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Resumo 
Introdução: A fluoretação das águas de abastecimento público é uma medida importante na prevenção à cárie 
dentária. Objetivo: O objetivo do presente estudo foi avaliar e monitorar os teores de flúor nas águas de 
abastecimento público em um município de pequeno porte no Nordeste do Brasil. Material e método: O estudo 
apresenta uma abordagem quantitativa de caráter descritivo. Foram selecionados 3 pontos para realizar coleta 
das águas duas vezes no mês na zona urbana do município durante 12 meses. A concentração de flúor foi obtida 
pela média das três leituras das amostras analisadas para cada ponto de coleta e classificadas conforme critério 
proposto pelo Centro Colaborador do Ministério da Saúde em Vigilância da Saúde Bucal. Resultado: Segundo o 
critério utilizado (0,55 – 0,84 mg/L F), apenas 9,7% das amostras estavam dentro do considerado ideal. 
Conclusão: Observou-se que a fluoretação das águas nesse município foi interrompida, pois muitas amostras de 
água apresentaram níveis de flúor abaixo dos valores mínimos aceitáveis. 
Descritores: Cárie dentária; fluoreto; abastecimento de água. 

Abstract 
Introduction: Fluoridation of public water supply is an important measure in the prevention of dental caries. 
Objective: This study aimed to monitor the fluoride (F) concentrations of a public water supply with water 
fluoridation program in a small municipality in the Northeast region of Brazil. Material and method: It is a 
quantitative study with a descriptive approach. Three points of the urban area were selected for collecting water 
samples twice a month for 12 months. The average of F concentrations was calculated considering these three 
samples of each collection point at the same occasion. F concentrations in the water samples were determined 
by potentiometry and the results were classified according to the criterion proposed by criterion set down by 
Collaborating Center of the Brazilian Ministry of Health for Oral Health Surveillance. The samples were classified 
according to the best risk-benefit adjustment (0.55 – 0.84 mg F /L). Result: Less than 10% of the samples were 
within the ideal range. Conclusion: It was observed that water fluoridation in this municipality was interrupted 
since many water samples showed f-levels below the minimal acceptable values. 
Descriptors: Dental caries; fluoride; water supply. 

INTRODUCTION 

Fluoridation of public water supply is one of the most effective methods for preventing and 
controlling dental caries prevalence. In addition, it has a wide collective coverage and it is 
regarded as a safety method when adequate concentrations of fluoride are presented in the 
drinking water1. The importance of adding fluoride to public water systems has been statistically 
proven for over 60 years. It is considered a health strategy with great social impact. The ideal 
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balance of fluoride concentration in water provides an anti-caries effect, without posing a risk to 
the development of dental fluorosis2. 

It is a recommended method by the World Health Organization (WHO) and the International 
Association for Dental Research (IADR), and by other influential and internationally renowned 
organizations, for its effectiveness, reliability, and low costs. It should be implemented and 
maintained whenever possible. At the beginning of the 21st century, approximately 400 million 
people worldwide were benefited by water fluoridation3. 

In Brazil, supply water fluoridation is governed by Federal Law No. 6,050, of May 24, 1974, 
and regulated by Decree No. 76,872, of December 22, 1975, which makes the fluoridation of public 
water supply systems mandatory4-6. For an effective and safe fluoridation system the optimal 
concentration of fluoride in water is necessary. In Brazil, F-levels must vary from 0.6 up to 
1.2 mg/L4. The maximum allowed fluoride concentration in the drinking water must not exceed 
1.5 mgF/L, according to the parameters of Ordinance No. 2,914/2011. The sampling plan of the 
Water Quality Surveillance for Human Consumption (VIGIAGUA) sets standards to be considered 
and guides the monitoring and quality of drinking water7. 

The national oral health policy “Programa Brasil Sorridente” (Brazil Smiling Program) aimed 
to expand care and improve the oral health conditions of the Brazilian population. Water 
fluoridation is a subcomponent of the program that aims to prevent and reduce the prevalence 
rate of dental caries in the population dental caries and to: a) increase the number of public water 
supply services with fluoridation in Brazil; b) promote and improve the control systems by 
human and automatic operational procedures; and c) support the Water Quality Surveillance 
System for Human Consumption (SISAGUA)4. 

Collaborating Center of the Brazilian Ministry of Health for Oral Health Surveillance (CECOL) 
was created in 2009, at the Faculty of Public Health of the University of São Paulo, with the 
objectives of monitoring and covering the fluoridation programs of public water supply 
(VIGIFLUOR) in Brazil. After meetings and discussions, CECOL proposed a criterion for classifying 
water according to F concentration and considering the temperature variation in the region, 
together with the benefit related to the prevention of dental caries and the risk of developing 
dental fluorosis8. 

The external control is characterized for being a method of waters' periodical analysis that 
went through by the process of fluoridation by a public or private institution, being different from 
the responsible for distribution and the local's water treatment9. In Brazil, the systems of 
vigilance that are directed to the fluoride contents in public waters suply started in the end of 
1980, since then it became more recurrent and it showed more confidence in the data achieved9. 

In Brazil, in addition to the water company responsible for treating and adding fluoride in the 
water, any public or private agency or institution can monitor F-levels in the water and check if 
these levels are within the adequate range. This external control monitoring is relevant for 
assessing the risk-benefit balance of the method. Besides, it is necessary that the data obtained 
by the external control be disclosed to the population, interested entities in order to give visibility, 
transparency and allow corrections, when necessary3,5,9. 

The municipality surveyed in this research is the only one to have artificial water fluoridation 
in Paraíba State which is located in the Northeast region of Brazil. The water fluoridation program 
was implemented in 2006 and this is the first external control study of F-levels in this water 
supply. The purpose of this study was to evaluate fluoride levels in public water supply in a small 
municipality in northeastern Brazil for a period of 12 months. 

METHOD 

Study Design and Area 

This is a quantitative study with a descriptive approach carried out in a small municipality, 
located 84 km from the capital of Paraíba, João Pessoa, in the micro-region of Guarabira. In 2010, 
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the Municipal Human Development Index (MHDI) was 0.595, being considered of medium 
development. 

The fluoridation of public water supply in the research scenario has been carried out since 
2006, using sodium fluosilicate (Na2SiF6), taking into account the local average annual 
temperature which is between 26.7°C and 32.5°C. The Water and Sewage Autonomous Service 
(SAAE) is responsible for the quality of the public water supply in this municipality, for the 
inspection, maintenance, and distribution of water from a treatment plant in the city. About 100% 
of the urban population receives water from this service. 

Sampling and Selection of Water Collection Points 

Sample collection and analysis were carried out for a period of 12 months, in an attempt to 
observe the continuity of fluoride concentration in water. 

The municipality in which the present research was performed is composed of approximately 
14 thousand inhabitants, it has a Water Treatment Station (WTS), this one being responsible for 
the treatment of water in the whole city. Three sites (points) of collection were established based 
on population size and to facilitate access the sites were external to the households, in strategic 
public places under the same conditions in which water is consumed by the population7,10,11. 

Water samples collection was carried out from October 2016 to September 2017, uniformly 
twice a month (once in the second week of the month and again in the last week). An on-site 
trained team was responsible for all sample collections at the three points initially chosen: SITE 
01 - Water Treatment Station (WTS); SITE 02 - public square; SITE 03 – the farthest street from 
the water plant. 

The water samples were identified and classified according to origin and date, and the 
information noted on labels, being deposited in a 15 ml polyethylene container with a lid and 
previously cleaned with deionized water and dried at room temperature. After collection, these 
samples were cooled and sent to the Laboratory of Oral Biology at the Health Sciences Center of 
the Federal University of Paraíba. The study had a total of 72 water samples collected, that is, 
corresponding to 6 samples per month. 

Fluoride Analysis 

Initially, the calibration of the combined ion-electron specific for fluoride from ORION 
(9409BN) and a reference electrode (900200) was carried out, connected in an ion analyzer 
710 A (ORION). The standard solutions of 6.4; 3.2; 1.6; 0.8; 0.4; 0.2; 0.1; and 0.05 mg/L of fluoride 
were prepared in distilled and deionized water from a standard stock solution of 100 mg/L of 
fluoride by serial dilution. All solutions and samples were stirred before reading. The samples 
were analyzed in a 1:1 ratio, with TISAB II (Total Ionic Strength Adjustor Buffer), by pipetting the 
volume of 1.0 mL of each standard plus 1.0 mL of TISAB II. Readings were provided in millivolts 
(mV), in triplicate for each standard. 

Validation of Analyzes 

Millivoltage potentials were converted to mg/L, using a standard curve with a correlation 
coefficient r2 ≥ 0.99. Only calibration curves with a variable percentage of less than 10 were 
considered. The millivoltage (mV) readings, in triplicate for each standard, were transformed into 
fluoride concentration (content) (mg/L F) in the Windows-Excel® program and, thus, recorded. 
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Data Analysis 

Fluoride concentration was obtained by averaging the three readings of the samples analyzed 
for each collection point. A descriptive analysis of the data was performed, and each of the 
samples, collected and analyzed, classified according to their fluoride concentration (Brasil, 
2004). The data were classified according to the CECOL criteria, according to the Technical 
Consensus Document on the classification of public water supply according to fluoride 
concentration (CECOL, 2011). The maximum benefit and low risk was considered when fluoride 
concentrations were between 0.55 mg/L F and 0.84 mg/L F. 

RESULT 

Table 1 shows all mean (sd) values of fluoride concentration by site in all months analyzed. 
Only two set of collections (in month 1 and 3) showed consistency in F-levels. However, taking 
the whole month, the uniformity of the fluoride content in the water was not achieved at any 
collecting site. Thus, only 9.7% of the samples corresponding to months 1, 3 and 6 were within 
the acceptable range of fluoride concentration (0.55 up to 0.84 mg/L). 

It can be observed that site 1 and 2 obtained 8.3% of acceptable samples, whereas site 3 
showed 12.5% of acceptable samples. The overall analysis shows that all sites presented mean 
values below the optimmal range with mean values close to 0.25 mg/L along the year. Apart for 
a set of collection in month 6 when two samples were above the accepted range, all samples 
showed a trend to be below 0.6 mg/L of fluoride which is the mimimum acceptable. 

Table 1. Average of fluoride concentration (mg/L) according to the months studied (2016-2017) 

MONTH * 
SITE 

Total Mean (sd) 1 2 3 
mean (sd) mean (sd) mean (sd) 

1 
1th 0.80 (0.02) 0.79 (0.00) 0.80 (0.03) 0.80 (0.00) 
2th 0.22 (0.02) 0.22 (0.02) 0.30 (0.11) 0.24 (0.04) 

2 
1th 0.16 (0.01) 0.19 (0.01) 0.18 (0.00) 0.17 (0.01) 
2th 0.17 (0.00) 0.34 (0.01) 0.35 (0.00) 0.28 (0.08) 

3 
1th 0.18 (0.01) 0.16 (0.00) 0.17 (0.00) 0.17 (0.01) 
2th 0.66 (0.03) 0.70 (0.04) 0.56 (0.02) 0.64 (0.06) 

4 
1th 0.05 (0.00) 0.05 (0.00) 0.04 (0.00) 0.04 (0.00) 
2th 0.03 (0.00) 0.03 (0.00) 0.02 (0.01) 0.02 (0.00) 

5 
1th 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) 
2th 0.02 (0.00) 0.02 (0.00) 0.02 (0.00) 0.02 (0.00) 

6 
1th 0.39 (0.23) 0.13 (0.00) 0.18 (0.05) 0.23 (0.11) 
2th 1.09 (0.02) 0.95 (0.00) 0.80 (0.10) 0.94 (0.12) 

7 
1th 0.23 (0.03) 0.27 (0.10) 0.14 (0.00) 0.21 (0.05) 
2th 0.24 (0.09) 0.18 (0.00) 0.16 (0.02) 0.19 (0.03) 

8 
1th 0.12 (0.01) 0.11 (0.00) 0.08 (0.01) 0.10 (0.01) 
2th 0.11 (0.00) 0.11 (0.00) 0.11 (0.00) 0.11 (0.00) 

9 
1th 0.17 (0.02) 0.18 (0.02) 0.15 (0.05) 0.16 (0.01) 
2th 0.24 (0.05) 0.24 (0.05) 0.20 (0.02) 0.22 (0.01) 

10 
1th 0.19 (0.07) 0.11 (0.02) 0.10 (0.00) 0.13 (0.04) 
2th 0.11 (0.02) 0.35 (0.25) 0.12 (0.06) 0.19 (0.11) 

11 
1th 0.31 (0.06) 0.21 (0.02) 0.19 (0.00) 0.23 (0.05) 
2th 0.20 (0.00) 0.17 (0.00) 0.18 (0.01) 0.18 (0.01) 

12 
1th 0.42 (0.34) 0.19 (0.01) 0.05 (0.00) 0.22 (0.15) 
2th 0.16 (0.00) 0.41 (0.33) 0.17 (0.00) 0.24 (0.11) 

Total - 0.26 (0.25) 0.26 (0.24) 0.21 (0.21) 0.24 (0.23) 
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DISCUSSION 

The data of this survey clearly shows that the water fluoridation program in this municipality 
suffered several interruptions during the 12 months of monitoring. Unfortunately, this is a strong 
indication that the beneficial effect of fluoride exposure by the drinking water cannot be 
considered when evaluating dental caries prevalence in this community. 

Water fluoridation interruption took place due to several reasons. The first problem faced in 
the municipality, which caused the water fluoridation program to pause, occurred from 
November 2016 to February 2017. The reason for the discontinuity of fluoridation was related to 
the volume of water that supplies the municipality, which underwent a water rationing process, 
directly affecting the fluoridation process. As there was not an exact volume of water that the city 
would receive each day, the addition of sodium fluosilicate became uncertain. Another difficulty 
encountered was the lack of financial resources for the purchase of Na2SiF6, generating a further 
interruption of fluoridation in the municipality, which occurred from April 2017 and extended 
until September of the same year. The temporary or definitive interruption of fluoridation causes 
loss of benefit on the part of the population, also occurring when the fluoride levels are below 
those recommended, that is, when the addition of fluoride is insufficient, making the measure 
ineffective. 

The percentage of acceptable samples according to the criterion used was very low. In fact, 
90.3% of samples were outside the acceptable range. Recently, some surveys carried out in Brazil 
observed similar results12,13. Studies in many parts of the country showed that 50% or more 
water samples were outside of the acceptable range14-17. 

The municipal health surveillance has the responsibility to notify managers of the public 
supply systems and it is expected that they can help to solve the problem18. After obtaining the 
result of the analysis of public water supply for the first six months of this research, the team that 
performed the water analysis met with those responsible professionals for fluoridation to 
demonstrate the low fluoride levels obtained, aiming at solving problems. 

Fluoridation of public water supply is one of the most important preventive measures for 
dental caries. Because it can reach a large part of the population, it can reduce inequalities 
between populations with different socioeconomic conditions. However, to guarantee access to 
fluoride, it is not enough to add it to the water supply, but it is also necessary to guarantee piped 
water to all households and to monitor this measure4,12. 

Artificial fluoridation of public water supply has been a reality since 2006 in the researched 
municipality, a characteristic that highlights the municipality throughout the state since this is 
not a reality in the region. However, it is necessary to pay attention to the difficulties experienced 
in this process and to the fact that the maximum benefit of this method requires time and 
continuity, to result in prevention and control of the progression of the caries disease. Thus, the 
importance of maintaining this collective health promotion measure and the control carried out 
by the SAAE Company is highlighted, as well as the partnership with other agencies that can 
perform the external control for water analysis, aiming at improving the provision of services to 
the population. 

In 2009, the mean dmft in this municipality was 4.45 for children with 5 years old which is 
regarded as high when compared to National data (mean dmft = 2.43)19. Moreover, in this 
municipality only 21.3% of them were “caries-free” whereas in Brazil these values were 46.6% at 
the same period19,20. These data indicate that dental caries is a problem and water fluoridation is 
an important preventive measure for this population. 

This municipality is the only place with water fluoridation in Paraiba. Therefore, it is necessary 
to pay attention to the difficulties experienced in implementing the water fluoridation since the 
maximum benefit of this method requires time and continuity, to control of the progression of 
caries disease. Thus, the importance of maintaining this collective health promotion measure and 
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the control carried out by the SAAE Company is highlighted, as well as the partnership with other 
agencies that can perform the external control for water analysis, aiming at improving the 
provision of services to the population. 

CONCLUSION 

It was observed that water fluoridation in this municipality was interrupted since many water 
samples showed f-levels below the minimal acceptable values. 
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