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Summary

The aim of this study was to determine fluoride (F) levels of water consumed by animals in Igdir province located on a
volcanic area. As control, water samples were collected from Dogubeyazit for fluorosis and Cappadocia (Kapadokya) for fluorosis
free area. Fluoride level measurements were made by ion selective electrode (ISE) system. In general, F levels of 1gdir,
Dogubeyazit and Kapadokya water samples were 0.292+0.026 mgF/L, 9.460+0.701 mgF/L and 0.303+0.056 mgF/L,
respectively. There was a statistically significant difference between Igdir and Dogubeyazit (P<0.001) but not Kapadokya
(P>0.05). In conclusion, it was observed that the water F levels consumed by animals were not at danger limits according to
fluorosis in 1gdir, Turkey. It was also supported by bone fluoride levels and carcass findings.
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Igdir ili Ciftlik Hayvanlari icme Sularinin Flor Diizeyleri

Ozet

Bu arastirma, bir yanardag bélgesi olan Igdir ilindeki hayvanlar tarafindan tuketilen sularin flor (F) dizeylerini belirlemek
amaciyla yapildi. Florozis icin Dogubeyazit'tan, florsuz bélge icin Kapadokya’dan kontrol numuneleri toplandi. Flor dizeyi
6lctimleri iyon ayrimi yapabilen elektrot (ISE) kullanilarak yapildi. Genel olarak Igdir, Dogubeyazit ve Kapadokya su érneklerinin F
duzeyleri sirasiyla 0.292+0.026 mgF/L, 9.460+0.701 mgF/L ve 0.303+0.056 mgF/L seklindeydi. Igdir ve Dogubeyazit su
ornekleri F degerleri arasindaki fark istatistiken 6nemli bulunurken (P<0.001), Igdir ve Kapadokya'nin su érnekleri arasinda fark
istatistiken 6nemsiz bulundu (P>0.05). Sonug olarak, 1gdir ili hayvanlarinin icme sularinin F dizeyleri florozis bakimindan tehlike
sinirlarda olmadigi gézlenmigtir. Bu bulgular, kemik flor diizeyleri ve karkas bulgulari tarafindan da desteklemistir.

Anahtar sézctkler: Ciftlik hayvaniari, Flor diizeyi, Su, Yanardad, Igdir, Ttrkiye

INTRODUCTION

Although fluoride (F) in small amounts is are
essential for animal and human especially for bone
and teeth development, it is toxic when taken in large
amounts *2. Fluoride is totally found in an ionic form
in drinking water, and Hence, it freely passes through
the intestinal mucosa, and it may interfere with major
metabolic pathways of living system **. It was reported
that F could cause skeletal lesions because it tends to
accumulate in the bones and affects related functions *”.

It is reported that F occurs enormous amounts in
volcanic materials ®. Endemic fluorosis has been reported

in the south of Mount Agri, a volcanic mountain ®, but
there are no detailed reports associated with the
status of fluoride for norhern part of Mount Agri
where Igdir province is located. Main water source of
Igdir province, especially central county of Igdir,
Karakoyunlu and Aralik countries are supplied from
Mount Agri.

The aim of this investigation was to reveal fluorine
levels in water samples consumed by animals in 1gdir
province, Turkey (north of Mount Agri), and also to
illustrate a map of F levels of water for this area.
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MATERIAL and METHODS

Fluoride concentration was determined in water
samples. Control water samples were collected from
Kapadokya and Dogubeyazit, which were reported
before according to fluorosis **.

Location of Samples collected: A total of 74
location including town, villages and other points
were randomly selected to provide homogenity on
the map for water samples. The carcass of farm
animals obtained from butchers and slaughterhouses
was examined for fluorosis while collecting the water
samples. As the fluorosis indicator, frangibility, chalky
and white appearance, exostoses, thickened growth
plates and widened metaphyses, rachitic changes of
bones and teeth stains etc. were searched on farm
animal carcass **". The F content of bones measured
to confirm of external bone and carcass examinations
for fluorosis.

Abbreviations and numbers in figures and tables:
Letters in figures and tables indicate county centers; I:
Igdir (Central county), A: Aralik, T: Tuzluca, K: Kara-
koyunlu, C: Kapadokya, D: Dogubeyazit. Each number
with letter represents points where samples were
collected (villages or other points related to county
centers of letters) (Fig 1). Centers collected Samples
for 1gdir province illustrated in Figure. For Kapadokya,
13 centers and 15 centers for Dogubeyazit randomly
selected according to previous papers **°.

Storage of samples: Collected water samples were
stored between 2-8°C and analysed in one week.
Collected bone samples were kept in deepfreeze (-20
°C) until laboratory procedures.

Bone sample preparation: The bones were initialy
dried at 125°C for 48 h. Caudal surface of patella was
ground by means of stainless steel gang saw and
cranial parts of atlas bone were crushed with mortar.
Fat was extracted from each ground bone samples by
washing with the diethyl ether ****. Fat-free bone
samples were dried at 90°C again. Then, crumbled and
double dried bones were weighed as 100+0.3 mg and
combusted at 600°C in nickel crucibles. Combustion
was increased gradually (200, 400 and 600°C) in one
hour for 5 h. Ashes were melted with 1 ml of hydro-
chloride acid (20%), buffered by means of 1.6 ml of
sodium hydroxide (4 mol) and completed to 50 ml with
deionized water. After the centrifugation (3000 rpm for
5 min), supernatant was used for F determinations.

Apparatus and chemicals: Orion 4-Star Portable
pH/ISE Meter and Fluoride ion-selective electrode
(ISE) (96-09) was used for analyses of fluoride. The ISE
was combined with a reference filling solution (Orion
900061). As a standard, commercially available
solution for fluoride at 0.1 moles per liter diluted with
deionized water was used. TISAB Il was used as the
ion buffer solution for analyses. All chemicals and devices
were obtained from Thermo Electron Cooperation
Inc. USA. Volumetric flask, baker, mortar and other
lab-ware used were made of polypropylene.

Standard solutions containing 0.1, 0.5, 1, 10, 20
and 30 mg/L were prepared from 0,1 mol stock
standard solutions described above and hold at 2-8°C.
Calibrations of devices were made daily according to
sample material (water or bone). The device were
calibrated on 5 point; 0.1, 1, 10, 20 and 30 mg/L.

Laboratory analyses: Water samples or bone
samples diluted with TISAB Il at ratio of 1/1. The
measurement with ISE was carried out on the
magnetic stirrer. The results were obtained, in mg/L.
The bone analyses results were calculated with the
consideration of dilution in 25 ml of 100 mg fat-free
bone. The solutions were maintained at room
temperature (20+0.2°C).

Coefficient of variation (CV) calculation: For the
technical precision of the device, 0.1, 1 and 10 mg/L
of fluoride solutions for water analysis and 1, 10, 20
and 30 mg/L of fluoride solutions for bone analyses
were measured for each 10 samples ***°.

Statistical Analysis: The data obtained from the
water samples and bone F levels were used for
statistical analysis. One-Way ANOVA was used to
compare the means of groups. Comparisons between
the groups were made by Duncan post-hoc *.

RESULTS

For technical precision of the device coefficient of
variation results were as follow; 0.1 mg/L: 11.6%, 1
mg/L: 3.9% and 10 mg/L: 3.05% for water analysis
and 1 mg/L: 5.24%, 10 mg/L: 3.89%, 20 mg/L: 2,59%
and 30 mg/L: 1.30% for bone analysis.

In general there was no statistically significant
difference between F levels of water from Igdir and
Kapadokya (P>0.05), but statistically significant
differences were observed between all samples of
Dogubeyazit and the samples of other localities
(P<0.001) (Table 1, 2, 3 and 4).



Table 1. The F concentration of water samples of Igdur province,
Cappadoccia and Dogubeyazit (mg/L)

Tablo 1. Idir ili, Kapadokya ve Dogubeyazitin su 6rneklerinin F
diizeyleri (mg/L)

Water Number of the Fluoride levels
origin Water Samples (MeantSEM)
Igdir 129 0.292+0.026
Cappadoccia 13 0.303+0.056
Dogubeyazit 15 9.460+0.701*
Total 157 1.169+0.226

* lllustrate that mean values of samples have statistically significant
difference from the others, P<0.001
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Table 4. The F concentration of spring water samples according
to origin (Lowland, Mount Agri, Other Mountains) and controls
(mg/L)

Tablo 4. Kékenlerine gére (Ova, Agrt dagi, diger daglar) kaynak
ve kontrol bélgelerinin sularinin F diizeyleri (mg/L)

Number of the Fluoride levels

Water origin

Water Samples (Mean+SEM)
Lowland 8 0.233+0.034
Mount Agri 16 0.190+0.021
Other Mountains 20 0.415+0.137
Cappadocia 13 0.303+0.056
Dogubeyazit 15 9.460+0.701*
Total 72 2.209+0.466

Table 2. The F concentration of water samples according to
counties of Igdur province and controls (mg/L)

Tablo 2. Igduir ve kontrol bélgeleri ilcelerine gére su 6rneklerinin F
diizeyleri (mg/L)

Number of the Fluoride levels

Countries Water Samples (Mean+SEM)
Igdir 24 0.226+0.016
Aralik 39 0.344+0.036
Tuzluca 45 0.332+0.066
Karakoyunlu 21 0.182+0.011
Cappadocia 13 0.303+0.056
Dogubeyazit 15 9.460+0.701*
Total 157 1.169+0.226

* [llustrate that mean values of samples have statistically significant
difference from the others, P<0.001

Table 3. The F concentration of water samples according to
origin (type of watercourse) and controls (mg/L)

Tablo 3. Kbkenlerine gére (akarsu tipi) kaynak ve kontrol
bélgelerinin sularunn F diizeyleri (mg/L)

Number of the Fluoride levels

Water origin

Water Samples (MeantSEM)
Stream 11 0.281+0.068
Big Stream 35 0.251+0.029
River 10 0.243+0.033
Drilled-Well 13 0.261+0.035
Well 16 0.421+0.076
Spring 44 0.300+0.064
Cappadocia 13 0.303+0.056
Dogubeyazit 15 9.460+0.701*
Total 157 1.169+0.226

Water samples collected from centers coded as; Stream:
T.T1,T4,T57T6,T7,T8,T15, T18x2, A26;

Big Stream: 11, 14, 15, 16, 17, 18, 19, 110, A7, A9, A10, All, A12, Al3,
Al4, A15, Al6x2, A18, A19, T, T2, T3, T11, T13, T14, T16, T18, T21,
T22, T24, K, K3, K4, K5;

River: A4, A20, A23, A24, A25, T12x2, T3, T12, K2;

Drilled-Well: Ix2, 13, 14, 111, 112, A, A2, A17, K, K1, K2, K4:

Well; Ix2, 15, 111, 114, A3, A10, A12, A17, A20, K, K1, K2, K4x2, K6;
Spring: 11, 12,111, 113, 115, A1, A5x2, A6x3, A8x4, A20, A21, A22, T, T3,
T5, T9x2, T10, T12, T14, T15x2, T17, T18, T19, T20x2, 721, T22, T23,
T25, T26, K6, K7x3, K8x2;

Cappadocia: C1...C13 and Dogubeyazit : D1...D15.

x: lllustrate that samples collected more than one area in the same
centre

* lllustrate that mean values of samples have statistically significant
difference from the others, P<0.001

Water samples collected from centers coded as; Lowland: 11, 12, 111,
113, A1, A5x2, A20;

Mount Agru: 115, A6x3, A8x4, A21, A22, K6, K7x3, K8x2;

Other Mountains: T, T3, T5, T9x2, T10, T12, T14, T15x2, T17, T18, T19,
T20x2, T21, T22, T23, T25, T26; Cappadocia: C1..C13 and
Dogubeyazit : D1...D15.

x: lllustrate that samples collected more than one area in the same
centre

* [llustrate that mean values of samples have statistically significant
difference from the others, P<0.001

No signs of fluorosis on bones and teethes were
found in animal carcass from which bones were
collected, in neither Igdir nor Kapadokya. Fragile,
chalky and excessive white bones, exostoses,
thickened growth plates or widened metaphyses,
rachitic changes of bones and teeth stains were not
encountered on carcass. Hovewer, fragility and chalky
appearence were observed in the bone samples of
Dogubeyazit which was more than the other localities.

The F levels of cattle bones obtained for Igdir,
Kapadokya and Dogubeyazit were 0.21+0.02% mg (n:
36), 0.21£0.01% mg (n: 9) and 0.28+0.04% mg (n: 10),
respectively. The fluoride levels of sheep bones from
I&dir, Kapadokya and Dogubeyazit were 0.20+0.02%
mg (n: 32), 0.21+£0.02% mg (n: 9) and 0.29+0.06% mg
(n:7), respectively. There was no statistically significant
difference between Igdir and Kapadokya, but
statistically significant difference (P<0.001) was found
between Igdir and Dogubeyazit for each cattle and
sheep bone samples.

DISCUSSION

Endemic fluorosis was mostly reported at volcanic
areas >'***, The majority of 1gdir province is located in a
volcanic area of the Mount Agri, but no investigation
was conducted before. Detection of fluoride status of
this province was investigated in this study.

Most recorded occurrences of fluorosis are in cattle.
Sheep are less susceptible than cattle. A continuous
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intake of 1 mg/kg BW is maximum safe limit for
ruminants, an intake of 2 mg/kg/BW produces clinical
signs *. WHO reported that maximum fluoride (F)
level of drinking water should be 1.5 mg/L but also
water consumption must be considered especially in
hot air conditions ***. In this study mean value of F in
water samples of Igdir province was found as
0.29%0.03 mg/L (Table 1). There was no statistically
significant difference between the results of Kapadokya
samples . In another study, Tokalioglu et al.®reported
that mean value of F levels for drinking waters of
Kayseri province was 0.17+0.10 mg/L. Kayseri province
is neighborring city to Kapadokya and located on the
volcanic Mount Erciyes. However, similar results were
not observed for Dogubeyazit, located in south of
Mount Agri (Table 2). For this area, water fluorid
levels were reported as 10.26-12.54 mg/L in 1973 °.
There was a great difference between these two close
neighboring areas. These differences might result
from different water origins and contaminations by
different F sources under the ground. In addition, no
statistically significant difference was found in waters
of 1gdir, classified according to water origin as stream,
big stream, river, drilled-well, well, spring (P>0.05)
(Table 3).

Fluoride is highly reactive halogen and has a strong
affinity for calcium *. Accumulation of this element
(96%) in bones and teeth is reported **’*. For this
reason, bone F levels were measured to countenance
of external bone and carcass examinations for fluorosis.
The results of F measurement showed that there was
no statistically significant difference between Igdir and
Kapadokya (P>0.05), but not Dogubeyazit (P<0.001).

Consequents of this study were as follows;

1. The waters of I1gdir province were clear for F
toxicitiy and there was no sign of fluorosis on farm
animals.

2. The water F content of Igdir illustrated with a
detailed map.
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