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FLUORIDATION OF WATER SUPPLIES 

1. FLUORIDATION AND ITS EFFECTS 

Fluoridation, or the ad.dition of a minute quantity of fluoride 
salts (one part per million in temperate climates) to a water supply, 
has been proved effective in reducing tooth decay in children in many 
countries by as much as 60 per cent. Adverse systemic effects are 
entirely absent in controlled fluoridation projects, and studies of 
communities with a high natural fluoride content in their water 
supplies, even in some cases as much as 10 parts per million, have not 
demonstrated any deleterious effects apart from mottling of the tooth 
enamel. Most of the public health authorities and dental associations 
throughout the world endorse fluoridation of water supplies as a safe 
and rational means of reducing dental caries. The attitude of medical 
associations varies considerably from active support to indifference. 

In 1958, WHO convened an expert committee to consider fluoridation, 
and its report concludes: l 

"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 concentra
tion of fluoride impairs the general health. 

3. Controlled fluoridation of drinking water is a practicable 
and effective public health measure. II 

/2. PUBLIC •.. 

lWld Hlth Org. techno Rep. Ser., 1958, 146 
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2. PUBLIC REACTION TO FLUORIDATION 

As with other public health measures when first introduced (notably 
chlorination of water and smallpox vaccination, both of which are now 
universally accepted) there has been a certain amount of public 
opposition by well-organized minority groups to the introduction of 
fluoridation. These groups aim to prevent fluoridation mainly through 
an emotional appeal to the public with such slogans as ''mass medication", 
"interference with the rights of the individual", or by veiled references 
to slow and insidious systemic poisoning. It is perhaps not within the 
province of WHO to pass judgment on the slogans but it may be stated 
that any health measure which offers substantial relief from the 
inconvenience, pain and ill-health resulting from dental disease is 
worthy of consideration. As regards the allegation that slow poisoning 
results from fluoridation, there is no scientific basis whatsoever for 
this assl.UIq)tion. 

In most countries where fluoridation has been instituted, legislative 
amendments to the Health Acts have been introduced to permit voluntary 
fluoridation by local bodies. As the benefits of fluoridation become 
apparent, it is confidently expected that more and more local. bodies 
will adopt this preventive measure. In the less developed countries, 
public opposition to fluoridation either does not exist or is negligible, 
but the lack of technical knowledge, technical staff or finance, present 
difficulties, even when the health authorities are interested. 

3. HOW FLUORIDATION ACTS IN PREVENTING DECAY 

The main constituent of tooth enamel is a complex calcium compound 
known as apatite. When it is taken in low concentrations in fluoridated 
water, fluoride combines with apatite to form fluorapatite. Fluorapatite 
is less soluble than apatite in the weak acids 'which initiate dental. 
decay. For the maximum benefit fluoridated water should be taken during 
the time the teeth are developing in the jaws and throughout life. 
During the development period fluoride is '~uilt-in" to the entire bulk 
of the enamel. After the teeth are fully formed .they can still talte up 
fluoride but the uptake is less than during the development period. It 
is for this reason that the benefits from fluoridation are greatest in 
children born after the process has been initiated and least in adults 
where teeth were fully developed when fluoridation began. EventuaJ.ly, 
of course, the children born after flUoridation begins will carry the 
full benefits through into their adult life. When fluoridation commences 
in a cOlIDnunity, the relative iJIDnunity after a period of years is therefore 
higher in the younger children than in the older ones and highest in those 
born after the initiation of fluoridation. To illustrate this, the results 
achieved in the pilot fluoridation project in Hastings (New ZeaJ.and) may 
be quoted: l 

/ "The examinations 

1 
Statement to Press by the Minister of Health, New Zealand. 

j 



tt"" 

"The examinations in 1954 showed. that only four per 
cent of the five-year-old children were completely immune 
to dental d.ecay. In 1.959 the proportion had risen to 23 
per cent. 

"Among six-year-olds the proportion of completely 
~mnune chi1dren.had. risen from three per cent in 1954 to 
nine per cent in 1959. 

"The teeth of these children were generally well 
formed and there was no sign of the unsightly appearance 
known as mottling of the teeth. 

"Dental decay of the deciduous teeth in children 
aged five, six and seven had been reduced between 1954 
and 1959 by 42 per cent, 27 per cent and 15 per cent 
respectively. Dental decay in the permanent teeth of 
children aged six, seven and eight had been reduced by 
60 per cent, 53 per cent and 32 per cent respectively." 
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This is but one example of the results achieved by fluoridation. 
Many others could be quoted and, in all, the uniformity of the results 
is remarkable, namely, that an eventual reduction in dental decay of 
50-60 per cent. may confidently be expected. The savings in dental 
manpower, d.ental materials, money and, most of all, in the pain and 
suffering occasioned by dental ill-health in children are enormous. 

4. WORLD PROGRESS IN FLUORIDATION SCHEMES 

Eighteen countries are known to have active fluoridation projects 
operating. While many of these are in the experimental stage, it is 
significant that countries such as Brazil and Chile, as the result of 
the success of their pilot projects, have now prepared national programmes 
for fluoridating the water supplies of all their main cities and towns. 
In the United states, 1850 communities with a total population of 36 
million are now drinking artificially fluoridated water, while a further 
seven million people are drinking naturally fluoridated water. In Canada, 
28 communities with a total population of one million, are drinking 
fluoridated water. In New Zealand, in addition to the Hastings project, 
three large cities and one small town have commenced fluoridation and 
several have approved it in principle and. ordered the equipment. In 
other parts of the Western Pacific Region, fluoridation has been started 
in one city in China (Taiwan), in three cities in Sarawak, and in 
Hong Kong and in Singapore. 

5. COST OF FLUORIDATION 

The costs vary from country to country according to the availability 
of plant and. equipment, the type and accessibility of the fluorine 

/ compound used ..• 
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compound used, and the nature of the water supply system. In general, 
the per capita cost increases considerably with the smaller water 
supplies. After the initial expense of installing the appropriate 
equipment, the annual cost is insignificant. In the United States 
the cost averages less than 9 cents per year per person in the cities 
which have fluoridation. In China (Taiwan) the cost per person per 
year was estimated at NT$l.OO (Us$0.025). In Lower Hutt, New Zealand, 
"the annual operating costs, including a supply of chemical, power 
and labour, are estimated at :bl350 (Us$3780) during the first year and 
probably rather less in future years. These figures are equivalent 
on a personal basis to 6.5 pence (Us$0.076) a year per head. of the 
population" . 

One group of data that may be of particular interest to the 
present enquiry comes from Baixo Guandu, a small town in the Rio Doce 
Valley of Brazil where fluoridation has been practised since 1953. 
Some of the pertinent information regarding costs is quoted as follows: 

Cost of dosing apparatus for applying small quantities of 
sodium fluoride or sod.ium fluosilicate solution = 35 000 
Brazilian cruzeiros (us$167.00) 

Cost of dry-feeder suitable for applying 0.11 to 4 lbs per 
hour of sodium fluosilicate, or 0.43 to 12 Ibs per hour of 
sodium fluoride = 54 000 Brazilian cruzeiros (us$257.00) 

In 1956 the per capita cost of fluoridation at Baixo Guandu, on 
the basis of fluosilicate at 40 cruzeiros (us$0.19) per kilO, was 
3.10 cruzeiros (us$0.0148). (Note: The above conversions to US 
dollars are based upon the current WHO rat.e of exchange. The dollar 
costs would be higher if based upon the Brazilian controlled rate of 
exchange. ) 

For·two towns in Britain, where flUoridation is employed and where 
the capital cost of the equipment has been computed on the basis of a 
loan at six per cent. interest which is retrieved in equal annual 
instalments over a ten-year period, the costs were as follows: 

Place 

Anglesey 
Watford 

Population 

25 000 
70 500 

Water cons~tion 
gal/capita day 

40 
43 

Total cost 
Pence7caPita/~ar 

4.7 
3.4 

Average - 4.05 

In eighteen cities of the United States of America ranging in 
population between 185 000 and 4 500 000 the following average cost 
figures for fluoridation are summarized: 

/Construction 



.- . 

/ 

Construction cost per million gallons 
Chemical cost per million gallons 
Total operating cost per million gallond 

Construction cost per capita 

Chemical cost per capita (1956) 
Total operating cost per capita (1956) 

Total --

WP/RC14/4 Rev.l 
page 5 

Annual 

$0.058 
1.04 
1.167 

0.0037 
0.067 
0.075 

In most of the figures quoted above there is no labour cost 
attributed to the fluoridation process. This is carried on by the 
normal operating personnel. 

6. TECHNICAL AND ENGINEERING ASPECTS 

Before commencing a fluoridation scheme, the specific dosage must 
be calculated. This varies according to the climate, and to the amount 
of fluoride already in the water supply and in the normal dietary. 
These factors have to be investigated and analysed by the appropriate 
health officials before determining the dosage to be employed. 

The type and design of feed e'luipment to be employed are dependent 
upon the size of the population to be served and the nature of the 
existing water treatment plant. The detailed operating procedures are 
familiar to, or can readily be grasped by, experienced water treatment 
personnel, and are comparable to those employed for other waterworks 
chemicals. Th.~ design of feed equipment must of course provide for 
positive protection against over-dosage and daily analytical checks 
must also be made. 

Protective measures for the operators when handling the fluoride 
must be strictly enforced, and the operators thoroughly trained in their 
duties. A competent engineer should design the plant, select the 
equipment and supervise its installation and operation. A qualified 
water chemist should be responsible for laboratory control. 

It is also deSirable, in order to assess the beneficial effects 
of fluoridation, to conduct a baseline study of dental caries prevalence 
before fluoridation commences, with follow-up surveys at five-year 
intervals or more frequently if desired.. Although adverse systemic 
effects as a result of controlled fluoridation have not been reported, 
it may be deemed advisable to conduct baseline and. follow-up studies 
in this respect also. 


