
Distribution and health risk assessment of natural fluoride
of drinking groundwater resources of Isfahan, Iran, using GIS

Saba Aghapour & Bijan Bina &

Mohammad Javad Tarrahi & Fahimeh Amiri &
Afshin Ebrahimi

Received: 21 August 2017 /Accepted: 2 January 2018
# Springer International Publishing AG, part of Springer Nature 2018

Abstract Fluoride (F) contamination in groundwater can
be problematic to human health. This study evaluated the
concentration of fluoride in groundwater resources of
Isfahan Province, the central plateau of Iran, and its related
health issues to the inhabitant populations. For this pur-
pose, 573 drinking groundwater samples were analyzed in
2016 by using the spectrophotometric method. Non-
carcinogenic health risks due to F exposure through

consumption of drinking water were assessed using the
US EPA method. In addition, the associated zoning maps
of the obtained results were presented using geographic
information system (GIS). The results indicated that F
content in drinking water ranged from 0.02 to 2.8 mg/L.
The F contents were less than 0.50 mg/L in 63% of the
drinking groundwater samples, 0.51–1.5 mg/L in 33.15%,
and higher than 1.5mg/L in 3.85% (Iran andWorld Health
Organization guidelines) of the drinking groundwater sam-
ples. The F levels in the west and the south groundwater
resources of the study areas were lower than 0.5 mg/L,
which is within the recommended values for controlling
dental caries (0.50–1.0 mg/L). Therefore, these places
require more attention and more research is needed to
increase F intake for health benefit. The HQ index for
children, teens and male and female adults had health
hazards (HQ> 1) in 51, 17, 28, and 18 of samples, respec-
tively. Groundwater resources having a risk of more than
one were located in the counties of Nayin, Natanz, and
Ardestan. So, in these areas, there are potential risks of
dental fluorosis. The most vulnerable groups were chil-
dren. The F levels must be reduced in this region to
decrease endemic fluorosis.
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Introduction

Fluoride (F) is one of the essential trace nutrients.
Humans are exposed to this inorganic compound
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through different sources such as water, soil, food, pes-
ticide residues, pharmaceutical drugs, and toothpaste. F
sources include atmospheric, precipitation, minerals,
geothermal, and human sources (aluminum and coal
industries, glassworks, steel mills, fertilizer use,
manufacturing processes) (KheradPisheh et al. 2016;
Ozsvath 2009). It enters the water mainly from natural
sources (KheradPisheh et al. 2016). The concentration
of F in groundwater is higher than surface waters be-
cause it is impacted by minerals and rocks such as
fluorite, apatite, amphibole, and micas (Chuah et al.
2016; Irigoyen-Camacho et al. 2016; Wasana et al.
2017). Countries such as Tanzania (Bhattacharya et al.
2016), China (Gao et al. 2013), Saudi Arabia (Zabin
et al. 2008), India (Raj and Shaji 2017; Shaji et al. 2007;
Salve et al. 2008), Iran (KheradPisheh et al. 2016),
Libya (Tejaswi et al. 2013), South Africa (Kut et al.
2016), Turkey (Oruc 2008), Pakistan (Rasool et al.
2015), and northern Thailand (Chuah et al. 2016) have
reported high concentrations of F in their groundwater.
Groundwater is the main source of drinking water in
particular communities or villages (Huang et al. 2017;
Ayoob and Gupta 2006). Drinking water is the most
important source of F exposure. More ingested F in
water (90%) is absorbed, particularly from the gastroin-
testinal tract when the F concentration increases by
1 ppm (WHO 2004).

Studies showed that F has some impacts on human
health depending on its content in drinking water (Omid
et al. 2017; Newton et al. 2017; Näsman et al. 2016; Li
et al. 2001; Indermitte et al. 2009). F is used as a
compound known for mineralization of bones and teeth.
It is a halogen with a high electronegativity, which is
attracted by positively charged calcium in teeth and
bones (Harrison 2005). Especially in children, F is ac-
cumulated in the growing bones and teeth which helps
to strengthen the tooth enamel. Also, F in adults and
children acts as an antibacterial agent in the mouth,
which helps in minimizing acid attack on teeth, thereby
improving dental health. F exposure of 0.05–0.07 mg/
kg body weight/day, in children, has been suggested as
optimal for dental health benefits (Yeung 2008). When
the F level in drinking water is lower than 0.5 mg/L, the
risk of dental caries increases (Gao et al. 2013; Bo et al.
2003; WHO 2004; Harrison 2005; Do et al. 2017;
Ozsvath 2009; Irigoyen-Camacho et al. 2016). Thus,
water fluoridation is the most cost-effective method of
public health that reduces the incidence of dental caries
(IRIS 2016).

Dental and skeletal fluorosis are the adverse effects
that occur due to long-term excessive exposure to F and
its accumulation in the body (Rahmani et al. 2010;
Goodarzi et al. 2016; Das and Mondal 2016). The risk
exists just for children in the 8 years age range and
younger when permanent teeth are developing. Concen-
trations between 1.5 to 4 mg/L may result in dental
fluorosis (Goodarzi et al. 2017). The prevalence of
dental fluorosis in 60–90% of adolescents was seen in
water consumption containing 2–7 mg/L F, in Moldova
and Ukraine (Fordyce et al. 2007). Ingestion of 4–
10 mg/L of F via drinking water can produce skeletal
deformities (Yeung 2008; Kasim and Choudhary 2017).
The fluorosis by ingestion of high F containing water
has been documented in various regions (Huang et al.
2017; Indermitte et al. 2009). Also, various studies, in
areas where added or naturally occurring F is high, have
shown that over-exposure to F in water decreased red
blood cells, osteoporosis (Hillier et al. 1996), decreased
thyroid function (Susheela et al. 2005), oxidative stress
(Nabavi et al. 2012), nervous system impairment
(Valdez-Jiménez et al. 2011), periodontal disease
(Hassell and Harris 1995), renal disease (Xiong et al.
2007), decreased intelligence in children (Karinnzade
et al. 2014; Trivedi et al. 2007; Das and Mondal 2016),
hypertension (Sun et al. 2013), decreased fertility in
animals and humans, and low birth weight infants
(Aghaei et al. 2015).

The World Health Organization (WHO) within the
international program on chemical safety classifies F as
one of the ten chemicals of major public health concern
(Antonijevic et al. 2016). The maximum contaminant
level (MCL) of 4mg/L for F in drinking water and 2mg/
L as the secondary maximum contaminant level
(SMCL) has been set by the US Environmental Protec-
tionAgency (EPA 2011).WHO and national standard of
Iran recommend 0.5–1.5 mg/L of F in drinking water
(WHO 2004). When water is boiled or frozen, its F
content is not released. Removal of F from water is a
difficult water treatment process that mostly includes
activated carbon filtration, reverse osmosis, and ion
exchange or distillation (KheradPisheh et al. 2016;
IRIS 2016).

It is essential to estimate F concentration in drinking
water sources and assesses its potential health risks
(Ozsvath 2009). Several research studies have per-
formed the risk assessment for F exposure mostly from
drinking water (Augustsson and Berger 2014; Fordyce
et al. 2007; Gao et al. 2013; Guissouma et al. 2017;
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Huang et al. 2017; Shyam and Kalwania 2012). Many
regions of Iran, such as Borazjan, Hormozgan, Khurram
Abad, Lar (southern Iran), Maku, and Kuhbanan (center
of Iran), are at risk of fluorosis (Keshavarz et al. 2015;
Dindarloo et al. 2016; Goodarzi et al. 2016).

The Human Health Risk Assessment (HHRA)
model is used to assess the adverse health effects
on humans, now or in the future, through expo-
sures to chemicals and environmental agents
(Patterson et al. 2002). Risk assessment is a four-
step process which involves hazard identification,
dose-response, exposure assessment, and risk char-
acterization. Non-carcinogenic risk assessments are
typically based on the use of the hazard quotient
(HQ), a ratio of the estimated dose of a contami-
nant to the reference dose (EPA 2011). Reference
dose (RfD) is estimated from the daily exposure
level without significant risk of harmful effects
during the lifetime. When the exposure level ex-
ceeds the reference dose, the probability of adverse
effects in human population increases (EPA 2004).
According to the Integrated Risk Information Sys-
tem (IRIS) database of the US EPA, the oral RfD
of F for drinking water consumption is 0.06 mg/
kg/day, which comprises both the daily intake
from ingestion of F through drinking water
(50 μg/kg/day) and dietary intake of F (10 μg/
kg/day) (EPA 2011).

Isfahan Province, central plateau of Iran, is lo-
cated in a semi-arid and dry desert climate, and its
water consumption is relatively high. In this prov-
ince, groundwater resources serve as the main
source of drinking water source in the rural re-
gions. There is no basic information on the safety
of rural drinking water in Isfahan. The importance
of groundwater requires research into groundwater
contamination and its associated health risks in the
less-populated and small rural area. This study
aims to investigate the distributions of F level in
drinking groundwater resources and its effect on
human health in Isfahan Province by using GIS for
the identification of risk areas. The results of this
study would be useful for all stakeholders, national
and regional decision-making organizations in safe
drinking water supply for both excessive and in-
sufficient F content and in Isfahan to prevent long-
term potential health risks. Also, this information
may also be useful for future water resource plan-
ning for this area.

Materials and methods

Study area

Isfahan Province with an area of 107,027 km2 is located
in the central plateau of Iran around the Zayandehroud
river, which flows from the west to southeast in central
Iran. It has 23 counties and 33 aquifers. The area extends
from east of 49° 38′ to 55° 32′ longitude and north of
30° 42′ to 34° 27′ latitude. This area includes agricul-
tural, industrial, urban, and uncultivated lands. Isfahan
Province is located in a semi-arid and dry desert climate.
The height of the province’s various regions varies from
less than 500 m in the east to more than 4000 m in the
west. Most precipitations occur in the western regions.
The average annual rainfall and temperature of the re-
gion are 140 mm and 14.5 °C, respectively. In Isfahan
Province, there are extended sequences of sedimentary
deposits, metamorphic rocks, and igneous sediments of
different ages. The geology of Isfahan is dominated by
primary granites, which is locally rich, especially in
alkali-rich granites, red-colored conglomerate without
fossil, red or grained sandstone and gray schist, gray-
limy grayish or yellow marl, lime, and the stones of
calcareous dolomite. Water is supplied for urban, agri-
cultural, industrial use from surface water and under-
ground water. In the rural areas, drinking water source is
provided from the groundwater, whereas the main water
source of the urban areas is surface water, Zayandehroud
river, which is supplied from the Babashekhali water
treatment plant (Chavoshi et al. 2011).

Sample collection and analysis

The 573 samples were collected from all drinking
groundwater resources, including 473 tube wells, 62
springs, and 38 qanats in the region, during March 2016
to February 2017. Water samples were analyzed at 40,
40, 5.6, and 13.4% in spring, summer, fall, and winter,
respectively. The samples belonged to the rural areas
and only 33 samples were from groundwater resource
located in urban area. Temperature and geographical
positions during the sampling were recorded by using
GPS. The samples were taken under standard conditions
and transferred to the laboratory in 1-l polyethylene
bottles. 4The concentration of F was measured by the
SPADNS method using a DR-5000 Hach-Lange spec-
trophotometer, USA. Electrical conductivity (EC) and
pH were measured by EC meter (wtw), and chloride ion
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was measured by following the standard method
(APHA 2005).

Statistical analysis

The SPSS 20 software was used for data analysis. Cor-
relation calculations and basic statistics were carried out.
Study area map with sampling location points, fluoride
distribution, and other parameters was created by using
ArcGIS 10.2. The inverse distance weighting (IDW)
method was chosen for interpolation and the best pre-
diction approach for concentration zoning map of fluo-
ride in the study area. For the other maps, the classifi-
cation by size and color symbol was used. The sampling
locations are shown in Fig. 1.

Exposure and health risk assessment

Human health risk assessment is a methodology
used to evaluate the potentially harmful effects
on human health upon exposure to certain chemi-
cal agents for a certain period (Means 1989). This
approach has been used and confirmed in several
cases of health risk assessment in different envi-
ronments (Huang et al. 2017). There are various
methods to categorize carcinogenic and non-
carcinogenic effects and to estimate potential
health hazards of pollutants. Non-carcinogenic risk
assessments are usually based on the use of HQ,
which is defined as the ratio of the estimated dose
of a contaminant to the reference dose. This meth-
od was established by US EPA in 1988 (Barnes
et al. 1988).

In the study area, calculations for non-carcinogenic
health risks associated with the consumption of ground-
water containing F by the local residents were made
using the standard assumptions used in US EPA risk
analysis. The population was divided into the following
four age groups because of physiological and behavioral
differences: children (0–10 years old), teens (11–
20 years old), and male and female adults (21–72 years
old). The exposure parameters and their probability
distributions for the four age groups are presented in
Table 1.

Human exposure to F can be achieved in oral intake
by drinking water and diet, dermal absorption, and
inhalation. Considering that drinking water is the main
source of human exposure to F, it was studied based on
water consumption in the region. The estimated daily

intake (EDI) was calculated for various populations that
received F from drinking water and body weight using
Eq. (1) (EPA 1989):

EDI ¼ C � IR= BWð Þ ð1Þ
where EDI is estimated as daily intake of F through
ingestion (mg/kg/day), IR is the drinking water inges-
tion rate (L/day), C is the F concentration in drinking
water (mg/L), and BW is body weight (kg).

An estimation of non-carcinogenic risks from F ex-
posure through different exposure routes was calculated
by dividing the EDI by the safe dose (RfD). Then, HQ
that represents the fluorosis risk from drinking water
was calculated using Eq. (2):

HQ ¼ EDI=RfD ð2Þ
where HQ is considered to be the hazard quotient, of
which a value lower than 1 implies a negligible risk of
non-carcinogenic effects, whereas HQ greater than 1
indicates potential non-cancer causing health effects.

Results and discussion

The F concentration was monitored in 573 water sam-
ples taken from all rural drinking groundwater sources
in Isfahan Province during March 2016 to February
2017.

Figure 2 clearly shows the results of the F concentra-
tions in the groundwater sources of the study area. The
sources with a concentration of less than 0.5 mg/L are
represented with yellow and 0.5–1.5 mg/L with green,
and sources with a concentrationmore than 1.5mg/L are
represented with red. F concentration was not related to
the type of sources like wells, springs, and qanats (p =
0.802). One-sample T test showed that there was a
significant difference between the F concentration in
the samples with respect to the WHO (2004) guidelines
and also the Iranian national standard (0.5–1.5 mg/L)
(p < 0.001), and 22 samples had concentrations above
1.5 mg/L. High F concentrations were located in Nayin
(11), Natanz (1), and Ardestan (10) counties. This may
be due to the geological structure because of gypsum
and salt tissue present in their soils, and the correlation
between F and calcium, sodium, sulfate ions, or depth of
the well can be the reason for increasing F in ground-
water in these regions (Chuah et al. 2016; KheradPisheh
et al. 2016). Nouri et al. (2006) reported that the F
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content of deep aquifers was lower than that of shallow
ones. Their results also showed that the clay content of
the soil can lead to the replacement of F− ions by OH−

ions and cause F to dissolve, thereby increasing its
concentration. Gypsum and salt contents of soil in
Zarrin Dasht County of Fars Province caused high F in
groundwater (KheradPisheh et al. 2016). In the present
study also, 63% (361 samples) of the samples had F
concentrations of less than 0.5 mg/L, which their

distributions were more in the whole province, especial-
ly in the west and south. In these areas, probably the risk
of dental caries is high. Studies showed that when F
level in drinking water is lower than 0.5 mg/L, the risk
of dental caries increases (Gao et al. 2013; WHO 2004).
Also KheradPisheh et al. (2016) found F concentration
in Isfahan Province to be lower than 1.5 mg/L (0.02–
1.5 mg/L, mean = 0.29 mg/L). In a study conducted by
Chavoshi et al. (2011), the groundwater F concentration
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Fig. 1 Location map of the study area and sampling stations

Table 1 Reference dose (RfD), body weight (BW), and ingestion rate (IR water) used in the present study

Parameters Distribution type Units Value Reference

Ingestion rate (IR water) Children
teens
male
female

L/day 1
1.7
2.4
2.3

(EPA 2011)

Body weight (BW) Children
teens
male
female

kg 20
54
75
69

(EPA 2011)

RfD Oral reference dose mg/kg/day 0.06* (IRIS 2016) & (US EPA 2000)

*[0.05] water and [0.01] diet
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of Isfahan was in spring (0.09–0.4 mg/L) and in summer
(0.05–0.1 mg/L). The concentration of F in drinking
water can vary according to socioeconomic and weather
conditions, health habits, and dietary populations in
countries. The optimum F concentration in water (D as
mg/L) can be calculated by [Eq. (3)]:

D mg=Lð Þ ¼ 0:34= −0:038þ 0:0062� Tmð Þ½ � ð3Þ

where Tm is the maximum average temperature (in °F).
The average annual temperature in Isfahan Province

is 14.5 °C (58.2 °F). So, the optimum F content in
drinking water of Isfahan should be 1 mg/L
(KheradPisheh et al. 2016).

The minimum and the maximum F concentrations in
the groundwater resource of each county are shown in
Fig. 3. The results show that F concentrations varied
from 0.02 to 2.8 mg/L, with a mean of 0.52 ± 0.46mg/L,
while the Nayin (0.04–2.8 mg/L), Ardestan (0.05–
1.92 mg/L), and Natanz (0.16–1.72 mg/L), respectively,
had the highest concentrations and Falavarjan (0.21–

0.33 mg/L) and Barkhar (0.02–0.36 mg/L) had the
lowest concentrations.

One-way analysis of variance (ANOVA) showed
that there was seasonal significant difference in
groundwater F concentrations (p < 0.001). The
mean concentrations of F in samples in spring
(0.63 mg/L) and winter (0.55 mg/L) were higher
than those in summer (0.42 mg/L) and fall
(0.27 mg/L). These high concentrations might be
due to precipitation in spring and winter which
dissolve the F contents of soils in groundwater
resources.

Chavoshi et al. (2011) found that due to more pre-
cipitation in spring, the F content of water was higher
than that in summer. However, Keshavarz et al. (2015)
in a study implemented in Bushehr Province, south of
Iran, found that there was no seasonal significant differ-
ence in groundwater F concentrations in spring and
summer.

Figure 4 shows the F concentration in aquifers in the
study area. As can be seen, Dahag sorkh (4804) and
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Fig. 4 Spatial distribution maps of F concentrations in the aquifers in Isfahan Province
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Ardestan (4801) aquifers, with high F concentration, are
also located in Ardestan County.

The water quality parameters (electrical conductivity,
temperature, pH, and chloride ions) are shown in Fig. 5.
The data in resource is classified by size symbol. The
temperature which was between 0 and 34 °C is shown in
Fig. 5a. The pH was in the range of 6 to 9 and is also
shown in Fig. 5b. Figure 5c shows that the EC varies
between 0 and 5770 (μmhos/cm). The concentration of
chloride ions in the samples was found to be in the range
of 4–1225 mg/L, shown in Fig. 5d. Statistical analysis
demonstrated that there was a low significant correlation
between groundwater F content and EC (p < 0.001 and
r = 0.418), Cl (p < 0.001 and r = 0.361), pH (p = 0.006
and r = 0.077), and temperature (p < 0.001 and r =
0.246). This result contradicts the findings of Nouri
et al. (2006) who found a significant negative correla-
tion between F content and pH of groundwater in Shush,
south-west of Iran. It is obvious that high pH values

promote the dissolution of CaF2 in groundwater and
could increase F content of the groundwater (Chen
et al. 2016). Tiwari et al. (2017) also found a positive
correlation between groundwater F− content by pH (p =
0.36).

In this study, hazard quotients (HQs) by F concentra-
tions in drinking groundwater were calculated for resi-
dents of Isfahan Province. Reference dose of 0.06 mg/
kg/day by the IRIS database of the US EPA was used.
Figure 6 shows the spatial variation of health risk that
resulted from the groundwater F concentrations for four
age groups: children, teens, and adults (males, females).
The HQs show two classes to be lower than one and
more than in the resources. Based on the obtained re-
sults, the HQ values of F were reported in children
(0.01–2.033), teens (0.06–1.36), adult males (0.08–
1.626), and adult females (0.06–1.4). One-way ANOVA
also showed that there was a significant difference in
HQs between group ages (p < 0.001(. The HQ index for
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children, teens and male and female adults had health
hazard (HQ > 1) in 51, 17, 28, and 18 of samples,
respectively. Groundwater resources having a risk more
than one were located in the counties of Nayin, Natanz,
and Ardestan. So, in these areas, there are potential risks
of dental fluorosis.

Table 2 also compares the HQ values of studied
groups with respect to the seasonal variations. As can
be seen here, the highest HQs for non-carcinogenic risk
are related to children group in the spring with the
lowest body weight, as well as years of growth. How-
ever, in the rest of the season, the highest HQs were
related to this age group.

In the study of Chen et al. (2016) infants and chil-
dren, the most vulnerable groups were exposed through
the oral route. The risk index for infants and children
had health hazard in the majority of samples (72 and
60%) than that for males and females (28 and 22%).
Erdal and Buchanan (2005) examined F absorption

through fluoridated drinking water, cow’s milk, bever-
age, food, and F supplementation and found the F risk
for children and other groups to be safe. Battaleb-Looie
et al. (2013) found that F intakes (from dates and drink-
ing water) for children and adults were 3.4 and 1.6 times
higher than safe dose, respectively.

In the study of Chavoshi et al. (2011) in the center of
Iran, the total HQ for both population groups (children
and adults) via consumption of cereals, water, soil, and
vegetables was less than 1.0, resembling no obvious
risk. For 68% of the total population of the western
plains area in Jilin Province, China, the HQ through
drinking water was also above 1 (Bo et al. 2003).

Conclusion

This study was carried out in the central plateau of Iran,
Isfahan Province, to estimate the non-carcinogenic risk

0 240 480120

Km

HQ Children

0.008 - 0.999

0.999 - 2.33

HQ Teens

0.005 - 0.999

0.999 - 1.55

HQ Male

0.006 - 0.999

0.999 - 1.86

HQ Female

0.005 - 0.999

0.999 - 1.60

c) d)

a) b)

Fig. 6 Spatial variation of HQ for different age groups. a Children, b teens, c males, and d females for each of the sample
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posed by F ingestion via drinking water from ground-
water resources. Results showed that the calculated
mean non-carcinogenic risk was lower than 1. However,
in some of the areas, the F concentrations in groundwa-
ter were higher than those in the WHO or Iranian guide-
lines. These findings indicated the absence of potential
health effects at the province level. However, F may
pose possible health risks to local residents, because the
HQ of F was > 1 in some counties, including Nayin,
Natanz, and Ardestan, where the highest levels of F
contamination were found.

Moreover, children are a vulnerable population in
most of the studied areas, and they are at a high risk of
non-carcinogenic hazards from exposure to drinking
water with high F levels, which should be addressed.
Also, in cities in the west and south of the province, low
F and high dental caries are high.

Uncertainty during the risk assessment includes the
variables used in calculations, such as the difference in
body weight of individuals. In addition, weather condi-
tions can greatly affect drinking water consumption.
The consumption rate of drinking water in a hot climate
is higher than that in a mild climate. As a result, the F
intake can be different.

Although F in drinking water usually takes into ac-
count the most effective daily intake, other F sources,
including beverages (such as tea) or foods and F sup-
plements, can also significantly contribute to a daily
intake of F. In this study, the non-carcinogenic risk for
Is fahan res idents ’ exposure to F could be
underestimated because only the drinking water expo-
sure pathway was considered. Therefore, an accurate
estimate of other sources of exposure to additional F
should be considered.
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