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The total fluoride content was analyzed in 30 tea samples. The analyzed samples were chamomile
(Matricaria chamomilla), green tea (Camellia sinensis) and mint (Mentha piperita) in tea bags and
bulk purchased at local supermarkets and marketplaces in Split, Croatia, were determined. Tea samples
were digested in microwave in nitric acid and hydrogen peroxide mixture. Potentiometric
determination by using fluoride ion-selective electrode was applied in this work. Average F
concentration in all tested samples was 0.183+0.161 mg L™". In order to get a better insight into the
fluoride content in different plant samples, a One-Way ANOVA (program R) was used for statistical
data analysis. Concentration of F~ follows normal distribution. F~ concentrations (P < 0.001) were
higher in bulk samples (0.354+0.039 mg L") than in tea bags ones (0.111+0.007 mg L") of mint
samples. F~ content was not statistically different among plant samples. Green tea samples have total
content in range from 0.0163 to 0.509 mg L™'. Chamomile samples have total content in range from
0.0001 to 0.4367 mg L' with the highest recorded dispersion.
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1. INTRODUCTION

Fluorine is a halogen element and it is the most reactive non-metal. Its chemical behavior and
properties are mainly different from other halogen elements. Fluoride is important anion and occurs in
various environmental, clinical and food samples. Fluorine is both beneficial oligoelement (needed for
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growth and bone tissue upholding and teeth) and toxic (for adults the lethal dose is 0.20-0.35 g F per
kg body weight) [1]. Higher F concentration in the human body can be resulted by living in polluted
environment and feeding with polluted food. Higher fluoride intake, above recommended levels (1.5
mg L"), leads to dental and skeletal fluorosis [2,3]. Acute fluoride intoxication can have neurological
complications [4], urinary stone formation [5] and hypocalcaemia [6] as consequences on endemic
patients. In recently published papers was described a link between fluoride intake and cancer [7-10].

Tea-consuming way has got a significant change in past few decades by spreading availability
of instant formulations such as packed tea, powdered tea, and both bottled and canned tea beverages.
Since tea (Camellia sinensis) is naturally rich in fluorine, the amount of fluoride consumed through
these new tea ways of preparation and new philosophy of approach to the tea consumption culture is
higher [11].

It is estimated that packed tea and instant tea powder make about 30% of the total tea market,
but their fluoride concentrations have not been well studied [11].

Potentiometric determination of fluoride by using fluoride ion-selective electrode (FISE) is
very simple and fast method often described in similar determinations [1,11-15]

In this paper we made analysis of fluoride contents in three different plants for samples
purchased at local supermarkets and marketplaces in Split, Croatia.

2. EXPERIMENTAL

2.1. Reagents and chemicals

All needed solutions were prepared by solving certain amount of chemicals in ultrapure water.
Ultrapure water (declared conductivity 0.04 uS cm™') was prepared by Millipore Simplicity (USA).
Following chemicals were used: Sodium nitrate, NaNOgs, p.a., Sodium fluoride, NaF, p.a., Sodium
acetate, CH3COONa, p.a., Sodium hydroxide, NaOH, p.a., Acetic acid, CH3COOH, p.a., Kemika
(Croatia). NaF was dried at 110 °C for two hours and after cooling was used as standard solutions
needed for construction of calibration curve. For tea samples digestion were used nitric acid, HNO3,
s.p. (s.p. designates ultrapure chemical) and hydrogen peroxide, H,O,, s.p.

2.2. Apparatus

The indicator electrode was a combined fluoride ion selective electrode (FISE) DC219 from
Mettler Toledo (Switzerland) [16]. Potentiometric data were recorded in the polyethylene vessel with a
millivoltmeter (Model MA 5740, Iskra, Slovenia) coupled to a personal computer and recorder, Figure
1.
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Figure 1. Potenciometric system for fluoride determination

In Figure 2 is given response of used FISE in our experiment to fluoride ions at pH = 5.0.
Potential change of 58.22 mV per decade of fluoride concentration change was recorded, with
correlation coefficient of 0.9991, which is in good agreement with theoretical Nerstian slope for
monovalent anions.
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Figure 2. Response of FISE to fluoride ions at pH = 5.0

Tea leaf samples were digested in the Berghof microwave oven equipped with the internal
pressure and temperature control system. This oven has a variable power range (up to 630 W)
adjustable in 1% increments and a programmable timer. The lined Teflon® vessels with a volume of
100 mL and a pressure-relief valve were employed. The temperature and pressure in the vessel during
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wet digestion were 160 °C and 0.75 MPa. Microwave digestion lasted for 80 minutes. After cooling all
samples were transferred in 50.0 mL volumetric flasks and diluted with 0.2 % nitric acid [17].

3. RESULTS AND DISCUSSION

The concentrations of fluoride ions in 14 different samples of mint tea (Mentha piperitae
folium and Melissa oficinalis), 7 samples of green tea (Camellia sinensis) and 9 samples of chamomile
tea (Matricaria chamomilla) were analyzed.

All samples of analyzed tea were purchased at supermarkets and local marketplaces. The
analyzed teas are commonly used by local people. For all measurement ultrapure water was used so we
can be sure that measured fluorides are from tea.

A sample of commercially available teas was purchased in local supermarkets (mint samples 1-
7; all green tea samples and chamomile samples 1-5) and marketplace (mint samples 7-14 and
chamomile samples 6-10). Samples were a mixture of plant leaves and twigs, especially ones
purchased at marketplaces. Samples sieving was not performed as in tea preparation procedure,
nobody does sieving teas prior tea brewing. We weighted precisely 0.2000 g of each sample and put in
Teflon® vessels with 4 mL nitric acid and 2 mL hydrogen peroxide for microwave digestion [17].

Table 1. Characteristic of analyzed tea samples and found fluoride content

Plant species (Teatype  Plantpart Package Country of Country

and name) (Tea type origin packed in
form)

Mint

1. Mentha piperita leaf bags Austria Austria 0.1147
2. Mentha piperita leaf bags Croatia Croatia 0.1106
3. Mentha piperita leaf bags Croatia Croatia 0.1106
4. Mentha piperita leaf bags Croatia Croatia 0.1062
5. Mentha piperita leaf bags Croatia Croatia 0.1018
6. Mentha piperita leaf bags Poland Germany 0.1106
7. Mentha piperita leaf bags China UK 0.1252
8. Mentha piperita leaf bulk Croatia Croatia 0.4335
9. Mentha piperita leaf bulk Croatia Croatia 0.3668
10. Mentha piperita leaf bulk Croatia Croatia 0.3540
11. Mentha piperita leaf bulk Serbia Croatia 0.3411
12. Mentha piperita leaf bulk Croatia Croatia 0.3104
13. Melissa officinalis leaf bulk Croatia Croatia 0.3411
14. Melissa oficinalis leaf bulk Croatia Croatia 0.3309
Green tea

1. Camellia sinensis leaf bags China Croatia 0.5086
2. Camellia sinensis leaf bags China Croatia 0.0853
3. Camellia sinensis leaf bags Austria Austria 0.0456
4. Camellia sinensis leaf bags China Croatia 0.0163
5. Camellia sinensis leaf bags China Russia 0.0272
6. Camellia sinensis leaf bags China Russia 0.2916
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Chamomile

1. Matricaria chamomilla  leaf bags Croatia Croatia 0.0023
2. Matricaria chamomilla  leaf bags Croatia Croatia 0.0001
3. Matricaria chamomilla  leaf bags Croatia Croatia 0.0012
4, Matricaria chamomilla  leaf bags Croatia Croatia 0.0001
5. Matricaria chamomilla  leaf bags Croatia Croatia 0.0356
6. Matricaria chamomilla  leaf bags Croatia Croatia 0.4225
7. Matricaria chamomilla  leaf bags Croatia Croatia 0.1778
8. Matricaria chamomilla  leaf bags Croatia Croatia 0.0256
9. Matricaria chamomilla  leaf bags Croatia Croatia 0.4367
10. Matricaria chamomilla  leaf bags Croatia Croatia 0.1447

The amount of fluoride in tea infusion was analyzed by potentiometric methods using
previously described FISE. Due the high acidity of microwaved samples (pH = 0.5), 1.0 mL of each
samples were partially neutralized by adding 0.52 mL of 10 % NaOH and subsequently diluted by
acetic buffer, pH = 5.0 mixed with NaNOg in 25 mL flask to keep both ionic strength and pH constant.
During the measurement solutions were constantly mixing, and temperature was kept constant at 25
°C. All measurements were lasted for five minutes and potential values were recorded every three
seconds and sent to PC. Final value was represented as recorded potential average after conversion to
concentration.

In Table 1. are given all collected information about analyzed tea as type of tea, name,
geographic origin, shape and additive.

After collecting all data, we performed a statistical evaluation of collected data. An average F~
concentration was 0.183+0.161 mg L™'. By analyzing mint samples it can be concluded that packaging
and processing ways have influence to fluoride content since the samples from industrial production
have 0.111 mg L'+ 0.0073 mg L' F~ and samples made of wild plants 0.354 mg L™ + 0.039 mg L™
F, with probability of productions being equal of less than 0.001. Main conclusion is that processing
ways reduce fluoride content for approximately three times, although all mint samples are from the
same country and were grown practically at the same geographic area. By comparing collected data
with teas’ infusion data [18], it can be seen that all tested mint samples release practically the same
fluoride content during tea brewing. The released fluoride concentrations are about 10 times lower for
industrial processed mint samples and approximately 40 times lower for wild growth mint plants.
Green tea samples have fluoride content in the range from 0.0163 mg L' to 0.509 mg L. It is very
interesting that green tea samples have very diverse total fluoride content. In our previous
investigations [18] it was established that fluoride content in tea infusions is the highest for green tea.
Due to the known facts, it is reasonable to conclude that green teas have high tendency to release
fluoride ions during tea brewing. The biggest diversity in total fluoride content was found in
chamomile samples within concentration range from 0.0001 mg L' t0 0.437 mg L™".

In order to get a better insight into the fluoride content in different plant samples, a statistical
data analysis using the program R was performed. We performed one-way analysis of variance after all
samples collected passed normality test.
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Table 2. Fluoride content in tea infusions from chamomile, mint and green tea (mg L")

median Variance

Chamomile 10 0.125 0.173 0.0001 0437 0.031 0.001 0.178 0.0298
Green tea 6 0.162 0.198 0.0163 0.509 0.065 0.027 0.292 0.0392

Mint 14 0.233 0.129 0.1018 0.434 0.218 0.102 0.433 0.0166
All samples 30 0.183 0.161 0.0001 0.509 0.113 0.036 0.341 0.0259

Therefore in order to analyze whether content of fluoride in tea is affected by type of herb F-
test was performed. F-statistic of 1.413 was not statistically different (p=0.26089) to exclude the
possibility that the difference is due to random sampling variability. It is important to emphasize that
there is not significant statistical impact of packing type to fluoride content in all analyzed teas,
although in Table 1 can be seen difference in fluoride content for mint samples. The observed case
could be used as topic in further investigations.

4. CONCLUSION

In presented article were given analysis The present article gives an analysis of total fluoride
content in three types of teas potentiometrically measured by fluoride ion-selective electrode. For
green tea and chamomile samples was established significantly bigger data dispersion than for mint
teas samples. Green tea samples have total content in range from 0.0163 to 0.509 mg L™'. Among mint
tea samples should be recognized difference between industrial processed samples, fluoride content
from 0.1018 to 0.1252 mg L' and samples made of wild plants from 0.3104 to 0.4335 mg L' F,
respectively. Chamomile samples have total content in range from 0.0001 to 0.4367 mg L' with the
highest recorded dispersion. Generally, the biggest recorded total fluoride content (0.5086 mg L™') was
found in green tea sample and the lowest one (0.0001 mg L") in chamomile. When data for total
fluoride content are compared with ones for fluoride content in tea’s infusion, it can be seen that green
tea samples have the highest tendency for fluoride releasing among analyzed tea samples. Despite all it
is hard to say what is the safest tea for consumption because there are few facts that influence to
fluoride extraction during brewing process. The best ways for consumers is obeying manufacturer’s
recommended procedure for tea preparation and assure them of possible fluoride poisoning.
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