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A B S T R A C T

Human health is being increasingly exposed to fluoride and nitrate ingestion globally due to
anthropogenic alternations in groundwater resources. In the present research work, a hazard
quotient (HQ), Monte Carlo simulation (MCS), and geographic information systems (GIS) have
been used to estimate the non-carcinogenic health risk of nitrate and fluoride in vulnerable adults,
teenagers, and children living in far-flung areas of Uttar Pradesh, Northern India. About 110
samples from some nearby populations were collected and analyzed for nitrates by ion chro-
matography and fluoride by a fluoride-selective electrode. The results indicated that the con-
centrations of fluoride and nitrate in the sampling areas ranged from 0.21 to 1.71 mg/L and
0.4–183.54 mg/L, respectively, with mean concentrations of about 1.20 mg/L and 51.52 mg/L for
fluoride and nitrate, respectively. The results indicated that 27.27 % of the fluoride samples (27
out of 110) and 45.45 % of the nitrate samples (44 out of 110) were above the standard limits set
by WHO. The calculated average HQ values fluoride and Nitrate for children, teenagers and adults
were 1.88, 0.98, 0.90 and 3.02, 1.57, 1.45 respectively The 95th percentile HQ values for fluoride
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were 2.87 for children and 1.03 for adults, while those for nitrate were 4.10 for children and 1.98
for adults. Results of the health risk assessment show that there is a high potential for both non-
carcinogenic and cancer risks from fluoride and nitrate through the consumption of groundwater.
The Monte Carlo simulation showed the uncertainties and increased risks for children; therefore,
one can infer that rural groundwater of the Mathura region, Uttar Pradesh, India, must be treated
to make it potable for consumption.

1. Introduction

Groundwater (GW) is themajor source of potable water for municipal, agricultural, and industrial uses. But, nowadays, its quality is
continuously deteriorating due to demographic burdens and various industrial activities [1–4]. One of the crucial elements in assessing
whether groundwater is suitable for drinking water is the qualitative and quantitative evaluation of the resource [5,6].

Many countries, particularly Iran and India, rely on GW as a potable water source, since it is among the most significant water
resources in the world. However, due to several factors, including the growth of agriculture and industry, the development of ur-
banization, and drought, GW is polluted by a variety of water pollutants [7–10]. In today’s world, people mostly use contaminated
water which leads to the spread of several water-borne diseases [11–14]. But there are a lot of people working hard for the government
and nongovernmental organization (NGOs) to make sure that everyone has access to clean water. The contaminants like dissolved
solids, heavy metals, suspended particles, pesticides, and emerging contaminants (inorganic and organic chemicals) have been re-
ported in water, causing a variety of health problems [13–17]. The major issue nowadays is the presence of fluoride (F− ) in drinking
water. Its concentration in potable water may be both a boon and bane, as it is suitable at 1.5 mg/L, but the higher concentration of
fluoride (>1.5 mg/L) is harmful to human health [18–20]. About 200 million people across 25 nations are using fluoride-contaminated
potable water [21,22]. A high fluoride concentration in GW may be caused by natural or anthropogenic dissolution of
fluoride-enriched granitic rocks [23]. Some rocks have fluorine-rich minerals, like biotite, cryolite, fluorapatite, fluorite, hornblende,
muscovite, topaz. Some of these rocks can get easily dissolved in GW and release F− ions [24]. The anthropogenic sources have
increased the F− ions in GW through industrial waste, coal combustion, and overuse of fertilizers in agricultural land. The geogenic
sources of fluoride include ion exchange, rock-water morphology, rock nature, and calcite precipitation [25–27]. Continuous exposure
to fluoride (>1.5 mg/L) causes severe health issues like fluorosis i.e. bone dental, and skeletal fluorosis, and bone cancer, impotency
[28–33]. According to certain research, consuming nitrates (NO3

− ) through food and drink can lead to nervous system abnormalities,
birth malformations, or low birth weight in infants [34–36]. There have been cases of Methemoglobin, gastrointestinal problems, and
stomach cancer in the Fars area of Iran [9,37,38]. Monte Carlo simulations are utilized in the present research work to evaluate the
concentration of fluoride and nitrate contamination in groundwater through exposure [39]. According to a research study, a notable
correlation was observed between GW and F− concentration [40]. In GW, fluoride is mainly derived from surface water (river, pond,
and lake). The main reason for fluoride importation to the GW is the infiltration of irrigation canals and rivers. Wastewater treatment
plants and agricultural runoff water polluted by chemical fertilizer discharge are the main contributors to nitrate levels in groundwater
[41]. The high fluoride and nitrate concentrations in the rural Mathura area may likely be controlled by some unique geology of the
area leading to their higher concentration [39,41]. Added to this, agricultural and urbanization anthropogenic activities may also
aggravate the contamination. Overall, natural and anthropogenic factors make groundwater unsatisfactory for consumption and
require efficient treatment solutions [41].

Despite the fact that much research has been done with regard to fluoride and nitrate contamination in groundwater, a few critical
gaps remain to be addressed [41]. There are hardly any regional studies that provide complete coverage for all villages in the Mathura
region [41]. The correlation of land use patterns and contamination levels has hardly been looked into. There is also a striking shortage
of studies using Monte Carlo simulation for health risk assessment model based on demographic and environmental factors [39]. The
long-term health effects in different demographic groups are also not considered adequately in most of the studies [32]. Standardized
protocols for Monte Carlo simulation in health risk assessments are lacking, and sensitivity analysis to identify key risk factors is rarely
conducted. Few comparative studies have shown the effectiveness of Monte Carlo simulation over traditional methods [33,42]. These
gaps point to the need for more localized, interdisciplinary, technically integrated studies to increase understanding and mitigation of
health risks due to fluoride and nitrate contamination in rural areas [41]. The main goals of the present research work are (i) to collect
water samples from nearby villages in the rural area of Mathura region, Uttar Pradesh (UP), India. The sample collection focuses on
examining the presence of nitrate and fluoride in the water and its comparison to the national and international standards (ii) to use
ArcGIS software to assess the possible health risks of nitrate exposure from contaminated drinking water in three targeted groups i.e
children, teenagers and adults (iii) to determine the quantitative uncertainties and critical input parameters during the risk assessment
process (iv) this research work is to examine the origins, dispersion, and dynamics of elevated levels of fluoride and nitrate in rural
Mathura, UP, India. The present study intends to examine the origins, dispersion, and genesis of elevated concentrations of F− and NO3

−

in rural Mathura, Uttar Pradesh, India. The findings of this research will help with the suitable corrective measures, such as granting
access to centralized and substitute sources of supply of good water.
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2. Materials and techniques

2.1. Study areas

The region of Mathura is located in UP’s western region (Fig. 1). It is situated about 50 km to the north of Agra. For Hindus, Mathura
is a sacred place because it is thought to be the birthplace of Krishna. Approximately 2.5 billion people call this place home, and it is the
largest district in Uttar Pradesh, India. The area under investigation spans approximately 3339 km2 and is located between longitudes
77◦ 17′ and 78◦ 12′ and latitudes 27◦ 14′ and 27◦ 17′.

2.2. Examination and assessment of the collected samples

Underground water samples were gathered from various nearby sighted villages (110) having contaminated water to comprehend
the study from March 2019 to February 2020, as depicted in map Fig. 1. Ionic chromatography and a fluoride selective electrode were
employed for the concentration analysis of nitrate and fluoride, respectively [43]. The Fig. 2 depicted the flowchart of scientific
methodology which includes the complete process of the sample analysis techniques.

2.3. Human health risk assessment (HRA)

F− and NO3
− concentrations in GW was estimated using the US (USEPA) 1989 model. F− and NO3

− , two contaminants in ground-
water, were evaluated for their non-carcinogenic and carcinogenic potential using this model. It is based on Eqs. (1) and (2). Table 1
lists the characteristics that were utilized to calculate the estimated daily intake (EDI) [39,44].

EDIing =
C ∗ IR ∗ EF ∗ ED

BW ∗ AT
Eq. (1)

Where,

Fig. 1. Locations of rural area of Mathura, Uttar Pradesh, India.
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EDIing: Fluoride and nitrate Consumption Per Day (mg/kg/day)
C: Concentrations of fluoride and nitrate concentration (mg/L)
Equation (2) of (HQ) is used to determine the non-carcinogenic and carcinogenic risks associated with fluoride exposure [17,39,

47].

HQ=
EDI
Rfd

Equation (2)

The reference dosage (RfD), which is used to compute risk assessment, approximates the population’s daily intake without a
significant risk of adverse effects over time. There were RfD values for F (0.06 mg/kg/d) and NO3 (1.6 mg/kg/d) in the Integrated Risk

Fig. 2. Flow chart of scientific methodology.

Table 1
Considerations for the health risk method’s parameter values [45–47].

Parameters Symbol Unit Children (0–10) Teenagers (11–20) Adults (>20)

Average time AT Days EF*ED EF*ED EF*ED
Bodyweight BW Kg 16 45 62
Exposure duration ED Year 4 13 40
Exposure frequency EF days/year 345 345 345
Ingestion rate IR L/d 1.5 2.2 2.8
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Table 2
The fluoride and nitrate parameters utilized in MCS and the uncertainty analysis [29,33,39,46,47,52,53].

Parameter Age group Probability Distribution

Children Teenagers Adults

Ingestion Rate (L/d) 1.25 ± 0.57 1.58 ± 0.69 1.95 ± 0.64 Normal
Body weight (kg) 16.68 ± 1.48 46.25 ± 1.18 57.03 ± 1.10 Log normal
Exposure Duration (year) 4 13 40 Fixed value
Exposure Frequency (days/year) Minimum = 185, mode = 345, maximum = 365 Triangular
F− Oral reference dose (RfD) (mg/kg/day) 0.06 Fixed value
NO3

− Oral reference dose (RfD) (mg/kg/day) 1.6 Fixed value

Table 3
Statically analysis concentrations of fluoride in the rural Mathura, Uttar Pradesh, India.

S.No. Sampling Locations Fluoride Levels (mg/L) Ranges

Mean STDEV Min Max

1 Pachawar 0.21 0.09 0.11 0.32
2 Khaeera 1.54 0.12 1.4 1.72
3 Kunjera 1.25 0.11 1.15 1.4
4 Lohariya patti 0.7 0.26 0.4 1.1
5 Sultanpur 0.75 0.14 0.59 0.96
6 Narauli 1.03 0.13 0.86 1.21
7 Vrindavan 1.16 0.14 0.93 1.28
8 Laxminagar 1.71 0.13 1.58 1.9
9 Bati 0.73 0.09 0.64 0.85
10 Kharot 1.45 0.08 1.37 1.56
11 Tainti gaon 1.44 0.10 1.34 1.58
12 Kamar 1.07 0.14 0.9 1.23
13 Dhaigaon 1.65 0.18 1.5 1.94
14 Hetana 1.61 0.10 1.51 1.76
15 Pithora 1.71 0.12 1.55 1.88
16 Gidoh1(Nandgaon) 1.29 0.10 1.18 1.43
17 Goverdhan1 0.85 0.16 0.65 1.08
18 Jait 0.99 0.18 0.82 1.28
19 Jamalpur, Farah 1.35 0.09 1.24 1.45
20 Jatipura 0.91 0.15 0.76 1.14
21 Chaumauha1 1.35 0.11 1.16 1.45
22 Chamarpura(chandrabhan), Farah 1.67 0.18 1.5 1.95

Table 4
Statically analysis concentrations of nitrate in the rural Mathura, Uttar Pradesh, India.

S.No. Sampling Locations Nitrate Levels (mg/L) Ranges

Mean STDEV Min Max

1 Pachawar 77.7 9.96 65 92
2 Khaeera 8.7 3.03 5.4 13
3 Kunjera 10.7 1.92 8.5 13
4 Lohariya patti 4.8 2.77 2 9
5 Sultanpur 65 12.83 55 87
6 Narauli 35 7.58 24 43
7 Vrindavan 32 6.52 22 39
8 Laxminagar 2.7 1.04 1.5 4
9 Bati 12.6 2.63 9.5 16
10 Kharot 4.6 1.63 2.8 7
11 Tainti gaon 20 4.53 16 27
12 Kamar 0.4 0.19 0.2 0.7
13 Dhaigaon 47 10.07 36 61
14 Hetana 117 10.49 106 132
15 Pithora 8.8 2.39 6 12
16 Gidoh1(Nandgaon) 110.48 11.20 95 126.4
17 Goverdhan1 62.89 6.19 54 71
18 Jait 95.87 15.72 78 119
19 Jamalpur, Farah 183.54 15.47 164.2 205.5
20 Jatipura 156.53 11.05 144 172.15
21 Chaumauha1 65.09 12.55 52 80
22 Chamarpura(chandrabhan), Farah 11.96 3.42 9 17
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Information System (IRIS) database. The data was obtained from the IRIS of the US Environmental Protection Agency (USEPA).
Equation (2) is used to calculate the Hazard Quotient. With concentration levels exceeding the limit and likely having negative impacts
on disease and health, HQ1 denotes a non-carcinogenic risk [39,48,49].

Fig. 3. Regional distribution of F− and NO3
− concentration in rural area of Mathura region, U. P, India.

Table 5
HQ (Fluoride) computation was done using predestinarians in the selected areas of Mathura, Uttar Pradesh, India.

S.No. Location HQ (Fluoride)

Children Teenagers Adults

SN1 Pachawar 0.33 0.17 0.16
SN2 Khaeera 2.41 1.25 1.16
SN3 Kunjera 1.95 1.02 0.94
SN4 Lohariya patti 1.09 0.57 0.53
SN5 Sultanpur 1.17 0.61 0.56
SN6 Narauli 1.61 0.84 0.78
SN7 Vrindavan 1.81 0.95 0.87
SN8 Laxminagar 2.67 1.39 1.29
SN9 Bati 1.14 0.59 0.55
SN10 Kharot 2.27 1.18 1.09
SN11 Tainti gaon 2.25 1.17 1.08
SN12 Kamar 1.67 0.87 0.81
SN13 Dhaigaon 2.58 1.34 1.24
SN14 Hetana 2.52 1.31 1.21
SN15 Pithora 2.67 1.39 1.29
SN16 Gidoh1(Nandgaon) 2.02 1.05 0.97
SN17 Goverdhan1 1.33 0.69 0.64
SN18 Jait 1.55 0.81 0.75
SN19 Jamalpur, Farah 2.11 1.10 1.02
SN20 Jatipura 1.42 0.74 0.68
SN21 Chaumauha1 2.11 1.10 1.02
SN22 Chamarpura(chandrabhan), Farah 2.61 1.36 1.26

Min 0.33 0.17 0.16
Max 2.67 1.39 1.29
Avg 1.88 0.98 0.90
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2.4. Monte Carlo simulation (MCS) & sensitivity analysis (SA)

Monte-Carlo simulation (MCS) was used to estimate the potential danger to human risk by taking into consideration the unpre-
dictability and uncertainty associated with numerous parameters (Table 2). The sensitivity analysis has been conducted through
10,000 iterations using Oracle Crystal Ball (version 11.1.34190) software for MCS. From their fitted distribution, MCS selected the
parameter values that allowed them to assess exposure risk and point value [50]. Variations in MCS output, which might be attributed
to changes in the input data, were examined using sensitivity analysis (SA) [51]. The used probability distribution functions in the SA
and MCS calculate according to USEPA [44].

3. Result and discussion

3.1. Fluoride and nitrate distribution in rural Mathura, Uttar Pradesh, India

Water samples taken from remote areas in the Mathura region showed nitrate concentrations ranging from 0.21 to 1.71 mg/L and

Table 6
Predestinarianism has been used to compute HQ (Nitrate) in rural Mathura, Uttar Pradesh, India.

S.No. Location HQ (Nitrate)

Children Teenagers Adults

SN1 Pachawar 4.55 2.37 2.19
SN2 Khaeera 0.51 0.27 0.25
SN3 Kunjera 0.63 0.33 0.3
SN4 Lohariya patti 0.28 0.15 0.14
SN5 Sultanpur 3.81 1.99 1.83
SN6 Narauli 2.05 1.07 0.99
SN7 Vrindavan 1.88 0.98 0.9
SN8 Laxminagar 0.16 0.08 0.08
SN9 Bati 0.74 0.39 0.36
SN10 Kharot 0.27 0.14 0.13
SN11 Tainti gaon 1.17 0.61 0.56
SN12 Kamar 0.02 0.01 0.01
SN13 Dhaigaon 2.75 1.44 1.33
SN14 Hetana 6.86 3.58 3.3
SN15 Pithora 0.52 0.27 0.25
SN16 Gidoh1(Nandgaon) 6.47 3.38 3.12
SN17 Goverdhan1 3.68 1.92 1.78
SN18 Jait 5.62 2.93 2.71
SN19 Jamalpur, Farah 10.75 5.61 5.18
SN20 Jatipura 9.17 4.78 4.42
SN21 Chaumauha1 3.81 1.99 1.84
SN22 Chamarpura(chandrabhan),Farah 0.7 0.37 0.34

Min 0.02 0.01 0.01
Max 10.75 5.61 5.18
Avg 3.02 1.57 1.45

Fig. 4. Regional distribution of HQ (Fluoride) in targeted groups: Children, Teens and Adults in study area of Mathura region, U. P, India.
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fluoride values from 0.4 to 183.54mg/L. As shown in Tables 3 and 4. The fluoride content in the groundwater sample was 1.71mg/L in
Laxminagar and 0.21 mg/L in Pachawar. The nitrate concentration was 183.54 mg/L in Jamalpur and 0.4 mg/L in Kamar, by the same
groundwater sample. The WHO (2011) acceptable limit for drinking water was found to be exceeded by 1.51 mg/L and 50 mg/L [18].

Fig. 3 shows F and NO3 distribution in the sampling locations and five samples were taken from each location. The zoning cal-
culations, Monte Carlo simulations, and risk assessment analyses were based on the average values of these five points. The analysis
conducted by S. Ahmed et al. (2020) on all the collected samples within the study area shows that the concentrations of fluoride and
nitrate are between 0.03 and 1.71 mg/L and 0.41–191 mg/L, respectively [41]. The above study shows that a large number of villages
did not meet the require ed WHO standards [18].

Fig. 5. Regional distribution of HQ (Nitrate) in targeted groups: Children, Teens, and Adults in the study area of Mathura region, U. P, India.

Fig. 6. a, b, c.Bar graphs displaying the results of Fluoride HQ’s uncertainty analysis in Children, Teenagers, and Adults groups for the remote areas
of the Mathura region, U.P, India.
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3.2. Assessment of fluoride and nitrate effect on human health

3.2.1. Predestinarianism method
This is a powerful tool that was used to consider the factors involved in the risk measurement of human health and to find the

solutions involved in controlling those factors [51]. This tool helps identify the consequences of fluoride and nitrate on the human
health of the targeted area. The effect of contaminants on all targeted age groups—children, teenagers, and adults—was calculated
using Equation (2), with the results presented in Tables 5 and 6. The spatial distribution and dispersion of fluoride and nitrate among
these groups were illustrated by the inverse distance weighting method, as shown in Figs. 4 and 5.

Oral exposure to fluoride and nitrate was evaluated using hazard quotients (HQ) expressed as mg/day and mg/kg/day, respec-
tively. In the proposed work, HQ for all the groups was calculated for the different areas of rural areas of Mathura region, U. P, India
and it was found that there is a big difference in the exposure dose of different aged group people of rural areas. In the case of HQ
Fluoride in children (0.33–2.67), teenagers (0.17–1.39), and adults (0.16–1.29) and HQ Nitrate in Children (0.02–10.75), teenagers
(0.01–5.61), and adults (0.01–5.18). Thus, the average HQ of Flouride and Nitrate for children, teenager and adult were found to be
1.88, 0.98, 0.90 and 3.02, 1.57, 1.45 respectively. Correspondingly, Tables 4 and 5 showed the maximum HQ of the exposure dose of
fluoride and nitrate is found in a rural area of Mathura region 2.67 and 10.75 respectively. The range, however, exceeded the daily
limits for F− and NO3

− that were determined to be “safe and acceptable” according to the National Radiological Compensation
Commission (2001) and USEPA recommendations [17,54,55]. According to the USEPA instructions, HQ≥ 1 is not advisable as it leads
to severe non-carcinogenic disease in the body.

3.2.2. Probability calculation using the MCS technique
The MCS method was used to determine HQ using equation (2). F− and NO3

− concentration, BW, EF, IR, and other data were
included in the MCS technique’s probabilistic method for all target groups. The mathematical results are shown in Figs. 6 and 7 (a), (b),
(c) for all targeted groups exposed.

When HQ values are higher than 1, it means that there is a higher chance of long-term non-cancer and cancer, organ damage in

Fig. 7. a, b, c. Bar graphs displaying the results of Nitrate HQ’s uncertainty analysis in Children, Teenagers, and Adults groups for the rural Mathura
region in U.P, India.

S. Ali et al.
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those who are affected by the exposure. As shown in Figs. 6 and 7 (a, b, c) the rural area of the Mathura region had HQ values (fluoride
and nitrate) of 2.87, 1.27, 1.03, and 4.10, 2.14, 1.98 for the age groups of children, teenagers, and adults, respectively. The 95th
percentile of HQ values for children are 2.87 and 4.10, at the higher end, signifying high health issues. Similar results were found in the
Poldasht city, Northwest of Iran [28], Agra, Uttar Pradesh, India [39], Sanandaj, Kurdistan County[53][53], Iran [49] and north China
[40].

HRA consists of two major components: unpredictability and sensitivity, which are independent of each other and cannot be
ignored. Lack of accurate information about the various parameters being considered invariably leads to unpredictability. The MCS
technique is used to reduce the effect of unpredictability in health risk assessment. Ambiguity is often seen in risk assessment since the
USEPA’s suggested values might change depending on a person’s unique traits or geographic region. A random selection of values for
every parameter is incorporated into simulations to remedy this. To determine the degree of uncertainty, a sensitivity analysis was also
carried out, with an emphasis on the different input variables and how they could affect the outcomes.

The proposed work is use to evaluate the possible health hazards by doing a sensitivity analysis on a range of input parameters,
including C, IR, ED EF, BW, and AT. The selected parameters were chosen at random to create tornado plots and do (SA) for the various
target groups of the children, teens, and adults and found the descending order of IR > C > BW > EF (fluoride) and C > BW > IR > EF
(Nitrate) for children, teenagers and adults Figs. 8 and 9 (a, b, c). This model used mathematical assessments of drinking water’s non-
cancerous and carcinogenic risks (HQ-ing). In the rural Mathura region, the metrics that showed the greatest influence on all targeted
groups were IR, C (fluoride), and C, BW (Nitrate). Their respective correlation coefficients ranged from 85.4 % to 90.3 %, 4.6 %–8.5 %
(Fluoride) and 45.6 %–48.2 %, 26 %–27.4 % (Nitrate). As the sensitivity analysis shows, the probability distributions of IR, C

Fig. 8. a, b, c. Fluoride exposure sensitivity investigation Children, Teenagers and Adults rural Mathura, U.P, India.

S. Ali et al.
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(Fluoride), and C, BW (Nitrate) turned out to be crucial components in improving the accuracy of the outcomes.

4. Conclusions

In the present study, it was found that the levels of fluoride and nitrate in the groundwater from the rural Mathura region, Uttar
Pradesh, India, were far in excess of the recommended limits set by theWHO. A health risk assessment was conducted, which showed a
probability of both non-carcinogenic and carcinogenic risks through the consumption of such contaminated groundwater. In partic-
ular, HQ values at 95th percentiles for children, teenagers, and adults were higher than the safe zone, thus a major health concern.

The Monte Carlo simulation emphasized high risks for children, which were consistent with high HQ values calculated. Sensitivity
analysis revealed that probability distributions of ingestion rate, fluoride concentration, and body weight were key parameters in
reducing the uncertainty ranges of risk assessment results. These results indicate that the high levels of fluoride and nitrate are most
likely controlled by the peculiar local geological features, which render this groundwater not suitable for human consumption.
Considering the severe health risks, treatment of the groundwater of Mathura district has been essentially required to be made safe for
drinking purposes. It is also advisable to include alternative sources of potable water as well, so that the health and safety of the
community may be safeguarded. The outcome of this study sends clearly a red alert for action to prevent further contamination and
adverse health effects from long-term exposure to fluoride and nitrate in the groundwaters and to protect the community.

Fig. 9. a, b, c. Nitrate exposure sensitivity investigation Children, Teenagers and Adults groups in rural Mathura, U.P, India.

S. Ali et al.



Heliyon 10 (2024) e37250

12

Data availability statement

Data will be made available on request.

CRediT authorship contribution statement

Shahjad Ali: Writing – original draft, Methodology, Investigation, Conceptualization. Salman Ahmad: Writing – original draft,
Investigation, Conceptualization.Mohammad Usama:Writing – original draft, Methodology, Investigation. Raisul Islam:Writing –
original draft, Methodology, Investigation. Azhar Shadab: Writing – original draft, Software, Investigation. Rajesh Kumar Deolia:
Writing – original draft, Methodology, Investigation. Jitendra Kumar: Writing – original draft, Investigation, Data curation. Ayoob
Rastegar: Writing – original draft, Software. Ali Akbar Mohammadi: Writing – original draft, Methodology, Investigation,
Conceptualization. Shadab Khurshid:Writing – original draft, Methodology, Investigation. Vahide Oskoeit:Writing – original draft,
Software, Methodology. Seyed Alireza Nazari: Writing – original draft, Investigation.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgements

Authors acknowledge (Sharda University Agra, Keetham Agra-282007 India) for giving the lavatories during the entire research
work and also acknowledge (Dr. Salman Ahmad) for supporting to research work.

References

[1] N. ur Rehman, W. Ali, S. Muhammad, Y. Tepe, Evaluation of drinking and irrigation water quality, and potential risks indices in the Dera Ismail Khan district,
Pakistan, Kuwait J. Sci. 51 (1) (Jan. 2024) 100150, https://doi.org/10.1016/j.kjs.2023.11.001.
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