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First Report *

Water fluoridation as a public health measure to aid in the control
of dental caries is receiving world-wide attention. Many government
officials, public health administrators and others have asked for guidance
in the form of an authoritative report presenting the subject in a way
which will serve as a useful guide when water fluoridation projects are
considered.

Fluoridation of water-supplies emplovs the fluoride ion as the active
agent ; a number (at least six) of simple and complex inorganic fluoride
salts serve as sources. The element fluorine is not used as such ; for this
reason “ fluoridation ” rather than ** fluorination ™ is the preferred term.
Fluorides occur as a natural constituent of many water-supplies.

1. DENTAL ASPECTS

1.1 The problem of dental caries

Dental caries is one of the most prevalent and widespread diseases in
the world. It is not restricted to any specific age, sex, or economic status,
nor is it peculiar to any country or race. In countries where dental surveys
have been carried out, it has been found that almost the entire population
is affected by dental caries and its consequences. It has been found, too,
that dental caries starts soon after the eruption of the deciduous teeth.
Numerous studies have been made on the prevalence of caries among
children in many countries, and it has been shown repeatedly that the
average child reaching school age has many carious teeth. The consequences
of the disease can be particularly serious both in childhood and adolescence.
The carious lesions increase progressively in size, frequently leading to
considerable suffering and eventual loss of teeth. The consequent reduction

* The Executive Board, at its twenty-first session, adopted the following resolution :
The Executive Board

1. NoTes the first report of the Expert Committee on Water Fluoridation ;

2. THANKS the members of the Committee for their work ; and

3. AUTHORIZES publication of the report.

(Resolution EB21.R6, Off. Rec. Wid Hith Org., 1958, 83, 7)
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of function may affect nutrition in the growing child. Impaired mastication
is the direct cause of digestive disorders, and secondary infection from a
septic mouth may have far-reaching effects on general health. Not least
among the unfortunate consequences of the loss of teeth caused by dental
caries are traumatic occlusion, which can induce severe parodontal disease,
and the serious psychological and social effect of facial disfigurement.

Throughout the world, dental decay represents an economic drain
upon both health services and individuals. It would be extremely difficult
to assess the amount of effort spent over many years in various countries
to attempt to relieve this disease.

1.2 Treatment

Early detection and treatment of dental caries is effective in controlling
the disease and its results. Even in those countries with the highest ratio
of dentists to population, however, no more than one-third of the needs of
the people in this respect are being met.

In many countries which together represent a large proportion of the
world’s population, the dentist/population ratio is extremely low. It is
inconceivable, thercfore, that the control of dental caries by treatment
methods alone can be accomplished on a world-wide basis in the foreseeable
future.

1.3 Prevention

As in the case of any disease, the ideal solution of the problem of
dental caries is prevention. Efforts to prevent dental caries have taken
many forms, ranging from oral hygiene to stringent dietary control.
Specificaily, these methods include reducing the consumption of sticky
fermentable carbohydrates, brushing the teeth at regular time-intervals or
immediately after meals, mouth-rinsing, using therapeutic dentifrices, and
providing dietary supplements such as vitamins and minerals. The relative
value of each method will not be assessed here. Whilst some of
these methods are effective on an individual basis, their application on
a public-health or population-wide basis, however, has on the whole been
disappointing, since no one of them fulfils the requirement of being widely
acceptable and practicable in application. The potential value of fluorides
is, therefore, of special interest.

1.4 Fluorides and dental health

Historically, it is of interest that the empirical use of fluorides for
the prevention of dental caries can be traced back to the last quarter of the
nineteenth century. The origin of today’s concept of fluoridation as a
preventive measure, however, is directly attributable to observations made
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in connexion with another dental disease, mottled enamel.? 46- 49 5¢ Jp
1931, fluorine in the drinking-water was identified as the cause of mottled
enamel . Prior work by McKay, concerned with a description of the
disease and the location of endemic areas, had led to the conclusion that
the causative factor was in the drinking-water.® Dean’s subsequent studies,
in which classical epidemiological techniques were employed, clearly
defined the direct and quantitative relationship between the prevalence
and severity of mottling and the concentration of fluoride in the drinking-
water.® With concentrations of 8 parts of fluoride in a million parts of
water (8 p.p.m.), or more, the teeth of almost the entire population are
brown-stained and pitted. As the concentration decreases, however,
mottling becomes progressively less severe, so that at a level of about
1.5 p.p.m. it is of a mild to very mild degree.

The very mild mottling of teeth found in communities where the
fluoride is in the range 1-1.5 p.p.m. 15 of no cosmetic significance and
can be detected only by careful dental examination as a slight white flecking
of the enamel. This observation led to the adoption in the United States
of America of 1.5 p.p.m. fluoride as a minimum threshold of mottling
for inter-State drinking-water standards.

The term *“ mottled enamel ” is used loosely to describe any defect
or discolouration of the enamel caused by ingestion of excessive amounts
of fluoride during tooth development. Imperfections of enamel development
occur frequently and may be caused by a wide variety of factors. Examples
of causes are prolonged fever, vitamin deficiency and other faults in
metabolism, and mechanical trauma. The non-fluoride imperfections are
fairly common and usually are more damaging from the cosmetic standpoint
than the slight flecking of enamel which is occasionally seen in children
residing in communities using water containing about 1 p.p.m. fluoride.
In diagnosis, special care is required not to interpret white spots as being
specifically pathognomonic of fluoride mottling.4- 5 8 17. 26. 51, 60

In reporting the studies on mottled enamel, an impression that the
condition was accompanied by a relatively low prevalence of dental caries
was noted. This impression stimulated further studies on fluorides in
drinking-water as a factor in dental health.

1.5 Dental caries and fluoride

'Wide variations in the naturally occurring fluoride content in communal
drinking-waters in many countries of the world provided exceptional
opportunities for studving and determining the relation between the
prevalence of dental caries and fluoride concentration. Notable among
these countries is the United States of America, where more than 3 million
people live in communities where the natural fluoride concentration of the
drinking-water is 1.0 p.p.m. or greater. It was there that Dean and his
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co-workers conducted carefully designed epidemiological studies in
21 cities.1' 13 Tn this series of comprehensive investigations, 7257 children
aged from 12 to 14 years were examined. The 21 cities are located in a
narrow geographical area where the mean annual temperature is approxi-
mately 50°F (10°C). All clinical examinations were made by two dentists
who examined an equal number of children in each city. Rigid criteria
were employed to ensure that the children studied had been continuous
residents and regular users of the city water-supply.

These studies demonstrated that there was an inverse relationship be-
tween the fluoride level in the water and the incidence of caries.!t 12 38. 39, 57
With low levels, the caries was severe, but with about 1 p.p.m. fluoride
children had only one-third as much caries as had those of the same age
in areas where there was very little fluoride in the water. With levels of
more than 1 p.p.m. fluoride there was very little further reduction in caries.

The pattern of the initial series of investigations has been followed
by a long and increasing list of independent investigators in other parts of
the USA and in many countries of the world. These countries include
Argentina, Canada, England and Wales, Greece, Hungary, India, Kenya,
Norway, Sweden, Switzerland, Turkey, Union of South Africa, and
USSR.1® With a remarkable degree of uniformity, the different observers
reported the fact that there is an inverse relationship between the prevalence
of dental caries and the fluoride concentration in drinking-water up to
approximately 1 p.p.m. This fact was important. Maximum dental caries
benefits were associated with a concentration of fluoride which is below
the minimum threshold established for mottling of the teeth or dental
fluorosis.

The public health significance of the striking difference in caries preva-
lence among children in fluoride and fluoride-free areas was further enhanced
by a study of adult populations which demonstrated that the effect of
fluoride continues into adult life without any appreciable diminution with
age.®3 Groups of adults aged 20-44 years were examined in an area
where the water contained 2.5 p.p.m. fluoride and compared with similar
groups in a fluoride-free area. It was found that in each group studied,
- and up to 44 years of age, caries experience in the fluoride area was only
about one-third as much as in the non-fluoride area.

As a logical sequence to all the knowledge which had been gained,
it was decided in the USA in 1944 to add fluorides to some water-supplies
as a means of preventing dental caries. '

1.6 Introduction of fluoridation

The potential significance of the dental effects of fluorides in drinking-
water stimulated broad interest in the physiological effects.
Fluorine in a combined state in nature is found almost everywhere
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throughout the world, and is a constituent of certain minerals found in
rock and soil. There is a substantial volume of literature reporting the
world-wide geographical distribution of fluorides contained in domestic
water-supplies where a fluorine /dental-caries relationship has been found.
Fluoride is also found in teeth and bones and in many of the foods which
are commonly eaten.

Studies concerned with ingestion, metabolism, and excretion of fluorides
were undertaken not only in human subjects, but also in laboratory
animals. Details of thé scope and results of these studies will be discussed
more fully in section 2. It is significant, however, that studies on controlled
fluoridation of community water-supplies were not undertaken until the
safety of the procedure had been assured beyond any reasonable doubt.
Margins of safety had been estimated against the well-known toxicological
effects of fluorine. It had been established, too, that the use of drinking-
water containing several times the optimum fluoride concentration does not
affect skeletal development or height and weight ; that most of the fluoride
ingested is eliminated ; that fluoride has an affinity for calcified tissues
and especially for teeth ; that the first signs of having used drinking-waters
containing fluoride during the period of tooth formation are found in
the teeth ; and that the rate of bone fractures among young adult males
is no higher for those using fluoridated drinking-water than for others.

The controlled fluoridation of community drinking-water supplies was
started in 1945, at Grand Rapids, Mich., USA,? and shortly afterwards
at Newburgh, N.Y., USA,* and Brantford, Ontario, Canada.2" 28 1In
each case, fluorides were added to the water to bring the concentration
up to 1.0-1.2 p.p.m., and for each fluoridation city a control area was
selected. These studies were planned to extend over a period of 10 years,
so that the deciduous dentition and most of the permanent dentition
would be subjected to fluoride during the whole period of development
and calcification, and would be exposed for some years to caries-attack.
In addition, these studies were designed to determine, by actual performance,
the feasibility of adding fluorides to water, the reliability and accuracy
of the machinery, and the per capita cost. The studies were carefully
planned and controlled, and the effect on general health was watched.
One study (Newburgh) included an extensive paediatric research pro-
gramme.

Detailed dental examinations were carried out on children between
4 and 15 years of age before fluoridation started and were repeated each
year. Dental caries experience in the fluoridation areas was compared
with that in the control areas, and also with caries experience among
similar groups of children in Aurora, Ill., a natural fluoride area with
1.2 p.p.m. fluoride in the water.> This was done to determine whether
the added fluoride was as effective in reducing dental caries as fluoride
which occurred naturally.
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These studies have now been in progress for 12 years and the results
have been published. . Other studies have been set up in the intervening
years and are showing comparable results.

1.7 Results of fluoridation

Reports of the results after 10 years of controlled fluoridation in three
cities, two in the USA and one in Canada, show a remarkable uniform-
ity.% 4 2728 The prevalence of dental caries in the permanent teeth of
continuously resident children who had used the fluoridated drinking-water
throughout life was decreased by some 609, comparison being made
either with the findings among their counterparts prior to fluoridation,
or with the findings among children in the control cities selected for the
separate studies. Dental caries prevalence in the deciduous or primary
dentition was similarly reduced ; the reduction ranged from 50% to 60%.
The results obtained in the three studies confirmed the hypothesis that the
use of drinking-water with 1 p.p.m. fluoride produces identical dental and
general effects whether the fluoride occurs naturally or is added by mechan-
ical means.

Dental caries experience in the teeth of children born prior to fluoridation
was also appreciably reduced. The extent of the reduction among these
children, however, was inversely related to their age at the time fluoridation
was started. Maximum benefits, equal to those observed in children of
communities having naturally occurring and optimum concentrations of
fluoride in the drinking-water, were found in children born after fluoridation
began. ‘

Observations on growth and development, calcification of bones,
elimination of fluorine in the urine, dysplasia of the teeth, gingivitis,
hearing, sight, and blood were made in one or more of the study projects,
and particularly in the Newburgh project. Comparison of these obser-
vations with established norms, with counterparts prior to fluoridation,
or with opposite numbers in control cities revealed no deleterious or
beneficial effects other than those relating to dental caries experience.

1.8 Fluoridation projects

To date 32 million people in more than 1500 cities and towns in the
USA are using mechanically fluoridated drinking-water.®® Controlled
fluoridation programmes are also in operation in one or more com-
munities in the following countries : Australia (2), Belgium (1), Brazil (3),
Canada (10), Chile (1), Colombia (1), El Salvador (1), Federal Republic
of Germany (1), Great Britain (4), Japan (1), Malaya (1), Netherlands (1),
New Zealand (1), Panama Canal Zone (2), Sweden (1), Venezuela (1).
Approved plans for the first fluoridation projects in Norway and Switzerland
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are in the process of being implemented. These facts on the current status
of fluoridation programmes are included to reflect the world-wide extent
of endorsements by responsible health officials and their advisory councils.

2. SAFETY OF WATER FLUORIDATION .

2.1 General

When an element such as fluorine, that can be toxic in excessive amounts,
is to be absorbed by large human population groups continuously for
extended periods, it is of the utmost importance that the biological effects
be thoroughly investigated. Many substances, when absorbed by living
organisms in small doses, may be essential to life or may produce almost
imperceptible functional or tissue changes, whereas large doses evoke
severe signs of intoxication. As long as such manifestations remain
reversible and do not impair in any way the normal physiological processes,
they cannot be spoken of as toxic effects. Following the administration
of large doses of fluorides, a characteristic pattern of response has been
discovered ; certain organs and tissues are involved preferentially. With
smaller doses, special attention can be directed to these tissues, using
methods selected to discover aberrations in structure or in the normal
physiological functions. From this point of view, therefore, the effects
of fluorine have been determined clinically and experimentally. For each
of the systems and organs, the aim has been to fix quantitatively, for the
different tissues, the highest doses which can be given without provoking
signs of intoxication. The base-line for comparison in such observations
has always been the optimal concentration for the prevention of dental
caries.

This work has not been the monopoly of one science, but scientists
from different disciplines, biologists, physiologists, toxicologists, chemists,
veterinarians, pathologists, physicians, and dentists, in many countries of
the world, have made important contributions by clinical observations
and laboratory experimentation. The rich literature on the subject comprises
nearly 3000 research publications in the last 20 years. Important findings
have been confirmed in the laboratories of many countries. It is not
implied that this research field is unique in freedom from controversy.
Contradictory conclusions, however, have in some cases been based on
tests under quite different experimental conditions, and in others ambiguous
descriptions or illogical interpretations can be blamed.

In this section, those biological properties of inorganic fluorides that
are reasonably well established are described in general terms to furnish
evidence that the knowledge of the effects of fluorides is sufficiently extensive
and detailed to guarantee adequately the safety of water fluoridation.
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2.2 Fluoride effects on cells and bacteria

The fluoride ion, like the chloride ion, penetrates cells. Therein, when
sufficiently high concentrations are established, fluoride inhibits certain
enzymic reactions. A considerable number of metabolic reactions may be
interfered with in varying degree ; apparently, many enzymes have some
susceptibility to fluoride, but the inhibiting concentrations in vitro range
for different enzymes from over 10~% to 5x10® M. The mechanisms of
these inhibitions are in most cases unknown. In certain instances, enzymes
inhibited at one concentration are stimulated by lower concentrations.
Although a considerable number of enzyme systems have already been
studied, as yet unknown or untested enzymes may be those critically
sensitive to fluoride. Thus the principal toxic effects of fluorides cannot
at present be attributed with certainty to one or a few enzyme systems,
but the actual concentrations in the body are such that many fluoride
effects must be enzyme mediated. No evidence of enzyme inhibition by
fluoride is known in persons ingesting fluoridated water with concentrations
optimal for dental health.

Enzymatic inhibition presumably accounts for the bacteriostatic effects
of fluorides as well as for the interference with cell growth in tissue culture.
Adding 1 p.p.m. fluoride to the water-supply has created no problem in
industrial bacterial processes—for example, brewing. Interference with the
growth of certain rickettsiac and viruses has been reported, but not at
1 p.p.m. ‘

Because oral bacteria have long been held responsible for part of the
caries process, it might have been expected to find a change in the oral
flora in populations drinking water containing 1 p.p.m. fluoride. In
general, no such change has been found, nor have alterations in the bio-
chemical functions of the saliva been observed. Oral bacteria in media
containing 1 p.p.m. fluoride in vitro have shown no reduction in acid
production. :

2.3 Fluoride effects on the intact animal

2.3.1 Absorption

Soluble fluorides are rapidly absorbed from the gastro-intestinal tract.®
A number of fluorine compounds are used to fluoridate water ; each is to
be considered as a source of F-—only this ion is absorbed *—and no
important differences exist in the absorption and subsequent distribution.
Ingestion of fluorides together with solid food or with milk, and especially
with large quantities of calcium salts, may decrease the absorption markedly,
presumably because sparingly-soluble calcium salts are formed. Some of
the fluoride in solid food undoubtedly is available and is absorbed ; however,
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this contribution is generally a minor fraction of the total absorbed daily.
In any case, absorption is rarely, if ever, complete ; 10-15% of the ingested
fluoride usually is excreted in the faeces.3% %

2.3.2 Distribution and excretion

The published concentrations of fluoride in the blood vary greatly
(no doubt reflecting the analytical difficulties). The most reliable estimates
lie in the range of 0.01-0.2 p.p.m. Whether the drinking-water contains
essentially no fluoride or as much as 1 p.p.m., the average concentrations
in the blood remain in this narrow range of extremely low.values. Blood
F levels vary with the fluoride intake in a not clearly defined manner.
After the ingestion of a large (even a toxic) dose of fluorides, however,
the concentrations reach peak values in one half to one hour and thereafter
decrease promptly, reaching the normal range in 24 hours or less.t: 47
The increment of blood fluoride from drinking fluoridated water is
consequently slight and of short duration.

A large fraction of the absorbed fluoride is promptly excreted in the
urine ; the renal clearance is considerably greater for the fluoride ion
than for chloride or for sodium ions.5 % 3% Of the retained fraction,
almost all is taken up by the mineral crystals of the skeletal tissues. The
uptake in bones and teeth is most rapid in young developing individuals.
A gradual saturation of the skeleton takes place which, on a constant
fluoride intake, is reflected in an increase in urinary excretion.

The soft tissues take up very small quantities of fluoride, comparable
to but less than the concentrations in the blood. No storage occurs in
soft tissue.? % Two organs contain slightly higher concentrations than
the others : the thyroid and the kidney. The thyroid has been described
as “halogen blind 7, but the fluoride uptake is not at all comparable
to the exceptional concentration of iodine by the thyroid. The thyroid F
level rises and falls with the blood level. The kidneys as the excretory
apparatus for fluoride understandably exhibit a transient high concentration
during the few hours in which most of the excretion occurs following
absorption.

A slightly higher concentration of fluoride has also been reported for
the placenta, which is permeable at least in some degree to fluoride ions :
the blood of the mother and the foetus have been reported to contain
about the same concentrations of fluoride.?

The -concentration of fluoride in milk is generally given as about
0.2 p.p.m. for both human and cow’s milk. Variations in milk F levels
with widely varying fluoride intakes are remarkably small.?

The fluoride content of saliva is low and does not vary significantly
with the amount ingested.
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2.3.3 Metabolism of calcium, phosphbrus and magnesium

No effects whatsoever have been detected on the mineral metabolism,
specifically of calcium, phosphorus and magnesium, when the drinking-
water contains 1 p.p.m. fluoride. Blood’ serum contains normal concen-
trations of these elements even when fluoride intake is considerably elevated.
Contrary to the frequently repeated opinion that toxic doses of fluoride
reduce the ionic calcium concentration in blood, no marked changes occur
in humans and animals and tetany is almost never seen in fatal poisonings.
High doses of fluoride do not affect the deposition of radiocalcium and radio-
phosphorus in the femurs and mandibles of experimental animals.

Both calcium and magnesium form complexes with fluorine so that
certain antagonistic actions have been observed in vitro with selected
relatively high concentrations (10°*M Mg*+ and 10°M F-). In vivo,
diets rich in calcium decrease fluoride absorption (and toxicity), but no
similar relation with phosphorus exists.

2.3.4 Age, development and growth

An increasing body of evidence testifies to the absence of any effect
on somatic and psychic growth of children in areas in which drinking-
water contains optimal amounts of fluoride.2*# The normal development
of the skeleton both morphologically and in mineral content (bone age
and X-ray opacity) and the normal development, calcification, and eruption
of teeth have been demonstrated in several studies. A delayed eruption
of permanent premolars was described in children from a European area
with optimal amounts of fluoride in the drinking-water. The explanation
was found in the earlier eruption of the corresponding teeth in the low-
fluoride control area following early extractions of carious deciduous
molars. ‘

In experimental animals, large daily doses of fluorides depress growth ;
however, no growth retardation has been observed when the diets contain
100 p.p.m. or less, in a large group of experiments including observations
up to four years’ duration.?® Optimal doses of fluorides do not interfere
with normal repair of bone fracture.

On a given daily intake of fluoride, younger individuals retain more
fluoride in their skeletal systems than do older children or adults. Fluoride
retention in the skeleton continues throughout life, even with a low intake.

2.4 Fluoride effects on organs

2.4.1 Hard tissues

The skeleton is the sole storage site of fluoride. This important fixation
mechanism may account for as much as 1/5 to 1/2 of the day’s intake in
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young individuals or in short-term experiments ; 33 % however, on long-
continued administration, steady states are established in which smaller
fractions of the fluorides are stored. The fixation mechanism is an exchange
with the hydroxyl of the apatite mineral,®” giving what may be called a
mixed apatite which serves the same functions as hydroxyapatite. Stored
fluoride is mobilized both by exchange with hydroxyl ions, a relatively
rapid process, and by osteoblastic and osteoclastic remodelling, a process
so slow that a year or more is required for half removal.? 2 4 The
capacity of the skeleton to hold fluoride is impressive. If an individual
drank water containing 1 p.p.m. fluoride during a lifetime of 70 years
and all the fluoride were stored in the skeleton, less than a quarter of the
hydroxyapatite would have to be converted to fluorapatite. Much higher
fluoride levels in bone mineral have been observed in symptom-free animals
given fluorides.

There are limits to the capacity of the skeleton to store fluoride without
detectable structural changes. When large daily doses are ingested for
extended periods, three clinical conditions may be defined, in order of

decreasing dose : crippling fluorosis, asymptomatic osteosclerosis, and
mottled enamel.

2.4.1.1 Crippling fluorosis. In rare instances of excessive industrial
exposures to fluorides (both man and animals) or where natural waters
contain very high fluoride concentrations, particularly when consumed
by undernourished or malnourished population groups, the disease known
as crippling fluorosis may appear. Fluoride intakes of 20-80 mg per day,
or more, for periods up to 10 to 20 years are required.** The disease is
characterized by severe osteosclerosis, fresh areas of osteoporosis, exostoses,
and calcification of certain ligaments, especially the broad ligaments of
the spine (producing “ poker back ) and of the pelvis. Motion of the
joints is so restricted that simple daily duties can no longer be performed.

2.4.1.2 Asymptomatic osteosclerosis. Adult humans ingesting (or gaining
by other routes) lesser amounts of fluoride, but still enough so that the
daily urinary excretion exceeds 5 mg;l, will, after periods of 5 to 10 years,
develop an asymptomatic increase in the X-ray opacity of certain bones,
called osteosclerosis. The changes frequently seen first in the sacral vertebrae
ultimately may involve other bones, for example, long bones, pelvis, etc.
No functional abnormalities accompany these radiographic changes. A
drinking-water content of 8 p.p.m. fluoride (e.g., Bartlett, Texas) constitutes
approximately the borderline for osteosclerosis development; 14 of the
113 persons examined there exhibited such bony changes. In the large
group of animal studies where X-ray examinations were made, osteo-
sclerosis failed to develop even in periods up to 4 vears when the diets
contained as much as 50 p.p.m. fluoride.*
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2.4.1.3 Mottled enamel. The well-known chronic dental fluorosis
(mottled enamel) appears when drinking-water supplies contain 2 p.p.m.
or more and when these waters are ingested during the first 8 years of life.

Mottled enamel is a sign of disturbed enamel formation. Moderately
severe mottling is characterized by unsightly discolouration, and severe
mottling by pitting and irregularities of the enamel surface. The prevalence
and severity of mottling increases with increasing concentrations of fluoride
in drinking-water.® Usually only permanent teeth are affected, but mottling
of deciduous teeth is found in areas of exceptionally high water concen-
trations of fluorides. Teeth cannot become mottled after eruption. Severe
chemical trauma from very high fluoride doses disturbing normal develop-
ment may affect both enamel and dentine.

Due recognition has not been given to the fact that children consuming
water containing 1-1.5 p.p.m. fluoride have well-formed teeth with shallow
grooves and well-rounded cusps. These teeth are aesthetically superior
and more resistant to caries than the teeth of children consuming waters
containing no fluorides or very small amounts. The mechanism of
this beneficial action is not known. A reasonable hypothesis may be
constructed from the following facts : (a) fluorides reduce the solubility
of tooth mineral ; () fluorides in sufficient concentration inhibit bacterial
metabolism ; and (c¢) relatively high concentrations of fluoride may be
found in the most external layer of the enamel, thus providing conditions
for a decreased solubility of the surface enamel and possibly an increased
fluoride ion concentration locally in the immediate surface fluid layer.

2.4.2 Kidney

In animals given large doses of fluorides for short periods, histological
studies show that the kidney is more susceptible to structural injury than
any other organ. Well-defined microscopical changes have been described
with diets containing 200 p.p.m.** Gross changes and functional changes
are reported in relatively short-time studies when the drinking-water
contained 50 p.p.m. Histologically, a characteristic pattern of injury
and necrosis of the columnar epithelial cells (according to the fluoride
dose) has been described. -

The frank injury to the kidney caused by large doses of fluoride
has raised the question of the effect of fluoridated drinking-water on
persons suffering from kidney disease. No evidence has been forth-
coming that fluoridated water worsens concurrent kidney disease. The
urinary fluoride excretion of children and of elderly people suyffering
from kidney disease is within normal range.

In severe kidney failure a lessened urinary excretion of fluoride has
been observed. Any reduction in the normal rapid removal of fluoride
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by the urine would inevitably increase the fraction of the fluoride deposited
in the skeleton, and thus reduce the urinary fluoride content. In terminal
nephritis the patient may succumb to uraemic poisoning and renal failure,
but the fluoride retention will never be life-endangering.

2.4.3 Thyroid gland

The possible connexion between fluoride and the thyroid gland is of
special interest in those countries where endemic goitre exists,'* and the
study of this aspect of the problem perhaps grew from the ability of fluorine
to displace iodine in certain chemical reactions. Although this simple
concept was shown conclusively not to apply to the iodination reactions
in thyroid metabolism—at least for less than 50 p.p.m. fluoride in the
daily ration—fresh interest in the fluoride-thyroid relation arose from
the discovery of the properties of fluorine derivatives of thyroxine.
Difluorothyroxine reduced the intensity of the Basedow syndrome. The
anti-Basedow effect, however, could not be attributed to fluorine, but to
the fluorinated organic molecule.

Other facts seemed superficially to indicate an antagonism between
fluorine and iodineé : ‘regions which are rich in fluorine may be poor in
iodine ; cows receiving a diet rich in fluorine accumulated fluorides in
the thyroid gland ; the resorption of fluorine in the kidneys reduced the
resorption of iodine ; rat thyroid tissue contained a relatively higher amount
of fluorine than was found in the other soft tissues. On the other hand,
a whole series of observations directed to this specific point showed that,
with concentrations of fluoride optimal for the prevention of caries, there
are no functional disturbances or organic lesions of the thyroid. It was
proved experimentally that a daily dose of 1-2 mg of fluorine did not have
a harmful effect on the thyroid. The accumulation of iodine in the thyroid
was not affected by chronic fluoride poisoning and the passage of iodine
through the acinous and then the colloid sections of the thyroid, as well -
as the distribution of thyroid hormone in the blood plasma, were not
changed. In Switzerland, with its endemic goitre, the relation between
fluorine and thyroid function particularly attracted the attention of medical
investigators : clinical examinations of children receiving sodium fluoride
tablets (1 mg of fluoride per day) for about two years failed to reveal any
clinical or functional change in their thyroids. In a locality where the
water contains naturally 1.4 p.p.m. fluorine, goitre has been effectively
overcome by iodized sodium chloride (5 mg of potassmm iodide per kg of
kitchen salt) despite the fluorine in the water.

From the results of a large group of experiments on animals, it was
concluded that no alteration in thyroid structure or function occurs when
daily ingestion levels are less than 50 p.p.m. in the diet.
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2.4.4 Skin and related structures

The toxic effects of very large doses of fluorides on skin, hair, and nails
attracted attention to the possibility of such changes when water is fluo-
ridated. Systematic examinations of children in the Newburgh study
showed entirely normal epithelial structures.

From several sources have come reports indicating that the soft tissues
of the mouth and the dental supporting structures are in no way affected
by drinking-water containing 1 p.p.m. fluoride. Neither the gums nor
the underlying alveolar bone and parodontal membrane present any
morphological or functional changes when compared with those of people
living in areas with essentially no fluoride in the drinking-water.

2.5 Health studies

The most convincing evidence of the safety of water fluoridation comes
from the numerous population groups (3 million in the USA, 0.5 million
in England) who have drunk naturally fluoridated water containing 1 p.p.m.
or more during their lifetimes. In these groups water drinking has been,
of course, uncontrolled, and there have been well and ill babies as well as
healthy young adults and frail elderly people. Medical practitioners and
specialists in these areas have never detected and defined a systematic
aberration in health of any kind related to the fluoride consumed (except
mottled enamel in endemic areas). Large-scale epidemiological tests are
lacking. The long-range detailed paediatric study of the Newburgh-
Kingston children, including observations on growth, blood count, X-ray
of bones, etc., offers convincing evidence of the normal health of children
drinking 1 p.p.m. in their water.2% 3% 45 The Bartlett-Cameron survey,
a 10-year longitudinal study of 168 individuals, demonstrated no adverse
health effects with even 8 p.p.m. in the drinking-water, although tooth
mottling and a low incidence of ostecosclerosis were found.” Mortality
and morbidity rates are comparable for fluoridated and non-fluoridated
population groups : the mortalities from five leading causes of death—
heart disease, cancer, cerebral accidents, nephritis and liver cirrhosis—
were the same in 32 pairs of American cities, one of each pair receiving
fluoridated water, the other not.'®

Studies so far have failed to establish any relation between fluoride and
arthritic changes (arthropathies) in bone.®

No confirmed cases of allergy to fluoride have been described in popu-
lation groups drinking controlled or naturally fluoridated water.l

All these findings fit together in a consonant whole that constitutes a
great guarantee of safety—a body of evidence without precedence in public
health procedures.
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3. ENGINEERING ASPECTS

The addition of fluorides to public water-supplies has proved to be
similar to other routine mechanical procedures widely employed in water-
works practice. This fact has been demonstrated during a 12-year period
and in over 1500 communities. Suitable types of equipment have been
developed for feeding fluorides either as solids or as solutions, being
generally comparable to feeders for other waterworks chemicals. Depending
mainly on the scale of operations, either volumetric or gravimetric feeders
have been found satisfactory. The detailed operating procedures are
familiar to, or can be readily grasped by, experienced water treatment
personnel. The application of fluorides has proved practicable in different
types of plants with different degrees of complexity of treatment. The
fluoride compounds commonly used include sodium fluoride, sodium
silicofluoride, magnesium silicofluoride, ammonium silicofluoride, and
hydrofluosilicic acid. Promising work has been done with calcium fluoride,
using an alum dissolver—a process which may further reduce the present
reasonable cost.

In the application of fluorides to a public water-supply, there are a
number of safeguards that should be applied for the protection of the
public and the operators of the treatment plant. The exact nature of
these safeguards depends on the local characteristics of each individual
plant, the type of fluorine compound selected for use, and the nature of
supervision that can be exercised. Since there is a wide variation in
individual situations, and since research and development can be expected
to offer new methods of application and control, it is not practicable to
describe exact methods, controls, materials, or techniques. It is possible,
however, to establish minimum criteria as a basis for engineering design,
plant operation, and control.

The dosage to be applied is related to the optimum concentration of
fluorine for the prevention of dental caries. It depends upon the amount
of fluorine present in the water-supply prior to treatment and on the climate.
The figure for fluorine dosage in drinking-water should be established
after careful study by appropriate health officials. The specified dosage
is the fluoride content of water as delivered to consumers.

The precision of fluoride application should be carefully controlled.
Chemical feeding equipment should be designed to adjust the amount
of the fluoride to the rate of water flow at the point of application, and
to maintain a variation of not more than 0.1 mg/l above or below the
established dosage. The design of feed equipment should provide for
positive protection against overdosage of fluoride in case of malfunctioning
of the feed mechanism. Examples of specific hazards would be siphonage
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of fluoride solution through a defective discharge valve into a water line
under negative pressure, or the continuation of fluoride application after
the flow of water has been reduced or stopped. Most cases of failure of
equipment are likely to result in under-treatment, and this should be
carefully guarded against if the principal purpose of fluoridation is to
be fulfilled.

Control of fluoridation should be maintained through frequent and
regular inspection, sampling and analysis, and careful training and super-
vision of operating personnel. Adequate records are essential, e.g., it is
imperative to compare the amount of chemical used and the total amount
of water treated. Sampling should extend not only to points in the treat-
ment plant, but to representative outlets in the distribution system.18: 52
The number of samples and the frequency of collection should be related
to the amount of water treated, in order to ensure that the samples examined
are representative of the water treated or consumed. The fluoride analytical
method used for laboratory examination should be as reliable and precise
as possible. . The WHO Study Group on International Standards of
Drinking Water Quality has recommended the method described in Standard
Methods for the Examination of Water, Sewage, and Industrial Wastes.?
Precautions should be taken to protect operators against the toxic hazards
related to the handling of the fluoride compounds.t® 36 35. 61 Protective
measures include such items as the use of dustless compounds when possible ;
protective masks, gloves and clothing; exhaust fans and hoods; and
enclosed chutes, hoppers, or conveyors.

Design of the plant and selection of equipment should be put in the
hands of a competent and experienced engineer. Laboratory control
should be carried out under the supervision of a qualified water chemist.
All operating personnel should be thoroughly trained in their duties, both
for their own protection and to ensure reliable operation.

The selection of method and the fluoride compound to be applied
will usually be decided on the basis of cost. Rapid changes are taking
place, based on experience and research, and it is desirable to provide
not only for the immediate situation, but for possible changes in methods
to improve reliability and economy. It is necessary, also, to consider the
availability and cost of equipment and materials in each locality, as these
factors are extremely variable among different countries and areas.

4. ALTERNATIVE METHODS

With present technical development, fluoridation of drinking-water
is limited to regions served by waterworks where adequate control of
the dosage is technically and economically possible. This means that
large population groups, varying in size with the development and urban-
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ization of the different countries, cannot obtain prophylactic fluoride
doses through the drinking-water.

Local applications of fluoride compounds may in part provide a
substitute for fluoridated drinking-water where the latter is not available.
This method was originally based on the finding of higher enamel fluoride
content in regions with high concentrations of fluoride in the water, and
on the fact that the enamel apatite has a strong affinity for fluoride
ions. Topical treatment with fluoride solutions after cleaning and
drying of the enamel surfaces has been found to reduce the caries incidence
to a varying extent for periods of several years. The cost in professional
working time is, however, relatively high and limits its application as a
large-scale public health measure. The results with mouthwashes and
. dentifrices containing fluoride have in most cases been negative, but studies
of these methods are continuing.

Local fluoride application cannot therefore replace drinking-water
fluoridation. On the other hand, one of these forms of application does
not exclude the simultaneous use of the other, provided that the local
application is not complicated by swallowing of fluoride quantities which
may lead to over-dosage.

Various vehicles have been proposed for the systemic administration
of fluoride in regions where water fluoridation cannot be applied. The
most important of these vehicles seem to be milk, table salt, and fluoride
tablets which are now all being tested.?!: 22 38: 3 Milk might be a possible
alternative vehicle in countries with a universal milk consumption by the
children, while salt might be possible for regions with a low or irregular
milk consumption.

At present, the value of milk and salt for fluoride administration
cannot be compared with that of drinking-water, since the evidence in
favour of the first two vehicles is incomplete ; in particular, there is a
total lack of clinical evidence of their effectiveness. On the other hand,
‘tablets have been shown to have some positive effect, although the
experiments with tablets have been performed for a much shorter time
and on a much smaller scale than drinking-water fluoridation.

Continued research on these fluoridation methods should be encouraged.
If their effectiveness, practicability, and safety of application can be
satisfactorily demonstrated, they may become very valuable in regions
where water fluoridation is impossible.

5. SUMMARY

1. Dental caries is one of the most prevalent and widespread diseases.

2. There is no hope of controlling the disease by present treatment
methods alone.
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3. Among the numerous preventive methods, the fluoridation of
drinking-water supplies is the most promising.

4. The effectiveness, safety, and practicability of fluoridation as a
caries-preventive measure has been established.

5. 1 p.p.m. fluoride has been shown to give maximum benefits : first,
by epidemiological studies where fluoride occurs naturally in the water,
and, secondly, where fluoride has been added at optimum concentrations
through mechanical means.

6. Hundreds of controlled fluoridation programmes are now in
operation in many countries. Some have been in progress for the past
12 years, so that conclusions are based on experience. No other public
health procedure, during the initial stages of its application, has had
such a background in time or extent.

7. The biological effects of fluorides have been described in nearly
3000 clinical and experimental reports in the past 20 years. This literature
is not only extensive but of broad scope.

8. Fluorides penetrate cells and in sufficiently high concentrations
inhibit certain enzymes, but no evidence of enzymal inhibition has been
found in persons drinking fluoridated water containing concentrations of
fluoride optimal for dental health.

9. Most of the fluoride absorbed into the system is rapidly excreted,
principally in the urine ; the rest is deposited in the minerals of the bones
and teeth.

10. When large doses or excessive amounts of fluorides are ingested
for protracted periods (many years), the skeletal system exhibits structural
changes. The clinical manifestations are classed as (a) crippling fluorosis
(20-80 mg of fluoride or more per day for 10 to 20 years; calcification
changes in bone together with calcification of ligaments) ; (b) asymptomatic
osteosclerosis (more than 5 mg/l of urine excreted daily for 5 to 10 years ;
hypercalcification in one or more bones without disability) ; and (c¢) mottled
enamel (drinking-water containing 2 to 8 p.p.m. fluoride or more during
the first 8 years of life ; interference with enamel formation, stained or
in severe cases irregular enamel surfaces). . Adequate factors of safety
guarantee the absence of these changes when water containing 1 p.p.m.
fluoride is drunk.

11. Toxic doses of fluorides (50 times that used in controlled water
fluoridation) injure the kidneys. There is no evidence of kidney injury
or of any effect on concurrent kidney disease in the populations drinking
fluoridated water where fluoride concentrations range up to 5 p.p.m.

12. No relation between thyroid dysfunction and naturally fluoridated

water has been established. In animal studies, daily doses in excess of
50 p.p.m. in the diet produced structural and functional changes in the
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thyroid. In humans, drinking-water containing 1-5 p.p.m. fluoride is
without demonstrable effect on the thyroid.

13. Growth and development, somatic and psychic, are normal in
children drinking water containing 1 p.p.m. fluoride.

14. The formation of teeth and even their resistance to caries and
their appearance are improved when water containing optimal concen-
trations of fluoride is consumed.

15. Over 3 million people in the USA, over half a million in England,
and large population groups in other countries have, during their lifetime,
consumed water containing 1 p.p.m. fluoride or more. Mortality and
morbidity rates for five leading causes of death are comparable for cities
in the USA with fluoride and non-fluoride public water-supplies. No
relation between fluoride and arthritic changes in bone has been found,
nor have confirmed cases of allergy to water contalmng 1 p.p.m. fluoride
been described.

16. The addition of fluorides to public water-supplies has proved to
be similar to other routine mechanical procedures widely employed in
waterworks practice. Suitable equipment has been developed, reliable
analytical procedures are available, and appropriate safeguards have been
established. ‘

17. No other vehicles or techniques for the prophylactic application
of fluorides can at present replace the fluoridation of drinking-water
as a public health measure. Where water fluoridation cannot be used,
research into other vehicles and improved methods of local fluoride appli-
cation should, however, be encouraged.

6. CONCLUSIONS

1. Drinking-water containing about 1 p.p.m. fluoride has a marked
caries-preventive action. Maximum benefits are conferred if such water
is consumed throughout life.

2. There is no evidence that water containing this concentration of
fluoride impairs the general health.

3. Controlled fluoridation of drinking-water is a practicable and
effective public health measure.
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108
127
147

37
67
148

Price
.d. $ Sw. fr.
1,9 0.30 1.—
Qut of print
Out of print
1/9 0.25 1.—
1/9 0.30 1.—
Out of print
1/9 0.30 1—
1/9 0.30 1.—
1/3 0.15 0.60
1/9 0.25 1.—
1/9 0.30 1.—
3/6 0.60 2.
1/9 0.30 1.—
1/9 0.30 1—
1/9 0.25 1.—
1/9 0.30 1.—
2/3 0.30 1.20
1/9 0.30 1.—
1/6 0.20 0.80
9d. 0.10 0.40
1/3 0.15 0.60
1/6 0.20 0.80
1/9 0.25 1.—
1/9 0.30 1—
1/9 0.30 1.—
1/9 0.30 1.—
1/9 0.30 1—
Out of print
2/- 0.25 1.—
Out of print
3/6  0.60 2.—



Cholera, Expert Committee on
First report . . . . . . . . .. e e

Diphtheria and Pertussis Vaccination
Report of a conference of heads of laboratories produc—
ing diphtheria and pertussis vaccines
Drug Addicts, Treatment and Care of
Report of a study group .
Drugs Liable to Produce Addiction
See Addiction-Producing Drugs.
Environmental Sanitation, Expert Committee on
Report on the first session . .
Second report .
Third report . . . . . . . . ..
Fourth report (‘“ Food Hygiene ).
Epilepsy, Juvenile
Report of a study group . . .
Food Additives, Joint FAO/WHO Conference on
Report
Food Additives, Joint FAO/WHO Expert Commrttee on
First report (‘° General Principles Governing the Use of
Food Additives ) .
Second report (“‘ Procedures for the Testmg of Intentronal
Food Additives to Establish their Safety for Use *)
Health Education of the Public, Expert Committee on
First report . .
Health Laboratory Methods, Expert Comrmttee on
First report (““ The Public Health Laboratory Service ).
Health and Vital Statistics, First International Conference of
National Committees on
Report . .
Hepatitis, Expert Cornmlttee on
First report .
Hygiene of Seafarers, Jomt ILO/WHO Commlttee on the
Report on the first session .
Second report .
Insecticides, Expert Commntee on
Report on the first session . e e
Report on the second session . . . . . . . . . . ..
Third report
Fourth report. . . .
Sixth report.
Seventh report
Leptospirosis, Diagnosis and T\ ping in
Report of a study group.
Malaria, Expert Committee on
Report on the third session
Report on the fourth session .
Fifth report .
Sixth report. e e e
Malaria Conference for the Eastem \Iedxterranean and European
Regions
Report . -
Malaria Conference for the \‘\ estern Pacnﬁc and South-East Asm
Regions (Second Asian Malaria Conference)
Report .

Price

52

61

131

10
47
77
104

130

107

129
144

89

128

85

62

20
92

34

54
110
125

113

39
80
123

132

103

13

4/3

1/9

2/-
1/3
1/9
119

19

1/9
1/9

1/9

3/6

1/9

1/6

1/9

3/6
1/9

1/9

1/9
3/6

3/6

0.15

0.55

0.30

0.25
0.15
- 0.25
0.30

0.30

0.30

0.30

0.20

Sw. fr.

0.60

2.20

1—

0.80

Out of print

0.30

1.—

Out of print
Out of print
Out of print
Out of print

0.60 20—
0.30 1.—
0.30 1.—
Out of print
Out of print
0.25 1.—
0.60 2.—
0.60 2.—
0.30 1.—



Maternal and Child Health, Expert Committee on

Second report (“‘ Administration of Maternal and . Child .

Health Services™) . . . . . . . . . . . . . ..

Maternity Care, Expert Committee on
First report: a preliminary survey . . . . . . . . . .

Meat Hygiene, Joint FAO/WHO Expert Committee on
First report . . . . . . . . . . . . ...

Mental Health, Expert Committee on

Report on the first session . . . . . . . . . . . . ..

Report on the second session . . . . . . . . . . ..

Third report (‘‘ The Community Mental Hospital **)

Fourth report (“ Legislation affecting Psychiatric Treat-
ment™) . ... L. .. o e e e e

Fifth report (“The Psychiatric Hospital as a Centre for
Preventive Work in Mental Health”) . . . . . . . .

Alcoholism Subcommittee
Report on the first session . . . . . . . . . . .. ..
Second report . .. . . . . ... ... ...

Mentally Subnormal Child (The) .
Report of a joint committee convened by WHO with the
participation of United Nations, ILO and UNESCO

Midwifery Training, Expert Committee on
First report . . . . . . . . . . .o oo

Milk Hygiene, Joint FAO/WHO Expert Committee on
Firstreport . . . . . . . . . . .. o000

Nursing, Expert Committee on
Report on the first session . . . . . . . . . .. . ..
Second report . . . . . . . ..o oL
Third report . . . . . . . . . .. ..o

Nursing Education, Working Conference on
Report . . . . . . . . ¢ o v o oo oo

Nutrition, Joint FAO/WHO Expert Committee on
Report on the first session . . . . . . . . . . . . ..
Report on the second session . . . . . . . . .. ..
Third report . . . . . . . . . .00
Fourth report. . . . . . . . . . . . .« o v .
Fifthreport. . . . . . . . . . . . ... ...

Occupational Health, Joint ILO/WHO Committee on

Second report . . . . . ... ..o
Third report . . . . . . . . . . . . ...

Onchocerciasis, Expert Committee on
First report. . .. . . . . . . . . ...

Organization of Medical Care, Expert Committee on
First report (““ Role of Hospitals in Programmes of Com-
munity Health Protection™) . . . . . . . . . . ..

Paediatric Education, Study Group on
Report . . . . . . . .. ... e e e

Pesticides to Man, Toxic Hazards of
Report of a study group. . . . . . . . .. ...

Number

115
51

99

31
73

98
134

42
48

75
93
124

24
49
91

60

16
44
72
97
149

66
135

87

122

119

Price

s.d. $ Sw. fr.

19 030 1.—
13 0.5 0.60

3/6 0.60 2.—

Out of print
Out of print
2/~ 0.25 1—

19 030 1.—
19 030 1.—

Out of print
2/~ 0.25 1.—

19 025 1.—
19 030 1.—
36 060 2.—

1/6 0.20 0.80
1/3 0.15 0.60
1/9 0.25 1.—

1/6 0.20 0.80

Out of print
Out of print
1/6 0.20 0.80
3/6 0.60 2—
In preparation

1/6 020 0.80
1/9 030 1.

1/9 0.25 1.—

1/9 030 1.—
19 030 1.—

3/6  0.60 2.



