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This study was conducted to assess hydrogeochemistry together with the non-carcinogenic health
risk of nitrate and fluoride in groundwater of Gorgan and Kordkuy cities in the north of Alborz
mountain belt. For this purpose, drinking water sources of these two cities were analyzed for
hydrochemical characteristics including major ions, nitrate and fluoride. Results revealed that an
increase in salinity of Kordkuy groundwater caused the various mixed and saline hydrochemical
facies. Result of HFD and Gibbs diagrams revealed that rock-water interaction is chief
contributing factor for release of ions into Gorgan groundwater. While, Kordkuy groundwater is
more influenced by saline water that is originated from the subsurface layers. Human activities
are the primary source of nitrate concentration in the Gorgan groundwater. In contrast, nitrate
concentration of Kordkuy groundwater is more influenced by saline water. Results revealed that
the hazard quotient (HQ) values of Gorgan drinking water samples for children are considerably
higher than the permissible limit (HQ=1). In contrast, all HQ values of Kordkuy drinking water
samples are below permissible limit and they don’t cause adverse non-carcinogenic health risks
for all age groups. Only three well in Kordkuy that their HQ of F- values are larger than the

permissible limit for children. For the rest of drinking water samples, the HQ values of F- in both
cities are less than permissible limit for all three groups.
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INTRODUCTION

Human life is highly dependent on natural resources. Groundwater is a valuable and the most
common water source of drinking, agricultural, and industrial in semi-arid and arid regions like
Iran. About one third of the world’s population, especially in semi-arid and arid countries,
depend on groundwater for drinking purposes due to the lack of precipitation and surface water
(Muralidhara Reddy & Sunitha, 2020; Duvva at al., 2022; Kom et al., 2022).

Nowadays, the groundwater contamination is a serious concern for those in charge of drinking
water supply. Rapid population growth, the excessive development of agriculture, various
industrial activities, and the infiltration of raw and untreated domestic and agricultural sewage
into the ground and finally groundwater sources are constantly exposed to contamination by
all kinds of chemical, physical, and microbial pollutants. Based on the geographical location
of Iran (situated in Eurasian desert belt) and the significant decrease in rainfall as well as
the increase in excessive use of groundwater, the quality of these resources has decreased
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considerably (Piraste et al., 2018).

Currently, nitrate is the most widespread contaminant in surface water and groundwater
(WHO, 2016; Craswell et al., 2021), and its increased concentration leads to restrictions on
use of water resources. Based on the World Health Organization (WHO) standards for the
drinking water quality, the nitrate limit is 50 mg/liter (WHO, 2016). Nitrate is very soluble
and is not chemically bound to soil particles. Hence, it is susceptible to leach through the soil
and into groundwater and thus deteriorate both surface and groundwater quality. Over the last
few decades, the overconsumption of N fertilizers has caused in groundwater contamination
which has become a main environmental concern (Haghbin et al., 2021) and that N fertilizer
amount applied in the agriculture section is strongly associated to high nitrate concentrations
in groundwater.

Previous literature has revealed that agriculture activities contribute about to 60% of
groundwater nitrate contamination globally (Shukla & Saxena, 2018; Rawat et al., 2022).
Moreover, in the urban area, nitrate sources comprise leaky underground tunnel or pipe system
which is used for transferring sewage from commercial buildings and houses, industrial spills,
leaching from landfills, runoff from roads, use of fertilizer for lawns in parks, infiltration from
the polluted river, septic tanks, and sewage disposal (Yifru et al., 2022). The nitrate surplus
in drinking water and continuous consumption of nitrate leads to a variety of adverse health
effects on newborn (like methemoglobinemia or blue baby syndrome) and also different ages
of peoples (Rawat et al., 2022).

Fluoride is one of the less discussed and most electronegative elements in groundwater.
The source of fluoride adulteration in water sources is mainly geogenic however, in some
instances anthropogenic sources like industrial inputs may cause a health threat (Xiao et al.,
2022; Gharekhani et al., 2023). Since fluoride concentration is mainly influenced by geological
formations containing fluorite, apatite, amphibole, and micas minerals, its concentration within
groundwater is greater than surface waters (Aghapour et al., 2018). The existence of fluoride in
drinking water can cause many complications in consumers. It is an essential micronutrient for
the body that has significant effects on human health (e.g., tooth and bone growth), especially
through drinking water (Ghosh et al., 2013; Rehman et al., 2022). The fluoride concentration
in drinking water is like a double-edged sword, its deficiency and/or increase in the long term
leads to the spread of oral and dental diseases, and bone disorders. Fluoride at low concentration
(0.5-1.2 mg/L) is a vital anion for dental health (Horowitz, 2000). However, the fluoride
concentration in groundwater in many countries is more than permissible limit (1.2 mg/L),
which poses a health threat to millions of people around the world. Literature shows that around
200 million people from among 25 countries are suffering from fluorosis as a result of fluoride-
rich drinking water consumption (Ayoob & Gupta, 2006; Yousefi at al., 2019). In Iran, the
existence of this disease has been reported in cities such as Maku, Bazargan, Poldasht, Bushehr,
Borazjan, Bandar Abbas, Damghan, Kerman and some parts of central Iran (Mohseni Sajadi et
al., 2011; Mahmoodlu et al., 2023).

A human health risk assessment is generally a process to evaluate the feasibility and nature
of adverse human health impacts who may possibly be exposed to substances in contaminated
environmental media, now or in the future. Basically, risk assessment is a four-steps procedure
containing (1) hazard identification, (2) dose-respond, (3) exposure analysis, and (4) risk
characterization. Non-carcinogenic risk assessments are generally based on the use of the
hazard quotient (HQ) which estimates as a ratio of the measured dose of a contaminant to the
reference dose (Aghapour et al., 2018; Peng et al., 2022). Assessing non-carcinogenic health
risks because of drinking fluoride and/or nitrate-contaminated groundwater is important to
ensure a safe drinking water supply (Giri et al., 2021; Bazeli et al., 2022; Duvva et al., 2022).
Over the last decades, several countries tackled the topic of the non-carcinogenic health risk
assessment of fluoride and nitrate-contaminated groundwater (Aghapour et al., 2018; Giri et al.,
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2021; Bazeli et al., 2022; Duvva et al., 2022; Kom et al., 2022; Igibah et al., 2022).

The average consumption of N fertilizer in the agriculture section for Golestan province is
higher than the average of Iran. Hence, nitrate contamination in groundwater which has become
a main environmental concern in this province. Moreover, previous study by Mahmoodlu
et al. ,(2023) revealed that fluoride concentration in groundwater is associated with spatial
distribution of loess formation in Golestan province.

So far, nitrate and fluoride health risk assessment have been extensively performed in some
part of in Iran (Azhdarpoor et al., 2019; Yousefi et al., 2019; Golaki et al., 2022; Bazeli et
al., 2022; Qasemi et al., 2022). However, literature currently lacks information on nitrate and
fluoride health risk assessment in Golestan province. Therefore, the present study was conducted
to determine and compare nitrate and fluoride health risk assessment in two major cities of
Gorgan and Kordkuy in Golestan province by applying an effectual probabilistic technique
(USEPA, 1989) and various hydrogeochemical methods.

MATERIALS AND METHODS
Study of area

In this research, two major cities of Gorgan and Kordkuy were selected as study regions.
Gorgan with an approximate area of 1615 square kilometers and a population of nearly half a
million people is as a capital city of Golestan Province (Fig. 1). Goran lies about 30 km away
from the Caspian Sea and 400 km to the north east of Tehran. It is situated on alluvial fan that is
mostly influenced by sedimentation of Ziarat River. Second city, Kordkuy, with a population of
around 71,000 people is placed in the SE of Caspian Sea and the west of Gorgan City (Fig. 1).
Similar to Gorgan City, it is located on alluvial fan that is influenced by sedimentation of Ghazi
Mahalleh River, so that the altitude diminishes from south to north (Ghezelsofloo et al., 2021).
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Fig. 1. Study area location in Golestan Province and Iran
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From a geological perspective, both cities situated in East Alborz mountain and Gorgan-
Rasht zone. Geological formations of study areas from the oldest to youngest comprise the
green schist of Gorgan (Ordovician), Lar Formation contains limestone and brownish dolomite
(upper Jurassic), alluvial sediments consist of sand, silt and peat with Quaternary age, and loess
deposits contains silt-sized sediment with Quaternary that is mainly distributed in Gorgan City
(Ghezelsofloo et al., 2021).

Chemical analysis

For hydrogeochemistry and nitrate and fluoride health risk assessment, 15 and 31 drinking
water samples of Kordkuy and Gorgan cities, respectively, were collected using sterile-
polyethylene bottles. The sampling bottles were kept at 4°C and transported to the Water and
Wastewater Laboratory of Golestan Province for further laboratory analysis. The drinking water
samples are analyzed using American Public Health Association procedure (APHA, 2012) and
proposed precautions are taken to avoid pollution from any other sources (Muralidhara Reddy
& Sunitha 2020; Ghezelsofloo et al., 2021).

A number of parameters such as temperature (T), pH value, total dissolved solids (TDS),
and electrical conductivity (EC) were determined in the field using a calibrated portable multi-
parameter digital meter (HQ30d, HACH). The water samples were analyzed for bicarbonate
(HCO,") using acid titration method with methyl orange as indicator; chloride (CI") using titration
with silver nitrate (AgNO,) as titrant. The concentration of NO,™ and SO,*” was estimated by
spectrophotometer method (HACH, DR5000). F- concentration in water samples was measured
by ion chromatograph (Metrohm 861 advanced compact) using an appropriate column. Two
major cation of Ca’" and Mg?" were estimated using the titration method. Flame photometer was
used to analyze Na" and K* (Muralidhara Reddy & Sunitha, 2020; Ghezelsofloo et al., 2021).

Health risk assessment (HRA)

As explained above a HRA is a process used to assess the probability and nature of the
adverse health effects in humans caused by exposure to environmental contaminants in a variety
of media (USEPA, 2022; Zhang et al., 2022). In this study, the concentration of NO, and F-
in drinking water samples of Kordkuy and Gorgan cities were selected as the parameters for
investigation of human HRA (HHRA). Based on USEPA (1989) classification, toxic substances
are classified in two groups of carcinogenic and non-carcinogenic, whereas NO," and F- are
listed under the non-carcinogen group. Literature shows the oral ingestion of NO,  and F~ is
the critical exposure path. Hence, current study evaluated the HHRA that is posed by NO," and
F- via oral pathway (drinking contaminated water) for three different age groups: children (2-
16 years), men and women (=16 years). Average daily dosage (ADD) of NO," and F" ingested
through drinking of water in the study area was estimated by the below equation (Kom et al.
2022; Muralidhara Reddy & Sunitha, 2020):

ADD=C><IR><F><ED )
ABW x AET

where C represents the concentration of NO,” and F- in groundwater (drinking water) in
mg/L, IR denotes the ingestion rate (0.3 L/day for infants, 0.78 L/day for children, 2.5 L/day
for adults), F indicates the exposure frequency (365 days/year for adults, children, and infants),
ED denotes the exposure duration (<1 year for infants, 12 years for children, and 64 years for
adults), ABW represents the average body weight (16.9 kg for infants, 18.7 kg for children, and
57.5 kg for adults), and AET denotes the average exposure time (23,360 days for adults, 4380
days for children’s and 365 days for infants).

The hazard quotient (HQ) of NO," and F~ via oral intake can be estimated as follows (USEPA,
1989; Su et al., 2021; Kom et al., 2022)
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ADD
HQ=—— 2
Q RfD @
where RfD referred as exposure dosage of NO," and F- that is equal to 1.6 and 0.06 mg/kg/

day, respectively (USEPA, 1989; Su et al., 2021; Kom et al., 2022).

RESULTS AND DISCUSSION
Physicochemical parameters of groundwater

The statistical data of physicochemical parameters of groundwater are given in Table 1.
Results revealed that, the pH of drinking water sources ranges from 7.1-7.8 and 7.5- 7.9 for
Gorgan and Kordkuy cites, respectively, representing slightly alkaline nature. As given in Table
1, Total Hardness (TH) in drinking water sources ranges 220.5- 528.5 mg/L and 220.5-839
mg/L for Gorgan and Kordkuy cites, respectively representing hard (150-300 mg/L) to very
hard (>300 mg/L) waters. Moreover, mean value of TH for both cities is less than permissible
limit (500 mg/L)

EC varies from 507 to 1876 umho/cm and 512 and 2642 umho/cm for Gorgan and Kordkuy
cites, respectively. Hence, salt concentration in both cities varies between low to a medium
(Subba Rao et al., 2016; Muralidhara Reddy & Sunitha, 2020). However, salt concentration in
Kordkuy drinking water sources due to saline water intrusion is slightly larger than for Gorgan
City (Ghezelsofloo et al., 2021). Spatial variation of EC showed that the EC value increases in
the direction of the groundwater flow of Gorgan Aquifer and towards the north of the region
(Fig. 2). In contrast with Gorgan Aquifer, the amount of EC has increased significantly in the
southeastern part of the region where there are more water wells (Fig. 2).

TDS range 292 to 1090 mg/L and 285 to 1506 mg/L for Gorgan and Kordkuy cites,
respectively. Expect one sample for Kordkuy City, all the samples are below the permissible
limit of TDS. Na* concentration in groundwater of both cities ranges between 13 to 220 mg/L.
While maximum value of K* concentration in Gorgan groundwater (7.3 mg/L) is almost
two time larger than Kordkuy City (3.6 mg/L). Results reveal also that a mean value of Ca*
concentration in Kordkuy groundwater is larger than Gorgan groundwater. In contract, Mg**

Table 1. Descriptive statistics of physicochemical parameters of groundwater together with guideline values of WHO (2011)
and ISIRI 1053 in the study regions.

o -
g Statistical K Na Mg Ca  HCO; SO, C  NO; F TDS EC TH pH
O Parameters
Mean 34 512 39.2 969 3282 921 874 371 021 602 1039 406.6 73
= Minimum 1.2 133 19.7 554 2100 494 166 42 0.08 292 507 220.5 7.1
g
© Maximum 73 2215 54.8 123 430 1286 3885 725 038 1090 1876 528.5 7.8
Sample 22 1279 834 360 3589 454 3909 349 0.003 22651 68713 6339 0.03
Variance
Mean 1.9 81.3 28.8 1085 2515 172 2369 528 034 638.9 1143 387.8 7.7
z Minimum 0.9 138 15 632 210 149 218 176 012 285.5 512 2205 75
2
s
2 Maximum 3.6 2277 61 2347 272 186 806 137 055 1506 2642 839 7.9
Sample 202 2 2 1 44 2 2 1 21
Vo s, 0.58 3693 02.7 367 87 7 763 15. 0019 110283 350618 32163 0.01
WHO 30- 150-  200- 0.6- 500- 500-
(MPL) 200 50200 50-150 75200 oo 200 600 50 i 1500 1500 500 6.5-8.5
ISIRI 1053

U 200 - - - 400 400 50 1.5 1500 1500 500 6.5-9.0
accept limit
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Fig. 3. Variations of chemical parameters in groundwater of Gorgan and Kordkuy cities.
concentration

in Kordkuy groundwater less than Gorgan groundwater. Recharge of Gorgan aquifer by
dolomitic formations can be main reason increasing Mg*" concentration in Gorgan drinking
water sources. HCO,™ concentration in Gorgan and Kordkuy drinking water sources ranges from
210 to 430 mg/L and 210-430 mg/L, respectively. Variations of SO,*” and CI” concentrations,
that are directly associated with salinity of water sources, are different in two regions. SO,*
concentration in Gorgan groundwater varies between 49.4 to 128.6 mg/L, while it ranges from
14.9 to 18.6 mg/L in Kordkuy groundwater. A mean value of CI" in Kordkuy groundwater is
almost three times larger than Gorgan groundwater. This can be due to saline water (originated
from lower layers) intrusion into aquifer. Nitrate concentration in Gorgan and Kordkuy
drinking water sources ranges from 4.2 to 72.5 mg/L and 1.76 to 13.7 mg/L. In contrast,
fluoride concentration ranges from.08-0.38 and 0.12-0.55 mg/L for Gorgan and Kordkuy cites,
respectively.

A quick comparison of major ions in two cities of Gorgan and Kordkuy showed that salinity
parameters of Cl and Na in Kordkuy city groundwater are larger than for Gorgan (Fig. 3). In
contrast, HCO, and NO," in groundwater of Gorgan city is much higher than for Kordkuy.

Factors governing groundwater chemistry
Gibb’s diagram was depicted to define the major factor controlling the chemistry of Gorgan
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and Kordkuy groundwater (Fig. 4 b, ¢). Results based on the ratio for cations (Na*+ K*/Na*+ K*
+Ca®) and anion (C1/Cl"+ HCO,") revealed that almost all groundwater samples are distributed
in rock dominance zone representing rock weathering and dissolution of minerals from the
source rock are main contributing factors for release of ions into groundwater (Muralidhara
Reddy & Sunitha, 2020).

In contrast with Gorgan water sources, rock dominance together with evaporation-
precipitation dominance are two factors controlling water chemistry into Kordkuy groundwater.
Results also showed that the mixing of saline and fresh waters has occurred in a number of
drinking water wells. Furthermore, according to the distribution pattern of drinking water wells
in Gibbs diagram (Fig. 4 b, ¢), that there is a tendency to alter the chemistry of groundwater and
reach seawater composition (Ghezelsofloo et al., 2021).

Type and facies of groundwater

In current study, the Piper trilinear diagram was plotted to identify the hydrogeochemical
facies and water types (Fig. 5a). As shown in the diamond part of piper, Gorgan water samples
are distributed in three parts (facies) A, B, and C representing Ca-Mg-HCO,, Ca-Mg-SO,-Cl,
and Na-CI-SO,, respectively. However, dominate facies of Gorgan groundwater is Ca-Mg-
HCO,. Contrary to Gorgan groundwater facies, Kordkuy water samples are divided into two
groups (A and B). Results revealed that a large number of samples are distributed in zone B
representing Ca-Mg-SO,-Cl facies (mixed type). This is clearly shown in the triangular diagram
of cations, where the most of the Kordkuy water samples are placed in the center of the triangle.
Furthermore, based on triangular diagram of cations, Kordkuy water samples have tendency to
reach seawater composition by an increase in Cl- concentration.

The hydrochemical facies evolution diagram (HFE-Diagram) as a complex and an alternative
graphical representation was used to identify the hydrochemical facies as well as the interpretation
of saline water intrusion processes (Giménez-Forcada, 2010; Giménez-Forcada 2019; Moorthy
et al., 2024). HFE-Diagram analysis of hydrochemical facies revealed that seven facies
including Ca-HCO,, Ca-Cl, MixCa-Cl, MixNa-Cl, Ca-MixHCO,, MixCa-HCO,, and MixCa-
MixCl (Fig. 5b and ¢). Results also showed that in about 86.7% of the Kordkuy drinking water
wells, saline water (originated from subsurface layers) intrusion has occurred and only 13.3%
of drinking water wells still have fresh water. The diversity of hydrogeochemical facies in the
water resources of Gorgan city is less than for Kordkuy city the water resources. So that, the
number of hydrogeochemical facies in the groundwater of Gorgan city has diminished to five
types of MixCa-HCO,, Ca-HCO,, Ca-MixHCO,, Na-Cl, and MixCa-MixHCO,. Furthermore,
in the Gorgan drinking water wells, saline water has intruded up to 51%. However, this is about
35.7% less than for Kordkuy drinking water wells.
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Source contributions of dissolved solutes

As given in Table 1, NO,™ concentration in the Gorgan drinking water samples vary in an
extensive range from 4.2 to 72.5 mg/L than that in the Kordkuy groundwater (1.76 to 13.7
mg/L). Also, the average value of NO,™ concentrations in Gorgan groundwater (37.1 mg/L)
is much larger than that in Kordkuy groundwater (5.28 mg/L). To identify the source of NO,
concentration in the Gorgan and Kordkuy groundwater, the plot of the CI7/Na" molar ratios
versus NO,/Na® molar ratios was depicted. The relatively high NO,™ concentration in the
Gorgan drinking water samples is considered to be caused by human activities such as untreated
or partly treated urban wastewater together with agricultural practices and septic tank leakage.
While all Kordkuy drinking water samples influenced by seawater was suggested by Fig. 6.
Several Gorgan groundwater wells also fell in seawater zone (Fig. 6). This is because of saline
water intrusion originated from sediments containing saline water (tapped saline water and /or
fossil) under the Gorgan freshwater aquifer.

Non-carcinogenic health risk of NO;” and F~

In the current, to assess the non-carcinogenic health risk of NO,™ and F~ for woman, men, and
children the methodology proposed by United States Environment Protection Agency (USEPA)
was used. Results showed that hazard quotient (HQ) of NO, " in the Gorgan City ranges between
0.081 and 1.393 (woman), 0.067 to 1.161 (men), and 0.181 to 3.123 (children). While, HQ
values Kordkuy drinking water samples varies between 0.034 to 0.263 (woman), 0.028 to 0.220
(men), and 0.076 to 0.591 (children). Results revealed that the HQ values of Gorgan drinking
water samples in some cases are greater than the permissible limit (HQ>1). Furthermore, in
majority of drinking water wells (around 77.4%), the HQ values for children are considerably
higher than the permissible limit (Fig. 7). This may cause adverse non-carcinogenic health
risks. The results also showed that after children, women are more exposed to the health risks
of drinking water with high nitrate content.
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Table 2. Non-carcinogenic health risk assessment of NO,” in Gorgan and Kordkuy groundwater by Hazard Quotient (HQ)

Statistical Gorgan HQn~o3 Kordkuy HQn~o3
Parameters ‘Woman Men Children ‘Woman Men Children
Maximum 1.393 1.161 3.123 0.263 0.220 0.591
Minimum 0.081 0.067 0.181 0.034 0.028 0.076
Mean 0.714 0.595 1.601 0.102 0.085 0.228
Variance 0.129 0.089 0.648 0.006 0.004 0.028
a) . Gorgan City b) Kordkuy City
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Fig. 7. Variation of hazard quotient (HQ) of NO, for women, men, and children in the Gorgan and Kordkuy groundwater

In contrast, all HQ values of Kordkuy drinking water samples are below permissible limit
(HQ <1) and they don’t cause adverse non-carcinogenic health risks for any age groups (e.g.,
women, men, children). However, the HQ values for the children are much larger than for
women and men.

Spatial variation of the HQ of NO," in Gorgan aquifer (Fig. 8a, b, ¢) showed that the HQ of
NO, increases in the direction of the groundwater flow of Gorgan Aquifer and towards the north
of the region which is consistent with the urban old texture, where the distribution of drinking
water wells in this region is more than in other parts of the city. This results are consistent
with the salinity (EC) variations in the Gorgan Aquifer. Spatial variation of the HQ of NO,™ in
Kordkuy Aquifer (Fig. 8e, f, g) revealed that the HQ of NO," in the east region of aquifer is
higher than other parts. An excessive pumping of groundwater and subsequently intrusion of
saline water originated from sediments containing saline water together with the infiltration of
domestic and/or municipal wastewater are two important factors in increasing the amount of
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Fig. 8. Spatial variation of the HQ of NO,"in Gorgan (a, b, ¢) and Kordkuy (e, f, g) aquifers

Table 3. Non-carcinogenic health risk assessment of fluoride in Gorgan and Kordkuy groundwater by Hazard Quotient (HQ)

Statistical Gorgan HQ¢ Kordkuy HQr
Parameters Woman Men Children Woman Men Children
Max 0.193 0.160 0.432 0.282 0.235 0.632
Min 0.041 0.034 0.093 0.062 0.051 0.138
Mean 0.106 0.088 0.239 0.173 0.144 0.387
Variance 0.0007 0.0005 0.0036 0.0050 0.0034 0.0250
Gorgan city Kordkuy city
1.4 14
12 4 <Women +Men <Children 12 4 <Women +Men <Children
L 2
5 0.8 q°
= 0.6 -
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Fig. 9. Variation of hazard quotient (HQ) of F~ for women, men, and children in the Gorgan and Kordkuy groundwater

nitrates and subsequently increasing the hazard quotient (HQ), especially for children.

As given in Table 3, the HQ of F- in the Gorgan City ranges between 0.041 and 0.193
(woman), 0.034 to 0.160 (men), and 0.093 to 0.432 (children). While, HQ of F- values in
Kordkuy drinking water samples varies between 0.062 to 0.282 (woman), 0.051 to 0.235 (men),
and 0.138 to 0.632 (children). Only three well in Kordkuy that their HQ values are larger than
the permissible limit (HQ>1) for children (Fig. 9). In the rest of drinking water samples, the HQ
values of F- in both cities are less than permissible limit (HQ<1) for all three groups. Hence,
Gorgan and Kordkuy groundwater water samples are safe and they don’t cause adverse non-



421 Pollution 2025, 11(2): 411-424

Fig. 10. Spatial variation of the HQ of F- in Gorgan (a, b, ¢) and Kordkuy (e, f, g) aquifers

carcinogenic health risks for any age groups (Fig. 9).

Spatial variation of the HQ of F- in Gorgan (Fig. 10 a, b, ¢) showed that the HQ of F~ in the
urban old texture especially in well number 14 is higher than other place. But in the Kordkuy
City, the highest value of the HQ of F" is related to the southeast of the study area, where the
highest amount of groundwater is extracted by drinking water wells. Previous study confirmed
that intrusion of saline water into freshwater is the main reason for an increase in groundwater
fluoride concentration and subsequently an increase in HQ of F- in the southeast of the study
area (Ghezelsofloo et al., 2021).

CONCLUSIONS

This study was conducted to assess hydrogeochemistry and health risk assessment of nitrate
and fluoride in groundwater of Gorgan and Kordkuy, Iran. Hydrochemical characteristics of water
samples revealed that there is a tendency to alter the groundwater chemistry and reach seawater
composition for the Kordkuy water samples due to saline water intrusion. Also, human activities
are responsible for the relatively high nitrate concentration in the Gorgan drinking water
samples. While, saline water (tapped saline water and /or fossil) intrusion into groundwater is
the main source of nitrate in Kordkuy aquifer.

In Gorgan Aquifer, the nitrate HQ increases in the of groundwater flow direction where is
consistent with the urban old texture. The HQ values for children are significantly higher than the
permissible limit (HQ=1) that may cause adverse non-carcinogenic health risks. Furthermore,
women are more exposed to the health risks of drinking water with high nitrate content. In
contrast, all HQ values of Kordkuy drinking water samples are below permissible limit. There
are no adverse non-carcinogenic health risks for any age groups. Since the nitrate concentration
in Gorgan city groundwater is on the threshold of the permissible limit; reducing the nitrate
concentration using conventional methods (such as reverse osmosis and ion exchange) should
be one of the priorities of Gorgan Water and Wastewater Company. Otherwise, the continuous
consumption of Gorgan drinking water will increase the possibility of some blood problems
especially in babies, digestive diseases, and even cancer in Gorgan city.
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The HQ values of F revealed that except three wells in Kordkuy that their HQ values
are larger than the permissible limit for children, the HQ values of F- in both cities are less
than permissible limit for all three groups. Hence, Gorgan and Kordkuy groundwater water
samples are safe and they don’t cause adverse non-carcinogenic health risks for any age groups.
However, the amount of fluoride in drinking water in two cities was less than desirable and
required fluorination.
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