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a b s t r a c t
Fluoride in drinking water is an important chemical species with regard to public health considerations, 
although a fluoride concentration of about 1.5 mg L–1 in drinking water can decrease tooth decay and 
higher concentrations cause health problems. The concentration of fluoride in water is affected by 
some chemical characteristics. This study aimed to evaluate the relationship between fluoride and 
other chemical parameters (pH, Turbidity, EC, TDS, TH, ALK, Cl–, SO

4
2–, NO3–, NO2–, Ca2+, Mg2+, Na+, 

K+, PO
4
3–) in water bodies located in Showt, West Azerbaijan Province, Iran. Sample preparation and 

analysis were performed according to standard methods. A wide range of fluoride concentrations was 
measured in this study (0.0–5.5 mg L–1). The results indicated that alkalinity and Na+ have a significant 
positive relationship with fluoride concentrations in water wells. Nevertheless, total hardness (TH) 
showed an inverse relationship with fluoride concentration. In addition, for a one-unit increase in 
alkalinity and Na+ concentration, the average amount of fluoride in water increased by 0.0028 and 0.16, 
respectively. Furthermore, for a one-unit increase in total hardness, the average amount of fluoride 
in water decreased by 0.005. In conclusion, fluoride concentration was affected by numerous factors 
such as hardness, alkalinity, and Na+ concentration. The findings of this study suggest that a suitable 
treatment of the groundwater is needed in contaminated areas before its use for drinking. 
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1. Introduction 

Water pollution is a controversial problem and many 
water resources globally have been contaminated by numer-
ous contaminants resulted from human activities and natural 
processes [1–4]. Groundwater is the main source of drinking 
water in many areas [5–10]. Fluoride is necessary for teeth, 
and so many water systems add small amounts to drinking 
water. World Health Organization (WHO) has considered 
an acceptable range of 0.5–1.5 mg L–1 for fluoride in drink-
ing water. No detrimental health effects are reported in 
this range. Teeth decay may occur at concentrations below 
0.5 mg L–1 [11]. However, consumption of water containing 
high concentrations (above 1.5 mg L–1) of fluoride can disturb 
bones and cause teeth mottling (dental fluorosis), hyperthy-
roidism, and electrolyte and enzymatic disorders [12–14]. 
For example, concentrations of fluoride above 1 mg L–1 may 
cosmetically affect and discolor teeth, but this is not a health 
risk [15]. Acute exposure to concentrations above the per-
missible value can cause a condition called skeletal fluorosis 
[16–18]. Studies about the effect of fluoride on human health 
were initiated in the past century. Many of these studies have 
recognized fluoride as an important factor for dental health 
[4,19–21]. The major intake sources of fluoride are water, 
food, and toothpaste. However, the most important source 
is drinking water [22–24]. The impact of fluoride on human 
health is strongly associated with its concentration in drink-
ing water [22]. According to a report by the World Health 
Organization (WHO), more than 200 million people world-
wide are affected by high concentrations of fluoride [25]. The 
concentration of fluoride in water is affected by several fac-
tors [6], the most important of which is the type of bedrock on 
which water flows [26]. Groundwater flowing on crystalline, 
volcanic, sandstone bedrocks has a higher concentration of 
fluoride [27–29]. Other effective factors include climatic con-
ditions, presence of Na–HCO

3
–, Ca2+ concentration, ground-

water storage time, distance from the aquifer, and even the 
activity of some microorganisms [27,28,30,31]. 

Naturally fluoride concentration in groundwater varies 
from low amounts to above 25 mg L–1 [32]. The presence of 
some cations and anions adjusts fluoride concentrations in 
groundwater. For instance, some studies have indicated that 
bicarbonate anion can increase aqueous fluoride levels. In 
addition, aluminosilicate in the presence of bicarbonates in 
sandstone aquifers leads to fluorite dissolution, subsequently 
increasing fluoride concentration [33,34]. On the other hand, 
according to a study by Chandio et al., [35] pH is an import-
ant factor in dissolving fluoride ion, and the pH range of 5 to 
6.5 will cause the least amount of fluoride in water. Hence, it 
can be stated that the behavior of fluoride with other cations 
and anions varies according to location and physicochemical 
parameters [35,36]. In order to obtain a model for predicting 
fluoride concentration based on other cations and anions, their 
relationships should be studied. Therefore, the novelty of the 
present study was to provide a quantitative comparison of 
fluoride concentrations in drinking water and to investigate 
the parameters affecting fluoride concentrations in water 
wells located in Showt, West Azerbaijan Province, Iran. This 
research could be of great importance for the prevention of risk 
to human health and for proper groundwater resource man-
agement to provide a safe drinking water for the communities.

2. Materials and methods 

2.1. Study areas description 

The Showt County was selected for the purpose of 
the present study. Showt covers an area of approximately 
931 km2 and is located in West Azerbaijan Province, Iran 
(39°13′09″N 44°46′12″E/39.21917°N 44.77000°E) (Fig. 1). 
Its population was approximately 52519 in 2011 census. 
The Showt has a local steppe climate. This climate is 
considered to be Cold semi-arid stands (BSk) based on 
the Köppen-Geiger climate classification [37]. The mean 
annual rainfall in Showt is 264 mm. This city has a mod-
erate climate, and it’s highest, lowest, and average annual 
temperatures are recorded to be 26°C,–2.5°C, and 12.4°C, 
respectively. People used water wells for drinking, bath-
ing, washing, and watering plants. 

2.2. Sampling and analysis 

22 villages were selected for the purpose of this study. 
The criterion for selection of the Showt’s villages was the 
presence of fluoride above 5 mg L–1 in drinking water 
samples in some areas. Three drinking water samples were 
collected from each village of the selected areas for a total 
of three times during 2018 and stored in clean, high den-
sity polyethylene bottles at 4°C before analysis. Samples 
were collected from wells. In the sampling locations, the 
bottles were thoroughly rinsed with sample water and 
tightly sealed and labeled. The studied villages were coded 
as 1–22.

Analysis was performed in two categories of system tests 
and titrimetric tests. Temporary and permanent hardness, 
calcium, magnesium, and chloride were determined through 
titrimetric tests, whereas pH (measured by pH-meter device 
model pHwtw), electrical conductivity (EC) (by Esi meter 
wbw), and turbidity (by device model HACH50161/co150, 
HACH P210, USA, precision = 0.01) were determined using 
system tests. The analysis of anions and cations including 
nitrate, nitrite, phosphate, and sulfate was also performed 
by a Hach Spectrophotometer (model DR 5000) in the Water 
and Wastewater Laboratory of Showt. Total hardness (TH) 
was determined by the EDTA titrimetric method, TDS was 
measured gravimetrically, and the fluoride concentration of 
water samples was determined using the SPADNS method 
using a spectrophotometer [38]. Final, the mean values were 
reported and used in this study. 

2.3. Statistical analysis 

Pearson correlation coefficient and simple linear regres-
sion were employed to examine the relationship between 
different parameters of water and fluoride concentrations. 
Then, to obtain the simultaneous relation among variables, 
multiple linear regressions were run. The variables with 
bivariate association P-value <0.2 entered the model. In the 
final step, non-significant variables were excluded using the 
backward likelihood ratio method to reach the most parsimo-
nious model. All statistical analyses were performed in SPSS 
(IBM Corp., Released 2016; IBM SPSS Statistics for Windows, 
Version 24.0; Armonk, NY: IBM Corp.).
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3. Results and discussion 

3.1. Occurrence of fluoride and other selected parameters in 
groundwater samples

In this study, we analyzed the concentrations of fluoride 
in the groundwater in Showt’s villages. Maps of fluoride 
concentrations for all sampling sites are shown in Fig. 2. The 
range of fluoride concentrations in the study area varied 
from 0 to 5.5 mg L–1, respectively. 7 (31%) out of 22 villages 
had fluoride concentrations higher than the recommended 
value of WHO for fluoride (1.5 mg L–1). 

Descriptive statistics of fluoride and other characteris-
tics of water wells from 22 villages are presented in Table 1. 
According to this table, a wide range of fluoride concentra-
tions was observed. 

Univariate analysis was utilized to investigate the 
relationship between the concentrations of fluoride and other 
characteristics of drinking water. These results are presented 
in Table 2. Variables with P-values <0.2 were entered into 
multivariate regression as the final model. 

Finally, the ultimate multivariate regression model was 
obtained as follows (Table 3): 

Yi = 0.0028 ALK + (–0.005) TH + 0.16 Na+ 

According to this model, for a one-unit increase in alka-
linity and Na+ concentration, the average amount of flu-
oride in water increases by 0.0028 and 0.16, respectively. 
Furthermore, for a one-unit increase in TH, the average 
amount of fluoride in water decreases by 0.005.

This study investigated the relationship between fluo-
ride concentration and other physiochemical characteristics 
of drinking water (Table 4). The concentration of fluoride 
in drinking water greatly varied across the studied villages, 
such that it was zero in some villages, normal in some other 

villages (0.5–1.5 mg L–1), and several times higher than the 
value recommended by the WHO guideline in some others 
(1.5 mg L–1). This wide range of fluoride concentrations in 
groundwater sources has also been noted by other stud-
ies on the same region and other areas of West Azerbaijan 
Province. For example, in a study on Maku, the concentration 
of groundwater fluoride in various villages ranged from 0.3 
to about 6 mg L–1 [39]. In another study, it was found that 

Fig. 1. Location of the study area in Showt, West Azerbaijan, Iran.

Showt County

Fig. 2. Occurrence of fluoride in sampled villages of the study 
areas in Showt county.
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fluoride concentration range was much wider in different 
sources of groundwater, varying from 0 to 10 mg L–1 [40]. 
High fluoride contamination is also reported in Poldasht, 
a city near Showt [41,42]. It seems that Northern regions of 
West Azerbaijan Province are an endemic area for fluoride 
contamination. The wide range of fluoride concentrations 
can be attributed to different minerals in the aquifer bed and 
also the physicochemical properties of water. On the other 
hand, in many parts of the West Azerbaijan Province, high 
concentrations of fluoride have frequently been observed. 
There were no industries and mining activities in this area. 
Showt County had geological formation including conglom-
erate sedimentary rocks, oligocene-miocene deposits, sand 
and maroon formations and several hot springs is with high 
Mg carbonated water observed due to volcanic activities. 
Weathering and leaching of fluoride-containing minerals can 
release fluoride into groundwater [43]. 

Several studies have investigated the relationship 
between fluoride concentrations and various characteristics 
of water. Some have suggested that pH range of 7–9 provides 
the most solubility. In addition, the relationship between 
Ca2+ and HCO

3
– ions and fluoride is reported to be direct by 

some studies but inverse by some others [28]. The results of 
the present study indicated that alkalinity and Na+ have a 

significant positive correlation with fluoride concentrations 
in water wells. Nevertheless, TH showed an inverse associa-
tion with fluoride concentration. The results of several stud-
ies confirm the relationship between alkalinity and Na+ on 
the one hand and fluoride on the other, whereas some other 
studies have reported opposite findings [28]. In case of TH, 
the results of the present study were consistent with those 
of the study by Ramakrishnaiah et al. [44] which similarly 
reported an inverse relationship between TH and fluoride in 
water. This relationship can be attributed to the role of cal-
cium in the precipitation of fluoride or, in other words, the 
negative role of calcium in the dissolution of fluoride. The 
negative effects of calcium and magnesium (hardness factors) 
on fluoride have been reported in numerous studies [27,45]. 
In general, studies have reported contradictory results which 
can be attributed to the difference among bedrocks in ground-
water flows, different chemical compositions of water, and 
the interaction between chemical parameters. In a study con-
ducted by Panezai and Ullah [46] on fluoride concentration 
in drinking water and its correlation with different physico-
chemical parameters in the selected areas of Quetta, Pakistan, 
results showed that the solubility of fluoride depends on the 
level of pH. Results also demonstrated that salts K+, Na+, Ca2+, 
SO

4
2–, and Cl– ions play a major role in attaining favorable 

Table 1 
Analytical results of groundwater samples in 22 villages of Showt (F, TDS, CL–, SO

4
2–, NO

3
–, Ca2+, Mg2+, Na+, K+, and PO

4
3– values  

are in mg L–1, TH, ALK values are in mg L–1 as CaCO
3
, EC value is in μmhos cm–1, and turbidity value is NTU)

PO
4
3–K+Na+Mg2+Ca2+NO

2
–NO

3
–SO

4
2–Cl–ALKTHTDSECTurbiditypHF–Village

0.412.911489620.0181143755405204781,52827.821

0.95715367780.0081.41321434644721,0502,1202.28.91.972

0.246.146341250.0150.763206324485331,0982.88.81.183

0.2110.814431220.1351.290507401807491,5301.37.94.224

0.551114630210.0081.690507601727441,5212.47.945

0.070.2626560.012.82082162441974120.77.806

0.169.415097750.0081.15041405205841,1003,2200.7817

0.113.14642610.0081.4602033232032567917.60.098

0.423.74035830.0111.769223483483827850.57.81.269

0.218.912059560.0112.668644803807291,4990.37.91.8610

0.026.9148109860.0162.24802205926601,1902,3800.47.80.7911

1.4617.313093480.0071.5232705685008561,7390.37.81.3912

0.32.2701121040.0063.22001004286807011,4360.97.90.4413

0.110320320.0054.222202601601553280.57.8014

0.416.7156107560.0051.844815014858011202,2604.77.81.4315

0.365.416063720.0062.33761554204401,1002,1700.68.21.5216

0.281.94454880.0075.4100352204404449181.37.80.3817

0.457.310368960.0081.7104556605206431,3160.57.81.0118

0.5811.6147107320.0091.576456482407421,5170.57.95.519

0.712.14373480.0064.369303684204298901.27.90.3720

0.360.98549640.0055.9480402403604971,0211.37.80.4521

0.76.7156116480.0052.14881455006001,1402,3001.97.81.3822
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pH for the dissolution of fluoride-containing compounds in 
drinking water [46].

Another study reported that fluoride concentration in 
water has a significant positive correlation with Na+ and 
SiO

2
 and a significant negative correlation with Ca2+, Mg2+, 

HCO
3
–, alkalinity, and TH. Furthermore, findings suggested 

that groundwater with a high F- concentration is associated 
with Na–Ca–HCO

3
, NaCaMg–HCO

3
, and Na–Mg–Ca–HCO

3
 

types of water [24].
Rahman et al. [47] reported that F concentration has a 

positive correlation with electrical conductivity (EC), total 
dissolved solids (TDS), and the concentrations of Br, PO

4
3–, 

and SO
4
2–. In contrast, according to a study conducted by 

Dehbandi et al. [48] in central Iran, results revealed that F 
concentration in the groundwater has a negative correlation 
with pH and HCO

3
–.

According to the studies, physicochemical parameters in 
water affect fluoride concentration in water. Therefore, the 
geology and the presence of some anions and cations should 
be considered while investigating the concentrations of fluo-
ride in water resources. 

Table 2 
Regression coefficients between fluoride and other 
physiochemical parameters 

P-Value95% CIβrParameter

UpperLower

0.5612.692–1.5020.5940.131pH
0.5920.787–0.460.1630.121Turbidity
0.2310.001–0.00040.00050.266EC
0.17a0.003–0.00060.0010.303TDS
0.095a0.0006–0.007–0.003–0.365TH
0.001a0.0080.0030.0050.67ALK

0.9250.012–0.0110.00050.021CL
0.520.002–0.005–0.001–0.145SO

4
2–

0.028a–0.054–0.88–0.467–0.467NO
3
–

0.0374.5321.5622.3440.447NO
2
–

0.02a–0.004–0.0480.026–0.492Ca2+

0.6920.025–0.0170.0040.09Mg2+

0.003a0.0250.0060.0160.597Na+

0.001a0.3180.0980.2080.661K+

0.2942.979–0.951.0140.234PO
4
3–

aP-Values <0.2

Table 3 
Results of multivariate regression

P95% CIβParameter

UpperLower

0.0160.0050.00060.0028ALK

<0.001–0.0027–0.007–0.005TH
<0.0010.02360.0080.016Na+

0.2621.992–0.5760.708Intercept

Ta
bl

e 
4 

C
or

re
la

tio
n 

m
at

ri
x 

of
 th

e 
st

ud
ie

d 
w

at
er

 q
ua

lit
y 

pa
ra

m
et

er
s

P
ar

am
et

er
F

–
pH

TD
S

Tu
rb

id
ity

EC
TH

A
L

K
N

O
2–

N
O

3–
C

l–
S

O
42–

P
O

43–
C

a2+
M

g
2+

N
a+

K
+

F
–

1

pH
0.

13
11

1

TD
S

0.
30

34
0.

25
47

1

Tu
rb

id
ity

0.
12

1
0.

30
29

0.
23

21
1

EC
0.

26
65

0.
22

11
0.

94
43

0.
19

85
1

TH
–0

.3
65

4
0.

09
45

0.
57

65
0.

15
34

0.
60

32
1

A
L

K
0.

67
05

0.
23

08
0.

33
86

–0
.1

27
0.

34
57

–0
.0

36
1

N
O

2–
0.

44
7

–0
.0

05
5

0.
02

78
0.

00
17

0.
01

66
–0

.3
28

0.
40

54
1

N
O

3–
–0

.4
66

9
–

–0
.3

78
1

–0
.1

86
–

–0
.1

03
0.

61
53

–
–0

.2
39

5
1

C
l–

0.
02

14
0.

16
57

0.
90

06
0.

16
72

0.
86

60
0.

69
38

0.
12

07
–0

.0
91

7
–0

.2
35

1

S
O

42–
–0

.1
45

–0
.0

87
4

0.
72

23
0.

18
34

0.
74

12
0.

61
93

–0
.1

00
0

–0
.1

59
4

0.
05

45
0.

76
92

1

P
O

43–
0.

23
41

0.
19

27
0.

27
21

0.
08

39
0.

19
35

0.
14

44
0.

20
65

–0
.1

71
2

–0
.1

44
0.

06
83

0.
02

70
1

C
a2+

–0
.4

91
6

0.
40

9
0.

04
55

0.
02

11
0.

06
24

0.
61

66
–0

.0
97

7
–0

.3
11

7
–0

.0
23

0.
16

16
0.

10
95

–0
.1

92
1

M
g

2+
0.

08
96

–0
.1

12
1

0.
67

08
0.

08
99

0.
68

36
0.

77
80

0.
11

43
–0

.2
55

4
–0

.1
65

0.
69

01
0.

60
68

0.
30

95
0.

12
69

1

N
a+

0.
59

66
0.

15
45

0.
90

1
0.

21
99

0.
87

00
0.

32
73

0.
51

11
0.

17
99

–0
.4

95
0.

73
06

0.
57

20
0.

33
35

–0
.2

16
0.

57
22

1

K
+

0.
66

1
0.

04
75

0.
48

19
0.

05
17

0.
52

80
0.

10
26

0.
71

39
0.

25
46

–0
.6

64
0.

24
53

0.
09

07
0.

51
62

–0
.2

79
0.

36
42

0.
69

87
1



M. Yousefi et al. / Desalination and Water Treatment 155 (2019) 223–229188

4. Conclusions 

This research was performed to evaluate the fluoride 
concentrations in water samples, which were collected 
from Showt’s villages. The relation between fluoride and 
some physicochemical parameters, such as pH, Turbidity, 
EC, TDS, TH, ALK, Cl–, SO

4
2–, NO

3
–, NO

2
–, Ca2+, Mg2+, Na+, 

K+, PO
4
3– were also determined. A wide range of fluoride 

concentrations (0.0–5.5 mg L–1) was observed in Showt’s 
villages. Generally, the fluoride concentrations in groundwa-
ter resources of some villages of Showt’s has exceeded the 
maximum permissible limit (1.5 mg L–1) set by WHO mak-
ing it a health concern to residents who take groundwater 
for domestic uses. Results of the present study also indicated 
that alkalinity, sodium concentration, and TH can affect the 
concentrations of fluoride in groundwater resources. Since 
groundwater is the only dependable source for drinking 
water in this area, our research alerts that the contaminated 
water needs to be treated properly before supplying to the 
residents or alternative water resources should be used. 
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