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ABSTRACT

Objective: To analyze the fluoride concentration in the public water supply in Manaus, Brazil. Material
and Methods: Water samples were collected in 50 mL polyethylene bottles, identified, and labeled. The
collection was performed from September 2016 to August 2018. For the selection of collection points, all
neighborhoods of the city of Manaus, divided into four health districts (North, South, East, and West), were
mapped. From each district, 30 samples were collected, totaling 120 monthly samples. Water samples were
analyzed using an ion analyzer, ORION 720-A, and a specific electrode, ORION 96-09. The ion analyzer
and electrode were calibrated in standard solutions. The levels were classified in intervals based on
technical consensus to guide the health surveillance agencies. Results: Of the 2,874 water samples, 50.8%
were within the recommended range, and 49.7% were inadequate, with 31.6% considered above the
parameters and 18.1% below. Among the districts, the North had the highest percentages of unsatisfactory
samples, resulting in limited action to prevent tooth decay. During the 24 months of analysis, there were
large oscillations in the values in all four districts of Manaus. Conclusion: Results reinforce the importance
of heterocontrol for the city to guarantee the effectiveness of this public health measure.
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Introduction

Although the Amazon boasts a great environmental heritage and abundance of water resources, it is in
the northern region of Brazil, contained in this remarkable biome, that the worst rates of access to sanitation
services and respective public health indicators are verified [17]. Even though it has the largest concentration
of freshwater in the world, the region’s population sufters from water shortages and diseases related to a lack of
sewage collection and treatment [27]. In this geographical and social context is the urban area of Manaus,
capital of the state of Amazonas.

Within this water-health dyad, recognized by mankind as life-threatening or protective, is fluoride
halogen. All water has some amount of fluoride. However, to ensure its benefit to oral health, fluoride levels
must be within scientifically recommended ranges [87. The practice of supply water fluoridation as a public
health measure for controlling the development of dental caries is supported by numerous national and
international health institutions, including the World Health Organization (WHO) [47. In more than 50 years
of research attesting to its efficacy and safety [57, it is the best method to provide population-based fluoride.
This potential measure explains the lower magnitude of dental caries experience among exposed individuals
re].

In Brazil, the fluoridation of water supplies was initiated in 1953 [77] and consisted of the controlled
addition of fluoride to public water supply treatment facilities, with the purpose of raising its concentration to a
certain value established as effective in the prevention of dental caries [87. As such, it is required in Brazilian
municipalities that have a water treatment plant, provided for by Federal Law No. 6,050 of May 24, 1974 [8].
In the late 1980s, fluoride monitoring programs in public water supply were created. This parameter has been
incorporated into monitoring and surveillance actions in conjunction with other parameters such as turbidity,
chlorine residual, colorimetry, pesticides and mercury [97].

To ensure safe results, fluoride levels should be within scientifically recommended range, stably and
steadily, without interruption [10-127. Thus, it is indispensable to periodically execute heterocontrol of supply
water fluoridation to the population, understood as a principle for producer control over the production and
consumption process, as well as for control by state institutions [47]. Or in other words, heterocontrol is called
the implementation of control and surveillance systems developed by a different agency from the one that
performs the execution of the measure to maintain the quality standard and protect the population’s health
[47. For example, in Manaus, the population was contemplated with the fluoridation of the public water supply
late, only in 2015, being performed by a private institution responsible for the city’s water supply.

Therefore, this study aimed to analyze the fluoride concentration and its variations in public water

supply in the municipality of Manaus, Amazonas, Brazil, for 24 months.

Material and Methods
Study Area Characteristics

This is a cross-sectional observational study carried out in Manaus. It is located in northern Brazil, in
state of Amazonas, which currently has around 2,182,763 inhabitants [187]. According to the latest census data
conducted in 2010, most of the population lives in urban area (99.49%). The city has 458,300 households, of
which 89.65% have piped water, demonstrating that a significant portion of the city’s urban perimeter receives
this benefit. Of the 1,792,881 inhabitants of the urban zone, 67.88% are between 15-64 years old and 28.24%

are 0-15 years old [147]. Corresponding to data from the last national oral health survey [157], Manaus
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presented a mean decayed, missing, and filled teeth (DMFT) index of 2.88 for 5 years old, 2.34 for 12 years,
and 4.85 in the 15-19 age group.

Manaus is the only city in the state to have water treatment plants and water fluoridation. The
current company responsible for water distribution in Manaus is the Aguas de Manaus concessionaire (Aegea
Group), which has been operating in the city since 2018. Manaus has four Water Treatment Plants (WTP):
two WTP located in the Ponta do Ismael Complex (PIC), Mauazinho WTP and Ponta das Lages WTP. The
water distribution network in the city is unique and a significant portion of the population is supplied by it.
However, the supply network also has independent systems, represented by the concessionaire’s own deep
wells and community wells in some neighborhoods. Officially, only the WTPs located in PIC receive
fluoridation. Although legislation regulating the fluoridation of water supplies public in the country is not

recent, water fluoridation in the city began only in 2015 [167].

Selection and Collection of Samples

Water samples were collected in 50 mL polyethylene bottles, identified and labeled (collector,
collection points, collection location, and date) and previously rinsed with deionized water. The collection was
performed monthly by technicians of the Water, Soil and Air Surveillance from Municipal Health Department,
for over twenty-four months, from September 2016 to August 2018.

To select sample collection points, all neighborhoods from Manaus were initially mapped according to
the territorial division on January 14, 2010, totaling 63. Then, the neighborhoods were divided into four health
districts (North, South, East and West). Subsequently, the distribution of neighborhoods was considered
according to the Manaus water supply distribution system. Therefore, the collection points were the same as
those used by the Drinking Water Quality Surveillance Program from Unified Health System (SUS), following
the criteria of the Drinking Water Quality Surveillance Sampling National Plan [97. From each health district,

30 water samples were collected, 120 samples per month, totaling 2,874 samples in 24 months.

Fluoride Determination and Classification of the Results

The analysis was performed by the Laboratory of Research, FFaculty of Dentistry of UFAM, using an
ion-specific electrode Orion 96-09 (Thermo Scientific Inc., Waltham, MA, USA) coupled to an Orion 720-A ion
analyzer (Thermo Scientific Inc., Waltham, MA, USA). Duplicate samples were buffered with the same volume
of TISAB II (1.0 M acetate buffer pH 5.0, 1.0 M NaCl and 0.4% CDTA), prepared in the laboratory. The ion
analyzer and the ion-specific electrode were calibrated with standard solutions ranging from 0.2 to 2.00 mg
F/mL, containing 50% of TISAB II. The direct reading method was used and the accuracy of the analysis was
determined with the ORION standard (940907). The readings were obtained in mV and by linear regression;
the results were expressed in ppm F/mL water [177.

The samples were classified in intervals, based on technical consensus to guide health surveillance
agencies, considering the balance between anticaries benefit and risk of the fluorosis for locations where mean
maximum temperatures are between 26.3 °C and 32.5 °C, with the optimal range of fluoride for the Manaus

city ranging from 0.55 to 0.84 ppm/F [107.

Statistical Analysis
Data were analyzed using descriptive statistics, including the distribution of variables by median,
mean, standard deviation, and proportion and presented by health districts. The analyses were performed using

SPSS software version 20.0 for Windows (SPSS Inc., Chicago, IL, USA).
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Results

During the twenty-four months of the study, 2,880 samples were collected, of which six were
discarded because they contained insufficient material for analysis, resulting in a total of 2,874 samples. As
shown in Table 1, the annual mean (standard deviation) and median (minimum-maximum values)
concentrations of fluoride found were, according to the Centro Colaborador do Ministério da Saiide em Vigilincia
da Saiide Bucal (CECOL/USP) technical consensus, in the range of 0.55 to 0.84 mg F/L in all four districts
(North/East/South/West). However, the benefit of the caries preventive effect was considered maximum and

the risk for producing dental fluorosis was low in the East, South, and West districts, as shown in Figure 1.

Table 1. Fluoride concentration analysis results during the 24-month study period.

District Samples Median (Min - Max) Mean (SD)
East 720 0.78 (0.24 — 0.94) 0.72 (0.18)
North 718 0.61 (0.85 — 0.92) 0.60 (0.12)
South 719 0.78 (0.64 — 1.30) 0.81 (0.13)
West 717 0.78 (0.56 — 0.98) 0.80 (0.12)
Total 2874 0.75 (0.24— 1.30) 0.78 (0.41)

20
erxa

Porameters:
+ Insignificant benefi/risk (0.00 - 0.4 ppm)
®  Minimum benefit/low risk (0.45 - 0.54 ppm)
A Maximum benefit/low risk (0.55 - 0.84 ppm)
® Maximum benefitymoderate risk (0.85 - 1.14 ppm)
Health Districts.
South
West
East
B North
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Figure 1. Manaus city map according to health districts and parameters related to balance between
anticaries benefit and risk of fluorosis expected.

Table 2 shows the absolute and relative frequencies of the samples analyzed during the study period
according to the four districts classified to conform to the fluoride levels in below, in the optimal range and
above the recommended values. Almost half (49.7%) of all samples were not appropriate according to the
optimal levels established by CECOL/USP.

Figure 2 shows that from September 2016 to May 2017, the F concentration in the four districts of the
Manaus city studied showed large oscillations between the values considered by CECOL/USP (values below
or above). However, for the following months, when compared to the first year, it is possible to observe that
the oscillations between the four districts decreased slightly. And overall, fluoride levels have increased

significantly in all districts.
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Table 2. Classification (%) of all water samples based on CECOL/USP parameters.

District Bellow (0.00 to 0.54) Optimal range (0.55 to 0.84) Above (> 0.84)
East 263 (36.6) 278 (38.7) 177(24.7)
North 172 (23.8) 310 (43.1) 238 (33.1)
South 37 (5.2) 425 (59.1) 257 (35.7)
West 18 (6.7) 132 (60.2) 237 (38.1)
Total 520 (18.1) 1445 (50.3) 909 (31.6)
—&—North —#—East South West
1,40
1,20
1,00
0,80
0,60
0,40
0,20
0,00
R R R
SESEZPSEEI335G552838E233

Figure 2. Fluoride concentration according to health district during the 24-month study period.

Discussion

The provisions of Ordinance MS-635/1974 [187] on the adequacy of fluoride contents in waters in the
national territory were established 60 years ago when the understanding of how fluoride controls caries and
leads to fluorosis differed from the currently accepted understanding. Considering the benefit of fluoride use in
controlling the development of dental caries and the risk of dental fluorosis, the exposure to a low or high
fluoride concentration should be considered [197. In view of this, CECOL/USP [10] has reached a consensus
to guide water fluoridation classification by health surveillance agencies while taking into account both the
benefit of preventing caries and the risk of producing dental fluorosis.

The present study's findings reveal large fluctuations in fluoride concentration in public water supply
in the city of Manaus/AM, showing that the practice of heterocontrol is indispensable for the municipality.
Furthermore, several studies [20-247 show that oscillations impair the preventive action of fluoride
concerning dental caries. These studies also reinforce that the fluoridation of water supplies reaches its
maximum efficiency if the fluoride concentration is within the so-called “optimal level” and uninterrupted for
long periods.

Other longitudinal heterocontrol studies also demonstrated these variations, as in the results of
Scalize et al. [227] in 225 cities of Goids, Moimaz et al. [257] in 40 cities of Sdo Paulo and Brito et al. [267 in
Passo Fundo city. Specifically, in the studies by Kuhnen et al. [277] and Lacerda et al. [127, a large proportion
of the samples (41.4% and 46.5%, respectively) presented inadequate fluoride levels, as in this study. In the
present study, the collection points were established according to the city’s health districts, making it possible
to identify the districts and neighborhoods that are receiving the benefit and those at risk for dental fluorosis.
The oscillations are evident and frequent characteristics during the 24 months of the study, as shown in

Figurel. A clear polarization is observed, especially in the first months, between the districts, with the South
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and West health districts presenting fluoride levels within the range established, conflicting with the East and
North districts that presented values below the established parameter. Among these, the district with the
lowest fluoride content was North, with 386.6% of the samples lower than recommended. In contrast, this
district represents the most populous region in the entire city, characterized by disorderly population growth
and serious socio-environmental problems.

One possible explanation for this is the fact that the North and East districts were the last to receive
the fluoridation benefit, with coverage of 53.3% and 83.3%, respectively, in February 2017 [16]. It is evident
the improvement in fluoride levels in samples from the East district, which moved from a non-fluoridated
region, with insignificant values (0.01-0.02 ppm F) in December 2015 to 83.3% coverage in February 2017,
while the North district, during the same period, increased only 18.8%, suggesting possible structural
problems in the water distribution network in this region.

The South and West districts presented more points with concentrations above the recommended
parameters, especially in May and June 2018 in the Southern district, with fluoride contents of 1.30 and 0.95
ppm, respectively. Such data are worrying because, in the long run, they may lead to unfavorable consequences
for oral health, such as the higher risk for producing dental fluorosis and should trigger actions that alert the
operator to promote system adjustments, as recommended by the technical consensus [107].

It should be noted that fluoridation of water supplies in Manaus is still recent compared to other
Brazilian capitals such as Curitiba, the country’s first state capital to fluoridate its waters in 1958 [287] and
other major capitals such as Belo Horizonte, which started in 1975 [297] and Sdo Paulo in 1985 [307.
Furthermore, in the northern region of the country, the first capital to receive this benefit was Palmas in 1993
[817, which contributes to the fact that so far only three capitals of this region receive fluoridation of water
supplies, assigning the lowest percentage (25.3%) of the country’s population covered by this measure [167].

The study by Roncalli et al. [82] signaled the large interregional differences related to low
fluoridation provision and its surveillance when comparing the North and Northeast regions with the South
and Southeast. The authors confirmed this discrepancy by observing in the Southern region the effectiveness of
implementation measures from Water Fluoridation Surveillance Systems since 2008, while in the Northern
region, in 70% of municipalities, the collection from this study was the first initiative to monitor fluoridation,
that is, in addition to the low rate of fluoridation, surveillance also appears poorly implanted in this region.

Considering that the obligation of water fluoridation has been foreseen for over 40 years in the
country and is characterized as an important intersectoral health policy, as advocated by the National Oral
Health Policy (PNSB) [837 and more recently by the National Health Surveillance Policy (PNVS) [347,
greater attention is needed from the authorities regarding the practice of heterocontrol. In addition, there is
the specificity of the city itself, which has a high mean temperature, resulting in greater water consumption by
the population and reiterating the need for more rigorous control of fluoride levels [207.

Some limitations of the present study need to be considered. The city of Manaus has a complex public
supply network, making it difficult to clearly understand the water distribution network, which limited the
possible explanations for the fluctuations found. Population growth makes it difficult to perform a service that
is historically deficient. The pursuit for more space and housing led the population to live in areas of precarious
urbanization, expanding horizontally, spreading the city into the middle of the forest and making it difficult to
access the services provided by the state [27. In addition, there is a discrepancy in information related to the
water supply system from the municipality’s regulatory bodies, the national sanitation system, and the

concessionaire responsible for the service itself.
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On the other hand, there are no published papers with the respective theme in the present city, which
is the first study that performs this analysis in Manaus, Brazil. However, it is noteworthy that the Vigifluor
project and the publication of the book entitled “Coverage and surveillance of water fluoridation in Brazil:
municipalities with more than 50,000 inhabitants” were important milestones in bringing the theme of

fluoridation of water supplies into evidence.

Conclusion

In twenty-four months of surveillance of public water supply in the city of Manaus, it was possible to
identify significant fluctuation in fluoride levels in the samples analyzed, with special attention to the North
district, which presented the worst results among the others, highlighting the importance of external control
of fluoridation of water supplies to the municipality. Thus, greater attention is required from state surveillance
agencies, municipal public administration, and social control to ensure effective fluoridation of public water

supply, an important public health policy for dental caries control.
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