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ABSTRACT

The public water supply fluoridation is the addition of fluorine in the water treatment
plants, as a way of preventing tooth decay. This study evaluated the situation of fluoridation
of public water supply in the city of Lages, of the State of Santa Catarina, systematizing data
from 10 years of external control (2004-2013). Monthly, every other day, 67 water samples
from 11 points of supply were collected, totaling 737 samples. To determine the fluoride
concentration in the water samples, an electrometric method was used. After analysis, the
samples were classified according to the criteria of Ordinance n° 635/Bsd of 26/12/1975
(adequate or inadequate) and the criteria proposed by the Ministry of Health Collaborating
Centre for Surveillance of Oral Health (CECOL) of the University of Sao Paulo (benefits and
health risks of the population). Of the samples analyzed, 58.6% had adequate levels of
fluoride and 51.1% had maximum benefit and low risk, according to each criterion. Of the
inadequate samples of fluoride concentration, 34.7% stood at levels above 1.0 mg L' and
6.7% at low levels of fluoride in water (<0.7 mg L"). For CECOL criteria, 45% of the samples
were characterized by moderate to very high risk of developing fluorosis (fluoride content
between 0.95 and > 1.45 mg. L"). It is recommended to adopt effective measures to ensure
that the population ingests treated water quality, including appropriate levels of fluoride
in the water and the maintenance of health surveillance by the Public Health authorities.

KEYWORDS: Fluoridation; Water Treatment; Water Quality Control; Water Analysis; Water
Supply; Water Monitoring; Sanitary Surveillance

RESUMO

Fluoretacao da agua de abastecimento publico é a adicdo de compostos de flor nas estagoes
de tratamento da agua como uma das formas de prevencao da carie dentaria. Este estudo
avaliou a situacdo da fluoretacdo das aguas de abastecimento no municipio de Lages, Santa
Catarina, sistematizando dados de 10 anos de heterocontrole (2004-2013). Mensalmente,
em dias alternados, foram coletadas 67 amostras de agua de 11 pontos de abastecimento,
totalizando 737 amostras. Para a determinacao da concentracao de fllor nas amostras de
agua utilizou-se o método eletrométrico. Apos andlise, as amostras foram classificadas,
segundo os critérios da Portaria n° 635/Bsd, de 26/12/1975 (adequadas ou inadequadas),
e os critérios propostos pelo Centro Colaborador do Ministério da Salde em Vigilancia da
Saude Bucal (Cecol) da Universidade de Sao Paulo (beneficios e riscos a saude da populacao).
Das amostras analisadas, 58,6% apresentaram teores adequados de fllor e 51,1% maximo
beneficio e baixo risco apresentaram, de acordo com cada critério. Nas amostras inadequadas
de concentracao de fllor, 34,7% situou-se nos teores acima de 1,0 mg.L" e 6,7%, baixos teores
de fllor na agua (< 0,7 mg.L"). Pelos critérios do Cecol, 45,0% das amostras caracterizaram-
se por risco moderado a muito alto de desenvolvimento de fluorose (teores de fllor entre
0,95 e > 1,45 mg.L"). Recomenda-se a adocdo de medidas efetivas para garantir a populacao
o consumo de agua tratada com qualidade, o que inclui teores adequados de flilor na agua
e manutencao de agdes de vigilancia sanitaria por parte das autoridades de Saude Publica.

PALAVRAS-CHAVE: Fluoretacdo da Agua; Tratamento da Agua; Controle da Qualidade da
Agua; Analise da Agua; Abastecimento de Agua; Monitoramento da Agua; Vigilancia Sanitaria
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INTRODUCTION

The fluoridation of the public water supply is considered as the
addition of fluorine compounds, in solid form or aqueous solu-
tion, in water treatment plants or collection wells, which act to
prevent dental caries'.

To produce the expected preventive effects on dental caries with
effectiveness and safety, an optimal concentration of fluoride in
the water is required - in Brazil, this value varies between 0.7
and 1.0 parts per million (ppm) - as well as the continuity of
long-term measurement?. Otherwise, if fluoride is continuously
ingested at concentrations higher than recommended during the
period of tooth formation, dental fluorosis may occur, character-
ized by malformations of tooth enamel, with changes in color or
shape in the most severe cases'>.

Ordinance No. 2,914, dated December 12, 2011, which deals with
the procedures for controlling and monitoring the quality of water
for human consumption and its standard of potability?, affixed the
value of 1.5 mg L of fluorine as the potability standard for chem-
icals posing a health risk. This fluoride level is certainly harmful
to children under the age of eight years old who are continually
exposed, and is not recommended in Brazil by the National Oral
Health Coordination nor by any public health entity3.

Although it has been the subject of research since the first
decades of the twentieth century, fluoridation of the public
water supply is a current issue, as there are often questions
about the efficiency and effectiveness of the measure and the
costs involved. We must also add that, despite all the advantages
that fluoridation can provide, its implementation has undergone
marked regional inequalities* and many Brazilian cities need
improvements in the operational control of water supply sys-
tems to ensure the effectiveness of the public policy that seeks
to prevent dental caries®.

With the fluoridation of water as a proven health promotion
measure of high efficiency, low cost and great social benefit,
the external controls allow the monitoring of fluoridation of the
water supply through surveillance systems, constituting a funda-
mental action for the maintenance of a good program of fluori-
dation and dental caries control®.

Concerned about this subject, the Universidade do Planalto
Catarinense began a study in October 2004 to monitor the lev-
els of fluoride present in the public water supply of the city of
Lages, Santa Catarina, Brazil, on a monthly basis.

The city of Lages is located 225 km from the state capital, Flori-
anopolis. It has 158,961 inhabitants’ and is considered a regional
reference center for health, education, and trade services. Flu-
oridation began in 1982 and, since 2003, the Municipal Agency
of Water and Sanitation has been responsible for the fluoridation
process carried out in the city’s only water treatment station. The
water supplying the city is taken from the Caveira River and the
water supply network has three reservoirs with capacities of 1,500
m3 to 4,500 m* and about 20 smaller reservoirs spread throughout
the city’s territory. With a mean maximum daily temperature of
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22.4°C, the ideal is a fluorine concentration between 0.7 and 1.0
mg L. The salt used is fluosilicic acid, which is added by a flu-
oride metering pump (CM SIC - Tecnobio). The concentration is
controlled by a technician every hour and a half (which may vary
according to the flow) through laboratory analysis performed by
the spectrophotometer (colorimetric) method.

This study aimed to evaluate the state of fluoridation of the pub-
lic water supply in Lages, systematizing data from 10 years of
external control (2004-2013).

METHOD

As Lages has only one water treatment station, and consider-
ing the number of inhabitants supplied by treated water in the
city, 10 water collection points were established?. These points
were divided geographically to cover all regions of the city and
were in public places, with collection directly from taps or tres-
tles connected to the water supply network. As of August 2011,
another collection point was included in the water treatment
station, with water collected from an external faucet.

Following the same protocol every year, the water samples were
collected in two 10 ml plastic bottles, from each collection point.
Before collection, the flasks were rinsed three times with the same
water as was being collected and then labeled?. Alist of the complete
addresses of collection points, day, time, and the responsible agent
was organized. The water collections were performed monthly, all
on the same day, alternating the collection dates each month.

After the samples were collected, they were sent to the Fluoride
Sanitary Surveillance Laboratory of the Universidade do Vale do
Itajai, Santa Catarina, from 2004 to July 2011 and, afterwards,
to the biochemistry laboratory in the Faculty of Dentistry of the
Universidade Estadual de Campinas of Piracicaba, Sao Paulo.

To determine fluoride dosage in water, the electrometric’ method
was used, which is based on the direct measurement of the free
fluoride ions. A fluoride ion-specific electrode (Orion model
96-09, Orion Research, Cambridge, MA, USA) coupled to an ion
analyzer (Orion EA-740) was used for this dosage and 1.0 mL of
the sample was added to 1.0 mL of TISAB II. The calibration curve
was performed in triplicate from known F concentration patterns
of 0.125 to 1.0 pgF/mL, which was prepared in the same way as
the samples. The fluorine concentration was calculated by linear
regression of the calibration curve and expressed in pgF/mL5.

The fluorine levels of the collected water samples were classi-
fied according to two reference criteria:

Ordinance?635'" (Brazil, 1976): 0.8 mgF/L (mg L") is the optimal
concentration, with 0.7 and 1.0 mgF/L (mg L"), respectively, con-
sidered as minimum and maximum values for cities with a mean of
maximum daily temperatures between 21.5°C and 26.3°C.

Criteria proposed by the Collaborating Center of the Ministry of
Health in Oral Health Surveillance (CECOL) of the Universidade
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de Sao Paulo' classifies the fluoride levels of public water supply
according to benefits and risks to the population, and the fluo-
ride level between 0.65 mg L' to 0.94 mg L' provides the maxi-
mum population benefit and lowest risk of dental fluorosis (Box).

RESULTS

In the study period, the fluoride levels in the water ranged from
0.22 to 1.91 mg L'. The mean values found per year of follow-up
showed frequent oscillations, reaching the highest values in
2006. These fluctuations of mean fluoride values occurred for
values above 0.7 mg L' (until 2007), showing a greater tendency
for excess fluoride (Figures 1 and 2).

The analysis of the fluorine levels, according to criterion | of
Ordinance #635'%, showed that 58.6% of the water samples had
adequate fluorine contents, that is, between 0.7 and 1.0 mg L.
However, 34.7% had high fluoride levels and 6.7% had low fluo-
ride levels in the water (Table).

Using the CECOL'" classification, it was observed that 51.2% of
the analyzed water samples were within the appropriate param-
eters of fluorine levels (between 0.65 and 0.94 mg L"), causing
maximum prevention benefits against caries and a low risk of
dental fluorosis. We must highlight that 32.4% of the samples
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The characteristics of the distributions of the values with high-
lights for the respective medians and quartiles are shown in Fig-
ure 2, which contains the box plots for each of the years consid-
ered in the study.

DISCUSSION

The results of this external control allowed us to confirm that
fluoride is present in the water for human consumption in the
city of Lages, showing monthly variations in the content of flu-
oride identified between the points of water collection, and at
the same points, throughout the analyzed period.

The proven preventive efficacy of water fluoridation depends on
the adequacy of fluoride levels and the long-term continuity of
the process, and a temporary or permanent interruption makes
the measure ineffective’. Thus, it is essential to control the con-
tent of fluorine added to the water supply, either in operational
terms in water treatment plants or in terms of health surveil-
lance. In the first case, there should be routine operational con-
trol procedures. In surveillance, external control is imperative
and must be understood as the principle according to which,

Box. Criteria proposed by the Collaborating Center of the Ministry of
Health in Oral Health Surveillance of the Universidade de Sao Paulo'.

showed fluoride levels between 0.95 and 1.24 mg L' (maximum F.luori"e_ Lt G . R (pmduce.s
] . ] . . (in mg L' or mg F/L) (prevents caries) dental fluorosis)
benefit for caries prevention, but with a moderate risk of fluo- 0.00 to 0.44 Insignificant Insignificant
. . - 4
rosis), 8.7% with fluorine levels between 1.25 and 1.44 mg L 0.45 to 0.54 Minimum Low
(questionable benefit and high risk for fluorosis) and 3.9% with 0.55 to 0.64 Moderate Low
. p .
fluorine content equal to or greater than 1.45 mg L' (causing 0.65 to 0.94 Maximum Low
harm and high risk of fluorosis) (Figure 3). 0.95 to 1.24 Maximum Moderate
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Figure 1. Mean levels of fluorine (mg L") found in water samples collected per year of follow-up. Lages, Santa Catarina, 2004-2013.
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Figure 2. Characteristics of fluoride levels distribution according to the year, in water samples collected in Lages, Santa Catarina, 2004-2013.

Table. Fluorine level in the water samples according to the year and the number of collection months. Lages, Santa Catarina, 2004-2013.

Fluorine level in the water samples (mg L") [n (%)]

Total [n (%)]

Year Collection months (n)
<0.7 0.7to 1.0 >1.0 n (%)

2004 3 4(13.3) 22 (73.4) 4(13.3) 30 (100)
2005 12 8 (6.7) 51 (42.5) 61 (50.8) 120 (100)
2006 8 1(1.3) 25 (31.3) 54 (67.5) 80 (100)
2007 4 4 (10) 20 (50) 16 (40) 40 (100)
2008 5 10 (20) 40 (80) 0 (0) 50 (100)
2009 2 0 (0) 20 (100) 0 (0) 20 (100)
2010 7 0 (0) 52 (69.3) 23 (30.7) 75 (100)
2011 7 1(1.4) 52 (71.2) 20 (27.4) 73 (100)
2012 12 8 (6.3) 60 (46.9) 60 (46.9) 128 (100)
2013 11 13 (10.7) 90 (74.4) 18 (14.9) 121 (100)
Total 71 49 (6.7) 432 (58.6) 256 (34.7) 737 (100)

if any service implies risk or represents a protection factor for
public health, then state institutions must also be responsible
for control, alongside the responsible agency’s control over the
production, distribution, and consumption process®.

Differences were observed among the criteria adopted in the anal-
ysis of fluoride level in the city. In analysis according to criterion |,
a significant number of inadequate samples was highlighted, with
34.7% of the samples with fluorine level above 1.0 mg L. If the
analysis perspective considers the benefits and risks of fluoride
levels in the public water supply to the population - criterion Il -
the percentage of water samples with moderate-to-very-high risk
of developing fluorosis reached approximately 45%.

The technical consensus document on the classification of public
water supply according to the fluorine level'" made it possible to over-
come the limitation of classification by values on a scale with only
two categories - adequate and inadequate - improving the options
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for interpretation and the attribution of meaning to the character-
istics of the samples when assessing, simultaneously, the preventive
benefit against caries and the inherent risk of exposure to fluoride'.

It is necessary to understand that the finding of inadequate lev-
els of fluoride in the public water supply has ethical implications.
Water with insufficient fluoride does not protect against caries
and the population should be informed about this. On the other
hand, the consumption of water with too much fluoride causes
the population below the age of eight years old to be prone to
developing dental fluorosis. In this study, 19 (2.6%) samples had
a fluoride concentration above 1.5 mg L', which may represent a
risk for dental fluorosis, although in very mild degrees.

External control studies of water fluoridation in Brazil have also
identified, with important variations, inadequate values of flu-
orine levels, both below the recommended level and above the
maximum value allowed>'>16,,
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Figure 3. Mean levels of fluorine (mg L") found in water samples
collected per year of follow-up. Lages, Santa Catarina, 2004-2013.

A review that analyzed the potability of water for human con-
sumption with respect to the fluoride level in Brazil, considering
the balance between benefits and health risks, showed that tem-
peratures in Brazilian capitals indicate that fluoride should range
from 0.6 to 0.9 mg L' to prevent dental caries and that concen-
trations above 0.9 mg L' represent a risk to dentition in children
under eight years of age'’. Concentrations of 1.5 mg L are tol-
erable when natural and if there is no acceptable cost-benefit
technology for adequacy or removal of the excess.

Compared with the previous study conducted in Lages between
2004 and 2005, after 12 months of external control'®, an improve-
ment in the adequacy of the fluorine content in the water supply
was observed. Over 50% of the samples showed adequate lev-
els of fluoride for the two analysis criteria used. However, the
percentage of inadequate fluoride levels identified in the Lages
water supply confirms the importance of conducting external
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control studies of fluoridation, with longitudinal analyses that
indicate the need for effective interventions by the company
responsible for water treatment in the city>'.

The results presented here reinforce the importance of longitudi-
nal monitoring for external control. Studies with this characteristic
help to maintain optimal fluoride levels in the public water supply
and present a better standard of maintenance for adequate fluoride
levels>'>'8, In Chapeco, Santa Catarina, for example, after 10 years
of analysis, an improvement in the adequacy of the fluoride con-
centration was observed, showing up to 63% of adequate samples'.

The interruptions of the monthly collections of water samples in
specific months of the research are identified as a limitation of
this study. Such interruptions are justified by the project financ-
ing periods, which were defined by the beginning and end of the
university’s research notices. Despite the interruptions in the
analyses, there is no doubt about the exposure of the population
of Lages to the preventive benefit of fluoridation of water during
most of the time the study was performed.

CONCLUSIONS

The analysis of the fluoride contents of 737 water samples in 71
months of research in Lages, Santa Catarina, identified 58.6%
of the samples as having adequate fluoride content and 51.1%
with maximum benefit and low risk according to the criteria of
analysis. In the samples considered inadequate, 34.7% showed
fluorine level above 1.0 mg L'. According to the CECOL criterion,
the percentage of water samples with moderate-to-very-high
risk of developing fluorosis reached approximately 45%. It should
be noted, however, that the data indicate that the population of
the city has consistently benefited, without interruption, from
the fluoride present in the public water supply. In terms of the
benefit/risk balance that must be sought when implementing flu-
oridation, it can be said that it has been successful.

For the city of Lages, we recommend the adoption of effective
measures to guarantee the population the consumption of good
quality treated water, which includes adequate levels of fluoride
in the water and maintenance of health surveillance actions for
this measure by the Public Health authorities, seeking to main-
tain said benefit/risk balance.

1. Ministério da Salde (BR). Secretaria de Atencdo a Saude.
Departamento de Atencao Basica. Guia de recomendacgoes
para o uso de fluoretos no Brasil. Brasilia, DF: Ministério da
Salde; 2009.

2. Ministério da Saude (BR). Portaria n° 2.914, de 12 de
dezembro de 2011. Dispoe sobre os procedimentos de
controle e de vigilancia da qualidade da agua para consumo
humano e seu padrao de potabilidade. Diario Oficial Unido.
14 dez 2011.

3. Frazéo P, Peres MA, Cury JA. Qualidade da
agua para consumo humano e concentragao de

http://www.visaemdebate.incgs.fiocruz.br/

fluoreto. Rev Saude Plblica. 2011;45(5):964-73.
https://doi.org/10.1590/50034-89102011005000046

4. Antunes JLF, Narvai PC. Politicas de saude bucal
no Brasil e seu impacto sobre as desigualdades
em saude. Rev Saude Pablica. 2010;44(2):360-5.
https://doi.org/10.1590/50034-89102010005000002

5. Stancari RCA, Dias Junior FL, Freddi FG. Avaliacdo do processo
de fluoretacao da agua de abastecimento publico nos municipios
pertencentes ao Grupo de Vigilancia Sanitaria XV-Bauru, no
periodo de 2002 a 2011. Epidemiol Serv Saude. 2014;23(2):239-
48. https://doi.org/10.5123/51679-49742014000200005

Vigil. sanit. debate 2017;5(1):1-6 | 5



R

10.

11.

Narvai PC. Carie dentaria e flGor: uma relagao do
século XX. Cién Saude Coletiva. 2000;5(2):381-92.
https://doi.org/10.1590/51413-81232000000200011

Instituto Brasileiro de Geografia e Estatistica - IBGE. Censo
de 2010. Rio de Janeiro: Instituto Brasileiro de Geografia e
Estatistica; 2011[acesso 12 jun 2016]. Disponivel em: http://
www.ibge.gov.br/home/estatistica/populacao/censo2010/

Ferreira R. Fluoretacdo das Aguas de Abastecimento Plblico
no Estado de Santa Catarina nos anos de 1994, 1995 e 1996.
In: Anais do Il Encontro Catarinense de Odontologia em
Salde Coletiva, 14-17 jun 1996; Floriandpolis. p. 36-41.

Frant MS, Ross JW Jr. Electrode for sensing fluoride ion
activity in solution. Science. 1966;154(3756):1553-4.
https://doi.org/10.1126/science.154.3756.1553

Ministério da Saude (BR). Portaria n° 635/Bsb, de 26 de
dezembro de 1975. Aprova normas e padroes sobre a
fluoretacao da agua, tendo em vista a Lei n° 6050/74.
Diario Oficial Unido. 3 jan 1976.

Centro Colaborador do Ministério da Saide em Vigilancia

da Salde Bucal. Consenso técnico sobre classificacdo de
aguas de abastecimento publico segundo o teor de fluor.
Sao Paulo: Faculdade de Saude Publica da Universidade de
Sao Paulo, 2011[acesso 12 jun 2016]. Disponivel em: http://
www.cecol.fsp.usp.br/dcms/uploads/arquivos/1398177715_
CECOL-USP-ClassificacaoAguasSegundoTeorFluor-
DocumentoConsensoTecnico-2011.pdf

12.

13.

14.

15.

16.

17.

18.

Kuhnen M et al. Evaluation of Fluoride Levels over 10 Years

Peixoto DF, Alencar KP, Peixoto RF, Sousa CFM, Sampaio
FCF, Forte FDS. Heterocontrole da fluoretacao da agua de
abastecimento pUblico do municipio de Jaguaribara, Ceara,
Brasil. Rev Bras Promog Saude. 2012;25(3):271-7.

Moimaz SAS. Fluoretacdo das dguas de abastecimento
publico em um municipio com diferentes fontes de
captacao. Rev Odontol UNESP. 2011;40(5):203-7.

Panizzi M, Peres MA. Dez anos de heterocontrole da
fluoretacao de aguas em Chapecd, Estado de Santa
Catarina, Brasil. Cad Saude Plblica. 2008;24(9):2021-31.
https://doi.org/10.1590/50102-311X2008000900008

Catani DB, Amaral RC, Oliveira C, Souza MLR, Cury JA. Dez
anos de acompanhamento do heterocontrole da fluoretacao
da agua feito por municipios brasileiros, Brasil, 1996-2006.
RGO. 2008;56(2):151-5.

Moimaz, SAS; Pupim, LF. Estudo longitudinal da fluoretacao
das aguas em municipio com complexa rede de distribuicéo.
Dez anos de estudo. Arch Health Invest. 2015;4(5):11-6

Narvai PC, Frias AC, Fratucci MVB, Antunes JLF, Carnut L,
Frazao P. Fluoretacdo da agua em capitais brasileiras no
inicio do século XXI: a efetividade em questdo. Saude
Debate 2014 jul/set; 38 (102): 562-71.

Toassi RFC, Kuhnen M, Cislaghi GA, Bernardo JR. Heterocontrole
da fluoretacao da agua de abastecimento publico de Lages,
Santa Catarina, Brasil. Cién Saude Coletiva. 2007;12(3):727-32.
https://doi.org/10.1590/51413-81232007000300023

Conflict of Interest
The authors report that there is no potential conflict of interest with peers and institutions, political or financial in this study.

@ ®

http://www.visaemdebate.incgs.fiocruz.br/

This publication is licensed under the Creative Commons Attribution 3.0 Unported license.
To view a copy of this license, visit http://creativecommons.org/licenses/by/3.0/deed.pt.

Vigil. sanit. debate 2017;5(1):1-6 | 6



