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Analysis of fluoride concentration in commercial bottled waters
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ABSTRACT

Objective
Evaluate fluoride concentration in 500ml commercial brands of bottled water and compare it to the amount printed on the label.

Methods

A descriptive, cross-sectional epidemiological study was conducted. Samples of nine different commercial brands of 500m/ bottled water were
collected at authorized distribution points in the city of Fortaleza, CE, Brazil, in 2013. Fluoride concentration was determined in duplicate using
a fluoride ion-selective electrode. The results were obtained from linear regression of the calibration curve.

Results

Fluoride concentrations ranged between 0.07 and 0.63 ppm F or mg F/L. There were significant differences between the values printed on the
labels and those found in the analysis. The fluoride concentration levels determined were not in compliance with the recommended levels by
the National Health Surveillance Agency.

Conclusions
The results obtained confirm the need for more careful monitoring of fluoride levels in bottled water and closer sanitary inspections.

Indexing terms: Bottled water. Fluoridation. Fluorine compounds. Health surveillance.

RESUMO

Objetivo
Avaliar a concentracdo de flior na dgua engarrafada comercializada, com padrdo de apresentacdo de 500 ml, comparando-a aos valores
impressos no rétulo da embalagem.

Métodos

Estudo epidemioldgico, descritivo e transversal. Foram coletadas amostras das nove marcas disponiveis, na forma de apresentacdo de 500 ml,
nos pontos de distribuicdo autorizados do municipio de Fortaleza, em 2013. A concentracao de fltor foi determinada por anélise em duplicata,
utilizando o eletrodo ion-especifico para fluoretos. Os resultados de concentracao de fluor foram obtidos através da regresséo linear da curva
de calibracao.

Resultados

A concentracao de fltor variou entre 0,07 e 0,63 ppm de fltior por mg/l, com diferencas significantes entre os valores estipulados nos rétulos
e 0s encontrados com a analise, além de apresentar a concentracao foram do padrao preconizado pela vigilancia sanitéria.

Conclusées

Os resultados reforcam a necessidade de um controle dos niveis de flior em dguas engarrafadas, além de uma maior fiscalizacdo por parte da
vigilancia sanitaria.

Termos de indexacdo: Agua engarrafada. Fluoretacdo. Compostos de flGor. Vigilancia sanitéria.

INTRODUCTION

cavities but rather controls the rate at which they develop.
Fluoride can be ingested through water although there are

In the last decades of the 20th century, the use of  other fluoride sources including toothpastes, gels, mouth
fluoride have exerted great impact on the control of dental  rinses, juices and other beverages, and food and infant
caries even though, technically, its use alone does not prevent ~ formula prepared with fluoridated water. Low-level fluoride
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exposure does not provide adequate protection against
dental caries, and multiple sources of fluoride exposure are
associated to greater chance for developing dental fluorosis.
Therefore, the safe and adequate intake of fluoride is
recommended, especially in the form of fluoridated water
from public water supply and bottled mineral water'-.

Mineral water comes from natural sources or can
be collected artificially from different sources; it can be
differentiated from tap water due to its chemical, physical,
or physicochemical properties and medicinal qualities®. The
consumption of bottled mineral water in Brazil has grown
continuously, especially in the Southeast and Northeast
regions, with an increasing number of bottled water brands
available in the market. Consumers, in general, believe that
this source of water has fewer impurities, and therefore
there is reduced risk of contamination with pathogens that
cause waterborne diseases; thus, it is supposedly healthier
and more suitable for daily intake, especially for children'>.

Since mineral water can have residual fluoride
concentration, its consumption by children can lead to
dental fluorosis if the concentration of ionic fluoride is not
adequate'’. However, when this type of water has low
levels of fluoride and is not combined with other forms of
fluoride intake, such as from fluoride toothpastes, there
is an increased chance of tooth decay. Nevertheless, few
studies have addressed the quality of mineral bottled
waters in terms of fluoride content.

According to the guidelines established by the
National Health Surveillance Agency (ANVISA), Resolution-
RDC n. 54, June 15", 2000, bottled mineral water must
contain fluoride, and information about the fluoride
content must be clearly visible on the label. When fluoride
concentration is higher than 1 ppm F, it is not suitable
for regular consumption by infants or children aged <7;
when it is higher than 2 ppm F, it is not recommended for
human consumption. Furthermore, fluoride concentration
must range between 0.6 to 1.7 ppm F°.

Due to the increase in the consumption of
fluoridated bottled water, the concern about the adequate
fluoride content of bottled mineral water, the considerable
variety of brands available in the market, and the lack of
studies on this topic in the North and Northeast regions of
Brazil, it is advisable to evaluate bottled waters sold in state
capitals in the Northeastern region, such as Fortaleza, the
state capital of Ceara (CE).

The objective of this study was to evaluate the
fluoride concentration of bottled mineral waters sold in
the city of Fortaleza (CE), verifying the compliance with the
criteria established by ANVISA (Resolution-RDC n. 54, June
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15t%, 2000) and with the information printed on the labels
of the products studied.

METHODS

A descriptive, cross-sectional epidemiological
study was carried out. The laboratory tests were conducted
at the laboratories of the Graduate Program in Dentistry,
Federal University of Ceara (UFC).

This sample studied comprised 500ml mineral
bottled water brands sold in Fortaleza and belonging to the
National Union of Mineral Water, Beer, and other Beverage
Manufacturers in the State of Ceard (SINDBEBIDAS/CE);
totaling 36 affiliates.

Sample selection was made based on a list
of authorized manufacturers provided by the union
(SINDBEBIDAS/CE), resulting in a sample composed of nine
different bottled water brands. They were chosen according
to the inclusion criteria for this study. The samples were
collected between May and June 2013.

Only 500ml plastic water bottles were collected
and evaluated. The waters were obtained at distribution
points authorized by the union (SINDBEBIDAS/CE), where
drinking water (including 500ml bottles) and other
beverages are sold for human consumption.

The sample inclusion criteria included: being
acquired before the expiration date established by the
manufacturer and being from different production
batches. Exclusion criteria included: bottled waters that
did not came from the points of distribution, for example,
those sold by street vendors and at informal settlements
and different bottle sizes (other than 500ml).

Each bottled water sample was analyzed in duplicate
and was not diluted. The samples of each brand were counted
blindly, and those from different batches were identified.

Fluoride content readings were taken in millivolt (mV)
in duplicate using a fluoride ion-selective electrode (Orion
9609) connected to an ion analyzer (Orion EA 940, Thermo®
Electron Corporation MA, USA). The measurements obtained
were converted to ppm (parts per million).

The instrument calibration was performed using
fluoride standard solutions ranging in concentration from
0.05 to 2.0 ppm F (prepared from 100.0 ppm F 940907
Orion fluoride standard) and TISAB Il (Total lonic Strength
Adjustor Buffer), a 1M acetate buffer, pH 5.0, 1.0 M NaCl,
and 0.4% CDTA (1,2-Cyclohexylenedinitrilotetraacetic acid).
The fluoride standard solutions and the TISAB Il solution
were used in the ratio 1:1 (v/v). The standards were chosen
based on the desired fluoride concentration in the samples.



The average reproducibility of the measurements
(in duplicate) was 98%. In addition, the validation of results
was verified with extra readings of 50% of the samples (intra-
examiner reliability), with average reproducibility of 93.5%.

The samples were analyzed after calibration of the
ion-selective electrode coupled with the ion analyzer. The
readings of the standards and the samples were performed
under stirring using magnetic stirrer (MARTE) and magnet
stir bars for one minute for all samples.

Fluoride concentration in the samples was
determined according to the equipment operating procedure,
and the accuracy of the results was evaluated using solutions
of known concentration (test solutions), added every 10
readings. There was no difference greater than 3%.

The data obtained in mV were inserted into a
properly calibrated Excel spreadsheet for analysis and
comparison of the results. The fluoride concentration results
were obtained from linear regression of the calibration curve.

The present study did not involve, directly or
indirectly, the participation of human subjects, but it was
conducted in compliance with the ethical principles of the
Declaration of Helsinki (2000). The research methodology
involved only the analysis of fluoride concentration in
bottled mineral waters. Respecting the confidential nature
of the information used, the brand identities were not
revealed; each sample was assigned a code number.

RESULTS

Eighteen samples were collected from nine
different brands of 500ml plastic bottled mineral water.
Among the brands evaluated, brand # 2 had the most
negative readings (different production batches) indicating
higher fluoride content, as shown in Table 1.

Table 1. Readings (mV) of fluoride content in the participating brands.
Fortaleza (CE), 2013.

Brand # Reading Readlng (mV)
(mV) BATCH B
BATCH A
Brand 1 54.3 55.1
Brand 2 -6.1 -6.7
Brand 3 42.0 55.8
Brand 4 35.2 70.6
Brand 5 52.6 47.5
Brand 6 43.8 42.9
Brand 7 45.0 441
Brand 8 11.9 11.6
Brand 9 40.5 43.4

Fluoride concentration in water

The fluoride concentration in the water samples
ranged between 0.07 and 0.63 ppm F or mg F/L, among
which, 88.8% had fluoride levels below (under-fluoridated)
those recommended by ANVISA, which establishes the
range 0.6-1.7 ppm F as an acceptable concentration
for fluoridated water. Only brand # 2 was within the
recommended levels for bottled mineral water, according
to ANVISA™ (Table 2).

Table 2. Average fluoride content (ppm F) and water classification
according to ANVISA. Fortaleza (CE), 2013.

Brand # (Ppm F-) Average 0.6-1.7 (ppm F) classification

luoride content by ANVISA
Brand 1 0.07 Under-fluoridated
Brand 2 0.63 Fluoridated
Brand 3 0.09 Under-fluoridated
Brand 4 0.09 Under-fluoridated
Brand 5 0.09 Under-fluoridated
Brand 6 0.11 Under-fluoridated
Brand 7 0.11 Under-fluoridated
Brand 8 0.33 Under-fluoridated
Brand 9 0.12 Under-fluoridated

As for the fluoride content printed on the labels
of the bottled mineral waters evaluated, the results
show that the fluoride concentration was below the
manufacturers’ label level in five brands (55.55%) and above
it in three brands (33.33%); only in one brand (11. 11%),
it corresponded to the value printed on the label (table 3).

Table 3. Fluoride concentration (ppm F) printed on the labels of the bottled
mineral waters evaluated, average fluoride concentration (ppm
F), and classification according to the labeled concentration.
Fortaleza (CE), 2013.

Brand # (ppm F-) (ppm F-) Classification
Fluoride Average accordin
concentration fluoride the labeled
printed on the concentration concentration
label
Brand 1 0.07 0.07 Same
Brand 2 0.48 0.63 Below
Brand 3 0.03 0.09 Below
Brand 4 0.05 0.09 Below
Brand 5 0.03 0.09 Below
Brand 6 0.05 0.11 Above
Brand 7 0.03 0.11 Above
Brand 8 0.75 0.33 Below
Brand 9 0.03 0.12 Above
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DISCUSSION

The increased consumption of bottled mineral
water, mainly in the tropical area of the country, either
as an alternative or as a supplement to the public
water supply, can affect the safety and effectiveness
of fluoridation thus posing risk to human health® !>,
Bottled mineral water is one of the sources of ingested
fluoride and is considered a health promotion strategy,
especially in terms of formation of dental tissues.

Among the nine brands evaluated, brand # 2 had
the most negative mV reading, which means the highest
fluoride content. This indicates that only one of the
participant brands was within the fluoride concentration
levels recommended by public health surveillance. Thus,
it has become a public health concern in terms of the low
fluoride content in most of the waters investigated. The
fluoride concentration values found varied significantly
within the range 0.07-0.63 ppm F or mg F/L, which is
similar to the findings of Brandao & Valsecki', Ramires et
al." and Grec et al.™.

Corroborating the results reported by Ramires
et al.’, there was no significant variations in fluoride
concentration in the same brand, as seen in brands # 3 and
# 4. However, in different batches, there were differences
in the fluoride content in the same brand. This may be
due to a number of reasons: for example, poor monitoring
and supervision of addition of minerals during bottling;
improper handling and storage of the product, varying
ambient temperature, among others.

According to the regulations of fluoride amount in
mineral water, (Resolution 54/2000'°), in order for water to
be considered fluoridated, its fluoride concentration must
be within the range 0.6-1.7 ppm F-. Cury? argued that the
optimum fluoride concentration in mineral water should
range between 0.6 and 0.8 ppm F, values that should be
followed by bottled mineral water manufacturers, who,
based on the fluoride appeal, often classify their product as
fluoridated water, when, in fact, the fluoride concentration
is not enough to have a preventive effect against dental
caries®®. Moreover, it can be seen in Table 2 that only
brand # 2 is in compliance with the limits recommended by
ANVISA. This fact requires greater attention to the quality
of these products since the content of additives, such as
fluoride, is not within the adequate amount for human
consumption. Studying the external control of fluoridation
of water supplies in Brazilian municipalities, Catani et al.’®
found that only 40% of these waters did not follow health
surveillance recommendations.
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The results obtained in the present study are
significantly different from those reported by Sayed et
al."”, who conducted a study in the city of Ponta Grossa
(PR) and found that all brands evaluated had acceptable
fluoride concentration levels and were thus safe for human
consumption. However, similar to the findings of the
present study, these authors found fluoride concentrations
different from those listed on the labels.

With regard to the quantitative values printed on the
labels of the participant brands, unlike the findings of Brandao
& Valsecki' and Grec et al.’, all products evaluated listed the
amount of fluoride on the label although the majority (55.55%)
had levels below the level specified, as shown in Table 3.

Investigating the fluoride content in bottled waters
sold in the city of Pelotas (RS), Carvalho et al.® found
fluoride contents different from those listed on the labels of
all the mineral waters evaluated. Additionally, some of the
brands did not list the amount of fluoride on the label, and
four of them had fluoride levels above that specified and
thus could potentially cause dental fluorosis if consumed
regularly by children while the teeth are being formed.
The results of the present study corroborate those found
by Grec et al.” in a study conducted in S&o Paulo (SP), in
which the fluoride concentration varied significantly, with
values above and/or below the set limits and different from
those listed on the labels.

Franco & Maltz'" and Villena et al.® investigated
bottled mineral waters sold in Brazil and found high
fluoride concentrations not listed on the labels and low
concentrations in fluoridated water. In 2004, Ramires et
al.” conducted a study in the municipality of Bauru (SP)
and also found great differences between the fluoride
measured concentrations and those listed on the labels, as
well as concentrations lower than those recommended by
the National Health Surveillance Agency.

Similar to what was reported by Ferreira et al.?°,
the present study has also identified poor monitoring and
control of fluoride levels in water in different regions in the
country, especially in spring sources. This fact indicates the
need for consolidation and strengthening of community
participation in addition to agreements with recognized
regulatory and supervisory authorities and agencies.

Carvalho et al.® carried out a study in the state
of Espirito Santo, Brazil, and showed that epidemiological
data on oral health and diseases, such as the DMFT
(decayed, missing, and filled teeth), CPO-D in Portuguese,
are influenced by the presence of fluoride in drinking water
and that supervision and guidance are key factors for the
proper use of fluoride products and reap their benefits



to prevent and control dental caries with minimal risk of
producing dental fluorosis.

CONCLUSION

Carried out in Fortaleza (CE), the present study
identified differences between the fluoride levels listed
on the label of bottled waters and those obtained in
laboratory analysis; an irregularity that can induce people
to consume mineral water in order to increase (or not) their
dietary fluoride intake.

Similarly, inadditiontotheinaccurateinformation
on the labels of the bottled waters investigated,
the results obtained showed non-compliance with
recommended fluoride levels. Therefore, it indicates
the need for the formulation and adoption of strategies
by regulatory and supervisory authorities and agencies
and more careful and regular monitoring of the fluoride
levels in bottled water spring sources. Moreover, in
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