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Abstract

Fluoride in drinking water has a profound effect on teeth. Since drinking water is an important source of fluoride,
the evaluation of the fluoride content of water resources is necessary. Temporal variations and spatial distribution
of fluoride in drinking water of some selected parts of Kurdistan Province, Iran, have been studied using
geographic information system (GIS) techniques. Thus, 40 villages were selected and 80 samples taken in two wet
and dry seasons in 2013. Fluoride concentration was measured via ion chromatography (IC) method. Geospatial
analysis of the data was performed using the ArcGIS software developed by Environmental Systems Research
Institute (Esri). The results showed that the average fluoride concentration in drinking water ranged from 0.096 to
1.102 mg/| with the concentration being less than 0.50 mg F/I in 57 samples (71.25%), between 0.51 and 1.0 mg
F/I in 21 samples (26.25 %), and greater than 1.0 mg F/l in 2 samples (2.5%). No difference was observed
between the concentrations of fluoride in the two-stage sampling with the nonparametric Wilcoxon test (P > 0.01).
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Introduction
The chemical composition of groundwater is a
function of various factors and the interaction of
these factors results in different types of water
that can affect water consumption purposes.’+
Among the various characteristics of water
quality, fluoride has unique properties. Based on
guidelines for drinking water quality, fluoride,
arsenic, and nitrate are key chemicals which have
large scale health effects through drinking water
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exposure.5¢ Fluoride is one of the essential
micronutrients for humans and animals.
However, shortage or excess of fluoride can cause
serious dental and health problems in humans.”
Since drinking water is an important way of
receiving fluoride 1! the evaluation of the
fluoride content of water resources is necessary.
The concentration of fluoride in groundwater
is variable and depends on several factors such
as the pH, temperature, and solubility of
fluorine-bearing minerals and other cations in
water.1912 Therefore, the amount of fluoride in
water in different regions varies according to the
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chemical composition of water and aquifer
conditions.’3 Previous studies have shown
different amounts of fluoride in drinking water
resources of Kermanshah* (0.32 mg/l),
Kerman®> (0.17 mg/1), Ahvaz!¢ (0.31-0.51 mg/1),
Zanjan'? (0.56 mg/1), Kashan'® (0.25 mg/1), and
Hamedan? (0.19 mg/1). These conditions expose
consumers to different concentrations of
fluoride, and thus, the health aspect of fluoride
exposure in each region is different. Hence, it is
necessary to determine the relationship between
water quality parameters in order to analyze the
dominant chemical compounds in water and
their trends and aquifer conditions. Therefore,
the present study was undertaken to investigate
the concentration of F and its correlation with
physicochemical parameters of rural drinking
water resources in Kurdistan Province, Iran.

Materials and Methods

This cross-sectional study was performed to
determine the quality of drinking water of 40
villages in Kurdistan Province. A total of 80
samples were collected in wet and dry seasons
(June and September) and were analyzed according
to standard methods? The concentration of
fluoride and other anions was measured using ion
chromatography (IC) method (Metrohm Compact
IC plus 882). Descriptive statistics were used to
interpret the results. In order to compare the results
of the two phases of the study and because the date
distribution was not normal, a non-parametric test
(Wilcoxon test) was applied using SPSS software
for (version 20, SPSS Inc., Chicago, IL, USA). To
determine the correlation between physical and
chemical characteristics of water, the Pearson
correlation coefficient was used. The temporal
variations and spatial distribution of fluoride
concentrations in rural drinking water resources
were studied wusing geographical information
system (ArcGIS) software.

Results and Discussion

Figure 1 illustrates the variation in fluoride
concentration in the studied water supplies
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during wet and dry seasons. Based on figure 1
average fluoride concentration in groundwater
samples varied from 0.1 mg/I in Shahrak to 0.97
mg/1 in Bodla. According to drinking water
quality standards set by the Institute of
Standards and Industrial Research of Iran
(ISIRD)2 and World Health Organization
(WHO)5 in 70% of samples fluoride
concentration was less than the permissible limit
(0.5 mg/l). In addition, only in 30% of the
samples, fluoride content was at a permissible
level. These results are in agreement with that of
the studies by Maleki et al.” and Carton,?2 which
show the low fluoride content of drinking water
in Sanandaj, Iran. Based on the results of water
fluoride measurement, it is likely that the
incidence of dental caries in the study area is
high. Therefore, fluoride can be provided by
other sources such as foodstuff, tea, and
toothpastes. =~ Water  fluoridation is not
recommended because it is not a preferred
method in Iran. Moreover, Carton also opposed
water fluoridation.22 The Iranian Fluoride
Scientific Association has stated that fluoride
concentrations greater than 0.7 mg/1 have more
disadvantages in comparison to its scarcity.!!
Therefore, the continuous monitoring of the
fluoride content of water and screening of dental
caries, especially in children, are necessary.

The study of the relation between fluoride
concentration and other water quality
parameters is important in order to explain the
changes of fluoride levels in the aquifer. Hence,
correlational studies were performed and the
results are shown in table 1. pH is an important
parameter affecting the solubility of fluoride.
Results showed that pH value varies from 7.1
to 8.7. This condition represents an alkaline
condition and it is suitable for the solubility of
fluorine-bearing minerals. Saxena and Ahmed
stated that at alkaline pH, fluoride is released
into the water; however, at acidic pH, it
remains in the soil.23 In addition, fluoride can
be replaced with other anions; hence, Ca2*, Na*,
and hydroxyl ion may alter the concentration of
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fluoride in water resources.2425 Therefore, when
the calcium concentration exceeds the solubility
of fluorite, the dissolution of fluorite will be
limited.’® Raju et al. observed a strong inverse
correlation between F and Ca2* in groundwater
with a Ca content higher than the solubility of
fluoride minerals.?> For this reason, the main
water cations and anions were determined and
the results are presented in tables 2 and 3.

According to these tables, the concentration of
calcium and sodium in the studied samples
vary from 34 to 194 mg/1 and 10 to 160 mg/],
respectively. According to table 3, the average
concentration of Ca2* (74.95 mg/1) was higher
than Na* (71 mg/1), which may be the reason
for the low concentration of fluoride in
groundwater. Evidently, low fluorine-bearing
minerals in the soil should not be ignored.
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Figure 1. Fluoride concentration of different sampling sites in wet and dry seasons

Table 1. Correlation matrix of studied water quality parameters

Ca 1

Mg  0.7f 1

Na 047 058 1

K 027 036 0.9 1

F 029 04 015 033 1

HCO, 07 05f 062 027 o021 1
cl 062 043 o064 019 017 045
s 057 053 085 013 0002 033
NO, 008 017 017 024 016 017
TH 096 087 056 037 035 088
TDS 087 084 08 034 03 09
EC 082 085 08 034 03F 09
pH 027 028 024" -01f 043 -030

1

0.50 1

020 004 1

060 06f 00fF 1

066 077 -007 09 1

065 078 007 09 0.99 1
025 -013 014 027 027 028 1

" Correlation is significant at the 0.05 leveCorrelation is significant at the 0.01 levéNon-significant
TH: Total hardness; TDS: Total dissolved solid; E@ctrical conductivity
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Total dissolved solids (TDS) and electrical
conductivity (EC) showed better correlation with
fluoride than the other studied parameters. TDS
amount in water samples ranged between 320 and
1270 mg/l. Calcium, magnesium, sodium,
potassium, carbonate, bicarbonate, chloride,
sulphate, and nitrates are the main ions that cause

TDS.2 Gillardet et al.”” and Han et al.?® announced
that land use and environmental pollution caused
by animal waste, agricultural fertilizers, and
industrial and municipal wastewater may cause
alteration in TDS. As seen in table 2, the mean
concentration of total hardness of groundwater is
higher than 270 mg/1 CaCOs.

Table 2. Average concentration of physicochemical parameters of groundwater in rural areas

Amir Abad 1 8C 11 37 9 17
Chomaoghlot 2 4€ 9 64 5 16
Najafabai 3 65 1¢ 56 1 34
Tazehaba 4 92 52 16C 8 13t
Bayel 5 67 15 56 1 54
Zarinabai 6 57 24 51 2 26
Alahyar| 7 64 2 4S8 2 25
Dirakloc 8 52 1S 48 2 24
Muzafaraba 9 7C 12 4¢ 3 25
Zivieh 1C 42 5 57 1 34
Saeedabs 11 67 9 31 1 7
Vinsal 12 98 1F 12z 2 16¢€
Ghandab Suf 13 8¢ 14 12z 2 17¢
Ghandab Oly 14 57 1C 6t 5 52
Dosa 15 82 2C 10z 6 77
Babashaydol 1€ 87 1¢ 11¢ 2 174
Baharloc 17 82 13 118 2  15¢
Jodaghye 18 102 28 84 7 7C
Miham Olye 1¢ 4¢ 14 1¢ 1 11
Miham Sufl¢ 2C 65 1€ 3t 1 14
Gharbelaghkhe 21 34 1¢ 78 1¢ 8E
Qzblagl 22 11¢ 33 5t 9 K¢
Kotan Sufl: 23 14¢ 33 5t 18 59
Maydanmofaz: 24 101 2t 2¢ 9 16
Jafaraba 25 9C 22 65 3 52
Golblagt 2€ 67 1¢ 43 1 19
Aqgcheghonba 27 194 6 122 4 162
Engiarkt 28 9¢ 24 13t 4 13¢
Kharabechoaarl 2¢ 8¢ 44 13¢ 5 141
Aghblagh Tghami  3C 71 158 17 1 9
Ochgo 31 ¢ 2 2¢ 1 6
Khosroaba 32 65 11 7t 8 49
Aminabac 33 6t 11 72 8 51
Bodle 34 4 11 72 1 15
Darvishkhak 3t 8¢ 37 134 1C 48
Magho 3€ 56 9 57 1 37
Babaresha 37 82 17 8 4 38
Khandanqo 3€ 6 25 88 2 53
Dehraghe 39 6t 12 37 1 1C
Shahra 4C 5¢ 11 1C 1 12
Permissible maximum (nl) 25C 5C 20C -  40C
(ISIRI-1053

WHO guideline - - 200 - 500

20 1C 03¢ 7E 49C 71F  26C  24C
1€ 7 04s 77 43 65 237  14f
8 6 03: 7€ 52 795 28 24
2 82 066 72 127C 182  61C  44C
8 18 03; 74 508 758  23¢ 22
17 14 03¢ 72 51C 77C 266  24C
17 12 03C 72 40C 59 19¢  16(
17 14 027 7E 45¢ 69C 23 20¢
17 12 031 7E 45; 720 250 22
13 11 03 77 39C 57 171 124
22 8 03¢ 72 395 590 21 20C
37 31 03( 7E 81F 123t 28 30
38 31 03 74 81C 124C 23 26
3¢ 11 047 77 48C 71F  20C  18C
32 45 04¢ 72 728 113  29¢ 28«
38 21 026 7¢ 77C 120 248 28¢
3¢ 2¢ 03¢ 7C 80¢ 123 23/ 25
22 3C 05/ 7€ 81F 123t 38  36¢
12 4 026 7E 320 47C 176 177
16 12 037 74 45 660 23/ 22t
32 24 03¢ 7€ 49 75 186  16C
8 3C 061 80 80C 1228 39 4
206 81 071 82 0928 138 25  50(
2C 11 042 7C 668 03f  36f 35
28 22 066 87 66( 101  31C 311
38 8 00 B8€ 49 71F 246 24
6 167 03¢ 80 113C 166( 378  50(
3 157 05¢ 7.4 99 146(  36( 34z
3 22t 03; 75 90 150 166  39¢
17 9 026 7€ 425 63C 221  24f
32 4 031 80 33 477 16 15
21 1€ 03: 74 55 82F  25;  20%
21 1€ 021 72 541 82  24¢  20%
38 5 097 80 468 700 237 16
4 111 087 7.4 91C 146  40C  36C
1€ 1C 05¢ 7€ 44 67C 216  17¢
1€ 72 05€ 72 720 1020 26/  27C
37 27 06/ 7E 65 101f  29¢ 27
46 5 020 77 42 63  21C  20¢
1 1C 010 74 33C 475 19C  19C
5C  40C 150 -  150C - o B0
L,
50 250 15 g'gi 1500 - ; ;

* Recommendation based on aesthetic consideratitnasutaste and colorNo health-based guideline value is set; howeaueg less than

500 mg/l are recommended due to gastrointestimahga

TDS: Total dissolved solid; EC: Electrical conduityi TH: Total hardness
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Table 3. Descriptive statistics of elemental concentration for the studied parameters

M ean

Parameter

n
(in each season)

EC 40 945.0 347.00 470.0 1820.0 816.0 312.00 110.0 1655.0
TDS 40 627.0 228.00 320.0 1270.0 564.0 188.00 290.0 1108.0
pH 40 7.6 0.35 7.0 8.7 7.5 0.22 6.8 8.0
Ca 40 78.5 27.30 34.0 194.0 71.4 21.30 32.0 166.0
Mg 40 17.9 10.90 2.0 52.0 13.6 6.80 3.0 41.0
Na 40 72.8 38.20 17.0 160.0 69.2 3550 10.0 161.0
K 40 4.5 4.50 1.0 19.0 4.5 4.40 0.5 20.0
HCO; 40 328 104.00 202.0 744.0 288.0 80.00 183.0 645.0
Cl 40 37.4 42.50 4.0 225.0 34.4 36.10 2.3 202.0
SO, 40 59.1 53.20 6.0 176.0 61.0 48.50 6.0 168.0
F 40 0.4 0.14 0.1 0.9 0.5 0.09 1.1 0.7
EC: Electrical conductivity; TDS: Total dissolvedlid; SD: Standard deviation
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Figure 2. Spatial distribution of fluoride in groundwater in low and high water seasons

According to the finding of Govardhan Das,
water with fluoride concentration of higher than
1.5 mg/l has a hardness of lower than 200
mg/1.2 Thus, the relationship between water
hardness and fluoride seems reasonable. A
positive correlation was observed between
fluoride and other anions and cations except pH.
These results are similar to findings by other
researchers.*?

Except pH, EC (pS/cm), alkalinity (mg/1
CaCOs;), and TH (mg/l CaCOs), all other
parameters are expressed in mg/1.

Figure 2 shows the spatial distribution of
fluoride and reveals that high concentrations of
fluoride can be seen in the northern part of the
region. Statistical analysis (Wilcoxon test)
demonstrated that there was no significant

difference between the fluoride concentrations
of samples collected in wet and dry seasons
(P>0.01).

Results also showed that the majority of anions
and cations are within the standard ranges (except
nitrate in one sample). The results showed that
water hardness in all the villages is temporary
hardness, which was categorized as completely
hard, hard, and slightly hard. According to
geochemical facies, calcium and bicarbonate are
the dominant cation and anion, respectively,
introducing calcic-bicarbonate as the water type.
The high concentration of bicarbonate ions in the
water is due to erosion and weathering of
carbonate and silicate minerals. Correlation
coefficients showed the highest
between bicarbonate and Ca?* (Table 1).

correlation
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Conclusion

The present study attempted to investigate the
fluoride concentration of groundwater in rural
areas of Northeastern Kurdistan Province, and
its correlation with other physicochemical
parameters of water quality. It was found that
the groundwater is slightly alkaline and hard in
nature. In 70% of samples, fluoride
concentration was lower than the permissible
limit set by ISIRL. Therefore, the continuous
monitoring of the fluoride content of water and
screening for dental caries especially in children
are necessary.
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