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ABSTRACT

Objective: To describe and compare regulatory processes for quality control of community water fluoridation (CWF) in three
selected countries.

Methods: Documentary analysis of printed and online resources; correspondence with key informants from Brazil, the United
States of America (USA), and England; countries with tradition in water fluoridation implementation for dental caries prevention.
Results: The target and maximum allowable concentration of fluoride in drinking water was 0.7/4.0mg/L in the USA;
0.7/1.5mg/L in Brazil, and 1.0/1.5mg/L in England. Concentration monitoring by the water companies varied; collection of sam-
ples at several points of the distribution network was required in England and the USA, while Brazil demanded only one point
at the end of the water treatment. England and the USA relied on data generated by companies responsible for water treatment,
while Brazil adopted an independent surveillance system that used data collected in the distribution network by the local health
authority. A common point between the USA and Brazil was the construction of a nationwide information system under princi-
ples of health surveillance that could be disseminated for stakeholders. In England, annual quality reports for each water supply
zone were accessible but not routinely collated and published.

Conclusion: Institutional arrangements, regulatory mechanisms, and control, surveillance, and information disclosure proce-
dures varied substantially among countries. There is potential for exchanging procedural and outcome information in order to
improve the performance of fluoridation services.

1 | Introduction As concentrations below 0.5mgF~/L do not protect against

caries and values above 1.5mgF~/L increase the risk of dental

Untreated dental caries in permanent teeth is the most preva-
lent condition among all diseases in the world [1]. Fluoridation
of drinking water to an optimal level (usually 0.5 to 1.0mg/L)
stands out as a major public health strategy for dental caries pre-
vention. More than 400 million people distributed in more than
25 countries around the world were benefiting at the beginning
of the 21st century [2].

fluorosis [3], the implementation of regulatory mechanisms
is essential to ensure the achievement of oral health goals.
To date, however, no country-level comparative analysis has
been published on the topic. Since the implementation of
the first fluoride-adjusted water treatment system in Grand
Rapids, US, in 1945, many cities are now served by water util-
ities that have adjusted the fluoride concentration for dental
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caries prevention levels [2]. These water services work under
distinctive regulatory arrangements translating risk-based
management policies and standard setting into both opera-
tional control and surveillance of drinking water quality [3].
Investigating the characteristics of the institutional arrange-
ments and regulatory mechanisms adopted in different con-
texts can help to identify limitations and opportunities for
improving practices and management of community water
fluoridation (CWF).

The objective was to describe and compare the institutional ar-
rangements and regulatory mechanisms to ensure water quality
in order to guarantee the safety and effectiveness of the adjust-
ment of fluoride concentration in three selected countries.

2 | Methods

A descriptive study was carried out through a survey of official
sources of normative documents in Brazil, the United States of
America (USA), and England. These countries were selected
because CWF has been used as a population strategy for more
than five decades [4-6] and undesirable variation in water flu-
oride concentration had been documented [7-9]. Data sources
were the websites of government organizations responsible for
issuing and providing documents directly related to the study's
focus. For this purpose, a targeted search was carried out for
relevant national government agencies or authorized entities in
order to obtain specific documents and details of regulations af-
fecting drinking water supply, including quality control.

Criteria of authenticity, credibility, representativeness, and
meaning were used to select documents [10]. Authenticity re-
fers to whether the materials are original, reliable, and unal-
tered, and of recognized provenance. Credibility was verified
by examining the authorship identity, the context in which the
document was produced, and whether it contains credible data.
In general, data obtained from official government documents
constitute credible sources that can reveal the different insti-
tutional arrangements adopted in different countries. They are
important sources of information for defining public policies,
the process for decision-making, and improving the quality of
services. However, such documents may lose value over time,
and it may not always be clear that they are no longer in practi-
cal use. Therefore, it is important to verify their continued rel-
evance compared to other documents by cross referencing the
information across as many sources as are accessible [10].

The content of each document was indexed in the three cate-
gories: (a) institutional arrangement defined by state form and
system of government, division of the authorities’ role, and
regulatory model; (b) normative devices related to provision of
treated water strategies and procedures for the operational con-
trol of fluoridation; and (c) strategies and procedures for water
quality surveillance in relation to fluoride, data recording and
dissemination of information to the public. To ensure accuracy,
each country's documents were reviewed by at least two experts
through a process of dialogue and active listening based on ob-
jective criteria defined by mutual agreement. Three tables show
the main characteristics of each country and specific notes re-
lated to the data sources.

The study was not submitted to the Research Ethics Committee
since it used official documents in the public domain.

3 | Results

Main aspects related to institutional arrangement are summa-
rized in Table 1. The USA [11] and Brazil [13] are constitutional
republics with a three-level federal structure, in which public
drinking water services are managed by regional and local
authorities through contracts between state and municipal or
private entities. Economic regulation (e.g., taxation rules and
mechanisms to promote company efficiency) was carried out
by regulatory agencies of regional scope. On the other hand,
England was part of a unitary state [12] in which services were
privatized in 1989 under the economic regulation of an agency
established for this purpose—the Office of Water Services
(OFWAT). In common, the selected countries shared division of
executive, legislative and judicial powers and existence of a cen-
tral authority that, through a specific agency—Environmental
Protection Agency (EPA) in the USA [14] and Drinking Water
Inspectorate (DWI) in England [21], or linked directly to fed-
eral executive power—Ministry of Health (MoH) in Brazil [22],
defined regulatory mechanisms to ensure control of water qual-
ity in its territory. In the USA and Brazil, state levels had com-
plementary competences. In Brazil, local levels could also add
complementary details to normative devices defined in previous
levels. In Brazil, CWF was approved by federal law and main-
tained by the National Congress since 1974 while the decision
to adjust fluoride concentration was primarily in the hands of
local communities in the USA and England. In 2023, 12 states
in the USA had “mandatory CWF levels” [15]. Enactment of the
Health and Care Act 2022 transferred powers and responsibili-
ties in relation to fluoridation programs to the English central
authority [20].

Regulations related to the provision of treated water, strategies,
and procedures for operational control of fluoridation are sum-
marized in Table 2. This legislation has specified, among other
aspects, the roles of institutions and has defined standards in
relation to equipment, fluoride sources, and measurement meth-
ods. The maximum value allowed for fluoride was 4.0mg/L in
the USA [28], while in the other countries it was 1.5mg/L. For
concentration adjustment, 0.7mgF~/L was recommended in
the USA, with a proposed control range of 0.6-1.0mgF~/L [28],
while in England the target level was 1.0mgF~/L (tolerance
0.8-1.2mgF~/L) [33] and values between 0.7 and 1.2mgF~/L
were legally required in Brazil [36].

As for operational control, the USA and England required col-
lecting samples from the supply network, with differences in
frequency of collection. While in the first, the frequency should
be daily [29], in the second it was a direct function of the size
of the water supply zone [33]. In Brazil, operational control was
exercised only at the end of treatment at a frequency of every
2h for surface water sources, and weekly for underground water
sources [39] (Table 2).

Procedures for water surveillance, data recording, and dissem-
ination are summarized in Table 3. In the USA and England,
water surveillance was grounded in water sample data provided

Journal of Public Health Dentistry, 2026

85UB017 SUOLILLIOD BAINRID 3ot [dde 8y} Aq peupAob 812 Sfole YO 9SN J0 SaIN1 10} Akeiq1 8UIIUO A8]IA UO (SUONIPUOD-PUE-SWLBIALIS"AB| 1M Aleq 1 put|uo//:Sdny) SUORIPUOD pue swie | 841 89S *[9202/80/22] U0 ARiq118ul|uO AB|1IM '80Us|BoXT 920 pue Ui[eaH Jojaininsu| euoteN ‘SOIN Aq 87002 pudTTTT 0T/10p/wW00 Ao 1M Aiq1jeuluo//sdny woly pepeojumoq ‘0 'Sge/2S.T



TABLE1 | Main features of the institutional arrangements to ensure water supply services in the United States of America, England, and Brazil.

Categories United States of America England Brazil
State form Federated State maintained Member country of the United Kingdom: a unitary Federative state maintained by
and system of by a constitutional federal state maintained by a parliamentary constitutional a presidential constitutional
government republic with separation monarchy. It is governed by the British Parliament republic, with separation
among the executive, with the separation of executive, legislative and among executive, legislative
legislative and judiciary judicial powers. The country is divided into regional and judicial powers and three
branches and three levels authorities according to the sector of institutional levels of government: federal,
of government: federal, action and type of public service and 386 local state, and municipal [13].
state, and local [11]. authorities distributed in counties whose districts
may or may not have specific authority [12].
Role of the Defines norms on the quality Water and sewage services are provided by 32 Defines norms on water
Central and safety of drinking companies that were privatized in 1989 in England security for sustainable
Authority in water for the population [19]. Since 2022 the national minister for health development in the country

relation to water
supply

States/
Provinces/
Regional
Authorities

[14]. Tracks data on water
quality [15]. Authorizes
fluoride additives [16]. It

produces and disseminates
information and knowledge
[17]. The EPA regulates over
160,000 water systems, and
the publicly owned systems
represent over 90% of all
water production [18].

The economic regulatory
framework extends across
state, regional, and local
levels through regulations
by government agencies.
Most operators of water
supply systems are at the
municipal or community
level [18]. There is no
federal “requirement” to
fluoridate water systems:
states and local communities
decide whether to adjust
the fluoride concentration.
This includes civil entities,
councils of representatives,
courts, local governments,
popular referendums and
water authorities [18].

has had the responsibility to propose and consult
on new fluoridation programs and variations to or
termination of existing programs [20]. Parliament sets
standards for the quality and safety of public drinking
water supplies in England and Wales and a national
agency (DWI) plays a central role in monitoring
water quality and monitoring fluoride concentrations
(natural or adjusted), and sets standards for fluoride
additives used in water fluoridation. It produces and
disseminates information and knowledge [21]. The
UK Health Security Agency and Office for Health
Improvement and Disparities (OHID) monitor the
effects of water fluoridation on the health of people
living in the areas covered and produce reports every
4years on behalf of the responsible minister [6].

Takes action under national regulations that ensure
the quality of privately supplied drinking water
(e.g., private wells and boreholes), analogous to
the actions of DWI for public water supplies [6].

and on the operational control
of water quality. Defines
norms on the monitoring of
water quality. It produces and
disseminates information and
knowledge [22]. Defines the
regulatory framework for the
concession of basic sanitation
services by municipalities [23].

Most of the water produced
comes from mixed economy
companies at the state level
and economic regulation
depends on regional agencies.
Since 2020, the National Water
Agency has started to define
economic regulation guidelines
that give greater uniformity
and transparency to the rules
for providing the service [23].
State government health
departments are responsible
for promoting and monitoring
water quality surveillance,
in conjunction with the
Municipalities; develop actions
inherent to public health
laboratories; implement water
quality surveillance guidelines;
set priorities, goals, targets
and indicators for water
quality surveillance; forward
to those responsible for the
water supply information
regarding investigations of
outbreaks related to water
quality. They have relevant
functions to defend the
interests of users [22].

(Continues)
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TABLE1 | (Continued)

Categories United States of America England Brazil
Local They apply the norms Following legislation in 2022 they continue to They carry out the surveillance
Authorities that vary according to the have a key role in relation to the consideration guidelines for the quality of

State. In some locations,
resolutions and referendums
approved by the community

are adopted. They have a
fundamental role in relation

to CWF. They contribute

to the health debate about
water fluoridation in a
locality and its potential to
reduce health inequalities
and possible alleged harms
of water fluoridation [24].

of fluoridation through their duty to produce
a strategic needs assessment for an area. They
contribute to the health debate on water fluoridation
in alocality and on its potential to reduce health
inequalities and on possible alleged harms of water
fluoridation, based on clinical plausibility and
knowledge of the scientific literature [6, 20].

water for human consumption
defined at the national and
state levels. They register
and authorize the supply of
treated water. They inspect
the quality control of produced
and distributed water and the
operational practices adopted.
They carry out surveillance of
water quality and fluoridation
in their area of competence,
considering regional and local
peculiarities. They maintain
articulation with regulatory
entities when failures are
detected regarding the quality
of water supply services. They
provide information to the
population about water quality
and associated health risks
(outbreaks and health problems
related to water quality) [22].

by operators, while in Brazil it was supported by water sam-
ples collected from the distribution network by local health
authorities. In the USA, the Centers for Disease Control and
Prevention's (CDC) recommendation was that each month at
least one test sample of water collected by the company respon-
sible be analyzed by a state-certified laboratory [30]. In England,
the DWTI audited water company procedures as part of its ongo-
ing program of technical audits where the parameter fluoride
was included [38]. In Brazil, the number of samples per year to
be collected by local health authorities varied according to the
size of the population served [40] (Table 3).

In relation to the dissemination of information, English water
companies were responsible for making information available
for the consumer which typically was available online or for
those lacking IT facilities, upon request. Fluoridation data were
provided to DWI by the water companies, and users could ac-
cess the report on the water companies’ website or access the
DWTI website that offered tables with the numbers of tests and
values observed for the 1st and 99th percentiles [42]. A map with
distributions of fluoride concentration values in each region
[45] could also be obtained, and a report produced by an official
agency—Public Health England—was released every 4years
describing the associations with dental and general health sta-
tistics [21] (Table 3).

Unlike the USA and Brazil, England did not have a single pub-
licly accessible nationwide information system; annual reports
for individual supply zones could be obtained from individual
water companies but summative reports were not routinely
collated and published. In the USA, the CDC maintained the
Water Fluoridation Reporting System (WFRS) in partnership
with the Association of State and Territorial Dental Directors,
which provides, to registered users, information on the status

of artificial and natural fluoridation (0.6 mgF~/L or more) of
counties and populations served by each state's community
water systems. The WFRS data provided the basis for the
publicly available website “My Water's Fluoride” (MWF) that
provides general information on fluoridated water systems.
The CDC explicitly states that the MWF site does not contain
real-time information. Information is provided by states on a
voluntary basis and may not be reported annually. As a re-
sult, MWF is not inclusive of all states and communities [41].
The Brazilian Ministry of Health maintained a nationwide
information system on the water quality surveillance [43].
Consumers did not have free access to current data from the
surveillance system, but an open data portal made it possi-
ble to obtain raw data from previous years [44]. No official
document provided information on the coverage of records on
fluoride concentration among Brazilian local governments. In
the USA, the CDC maintained an area on its website with very
detailed data and statistics on fluoridation. Annual reports on
the water fluoridation coverage in the country by state and
data on the average monthly concentration of fluoride in the
participating water supply systems were found [41] (Table 3).

4 | Discussion

The institutional arrangements, regulatory mechanisms, and
control, surveillance, and information disclosure procedures
varied substantially among countries.

Regarding the institutional arrangement, the supply, and dis-
tribution of drinking water in the USA and Brazil were carried
out mostly by public companies or mixed economy (public/pri-
vate) ones, while in England it was wholly by private companies.
The latter had a central agency responsible for the economic
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regulation of the sector, establishing price/tariff parameters,
levels of quality and efficiency, benefits and subsidies, among
others, while the USA and Brazil had several agencies of re-
gional scope and sectoral or multisectoral scope.

A worldwide study reported that water supplies were often reg-
ulated by direct government control or through indirect control
with water companies and companies providing services of in-
terest to the sector [46]. Among US municipalities the dynamics
between municipalization and outsourcing of water services is
relevant, and water distribution and treatment have one of the
highest rates of stable public delivery [47]. In England, the pri-
vatization of water services in the late 1980s was surrounded by
expectations for lower household costs, improved efficiency, and
higher consumer satisfaction that were not realized [48]. Besides
not bringing the anticipated cost-savings, it has also been a sig-
nificant barrier to expansion of fluoridation programs. In Brazil,
a new regulatory framework was approved in 2007 in which local
governments began to have the prerogative to manage sanitation
in their jurisdiction, including changes and renewal of contracts
with service providers. This new statute could increase fragmenta-
tion and commodification of the sanitation sector [5].

Decision-making for implementing public policy also differed
among countries. Similar to other public health strategies, CWF
has been the subject of many debates and disputes in countries
that reflect tensions between public goods and individual free-
dom [49]. In the USA, the decision was primarily in the hands of
local communities where hearings, consultations, and referen-
dums have been frequent. In England, ambiguity in the decision-
making process that resulted in different interpretations of the
Water Fluoridation Act 1985 remained until 2003 [50]. Passage
of legislation in 2022 transferred the power to propose new, or to
terminate existing, water fluoridation schemes from local govern-
ment to the national Secretary of State for Health and Social Care
[51]. In Brazil, fluoridation has been mandatory since 1974. A pro-
posal was presented to repeal the fluoridation law in 2003. The
proposal took 13 months, passed through three commissions, and
was shelved, confirming the country's option for the protection of
the population oral health by the public policy [49, 52].

While more than 70% of the population served by public water
supply systems benefited in the USA [4] and Brazil [5], only 10%
of the English population had access to the benefit [50].

All countries had central agencies that established guidelines
and regulations regarding water quality and the maximum al-
lowable concentration of fluoride in supply systems. The con-
centration of 1.5mgF~/L as the maximum value allowed for
safe drinking water, free of contamination, whose levels are not
adjusted for caries prevention purposes, was adopted in coun-
tries, according to global guidelines [3], excepting the USA that
allowed up to 4.0mgF~/L as the primary maximum to prevent
skeletal fluorosis and 2mgF~/L as a secondary maximum to
prevent severe dental fluorosis. Updating the legislation on the
water potability is a strategic issue for countries [53].

Regarding the recommended concentration for fluoridation
systems, since 1975, Brazil has maintained a regulation with
six ranges of variation depending on the average maximum
daily temperature, which resulted in a range of 0.7-1.2mg/L.

In practice, the range from 0.6 to 0.8 has been adopted in most
systems benefiting from the measure. Although Brazilian spe-
cialists have been demanding the updating of the regulation,
the normative advice was reissued by the Ministry of Health in
2017 without complying with the technical consensus produced
by the community of Brazilian professionals and researchers
[54]. In England, fluoridated water supply systems have a target
concentration of 1.0mgF~/L (with a permitted tolerance level),
while in the USA the recommended range of 0.7-1.2mgF~/L
changed in 2015 across the whole country to 0.7 mgF~/L [28].

Highly relevant finding concerns differences related to opera-
tional control procedures in each country. While the USA and
England required collecting samples from the supply network,
in Brazil, operational control was exercised only at the end of
treatment. The requirement for controlling of fluoride concen-
tration in situations that are closest to the conditions of use,
namely in the distribution network, is important from the point
of view of consumer health and for the knowledge and protec-
tion of the operator regarding eventual discrepancies with val-
ues obtained at the end of the treatment. Local situations may be
made complex where multiple water sources, some fluoridated
and some non-fluoridated, whether blended or not, provide dif-
ferent concentrations of fluoride within a community. The crite-
ria for determining the frequency and sample collection points
associated with the volume of water produced or with the size
of the population served should be replaced by characteristics
of the water supply system (integrated or isolated) regarding the
presence of reservoirs, points of branching and mixing, pressure
differences and, mainly, the variability of observed concentra-
tion values. In case of detection of unexpected fluctuations, the
inclusion of additional samples around the oscillation point is
justified to verify hypotheses related to the variation. On the
other hand, the greater the stability of fluoride levels in the dis-
tribution network, the smaller the number of samples required.

As for surveillance, the USA and England employed the data
audit strategy, while Brazil adopted the direct observation of
samples collected independently by the local health authority.
In the USA, out of adjusting systems, 69% reported fluoride lev-
els at least 1 month from 2016 to 2021 [55]. Since the 1980s, the
WHO has recommended attention to the fluoride concentration
by public health agencies. Global guidelines have reinforced that
the main surveillance strategy to ensure water quality should be
carried out by bodies that are not responsible for water treatment
and distribution [3]. Surveillance initiatives carried out by local
health authorities using data collected by an entity not respon-
sible for water treatment (external control data) have been doc-
umented in Brazil since the 1990s, demonstrating their effect to
improve the quality of the adjustment aiming at the maximum
benefit in terms of prevention of dental caries with minimal of
risk for dental fluorosis [56-58]. Compliance monitoring data
should reflect the drinking water quality that consumers re-
ceive. Sampling procedures should be based on the chance that
the concentration of a chemical parameter will present values
outside the expected range [59]. Therefore, the frequency and
collection points for the fluoride may differ from the sampling
procedures determined for microbiological parameters.

Owing to low coverage of the CWF, England did not have a na-
tionwide information system. Water companies should make
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Brazil
Non-periodic.

England
Annual. DWI has offered tables with
number of tests and the observed values
to 1 and 99 percentiles according to each
water utility [43]. A map with distribution
of fluoride concentrations in the country
regions [45]. The Office for Health
Improvement and Disparities monitors
and reports on the health effects of
fluoride on people living in areas covered

United States of America
Biennial [4].

(Continued)

Statistical reports

TABLE 3

by water fluoridation in each 4years [21].

Consumers do not have free access to
current data of surveillance system, but

an open data platform allows obtaining

Free Free

Access to user

of crude data from earlier years [44].

2For municipality with population size up to 5 thousand habitants it is recommended at least 60 samples per year; population size from 5 to <10 thousand habitants it is recommended at least 120 samples per year; From 10 to <15
thousand habitants, 180 samples; From 15 to <20 thousand habitants, 216 samples; From 20 to <30 thousand habitants, 324 samples; From 30 to <40 thousand habitants, 432 samples; From 40 to <50 thousand habitants, 528

samples; From 50 to <100 thousand habitants, 636 samples and population size of 100 thousand or more habitants, 804 samples.

information available to consumers but these data were not
publicly available as shown by Moore and colleagues [5] which
potentially obscured failures to deliver the program. The USA
and Brazil had nationwide information systems on water qual-
ity, however, in the latter, no analysis was found on the coverage
of information on fluoride concentration in water supply sys-
tems in official reports on water surveillance. Brazilian studies
have shown that the completeness of data on the kinds of supply
in the information system was high [60], however only 1/3 of
the municipalities fed the system at least 4 months per year in
relation to the fluoride concentration [9]. In the USA, informa-
tion on program performance was not consistently available for
all [7].

In order to allow users to monitor the level of quality of water
fluoridation, it would be important to implement measures
to improve data quality (scope and validity) and availability
(comprehensiveness and frequency), ideally at least monthly.
Brazilian specialists have claimed the dissemination of six indi-
cators on fluoride concentration built from data obtained in each
municipality. It would be a way of giving visibility to the import-
ant job of water surveillance workers and allowing longitudinal
monitoring of the quality of the CWF implementation [58].

The CDC offered reports on water fluoridation coverage in the
country by region every 2years. In England, a map was made
available in 4-yearly summative reports and in Brazil no official
report was published annually. This difference denotes the low
priority of producing information about CWF in the Brazilian
health policy agenda, even though the country in the last 65 years
has managed to raise its coverage to one of the highest among
the most populous countries in the world [5]. Transparency and
accountability are essential principles that should be pursued
both in the regulation and in the surveillance of water quality in
public supply systems [3].

Studies based on documents are limited to the content of the
rules and their meaning and do not allow understanding how
these normative dispositions are being used in practice. In ad-
dition, documents from different countries were not prepared
for research purposes, they were not produced in the same
context, nor do they have the same structure, which can be a
source of inconsistencies when comparing data. Despite this,
the effort adopted to locate all documents relevant to the subject
and rigorously distill the observed data may have minimized
possible sources of error and contributed to providing a detailed
description in order to give validity to the observed results.
The information herein produced can help improve regulatory
mechanisms and public policy management in order to reduce
undesirable variations in the adjustment of fluoride concentra-
tion in water that decrease its effectiveness in achieving dental
caries prevention goals. Furthermore, it may encourage studies
in other countries and more specific studies within the same
country where operational control and surveillance procedures
are determined in a decentralized manner by subnational gov-
ernment authorities.

In conclusion, institutional arrangements, regulatory mech-
anisms and control, surveillance, and information disclosure
procedures varied substantially among the three countries.
The maximum allowable value for naturally occurring fluoride
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was 4.0mgF~/L in the USA and 1.5mgF~/L in other countries.
England and the USA advocated collecting samples from the
supply network, while Brazil only required samples at the end
of the water treatment. The first two adopted different sampling
criteria and used data from companies responsible for water
treatment, while Brazil adopted an independent surveillance
system that used data collected from the distribution network by
the local health authority. The USA and Brazil have built a na-
tionwide information system under the principles of health sur-
veillance. Despite the differences, there is an important space
for knowledge and information exchange, particularly around
ways to ensure effective monitoring and maximize performance
of fluoridation programs in order to achieve the public health
objectives of reducing caries prevalence with minimal risk of
dental fluorosis.
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