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Abstract 
Fluoride has a special importance on especially dental health and high or low levels of fluoride in drinking 

water may cause dental problems. The Gelibolu Peninsula is located in the northwest part of the Anatolia has a 
great agricultural potential. There are 4 significant artificial ponds located in the Gelibolu Peninsula (GP) used 
for irrigation and drinking water supply. The aim of this research was to determine the fluoride accumulations 
in water of these artificial ponds and to assess the water quality in terms of dental health. Also, Cluster Analysis 
(CA) was applied to detected data in order to classify the stations in terms of fluoride contents. Water samples 
were taken from Fındıklı, Değirmendüzü, Tayfur and Uzunhızırlı Ponds during the dry season of 2022 and wet 
season of 2023 and the fluoride levels of investigated ponds were measured by using spectrophotometric method. 
The fluoride accumulations in water of artificial ponds of GP were varied from 0.173 – 1.720 ppm. As a result of 
applied CA, 2 statistically significant clusters were formed named as "Containing relatively higher fluoride zone 
(C1)" and "Containing relatively lower fluoride zone (C2)".  
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INTRODUCTION 

Fluorine, which is one of the most 
chemically reactive and electronegative of 
all the elements, is an essential element. 
However, it may be toxic by directly 
inhalation and skin absorption or as a result 
of chronically high-fluoride diet. Fluoride 
may enter the human body through mainly 
drinking water, but foods, drugs and 
industrial exposure are also among the 
entryways of fluoride intake [1 – 6]. 

The Gelibolu Peninsula is located in the 
southern part of East Thrace, the European 
part of Türkiye, with the Aegean Sea to the 
west and the Çanakkale Strait to the east. 
The region has a significant agricultural 
potential and an agriculture-based economy 
dominates in the whole peninsula, in 
general. Also, as a result of the 
development of agricultural activities in the 
region, there are many industrial facilities 
engaged in agriculture-based production [7 – 10]. 

The aim of this research was to 
determine the seasonal variations of of 
fluoride accumulations in water of 4 
significant artificial ponds (Fındıklı, 
Değirmendüzü, Tayfur and Uzunhızırlı) 
located in the Gelibolu Peninsula (GP).   
 
MATERIALS AND METHODS 

1. Sample collection 
In this research, 4 significant artificial 

ponds were selected located in the GP. The 
map of study area and selected stations (S1 
– S4) are given in Figure 1. 

Surface water samples were taken from 
Fındıklı (S1), Değirmendüzü (S2), Tayfur 
(S3) and Uzunhızırlı (S4) Ponds during the 
dry season of 2022 and wet season of 2023 
by using pre – cleaned polyethylene bottles. 
Then, the samples were quickly transferred 
to the laboratory in a +4 0C vehicle fridge 
for the analysis. 
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Fig. 1. Gelibolu Peninsula and selected artificial ponds 

 
2. Measurement of fluoride  
Fluoride parameter was measured by 

using Hach branded (DR 3900) 
Spectrophotometer Device during the 
laboratory studies. 

 
3. Cluster Analysis 
CA was applied to detected data by 

using PAST statistical packed program in 
order to classify the stations in terms of 
fluoride contents. 

 
RESULT AND DISCUSSION 

Seasonal variations of fluoride 
accumulations in water of investigated 
artificial ponds are given in Figure 2. 
According to detected data, fluoride 0.173 

(S3) – 1.460 (S4) ppm with an average of 
0.513 ppm in the dry season, while they were 
found between 0.242 (S2) – 1.720 (S4) ppm 
with an average of 0.638 ppm in the wet 
season. In general, it was also noted that 
fluoride values increased by approximately 
24% in water of stagnant water bodies of GP 
during the wet season. 

While the lowest fluoride values were 
recorded in Değirmendüzü Pond (S2 – 
seasonal mean of 0.217 ppm), the highest 
values were detected in Uzunhızırlı Pond (S4 
– seasonal mean of 1.590 ppm). 

According to the Turkish Surface Water 
Quality Regulation [11], It was determined 
that Uzunhızırlı Pond (S4) has 3rd class 
water quality (> 1.5 ppm), while the other 
investigated ponds (Fındıklı, Değirmendüzü 
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and Tayfur) have 1st class water quality (< 1 
ppm) in terms of fluoride contents, in 
general. It was also noted that the fluoride 
contents in waters of ponds located in GP 

did not exceed the limit value (1.5 ppm) 
reported by TS266 [12], EC [13] and WHO 
[14] for drinking water, except for the 
Uzunhızırlı Pond. 

 
Fig. 2. Fluoride levels in water of GP ponds  

 
When we compare our current study data 

with similar studies conducted in the 
drinking water and stagnant water habitats 
of Marmara Region of Türkiye, the mean 
fluoride contents detected in the water of 
artificial ponds of GP are generally higher 
than the data detected in the drinking water 
of Havsa, Enez, Süloğlu and İpsala Districts 
and also higher than the data detected in the 
water of natural, artificial and dam lakes of 
Thrace Region [15 – 18] (Table 1). 
 
Table 1. Comparison of sulphate data 

Habitat 

Mean 
Fluoride  

Level 
(ppm) 

Reference 

Ponds of GP 0.576 Current study 
Havsa District 0.185 [15] 
Enez District 0.251 [16] 

Süloğlu District 0.271 [17] 
İpsala District 0.095 [17] 

Natural Lakes of TR  0.382 [18] 
Artificial Lakes of TR  0.276 [18] 

Dam Lakes of TR  0.223 [18] 
GP: Gelibolu Peninsula 
TR: Thrace Region 
 

CA is widely used in water quality 
assessment research [19 – 23]. According to 
the results of applied CA, 2 statistically 
significant clusters were formed (Figure 3). 
Cluster 1 (C1) was named as "Containing 
relatively higher fluoride zone" that was 
corresponded to the station of S4 
(Uzunhızırlı Pond). Cluster 2 (C2) was 
named as "Containing relatively lower 
fluoride zone" that was corresponded to the 
stations of S1 (Fındıklı Pond), S2 
(Değirmendüzü Pond) and S3 (Tayfur 
Pond) (Table 1). 

 

 
Fig. 3. CA dendogram 
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Table 2. Similarity and distance indices results  
 S1 S2 S3 S4 
S1 1.00000    
S2 0.91640 1.00000   
S3 0.92432 0.91009 1.00000  
S4 0.27736 0.23969 0.26182 1.00000 

 
CONCLUSION 

Humans are being exposed to various 
sources of fluoride, such as water, food and 
use of excessive toothpaste in their daily life. 
The control of drinking water quality is one 
of the basic factors to protect the people 
against to overly uptake of this element by 
drinking.  

In the current study, fluoride 
accumulations in water of 4 significant 
artificial ponds located in the GP were 
investigated.  

As a result of this investigation, the 
fluoride accumulations in water of artificial 
ponds were varied from 0.173 – 1.720 ppm 
with an average of 0.576 ppm.  

It was also noted that fluoride values 
increased by approximately 24% in water of 
lotic habitats of GP during the wet season. 

The applied CA was classified the ponds 
as "Containing relatively higher fluoride zone 
– C1" and "Containing relatively lower 
fluoride zone – C2".  

It has been also determined that the 
Fındıklı, Değirmendüzü and Tayfur Ponds 
located in the C2 cluster have 1st class water 
quality and did not exceed the drinking water 
limit in terms of fluoride levels, while the 
Uzunhızırlı Pond located in the C1 cluster has 
3rd class water quality and exceeded the 
drinking water limit in terms of fluoride 
levels. 

This study is also important as it shows the 
importance of permanent water quality 
monitoring studies to protect and ensure the 
sustainability of freshwater ecosystems. 
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