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1-Introduction

Fluorine is the lightest member of the halogen family and the most electronegative and reactive of all elements.
Fluorite (CaF,) is the principal mineral of fluorine in nature, primarily as accessory minerals in granitic and
occasionally alkalic rocks (syenite and nepheline syenite). Other fluoride-bearing minerals include fluorapatite
(Cas(PO4)sF), cryolite (NasAlFg), villiaumite (NaF), topaz (Al.SiO4(F, OH),) and silicates such as the
phyllosilicates of mica, illite and amphibole group minerals (Kundu et al., 2001). The fluorine concentrations in
groundwater can be high where the subsurface mineralogy and geochemical conditions are appropriate
(Carrillo-Rivera et al., 2002; Frencken, 1992; Frengstad et al., 2001; Gizaw, 1996). Factors responsible for
fluoride enrichment in groundwater include the size and type of geological formations through which
groundwater permeates, climate condition, groundwater flow velocity, temperature and pH as well as
geochemical conditions such as availability and solubility of fluoride-bearing minerals and the presence or
absence of other precipitating or complexing ions (Chae et al., 2007; Gomez et al., 2009; Kim et al., 2012).
High fluoride groundwater commonly has low Ca?*, alkaline pH and usually represents HCO3s/Na type (Chae et
al., 2007; Gomez et al., 2009; Wang et al., 2009). Fluoride is an essential micronutrient needed in trace
guantities to strengthen the hydroxyapatite matrix of the skeletal tissues and teeth, and dental caries. This is a
common problem among populations with insufficient fluoride intake. Prolonged exposure to fluoride at higher
levels leads to fluorosis (WHO, 2006). Ahar town is one of the East Azarbayjan Province towns that the
groundwater is an essential source of water in this region. According to the reports, fluorosis disease was shown
among inhabitants in the north and east north of this town, and primary measurements have shown its
concentration is higher than the recommended limit of 1.5 mg/L in the waters (WHO, 2011; Geological
organization of Iran, 2008). Since drinking of high F~ is the main factor of fluorosis, in this paper, main
geochemical parameters that control fluoride concentration in the water resources with risk assessment for the
residents in villages of north and east north of Ahar town were investigated.

2-Methodology

The study area covers approximately 160 km? in the north and northeast of east Azarbayjan province in
northwest of Iran and included Galandar, Mazrae, Gavdel, Zakik Olya and Sofla, Javanshikh, Kordlegan,
Pestebigloo, Mostafa Chay, and Arpazan villages. Water samples (N =21) were collected from wells, ganats,
and springs in the study area. For a reliable evaluation of the hydrogeochemical behavior and health risk
assessment of fluoride, water sample stations were distributed over the area and chosen from water resources of
population. The samples were collected, preserved, and transported to the laboratory. In situ measurements
included temperature, pH, conductivity, and TDS were determined using a portable water meter.

Bicarbonate was measured using the acid titration method, chloride concentration by the ion-selective electrode,
and sulfate concentration by acetone method, calcium and magnesium concentrations were determined by
titration with EDTA, sodium and potassium concentrations were measured using a flame photometer, and
fluoride concentration was determined using colourimetry method (Klute et al., 1986).
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Fluoride exposure dose for infants, children, and adults is calculated using the following equation (Brindha et
al., 2016):

ED=C x WI/BW

Where C is the fluoride concentration in water (mg/L), WI is the water intake (L/d), and BW is the body weight
(kg). This study assumes that people rely on surface or groundwater as their drinking water sources.

3-Results and discussion

The fluoride concentration in groundwater samples differed from 0.1 to 2.8 mg/L. Of the groundwater
samples, approximately half of them showed F concentration higher than the WHO recommended
limit of 1.5 mg/L for drinking water (WHO, 2011), and 20.0% displayed concentrations lower than the
recommended limit of 0.6 mg/L, which causes dental caries (Apambire et al., 1997). Assuming the
optimal range of fluoride in drinking water (1 mg/L) (Edmunds and Smedley, 2013), the samples were
divided into two groups of low F (<1 mg/L) and high F (>1 mg/L) concentrations, respectively.
Hydrochemical characteristics of groundwater in the study area are summarized in Table 1. The pH
values of water samples indicate normal pH to weakly alkaline conditions. The major cations in
groundwater are Na*, Ca?*, and Mg?*, and the major anions are HCO3~, SO4*, and CI". Na" and
HCOs™ are predominant ions in both low F~and high F~ concentration of samples in the central part of
the study area. Compared to the low F~ water, the value of Ca®* is lower, and those of CI~ and SO4> is
a little higher than those in high F~ water.

Table 1. The result of hydrochemistry parameters of water samples (n=21) with different F ~ contents in study
area.

Characteristics F - content < 1mg/L F - content > 1 mg/L
Range Mean SD Range Mean SD
pH 7.2-8.8 8.0 0.3 7.0-8.6 7.8 0.3
EC(us/cm) 0.2-.7 0.49 0.3 0.3-1.6 1.2 0.85
TDS (mg/L) 98-00 460 210 110-1850 1340 990
Na* (mg/L) 9-23 13 7 25-155 49 91
Ca** (mg/L) 76-50 96 11 68-424 241.5 23
Mg** (mg/L) 2.5-58 21 11 21-210 170 32
HCOs (mg/L) 93-20 307 43 136-980 720 76
F ~ (mg/L) 0.1-.9 0.6 0.3 1.2-2.8 2.1 1.7
CI- (mg/L) 14-49 23 11 21-950 640 67
S04~ (mg/L) 1.2-770 210 9 8.9-3200 670 9
Alkalinity (mg/L) 87-240 386 112 108-410 416 112

3-1-Factors influencing F~ levels

Due to the similar ionic radii of F~and OH~, OH™ ions can displace F~ ions adsorbed by the clay minerals in the
groundwater at high pH, which are then released to groundwater (Sreedevi et al., 2006). In the study area, high
F~ groundwater tends to have lower pH, ranging from 7.2 to 8.2, although the correlation is not apparent.
Although the relationship between F~ concentration and pH needs to be clarified in more details, pH alone does
not seem to be a dominant factor controlling F~ enrichment. The concentration of F~ generally increases with
TDS and EC. A higher concentration of TDS can enhance the ionic strength, leading to an increase in the
solubility of F~ions in the groundwater. In the study area, high fluoride concentrations (>1 mg/L) are associated
with samples that have high TDS and EC values, indicating a positive correlation between F~ content and
salinity. There is a strong positive correlation between Na* and CI~ with F~, and a moderately positive
correlation of F~ with SO4*~ and alkalinity. The positive correlation between Na*, CI-, SO,*~ and alkalinity with
F~ is consistent with the correlation between F~ and TDS, resulting from evapotranspiration. Fluoride contents
higher than one mg/L occurred mainly in groundwater samples with Na* higher than 40 mg/L CI~ and SO4*

higher than 20 mg/L, and alkalinity higher than 220 mg/L.
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The correlations of F~ with Ca?* and Mg?* are pretty weak and complex. Low F~ content mainly occurred in
groundwater samples with Ca?* and Mg?* 220 and 100 mg/L, respectively. High F~ content mainly occurred in
groundwater samples with various Ca?* and Mg?*, ranging from 150 to 450 mg/L and from 57 to 210 mg/L,
respectively.

3-2-Health risk assessment of fluoride

Fluoride exposure dose from its primary source, drinking water, for the high and low fluoride contents are
presented in Table 2. For the low fluoride region, only for infants, the fluoride daily exposure dose is higher
than its health limit (0.05 mg/kg.d). Hence, inhabitants in the study area are exposed to high levels of fluoride
intake solely through drinking water, and other fluoride sources were not considered in this study.

Table 2. Fluoride exposure dose of water samples with different F~ contents in study area.

Adults Children Infants
Water intake (L/d) 3.0 1.5 0.3
Standard (mg/kg.d) 0.05 0.05 0.01
Daily exposure dose F-content>1mgl F- F-content>1mgTL  F-content F-content>1mgl F-
content < 1 mg/L <1mglL content < 1 mg/L
(mg/ke.d)
0.090 0.026 0.157 0.045 0.105  0.030

4-Conclusions

The fluoride concentration in groundwater samples is variable, so that differed from 0.1 to 2.8 mg/L. Na* and
HCO;™ are predominant ions in both low F~ and high F~ concentration of the samples, and Ca?* has a low
concentration. Inhabitants in the study area are exposed to high levels of fluoride intake through drinking water,
and other fluoride sources were not considered in this study.
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Table 1. The result of hydrochemistry parameters of water samples (n=21) with different F~ contents in study area.

Characteristics

F-content < 1 mg/L

F-content > 1 mg/L

Range Mean SD Range Mean SD
pH 7.2-8.8 8.0 0.3 7.0-8.6 7.8 0.3
EC (ns/cm) 0.2-.7 0.49 0.3 0.3-1.6 1.2 0.85
TDS (mg/L) 98-870 460 210 110-1850 1340 990
Na* (mg/L) 187-432 232 217 765-1870 1210 291
Ca*™ (mg/L) 76-50 96 11 68-424 2415 23
Mg** (mg/L) 2.5-58 21 11 21-210 170 32
HCOs (mg/L) 93-20 307 43 136-980 720 76
F (mg/L) 0.1-9 0.6 0.3 1.2-28 2.1 1.7
CI- (mg/L) 14-490 63 110 21-950 640 67
SO~ (mg/L) 1.2-770 210 9 8.9-3200 670 9
Alkalinity (mg/L) 87-240 138 112 108-410 241 112
m F-content > 1mglL
o F-content < 1mglL
5,90 ailate O ladiges ;b jloges =¥ ISo
Fig. 2. Piper diagram of water samples in the study area.
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Fig. 3. Saturation indices of calcite and fluorite versus F- contents of study area.
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Table 2. Fluoride exposure dose of water samples with different F~ contents in study area.

Adults Children Infants
Water intake (L/d) 3.0 0.3
Standard (mg/kg.d) 0.05 0.01
Daily exposure dose F-content>1mgT F- F-content>1mg/.  F - content F-content>1mgl. F-
content < 1 mg/L <1mglL content < 1 mg/L
(mg/kg.d)
0.090 0.0 0.045 0.105  0.030
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