.5667 0.4000 0.3205 0.0500 0.3542 0.2500 0.2003
58 12.500 0.1000 0.7083 0.5000 0.4006 0.0625 0.4427 0.3125 0.2504
59 23.500 0.1880 1.3317 0.9400 0.7532 0.1175 0.8323 0.5875 0.4708
60 13.000 0.1040 0.7367 0.5200 0.4167 0.0650 0.4604 0.3250 0.2604

N. Shalyari et al. / MethodsX 6 (2019) 1812–1821 1817



Crystal Ball is an “Add-in” for Microsoft Excel that is used to perform analyze, produce the input
distribution values, collect the output, show it graphically, and calculate summary statistics [38]. This
versatile easy-to-use tool uses the Monte-Carlo technique for calculating uncertainty and sensitivity
and predict the entire range of the probable results for a specific situation [37]. Fig. 3 illustrates the CB
ribbon in Microsoft Excel software.

Crystal Ball1 (CB) ribbon is divided into five status bar that each of which relates to a step in the
analysis or the modeling process; Define, Run, Analyze, Tools, and Help section. Define section contain
all the elements which are needed to define the model and is applied for definition of variables; the
middle section called Run contains all the items which are required to run and reset the simulation.
The Analyze section contains the needed elements to report and analyze the result of the simulation.
The Tools section contain additional tools which are applied to set up the run and analyze simulation
as well as performance optimization and time series forecasting, and finally, the Help section includes
many resources, for example, guides and documentation [38].

In the present research, Oracle Crystal Ball1 software (Version 11.1.34190) was applied to
simulation data and to estimate distribution parameters [17]. Figs. 4 and 5 show the sensitivity
analysis by using the Monte Carlo simulation technique; also, the HQ values have been indicated in
Table 2.

Fig. 3. The Status bar of Crystal Ball1 ribbon in Microsoft Excel.

Table 2 (Continued)

No. Nitrate concentration (mg/L) EDI HQ

Infants Children Teenagers Adults Infants Children Teenagers Adults

61 26.500 0.2120 1.5017 1.0600 0.8494 0.1325 0.9385 0.6625 0.5308
62 8.500 0.0680 0.4817 0.3400 0.2724 0.0425 0.3010 0.2125 0.1703
63 20.500 0.1640 1.1617 0.8200 0.6571 0.1025 0.7260 0.5125 0.4107
64 14.000 0.1120 0.7933 0.5600 0.4487 0.0700 0.4958 0.3500 0.2804
65 13.000 0.1040 0.7367 0.5200 0.4167 0.0650 0.4604 0.3250 0.2604
66 12.500 0.1000 0.7083 0.5000 0.4006 0.0625 0.4427 0.3125 0.2504

Mean 6.15 0.0492 0.3484 0.2459 0.1970 0.0307 0.2177 0.1537 0.1232
Min 6.00 0.0480 0.3400 0.2400 0.1923 0.0300 0.2125 0.1500 0.1202
Max 49.00 0.3920 2.7767 1.9600 1.5705 0.2450 1.7354 1.2250 0.9816
SD 6.15 0.0492 0.3484 0.2459 0.1970 0.0307 0.2177 0.1537 0.1232
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As discussed later, the health risk assessment was carried out in four groups, including infant
children, teenager, and adult, to investigate the non-carcinogenic risk of nitrate. The effect of
probability estimation indicated that HQ levels in the studied groups increase in the order
of children > teenager > adult > Infants. The results of the calculation of the point and probable hazard
estimation are presented in Table 3.

Besides, HQ levels of children and teenager groups found to be higher than one (1.7354 and 1.2250,
respectively), indicating that they were the most sensitive groups in the studied exposed population.
The simulation results with 90% confidence show that the HQ levels in the infant groups, children,
teenagers, and adults are less than 0.331, 0.311, 0.312, and 0.3, respectively. So, according to results,
long-term exposure to nitrate through drinking water consumption does not increase the likelihood of

Fig. 4. HQ values for children groups.

Fig. 5. HQ values for teenager groups.

Table 3
Deterministic and probabilistic approaches to determine HQ.

Parameter Infant Children Teenager Adult

Deterministic approach
Mean 0.017 0.0165 0.0145 0.011
SD 0.006 0.007 0.005 0.004
P90 0.33 0.312 0.313 0.299

Probabilistic approach
Mean 0.0171 0.0165 0.0144 0.010
SD 0.005 0.0068 0.0056 0.0039
P90 0.331 0.311 0.312 0.3
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non-carcinogenic risk and the adverse effects of water consumption and exposure to nitrate, and the
exposure to nitrate in the exposed population is safe during the present study period.

Conclusion

Accurate and genuine information about drinking water pollutants is so vital in order to the
promotion of social health programs. Since drinking water is one of the routes of human exposure to
several elements, the consumption of water contaminated with nitrate could pose a health risk to the
consumers. From this perspective, in the present study, 66 samples of groundwater resources of
Iranshahr area were studied for the health risk assessment of nitrate by application of Monte-Carlo
simulation (MCS) technique. The result of the present study showed that long-term exposure to
nitrate through drinking water consumption does not increase the likelihood of non-carcinogenic risk.
In the present research, children and teenager were more at risk by the consumption of polluted
drinking water. Finally, it is recommended that groundwater resources be monitored and controlled
more precisely to prevent the adverse health effect for consumers.

Conflict of interests

The authors declare that there is no conflict of interest.

Acknowledgments

The authors are grateful to Shiraz University of Medical Sciences for their support.

References

[1] H. Soleimani, A. Abbasnia, M. Yousefi, A.A. Mohammadi, F.C. Khorasgani, Data on assessment of groundwater quality for
drinking and irrigation in rural area Sarpol-e Zahab city, Kermanshah province, Iran, Data Brief 17 (2018) 148–156.

[2] H. Akbari, H. Soleimani, M. Radfard, A. Abasnia, B. Hashemzadeh, H. Akbari, et al., Data on investigating the nitrate
concentration levels and quality of bottled water in Torbat-e Heydarieh, Khorasan razavi province, Iran, Data Brief 20
(2018) 463.

[3] L. Karamia, M. Alimohammadia, H. Soleimania, M. Askaria, Assessment of water quality changes during climate change
using the GIS software in a plain in the southwest of Tehran province, Iran, Desalin. Water Treat. 148 (2019) 119–127.

[4] World Health Organization, Guidelines for Drinking-Water Quality, World Health Organization, 2004.
[5] H. Soleimani, O. Nasri, B. Ojaghi, H. Pasalari, M. Hosseini, B. Hashemzadeh, et al., Data on drinking water quality using water

quality index (WQI) and assessment of groundwater quality for irrigation purposes in Qorveh&Dehgolan, Kurdistan, Iran,
Data Brief 20 (2018) 375–386.

[6] D. Jalili, M. RadFard, H. Soleimani, S. Nabavi, H. Akbari, H. Akbari, et al., Data on nitrate–nitrite pollution in the groundwater
resources a Sonqor plain in Iran, Data Brief 20 (2018) 394–401.

[7] M. Radfard, M. Rahmatinia, H. Tabatabaee, H. Solimani, A.H. Mahvi, A. Azhdarpoor, Data on health risk assessment to the
nitrate in drinking water of rural areas in the Khash city, Iran, Data Brief 21 (2018) 1918–1923.

[8] R. Sadler, B. Maetam, B. Edokpolo, D. Connell, J. Yu, D. Stewart, et al., Health risk assessment for exposure to nitrate in
drinking water from village wells in Semarang, Indonesia, Environ. Pollut. 216 (2016) 738–745.

[9] M. Biesiada, Simulations in health risk assessment, Int. J. Occup. Med. Environ. Health 14 (4) (2001) 397–402.
[10] P. Dutta, Modeling of variability and uncertainty in human health risk assessment, MethodsX 4 (2017) 76–85.
[11] M. Mirzabeygi, M. Yousefi, H. Soleimani, A.A. Mohammadi, A.H. Mahvi, A. Abbasnia, The concentration data of fluoride and

health risk assessment in drinking water in the Ardakan city of Yazd province, Iran, Data Brief 18 (2018) 40–46.
[12] A. Abbasnia, N. Yousefi, A.H. Mahvi, R. Nabizadeh, M. Radfard, M. Yousefi, et al., Evaluation of groundwater quality using

water quality index and its suitability for assessing water for drinking and irrigation purposes: case study of Sistan and
Baluchistan province (Iran), Hum. Ecol. Risk Assess. (2018) 1–18.

[13] S. Giri, A.K. Singh, M.K. Mahato, Monte Carlo simulation-based probabilistic health risk assessment of metals in
groundwater via ingestion pathway in the mining areas of Singhbhum copper belt, India, Int. J. Environ. Health Res. (2019)
1–14.

[14] Research on risk assessment based on Monte Carlo simulation and dose-response multistage model, in: D. Huang, M. Liu, J.
Zhang, Y. Wang (Eds.), 2010 3rd International Conference on Biomedical Engineering and Informatics, IEEE, 2010.

[15] M. Schuhmacher, M. Meneses, A. Xifró, J.L. Domingo, The use of Monte-Carlo simulation techniques for risk assessment:
study of a municipal waste incinerator, Chemosphere 43 (4–7) (2001) 787–799.

[16] Uncertainty IoMCoDMU, Environmental Decisions in the Face of Uncertainty, National Academies Press, 2013.
[17] A. Abbasnia, M. Ghoochani, N. Yousefi, S. Nazmara, M. Radfard, H. Soleimani, et al., Prediction of human exposure and

health risk assessment to trihalomethanes in indoor swimming pools and risk reduction strategy, Hum. Ecol. Risk Assess.
(2018) 1–18.

1820 N. Shalyari et al. / MethodsX 6 (2019) 1812–1821

http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0005
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0005
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0010
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0010
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0010
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0015
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0015
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0020
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0025
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0025
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0025
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0030
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0030
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0035
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0035
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0040
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0040
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0045
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0050
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0055
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0055
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0060
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0060
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0060
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0070
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0070
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0075
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0075
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0080
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0085
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0085
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0085


[18] S.Y. Ganyaglo, A. Gibrilla, E.M. Teye, Owusu-Ansah ED-GJ, S. Tettey, P.Y. Diabene, et al., Groundwater fluoride contamination
and probabilistic health risk assessment in fluoride endemic areas of the Upper East Region, Ghana, Chemosphere (2019).

[19] R.A. Fallahzadeh, R. Khosravi, B. Dehdashti, E. Ghahramani, F. Omidi, A. Adli, et al., Spatial distribution variation and
probabilistic risk assessment of exposure to chromium in ground water supplies; a case study in the east of Iran, Food
Chem. Toxicol. 115 (2018) 260–266.

[20] M. Radfard, M. Yunesian, R. Nabizadeh, H. Biglari, S. Nazmara, M. Hadi, et al., Drinking water quality and arsenic health risk
assessment in Sistan and Baluchestan, Southeastern Province, Iran, Hum. Ecol. Risk Assess. 25 (4) (2019) 949–965.

[21] B. Djahed, M. Taghavi, M. Farzadkia, S. Norzaee, M. Miri, Stochastic exposure and health risk assessment of rice
contamination to the heavy metals in the market of Iranshahr, Iran, Food Chem. Toxicol. 115 (2018) 405–412.

[22] B. Verma, A.G. Rajor, Neutralization of Alkaline Waste Water from Pulp and Paper Industry by Alkaliphiles, (2012) .
[23] S. Sarkar, Development of Hybrid Adsorbent for Selective Fluoride Removal from Contaminated Drinking Water, (2012) .
[24] A. Abbasnia, M. Radfard, A.H. Mahvi, R. Nabizadeh, M. Yousefi, H. Soleimani, et al., Groundwater quality assessment for

irrigation purposes based on irrigation water quality index and its zoning with GIS in the villages of Chabahar, Sistan and
Baluchistan, Iran, Data Brief 19 (2018) 623–631.

[25] N. Momejian, M.A. Najm, I. Alameddine, M. El-Fadel, Groundwater vulnerability modeling to assess seawater intrusion: a
methodological comparison with geospatial interpolation, Water Resour. Manag. 33 (3) (2019) 1039–1052.

[26] Y. Sun, S. Kang, F. Li, L. Zhang, Comparison of interpolation methods for depth to groundwater and its temporal and spatial
variations in the Minqin oasis of northwest China, Environ. Model. Softw. 24 (10) (2009) 1163–1170.

[27] Q. Meng, Z. Liu, B.E. Borders, Assessment of regression kriging for spatial interpolation–comparisons of seven GIS
interpolation methods, Cartogr. Geogr. Inf. Sci. 40 (1) (2013) 28–39.

[28] P.K. Srivastava, P.C. Pandey, G.P. Petropoulos, N.N. Kourgialas, V. Pandey, U. Singh, GIS and remote sensing aided information
for soil moisture estimation: a comparative study of interpolation techniques, Resources 8 (2) (2019) 70.

[29] L. Yao, Z. Huo, S. Feng, X. Mao, S. Kang, J. Chen, et al., Evaluation of spatial interpolation methods for groundwater level in an
arid inland oasis, northwest China, Environ. Earth Sci. 71 (4) (2014) 1911–1924.

[30] M. McLean, L. Evers, A. Bowman, M. Bonte, W. Jones, Statistical modelling of groundwater contamination monitoring data:
a comparison of spatial and spatiotemporal methods, Sci. Total Environ. 652 (2019) 1339–1346.

[31] M. Ghosh, D.K. Pal, S.C. Santra, Spatial mapping and modeling of arsenic contamination of groundwater and risk
assessment through geospatial interpolation technique, Environ. Dev. Sustain. (2019) 1–20.

[32] 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, Desalin.
Water Treat. 145 (2019) 249–256.

[33] V.M. Wagh, D.B. Panaskar, S.V. Mukate, M.L. Aamalawar, U. Laxman Sahu, Nitrate associated health risks from groundwater
of Kadava River Basin Nashik, Maharashtra, India, Hum. Ecol. Risk Assess. (2019) 1–19.

[34] J. Chen, H. Wu, H. Qian, Y. Gao, Assessing nitrate and fluoride contaminants in drinking water and their health risk of rural
residents living in a semiarid region of Northwest China, Expo. Health 9 (3) (2017) 183–195.

[35] P. Tirkey, T. Bhattacharya, S. Chakraborty, S. Baraik, Assessment of groundwater quality and associated health risks: a case
study of Ranchi city, Jharkhand, India, Groundw. Sustain. Dev. 5 (2017) 85–100.

[36] D.J. Parsons, M. Whelan, R. Bevan, Probabilistic Modelling for Assessment of Exposure via Drinking Water, Final Report of
Project Defra WT1263/DWI 70/2/273, 2014.

[37] A. Bhat, A. Kumar, Application of the Crystal Ball1 software for uncertainty and sensitivity analyses for predicted
concentration and risk levels, Environ. Prog. 27 (3) (2008) 289–294.

[38] B. Gentry, Oracle Crystal Ball User Manual, Release 11.1.1.1.00, Oracle, 2008.

N. Shalyari et al. / MethodsX 6 (2019) 1812–1821 1821

http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0090
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0090
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0095
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0095
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0095
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0100
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0100
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0105
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0105
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0110
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0115
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0120
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0120
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0120
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0125
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0125
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0130
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0130
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0135
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0135
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0140
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0140
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0145
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0145
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0150
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0150
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0155
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0155
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0160
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0160
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0160
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0165
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0165
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0170
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0170
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0175
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0175
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0180
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0180
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0185
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0185
http://refhub.elsevier.com/S2215-0161(19)30199-2/sbref0190

	Health risk assessment of nitrate in groundwater resources of Iranshahr using Monte Carlo simulation and geographic inform...
	Value of the protocol
	Description of protocol
	Background
	Study area
	Sampling procedure
	Laboratory experiment
	Data analysis
	Spatial distribution and interpolation
	Risk assessment of nitrate
	Monte Carlo simulation (MCS) and Crystal Ball ribbon

	Conclusion
	Conflict of interests
	Acknowledgments
	References


