
One in a Million
The facts about

water fl uoridation
2 nd edition

Published by

The British Fluoridation Society
The UK Public Health Association

The British Dental Association
and  The Faculty of Public Health





Contents

List of tables and fi gures ii
 
Acknowledgements v

Foreword  vii

Preface viii

1.  Executive summary  1
• The facts about water fl uoridation
• What should happen next?

2.  The dental benefi ts of water fl uoridation 3
• Key points
• How fl uoride works to prevent tooth decay
• The dental benefi ts of fl uoridation
• Why fl uoridate water, when people 

can use fl uoride toothpaste?
• Does water fl uoridation reduce 

inequalities in dental health?
• Review by the Medical Research Council
• National league table for 

5-year-olds’ dental health

3.  Dental fl uorosis 23
• Key points
• What is dental fl uorosis?
• The fi ndings of recent reviews 
• Reducing the risk of dental fl uorosis

4.  Fluoridation and general health  27
• Key points
• Improvements to health
• No evidence of harmful effects
• Bone health
• Cancer
• Other health concerns
• Conclusion

5.  Legal aspects and decision making  35
• Key points
• Flawed legislation 
• Futile attempts to implement fl uoridation
• Scotland
• Northern Ireland
• New legislation
• The way forward: public information and consultation
• Future consultations

6. Technical and scientifi c aspects of  41
water fl uoridation
• Key points
• Understanding the chemistry of fl uoride in water 
• Expert review of the chemistry and uptake 

of fl uoride in drinking water
• The manufacture and regulation of the 

chemicals used for water fl uoridation 
• Safety at the water treatment works
• The record on safety

7.  The extent of water fl uoridation 55
• Key points
• Fluoridation in the UK 
• How fl uoridation could be extended in the UK
• Fluoridation worldwide

8.  Environmental aspects of fl uoridation 81
• Key points
• Sources of fl uoride in the environment
• Recent reviews
• Conclusion

9.  Support for water fl uoridation 83
• Key points
• Public and professional support
• Support in Parliament
• Support from local councils
• Support from the public

10. The ethics of water fl uoridation  88
• Key points
• A question of balance
• The professional philosopher’s view
• The view of a human rights’ campaigner
• How a practising dentist sees it
• Helping those least able to help themselves
• Verdict of the Irish High Court
• Verdict of the Supreme Court
• The Forum on Fluoridation

11.  The cost and cost-effectiveness  93
of water fl uoridation
• Key points
• Who pays for fl uoridation?
• Cost-effectiveness
• Reducing the burden of cost to the NHS

12. Help and resources 97

Index 99

i



ii

Tables

Dental benefi ts
Table 1 The effect of water fl uoridation on 

average number of decayed, missing and 
fi lled teeth per 3-year-old child (dmft)

Table 2 The effect of water fl uoridation on 
average number of decayed, missing and 
fi lled teeth per 5-year-old child (dmft)

Table 3 The effect of water fl uoridation 
on average number of decayed, 
missing and fi lled teeth per 14-
15 year old child (DMFT)

Table 4  The percentage of 5-year-old children 
who are caries free in fl uoridated 
and non-fl uoridated communities

Table 5  The percentage of 14-15 year old children 
who are caries free in fl uoridated 
and non-fl uoridated communities

Table 6  The effect of water fl uoridation 
on caries increment over a 4-year 
period in children aged 12 at start of 
fl uoridation as expressed as average 
number of new decayed, missing 
and fi lled teeth per child (DMFT)

Table 7  The effect of water fl uoridation 
on adult dental health

Table 8  The experience of toothache 
among 5-year-old children

Table 9  The experience of tooth extractions 
among 5-year-old children

Table 10  The experience of general 
anaesthetic for tooth extractions 
among 5-year-old children

Table 11  The prevalence of dental abscesses 
in 5-year-old children

Table 12  The prevalence of severe tooth 
decay (5 or more teeth affected) 
among 5-year-old children

Table 13 Cost of dental treatment needed 
by 5-year-old children

Table 14 Dental health in 5-year-olds: national 
surveys co-ordinated by the British 
Association for the Study of Community 
Dentistry (ranked by Health Authority)

Table 15 Tooth decay in 5-year-old children in 
the United Kingdom using data from 
national surveys co-ordinated by the 
British Association for the Study of 
Community Dentistry (data ranked by 
Health Authority showing detail by 
Primary Care Trust where available)

Dental fl uorosis
Table 1 Prevalence of cosmetically 

signifi cant fl uorosis

Technical aspects of water fl uoridation
Table 1 Classifi cation of water hardness

Table 2 The hardness of some UK water supplies

Table 3  European standard BS EN 12175 
for hexafl uorosilicic acid

Table 4 European standard BS EN 12174 
for sodium hexafl uorosilicate 

Table 5 Impurities added by dosing 
hexafl uorosilicic acid

Table 6 Impurities added by dosing 
sodium hexafl uorosilicate

The extent of water fl uoridation
Table 1 Strategic Health Authorities in England 

in which part or all of the population 
benefi ts from fl uoridated water

Table 2 Avon, Gloucestershire and Wiltshire 
Strategic Health Authority

Table 3 Bedfordshire and Hertfordshire 
Strategic Health Authority

Table 4 Birmingham and the Black Country 
Strategic Health Authority

Table 5 Cheshire and Merseyside 
Strategic Health Authority

Table 6 County Durham and Tees Valley 
Strategic Health Authority

Table 7 Cumbria and Lancashire 
Strategic Health Authority

Table 8 Dorset and Somerset Strategic 
Health Authority

Table 9 Essex Strategic Health Authority

Table 10 Greater Manchester Strategic 
Health Authority

List of Tables 
and Figures



iii

Table 11 Hampshire and Isle of Wight 
Strategic Health Authority

Table 12 Kent and Medway Strategic 
Health Authority

Table 13 Leicestershire, Northamptonshire and 
Rutland Strategic Health Authority

Table 14 Norfolk, Suffolk and Cambridgeshire 
Strategic Health Authority

Table 15 North and East Yorkshire and Northern 
Lincolnshire Strategic Health Authority

Table 16 North Central London Strategic 
Health Authority

Table 17 North East London Strategic 
Health Authority

Table 18 North West London Strategic 
Health Authority

Table 19 Northumberland, Tyne and Wear 
Strategic Health Authority

Table 20 Shropshire and Staffordshire 
Strategic Health Authority

Table 21 South East London Strategic 
Health Authority

Table 22 South West London Strategic 
Health Authority

Table 23 South West Peninsula Strategic 
Health Authority

Table 24 South Yorkshire Strategic 
Health Authority

Table 25 Surrey and Sussex Strategic 
Health Authority

Table 26 Thames Valley Strategic Health Authority

Table 27 Trent Strategic Health Authority

Table 28 West Midlands South Strategic 
Health Authority

Table 29 West Yorkshire Strategic 
Health Authority

Table 30 Fluoridation status of the 
largest 50 US cities

Table 31 Optimal Water Fluoridation: 
Status Worldwide

The ethics of water fl uoridation
Table 1 The dental health of 5-year-old children 

(2001/2002) in fl uoridated but socially 
deprived Rowley Regis and Tipton 
PCT, compared with that of 5-year-
olds in affl uent but non-fl uoridated 
Guildford and Waverley PCT.

Figures

Dental benefi ts
Figure 1 Relationship between tooth decay 

and social deprivation in fl uoridated 
and non-fl uoridated communities

Figure 2 Tooth decay in 5-year-old children 
by social class and water fl uoridation 
– average number of decayed, 
missing and fi lled teeth (dmft)

Fluoridation and general health
Figure 1 Osteosarcoma and fl uoridation  

Figure 2 Mortality ratios, all cancers in men 
before and after fl uoridation

Figure 3 Mortality ratios, all cancers in women 
before and after fl uoridation

Technical aspects of water fl uoridation
Figure 1 Effect of water hardness on 

fl uoride ion concentration 

Figure 2 Summary of quality of 
hexafl uorosilicic acid

Support for water fl uoridation
Figure 1 Public opinion surveys 1980 to 2003



The British Fluoridation Society
The British Fluoridation Society was founded in 1969 
by a group of concerned professionals anxious to 
see an improvement in the dental health of the UK 
population by the implementation of Government 
policy for water fl uoridation. Founder members 
include Eric Lubbock MP (now Lord Avebury, former 
Chairman of the Parliamentary Human Rights 
Group). From its inception the Society has been a 
multi-disciplinary organisation, and has enjoyed 
the support of politicians from all political parties.
The aims of the Society are: 
• To promote improvement of dental health 

by securing the optimum fl uoride content 
of water supplies (one part per million); 

• To promote and co-ordinate medical, 
dental, educational, and administrative 
efforts to achieve this; 

• To distribute information about dental health. 
Contact details:
British Fluoridation Society
Ward 4, Booth Hall Children’s Hospital
Charlestown Road, Manchester M9 7AA
Tel/Fax: 0161 220 5223
Email: bfs@bfsweb.org 
Website: http://www.bfsweb.org

The UK Public Health Association
The United Kingdom Public Health Association - 
known by the initials UKPHA - is an independent 
voluntary organisation, formed by the coming together 
of three organisations in 1999 to unite the public 
health movement in the UK.  As a multidisciplinary 
membership organisation, the UKPHA:
• Brings together individuals and organisations 

from all sectors who share a common 
commitment to promoting the public’s health.
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healthy public policy at all levels of 
government and across all sectors.
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support those working in public health both 
professionally or in a voluntary capacity. 

Contact details:
UK Public Health Association
7th Floor, Holborn Gate, 330 High Holborn
London, WC1V 7BA 
Tel: 0870 010 1932 
Fax: 0207 400 0122 
Email: info@ukpha.org.uk
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The British Dental Association
The BDA is the largest professional association for 
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to universities and the armed forces. It aims to be a 
national player in the development of healthcare policy. 
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British Dental Association
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Tel: 020 7935 0875
Fax: 020 7487 5232
Email: enquiries@bda.org
Website: http://www.bda-dentistry.org.uk 

The Faculty of Public Health
The Faculty of Public Health of the Royal 
College of Physicians is a medical professional 
organisation which gives independent advice 
on the public’s health.  It aims to:
• Promote, for the public benefi t, the advancement 

of knowledge in the fi eld of public health.
• Develop public health with a view to maintaining 

the highest possible standards of professional 
competence and practice, and to act as an 
authoritative body for consultation in matters of 
education or public interest concerning public health.

Contact details:
The Faculty of Public Health
4 St Andrews Place, London NW1 4LB
Tel: 020 7935 0243  
Fax: 020 7224 6973
Email: enquiries@fph.org.uk
Website: http://www.fphm.org.uk
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One in a Million  
There have been major improvements in oral 
health over the past twenty years, but despite this 
there remains persistent oral health inequalities 
across the United Kingdom. Dental disease 
broadly correlates with social deprivation, 
the results of which are only too evident in 
terms of pain from dental decay, time off 
school and work, and young children having 
teeth extracted under general anaesthetic. 

The West Midlands and parts of the North East 
of England are notable exceptions, and have 
some of the best oral health in the UK, despite 
having signifi cant areas of multiple deprivation. 
The almost unanimous agreed reason for this 
remarkable success story is that a large proportion 
of the population in these areas receives 
fl uoridated drinking water and has done so for 
a considerable period of time. Indeed seven out 
the ten Strategic Health Authorities with the best 
oral health in the UK have naturally occurring 
or artifi cially fl uoridated water supplied to a 
varying proportion of their populations.

It has been the policy of successive governments 
that health communities in areas of high dental 
disease should have the option of fl uoridating 
their water. The present government signalled 
its support for the targeted use of fl uoridation 
to reduce oral health inequalities in The Health 
of the Nation and Modernising NHS Dentistry 
(issued as part of the NHS Plan). The Independent 
Inquiry into Inequalities in Health (the Acheson 
Report) also commended fl uoridation.

Previous legislation did not place the water 
industry under a statutory obligation to fl uoridate 
when asked to do so by health authorities. 
This has resulted in no new fl uoridation schemes 

since at least 1985. Therefore, I was very pleased 
when in 2003 both Houses of Parliament voted 
by a considerable margin to correct this anomaly 
under the new Water Industry Act 2003. 

We are anticipating that with secondary 
legislation in place by the end of the year those 
Strategic Health Authorities who 
wish to proceed to consult on new 
water fl uoridation schemes will 
now do so in the knowledge that, 
providing their local populations 
agree, water fl uoridation will happen.

One in a Million is an excellent 
resource for Primary Care Trusts, 
Strategic Health Authorities and the 
public as they decide whether or not 
to take water fl uoridation forward 
in their localities. It chronicles the 
history and effectiveness of this 
important public health measure 
and importantly also discusses its 
safety. I commend it to all local 
decision-makers as they enter into 
the process of local consultation 
required by the new Act and I am very pleased 
to be able to give it my full endorsement.

Professor Raman Bedi 

BDS, MSc, DDS, DSc, FDSRCSEd, FDSRCSE, FFGDPRCS, FFPHM

Chief Dental Offi cer (England)

April 2004

Foreword

Professor 

Raman Bedi

Chief Dental 

Offi cer (England)
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Tackling poor oral health
There are many reasons why people, from young 
children to older adults, suffer from poor oral 
health – from the social and economic conditions 
in which they live, to their personal habits, 
including their diet and standard of oral hygiene. 
There are a number of steps that individuals can 
take on a personal basis to prevent oral problems 

occurring. These 
include: reducing 
their consumption 
and especially 
the frequency of 
intake of drinks, 
confectionery and 
foods containing 
sugars; brushing 
their teeth 
thoroughly 
twice every day 
with a fl uoride 
toothpaste; and 
going to the 
dentist for an oral 

examination every year. Educational campaigns 
are designed to give people the information they 
need to choose a healthier lifestyle, but delivered 
in isolation, they are far from a complete solution.

Fortunately, there is a broad range of actions 
that can be taken on a community basis to help 
tackle the issue. These can help to make the 
healthier choices the easy choices. An example 
would be helping children to cut down on sugary 
foods and drinks by having healthier options 
available in the school canteen at lunchtime, 
and making drinking water freely available 
to pupils throughout the school day. Public 
policies can also promote health, for example, 
legislation enabling communities to opt for water 
fl uoridation if this is suitable for their area, or if 
fl uoridation is impractical, using other methods 
of delivering the benefi ts of fl uoride, such as the 
distribution of free toothpaste for children at high 
risk of dental decay. Finally, health promotion 
can include: strengthening community action, 
so that people themselves have more power to 
develop ways of improving their lives, rather 
than having experts ‘doing things’ to them; 
and reorienting health services, away from 
purely curing illness to preventing it as well.

Monument 

commemorating 

50 years of water 

fl uoridation in Grand 

Rapids, Michigan. The 

fi ve pillars of the white 

marble monument 

designed by Stephen 

H Pierpoint represent 

the fi ve decades of 

fl uoridation, and 

are inscribed with a 

brief history of water 

fl uoridation. The 

monument is located 

on the riverside Louis 

Campau Promenade 

in Grand Rapids, and 

incorporates a drinking 

fountain which delivers 

fl uoridated water.

Preface

In this context, therefore, water fl uoridation 
is one of many strategies that are available for 
improving oral health. A different combination 
of approaches will be right for different areas, 
and in geographical localities of high dental 
need, fl uoridation is a safe, effective and cost-
effective option. Where water fl uoridation 
is technically feasible, this report will help 
decision-makers in health and local authorities 
authorities to decide if it is a public health 
measure that they want to pursue, and to 
consult their communities about it so that 
they can make a genuinely informed choice. 

Water fl uoridation – a brief history
During the 1930s researchers discovered that 
people living in areas where drinking water 
contained naturally elevated fl uoride levels 
experienced less tooth decay. Further work 
demonstrated that, in a temperate climate, a 
level of 1 part of fl uoride per million parts of 
water (1ppm) was ‘optimal’ for the prevention 
of tooth decay. Researchers then hypothesized 
that the benefi ts of naturally occurring fl uoride 
might be replicated in communities where 
the drinking water was low in fl uoride by 
artifi cially adjusting the level to around 1ppm.

In 1944, Dr Trendley Dean and his colleagues 
established a community intervention trial in 
Grand Rapids, USA, to test this hypothesis. The 
results of their pioneering trial, along with others 
undertaken elsewhere in the US, Canada, the 
Netherlands, New Zealand, East Germany, and the 
UK showed clear benefi ts to dental health from 
drinking water ‘artifi cially’ fl uoridated at 1ppm.

In 1953, the UK Medical Research Council 
recommended that the Government should send an 
expert committee to visit the North American trial 
sites. On the basis of this committee’s report the 
government established demonstration schemes 
in Anglesey, Watford and Kilmarnock, publishing 
detailed reports after 5 and 11 years. Impressed 
by the results, local authorities in Birmingham 
and Newcastle established new fl uoridation 
schemes and by the early 1980s around 10% of 
the UK population were benefi ting from these. 
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Despite the success story of water fl uoridation 
in Birmingham and Newcastle, subsequent 
efforts to extend water fl uoridation in the UK 
beyond the current 10% have been thwarted 
by inadequate legislation and a small but vocal 
anti-fl uoridation lobby. As a result, tooth decay 
remains an intransigent public health problem in 
socially deprived, non-fl uoridated communities 
throughout the UK. The extension of water 
fl uoridation from the current 10% to around 
25-35% of the UK population - targeted to 
communities with high levels of disease - would 
make substantial inroads towards reducing 
the still wide inequalities in dental health. 

Fluoridation in the future 
After decades of frustration over water 
fl uoridation, there is light at the end of the tunnel. 
We now have in place a new Act that will enable 
health authorities to implement water fl uoridation 
in areas of high need where there is community 
support. This publication, originally produced in 
1994, has been thoroughly revised and updated 
to provide a balanced, comprehensive and reliable 
reference document, as we enter what should 
now be a period of successful implementation. 

Professor Michael A Lennon

Chair, British Fluoridation Society
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The facts about water fl uoridation
All water supplies contain fl uoride naturally. 
Water fl uoridation is the process of `topping 
up’ the natural fl uoride content of public water 
supplies to a level that is known to improve 
dental health safely and effectively. In temperate 
climates that level is 1 part of fl uoride per million 
parts of water (1 ppm); this is a level that occurs 
naturally in many places throughout the world. 

What are the dental benefi ts?
Despite an overall improvement in dental 
health over the past 30 years, tooth decay 
remains a signifi cant public health problem in 
some parts of the UK. Inequalities in dental 
health are widespread throughout the UK, with 
children living in the poorest, non-fl uoridated 
communities continuing to suffer unacceptably 
high levels of tooth decay. Many studies have 
confi rmed that water fl uoridation reduces 
tooth decay, and has no harmful side effects. 
Children are the group that benefi t most from 
water fl uoridation, but adults benefi t too. 

Is dental fl uorosis (marks on the 
teeth) a serious problem?
Dental fl uorosis appears as mottling or marks 
on the tooth surface. It has been recognised for 
over 70 years and is known to be associated 
with fl uoride ingestion. In the UK, fl uorosis is 
mainly a cosmetic problem, with the more severe 
unsightly and cosmetically unacceptable forms 
being uncommon in both fl uoridated and non-
fl uoridated areas. So, whilst dental fl uorosis is 
not a serious problem, to reduce the possibility 
of excessive fl uoride intake by young children, 
parents are advised to use only a smear or small 
pea sized piece of toothpaste and to supervise 
their children’s tooth brushing. Children who are 
at low risk of tooth decay, living in a fl uoridated 
area, or receiving fl uoride supplements, should 
use a lower strength fl uoride toothpaste. 

Are there any effects on general health?
Oral health and general health are strongly 
linked. Fluoridation improves a population’s 
dental health, and as a consequence its general 
health. Studies and independent reviews of 
the relevant medical and scientifi c literature 
over many years have consistently failed 

to fi nd evidence that water fl uoridation 
has any effect on the health of the body 
other than reducing tooth decay.

Who takes decisions on fl uoridating water supplies?
Local health authorities are responsible for 
deciding in principle whether fl uoride should 
be added to local water supplies. They have 
to consult the local population, and then ask 
the water supplier to make the necessary 
technical arrangements. Health authorities, 
with the aid of Government grants, will meet 
the total cost of water fl uoridation schemes.

How is water fl uoridated?
Fluoridation takes place at the water treatment 
works where a calculated solution of fl uoride 
is added to water under close control. The 
chemicals used for water fl uoridation are 
specifi cally manufactured to very high quality 
standards, and must meet Department of 
Environment purity specifi cations. There is 
no difference between fl uoride added to water 
supplies and that which occurs naturally. Water 
fl uoridation has an excellent safety record.

Where is water fl uoridated at present?
In the UK around 6 million people (approximately 
10% of the population) currently receive a 
fl uoridated water supply. The West Midlands 
being the most extensively fl uoridated region. 

Worldwide around 400 million people benefi t 
from a fl uoridated water supply, with the US being 
one of the most extensively fl uoridated countries.

What is the impact on the environment?
Fluorides are very common in the environment. 
Reviews of the literature and environmental 
impact assessments have found no evidence of 
any adverse environmental effects resulting 
from water fl uoridation. Water fl uoridation 
could be described as environmentally friendly
since it ensures maximum utilisation of 
natural resources and reduces waste.

How much support is there for water fl uoridation?
There is strong professional and public support 
for water fl uoridation. Worldwide, every 
major health body that has ever considered 

Executive 
Summary

1
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the evidence, including the World Health 
Organisation, has confi rmed the effectiveness 
of water fl uoridation and found no evidence 
of harm. Independently conducted opinion 
surveys consistently show that around 70% of 
the public believe that fl uoride should be added 
to water supplies to prevent tooth decay. 

Is it ethical to fl uoridate water?
From an ethical perspective, water fl uoridation 
can be seen as replicating the benefi ts already 
conferred on those communities whose water 
supplies naturally contain optimal levels 
of fl uoride. Fluoride-free drinking water is 
not a basic human right but a question of 
individual preference. However, in a society 
where people come together for mutual benefi t, 
such personal preferences must be balanced 
against the common good – particularly 
when the main benefi ciaries are children 
as they are least able to help themselves.

Is it cost-effective to fl uoridate water supplies?
Water fl uoridation is highly cost-effective 
in areas where tooth decay rates remain 
high, and the local water treatment 
works serve large populations. 

What progress has been made recently 
in fl uoridating water in the UK?
Legislation enacted in 1985 is widely 
acknowledged to have been a failure. No new 
schemes have been introduced under that 
legislation. However, following calls from 
health professionals and the water industry, 
in 2003 the Government changed the law, so 
that where there is strong community support 
for water fl uoridation it can be implemented. 
There is a strong case for targeted water 
fl uoridation in parts of the UK, particularly 
the North of England, Scotland, Wales, 
Northern Ireland and Inner London.

What should happen next?

Local strategic health authorities have the 
power to decide whether fl uoride should 
be added to the water supplies consumed 
by their populations. If formal consultation 
demonstrates local support, the Strategic 
Health Authority may then request the 
relevant water supplier to make the 
necessary technical arrangements, and the 
water company will be obliged to do so.
 
The legislative framework should be in 
place by the end of 2004; meanwhile 
Primary Care Trusts, in liaison with Strategic 
Health Authorities, should consider water 
fl uoridation without delay – especially 
in areas where dental health is poor. 
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Key points

• Fluoridation of water supplies reduces 
the number of decayed, missing and 
fi lled teeth in children and adults.

• As a result of fl uoridation, children 
experience less toothache, have fewer 
dental abscesses, and require fewer dental 
extractions and general anaesthetics.

• The cost to the NHS of treating avoidable 
disease is therefore reduced substantially.

• While decay levels have fallen in both 
fl uoridated and non-fl uoridated communities 
in recent years, inequalities in dental health 
remain wide. There is still a strong case for 
targeted fl uoridation in parts of the UK, 
particularly the North of England, Scotland, 
Wales, Northern Ireland and Inner London.

The Dental Benefi ts of 
Water Fluoridation

How fl uoride works to prevent tooth decay
Tooth decay begins when the enamel, the outer 
surface of the tooth, is destroyed by acid. The 
acid is produced by bacteria, which form on the 
surfaces of the teeth as a layer called plaque. 
When foods or drinks containing sugars enter 
the mouth, the bacteria within the plaque rapidly 
convert the sugars into acid. The plaque can hold 
the acid in contact with the tooth surface for up 
to 2 hours before it is neutralised by saliva.

During the time that the plaque is acidic, some 
of the calcium and phosphate minerals, of which 
enamel is largely composed, are dissolved out 
of the enamel into the plaque. This process is 
called demineralisation. However, once the 
plaque acid has been neutralised the minerals 
can return into the enamel – a process called 
remineralisation. This whole process is often 
described as an ‘ionic see-saw’ in which 
mineral ions constantly move back and forth 
between the tooth enamel and the plaque [1].

The capacity for remineralisation is, however, 
limited. If sugars enter the mouth too frequently 
the net loss of mineral from the enamel surface 
will result in a cavity, through which bacteria 
can penetrate and infect the inner structure of 
the tooth. This is tooth decay. If left untreated, 
it will gradually destroy the tooth causing pain 
and leading to the formation of a dental abscess.

The relationship between fl uoride and tooth decay 
is complex and probably not yet fully understood. 
However, it is known that fl uoride modifi es the 
process of tooth decay in at least three ways:

• If children take 
in suffi cient 
fl uoride during the 
period of enamel 
development, the 
fl uoride improves 
the chemical 
structure of the 
enamel, making 
it more resistant 
to acid attack. 
This effect can 
theoretically occur 
from the fi rst stage 
of mineralisation 
in the foetal stage until the last teeth erupt, 
which for the wisdom teeth can be about 20 
years of age. This was originally thought to 
be the most important mechanism of fl uoride; 
however, with advances in knowledge this is 
now understood to be of lesser importance.

• When teeth are subjected to alternating 
demineralisation and remineralisation, as 
described above, the presence of low levels 
of fl uoride in the plaque and saliva both 
encourages remineralisation, and ensures that 

Severe tooth decay

2
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the enamel crystals that are laid down are of 
improved quality. This means that low levels 
of fl uoride in the mouth gradually improve the 
strength of the tooth enamel and its ability to 
resist acid attack. This important mechanism 
was fi rst described in 1966 and means that 
early patches of decay can be arrested and 
damaged enamel will ‘heal’. This topical effect 
explains the dramatic improvement in dental 
health since the introduction of fl uoride into 
toothpaste formulations in the mid-1970s.

• The third way in which fl uoride works is by 
reducing the ability of the plaque bacteria 
to produce acid. This is another factor in 
the prevention of tooth decay. It results 
from the ability of the plaque bacteria to 
concentrate the low levels of fl uoride at the 
tooth surface up to a level that inhibits the 
function of some enzymes, which are essential 
to the bacteria’s ability to produce acid.

Work to further develop our knowledge of the 
mechanism of fl uoride continues. However, our 
knowledge is suffi ciently well developed to be 
able to say that the, topical, remineralisation 
effect is the most signifi cant. The goal of 
maintaining low levels of fl uoride in everybody’s 
mouths for as long as possible is therefore critical. 
Hence, the importance of water fl uoridation, 
and the regular use of fl uoride toothpaste.

The dental benefi ts of fl uoridation
All water supplies contain fl uoride naturally, 
and early studies of tooth decay in the United 
States established that a natural concentration 
of 1 part of fl uoride per million parts of water 
was associated with signifi cantly lower levels 
of tooth decay [2]. In most places in the UK the 
natural fl uoride level is too low to be of benefi t 
to dental health. However, it is possible by a 
process known as water fl uoridation to `top up’ 
the natural fl uoride in order to reproduce the 
dental benefi ts. Water fl uoridation was fi rst 
introduced in the United States in 1945, and in 
the UK and many other countries throughout 
the world since the mid-1950s. Its impact on 
tooth decay has been closely observed since.

The evidence of the dental benefi ts of water 
fl uoridation has been reviewed by the 
University of York NHS Centre for Reviews 
and Dissemination [3]. The York review 
included 26 studies representing the best 
available evidence on the effectiveness 
of water fl uoridation, and found that:

• Water fl uoridation reduces the number of 
decayed, missing and fi lled teeth by on 
average just over 2 teeth per child.

• Water fl uoridation increases the 
percentage of children totally free from 
tooth decay by approximately 15%. 

• The reduction in the number of decayed, 
missing or fi lled teeth following fl uoridation 
is greatest in those areas with the highest 
levels of tooth decay at the outset.

Why fl uoridate water when people 
can use fl uoride toothpaste?
Since fl uoride toothpaste became the norm in 
the UK (from the 1970s), tooth decay rates have 
fallen in both fl uoridated and non-fl uoridated 
communities. The key question, therefore, 
is whether children living in fl uoridated 
communities still have better dental health. To 
answer this question, the York review focussed 
on studies conducted since 1975 when widespread 
use of fl uoride toothpaste can be assumed.

• York concluded that the benefi ts of water 
fl uoridation are in addition to the benefi ts 
derived from the use of fl uoride toothpaste. 

• Furthermore, a Cochrane systematic review 
of 74 studies of the effectiveness of fl uoride 
toothpaste also concluded that water 
fl uoridation had a benefi t over and above 
the benefi ts of fl uoride toothpaste [4].

Does water fl uoridation reduce 
inequalities in dental health?
Improvements in dental health (mainly due to 
the introduction of fl uoride in toothpaste) have 
not been evenly distributed across all social 
groups. Because the more well-informed and 
affl uent parents are the most likely to restrict 
their children’s sugar intake, and ensure that 
they brush twice daily with fl uoride toothpaste, 
children from these environments have benefi ted 
more than those from poorer backgrounds. [5]. 
Severe tooth decay remains a problem among 
young children in disadvantaged communities; 
for example more than half of Manchester’s 5-
year-olds have some tooth decay. As a result of 
these higher levels of disease, young children 
living in poverty suffer more of the problems 
associated with tooth decay: toothache, dental 
abscesses, and tooth extractions. As many as 1 
in 5 Manchester 5-year-olds have had at least 
one tooth extracted, and tooth extraction in such 
young children is generally performed under 
general anaesthetic. Clearly, a reduction in the 
number of tooth extractions required would bring 
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signifi cant benefi ts to the health and well being 
of young children living in poverty - and allow 
better use to be made of scarce NHS resources. 

The reduction of dental health inequalities 
is therefore an important goal and, although 
the small number of studies and their low 
quality rating suggest caution in interpreting 
these results, it is worth noting here that:
• The York review found that, in terms of 

the average number of decayed missing 
and fi lled teeth, `there appears to be some 
evidence that water fl uoridation reduces 
the inequalities in dental health across 
social classes in 5 and 12 year olds’.

One important study included in the York 
review looked at the dental health of 5-year-olds 
living in fl uoridated and non-fl uoridated areas 
of varying degrees of social deprivation [6]. It 
concluded that water fl uoridation reduces tooth 
decay more in disadvantaged communities than in 
affl uent communities, and that the introduction of 
water fl uoridation in areas where levels of poverty 
and tooth decay are high - such as Manchester 
- ‘would substantially reduce inequalities in 
dental health’. Figure 1 shows the relationship 
between tooth decay and social deprivation 
in both fl uoridated communities and non-
fl uoridated communities. It demonstrates that:
• Young children living in poverty 

have higher levels of tooth decay 
than more affl uent children.

• However, fl uoridation reduces the effects 
of deprivation on tooth decay.

Where the level of deprivation is the same, 
children in non-fl uoridated communities have 
more tooth decay than those in fl uoridated 
communities. The difference is just over one 
tooth per child at `average’ levels of deprivation, 
but importantly the difference increases as 
levels of deprivation increase. So, for example, at 
deprivation score 10 children in non-fl uoridated 
communities have around two more decayed 
teeth per child than children in fl uoridated 
communities. The link between poverty and 
tooth decay is well established in non-fl uoridated 
areas, but weaker in fl uoridated areas.

Figure 1

The position of each community shown on the 
chart below is determined by two factors:
1. The average number of decayed, missing or 
fi lled teeth (mean dmft) per 5-year-old child, and
2. The level of social deprivation in the 
community as measured by the Townsend score.
Blue dots mark the positions of fl uoridated 
communities, and the position of non-
fl uoridated communities are marked by 
red dots. The average number of decayed, 
missing or fi lled teeth per 5-year-old child 
is shown on the vertical (upright) axis.

Measuring relative social deprivation
Along the bottom or horizontal axis is a ranking 
for social deprivation - the Townsend score [7]. 
The average Townsend score for England is a score 
of 0. A very socially deprived community would 
have a score of +10 or more (over on the right 
hand side of the chart). Whereas, a relatively 
affl uent community would be less than 0 (so a 
score of say -5, over to the left-hand side of the 
chart, indicates low levels of social deprivation).

-10 -5 0 5 10 15

Townsend Deprivation Score - at ‘0’ deprivation is average for England

Relatively less deprived  Relatively more deprived

Relationship between tooth decay and social deprivation 
in fl uoridated and non-fl uoridated communities
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Reproduced from York 2000 [3], by kind permission of the 

University of York Centre for Reviews and Dissemination

What does the graph tell us about the 
relationship between water fl uoridation, 
tooth decay and social deprivation?
Both lines slope upwards. This tells us that young 
children living in poverty have higher levels of 
tooth decay than more affl uent children. However, 
the red line (non-fl uoridated communities) 
is steeper than the blue line (fl uoridated 
communities) which tells us that fl uoridation is 
reducing the effects of deprivation on tooth decay. 

In addition, the red (non-fl uoridated) line 
is always higher up the chart than the blue 
(fl uoridated) line. This tells us that, where the 
level of deprivation is the same, children in 
non-fl uoridated communities have more tooth 
decay than those in fl uoridated communities. 
The difference is just over one tooth per child at 
`average’ levels of deprivation, but importantly 
the difference increases as levels of deprivation 
increase. So, for example, at deprivation score 10 
children in non-fl uoridated communities have 
around two more decayed teeth per child than 
children in fl uoridated communities. The link 
between poverty and tooth decay is weaker in 
fl uoridated than non-fl uoridated communities.

The York review looked at a number of UK studies 
investigating the relationship between tooth 
decay, social deprivation and water fl uoridation 
(including the study described above). Five of the 

studies focussing on the dental health of 5-year-
olds used the same classifi cation of social class 
so York were able to combine these results [8-12]. 
The combined results are shown in Figure 2:

• Across all social classes, the number of 
teeth affected by decay is lower in the 
fl uoridated than the non-fl uoridated 
communities; and importantly, 

• The teeth of 5-year-old children in the 
lowest social classes (IV and V) in the 
fl uoridated communities are as healthy 
as those of children in the highest social 
classes (I and II) living in the non-fl uoridated 
communities – demonstrating that water 
fl uoridation can modify the usual link 
between poverty and severe tooth decay.

The constraints of studies in human populations 
mean that there is virtually no such thing as 
a perfect study; nevertheless it is important 
to strive to improve the quality of research. 
Therefore, following publication of the York 
Review in September 2000, the Department 
of Health asked the Medical Research Council 
(MRC) to set up a Working Group to advise on 
what further research was needed to improve 
the quality of evidence on fl uoridation, 
much of which was considered by York to 
be of only low to moderate quality.

Figure 2
Review by the Medical Research Council
The 2002 review by the Medical Research Council 
(MRC) noted the fi ndings of the York review, and 
also considered evidence from several relevant 
UK studies not included in the York review [13]. 
In terms of reductions in tooth decay, the results 
of the studies included in the MRC review were 
remarkably similar to those reported by York. 
However, the MRC review highlighted additional 
benefi ts such as reductions in both the prevalence 
of both toothache and dental treatment needing 
general anaesthetic, as well as the cost of dental 
treatment. Also included in the review were 
studies of reductions in tooth decay in very 
young children, in adults up to 75 years of age, 
and of the topical effect of water fl uoridation on 
teeth already erupted at the start of fl uoridation. 
These studies are important because as well 
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as confi rming that water fl uoridation reduces 
tooth decay, they also tell us something about:
• The effects of tooth decay on the 

quality of children’s lives; 
• Savings in the cost of dental treatment 

in fl uoridated communities;
• The benefi ts of water fl uoridation for adults;
• The importance of the `topical’ effect of 

fl uoride, and hence the benefi ts of water 
fl uoridation on teeth already present in the 
mouth at the start of fl uoridation (see How 
fl uoride works to prevent tooth decay Page 3). 

Improved dental health for all age 
groups, from the very young…
The results of studies demonstrating the benefi ts 
of water fl uoridation are given in Tables 1 – 12.

The study in Table 1 compared tooth decay in children as young as 3 years in fl uoridated 
and non-fl uoridated communities in Yorkshire. 3-year-olds in the fl uoridated community 
had 59% less tooth decay than those in the non-fl uoridated community.

Table 1: The effect of water fl uoridation on average number of decayed, 
missing and fi lled teeth per 3-year-old child (dmft) 

Reference Year of survey
Fluoridated 
community dmft

Non-fl uoridated
community dmft

Difference 
in dmft

% difference 
in dmft

[14] 1989 Huddersfi eld 0.30 Dewsbury 0.74 0.44 59%

Tables 2 and 3 (5-year-olds and 14 to 15-year-olds respectively) show the average number 
of decayed, missing and fi lled teeth (dmft, or, for permanent teeth, DMFT) per child in 
fl uoridated compared with similar non-fl uoridated communities.  The actual difference and 
the percentage difference between the two scores is shown in the right-hand columns. 

Table 2: The effect of water fl uoridation on the average number of decayed, 
missing or fi lled teeth per 5-year-old child (dmft) 

Reference Year of survey
Fluoridated 
community dmft

Non-fl uoridated
community dmft

Difference 
in dmft

% difference 
in dmft

[15]

[16]

[17]

[18]

1981

1985

1987

1987

Newcastle

Newcastle

Newcastle

Anglesey

1.4

1.3

1.8

0.8

Northumberland

N. Manchester

Northumberland

Gwynedd
(Mainland)

3.4

3.3

3.9

2.3

2.0

2.0

2.1

1.5

59%

61%

54%

65%

Reference Year of survey
Fluoridated 
community DMFT

Non-fl uoridated
community DMFT

Difference 
in DMFT

% difference 
in DMFT

[19] 1987 Birmingham 2.3 Bolton 3.8 1.5 40%

Table 3. The effect of water fl uoridation on the average number of decayed, 
missing or fi lled teeth per 14-15 year old child (DMFT)
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The study presented in Tables 3 and 5 focuses on the important benefi ts of fl uoridation for 
adolescents.  It shows that 14-year-olds in fl uoridated communities had 40% fewer teeth 
affected by decay than 14-year-olds in non-fl uoridated communities.  In addition, in the 
fl uoridated communities 13% more teenagers had no experience of tooth decay at all.

The Hardwick et al study (Table 6) clearly demonstrates that water fl uoridation 
benefi ts teeth that are already present in the mouth when fl uoridation starts [20].  
This means that not only children and teenagers benefi t, everyone does!  

Table 4: The percentage of 5-year-old children who are caries free in fl uoridated 
and non-fl uoridated communities.

Reference Year of survey
Fluoridated 
community

Proportion (%) 
of children who 
are caries free

Non-fl uoridated
community

Proportion (%) 
of children who 
are caries free

Difference in 
proportion (%) 
of children who 
are caries free

[15]

[16]

[17]

[18]

1981

1985

1987

1987

Newcastle

Newcastle

Newcastle

Anglesey

55

62

50

67

Northumberland

N. Manchester

Northumberland

Gwynedd
(Mainland)

31

29

32

48

24

33

18

19

Table 5: The percentage of 14-15 year old children who are caries free in fl uoridated 
and non-fl uoridated communities.

Reference Year of survey
Fluoridated 
community

Proportion (%) 
of children who 
are caries free

Non-fl uoridated
community

Proportion (%) 
of children who 
are caries free

Difference in 
proportion (%) 
of children who 
are caries free

[19] 1987 Birmingham 32 Bolton 19 13

Tables 4 and 5 (5-year-olds and 14 to 15-year-olds respectively) show the percentage of children who are 
‘caries free’ (i.e. have no tooth decay at all) in fl uoridated compared with non-fl uoridated communities. 

Table 6: The effect of water fl uoridation on caries increment over a 4-year period in children 
aged 12 at start of fl uoridation as expressed as average number of new decayed, missing 
and fi lled teeth per child (DMFT) 

Reference Year of survey
Fluoridated 
community

DMFT 
Increment over 
a 4-year period

Non-fl uoridated
community

DMFT 
Increment over 
a 4-year period

Difference 
in DMFT 

Increment

% Difference 
in DMFT 

Increment

[20] 1974/9 Alsager, 
Middlewich and 

Nantwich

3.76 Northwich 4.85 1.09 22.4%
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Adults with their own teeth have much to gain from water fl uoridation.  In general more 
adults are keeping more of their own teeth into old age, and the studies presented in Table 
7 demonstrate that adults living in fl uoridated communities keep more of their own teeth 
longer and have much less trouble with them than those in non-fl uoridated communities.

Table 7: The effect of water fl uoridation on adult dental health

Reference Year of survey
Fluoridated 
community

Non-fl uoridated
community

Age of 
subjects Findings

[21]

[22]

[23]

[24]

[25]

1968/9

1979 – 1989

Early 1980s

1989/90

1986/1987

Hartlepool

Iowa

8 communities
naturally

fl uoridated

3 communities 
artifi cially 
fl uoridated

Ireland
Communities 

fl uoridated since 
mid-1960s

Anglesey

York

Iowa
6 non-fl uoridated

communities

Ireland
Communities 

never fl uoridated

Gwynedd 
mainland

15 – 65 years

Average age:

75.2 Fluoridated

74.1 Non fl uoridated 

16 – 65+ years

Antenatal patients 
up to 32 years

Fluoridation reduced caries experience, tooth mortality, 
and the need for partial dentures in all 5-year age bands 
between 15 and 65 years.

In adults, including older adults, fl uoridation reduced 
caries by between 15 and 35%. 

Signifi cant benefi ts resulted for those with 30 – 40 years 
of exposure to fl uoridated water which suggested that 
fl uoridation was benefi cial even though exposure 
started in adulthood.

•  In fl uoridated areas the percentage of adults with no 
natural teeth was lower– e.g. in 45-54 year olds only 
10.8% in fl uoridated communities compared with 
29.5% in non-fl uoridated, had no natural teeth.

•  In fl uoridated communities adults had more natural 
teeth – e.g. in 45-54 year olds had 16.4 natural teeth 
in fl uoridated communities compared with only 10.7 
in non-fl uoridated - a 34% difference. 

Lifelong residents of fl uoridated Anglesey had on 
average 30% fewer decayed, missing or fi lled teeth.

Review, several studies included

… to the very old
Professor Robin Heath, former Director of 
Dental Care for the Elderly at the Royal 
London Hospital, is convinced of the 
benefi ts of water fl uoridation. He says:

‘Fluoridation of drinking water provides 
a safe, cheap and practical method of 
reducing dental disease, and reducing the 
consequent pain and severe problems that 
can result from tooth loss in old age.’
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Improved quality of life
The studies in Tables 8, 9, 10, 11 and 12 show that fl uoridation reduces: 
• the risk of toothache;
• the need for tooth extractions and general anaesthesia;
• the prevalence of dental abscess.  
• the prevalence of severe tooth decay.

Experience of toothache
Table 8 shows the difference in toothache experience between children from fl uoridated and 
non-fl uoridated communities.  In three out of four studies, children from non-fl uoridated 
communities were more than twice as likely to have had toothache during their lives.

Table 8: The experience of toothache among 5-year-old children

Reference Year of survey
Fluoridated 
community

% Prevalence Non-fl uoridated
community

% 
Prevalence

Difference in 
% Prevalence

[15]

[16]

[17]

[18]

1981

1985

1987

1987

Newcastle

Newcastle

Newcastle

Anglesey

12%

9%

18%

5%

Northumberland

N. Manchester

Northumberland

Gwynedd
(mainland)

27%

24%

27%

13%

15%

15%

9%

8%

Tooth extractions
Tables 9 and 10 look at tooth extractions and general anaesthetic 
among 5-year-old children.  In the four studies reported in Table 
9, children from non-fl uoridated communities were substantially 
more likely to have had at least one tooth extracted.  In such young 
children tooth extraction is generally performed in hospital under 
a general anaesthetic with all its attendant risks – a distressing 
experience for all concerned, and one which is often mentioned 
by adults as the beginning of a lifelong fear of dental treatment.  
The studies in Table 10 show that 5-year-olds in non-fl uoridated 
communities are much more likely to have had a general anaesthetic 
for tooth extraction than those in fl uoridated communities.

General anaesthetics carry signifi cant risks, 

and have to be given in hospital

Table 9: The experience of tooth extractions among 5-year old children

Reference Year of survey
Fluoridated 
community

% Prevalence Non-fl uoridated
community

% 
Prevalence

Difference in 
% Prevalence

[17]

[16]

[17]

[18]

1981

1985

1987

1987

Newcastle

Newcastle

Newcastle

Anglesey

8%

6%

8%

6%

Northumberland

N. Manchester

Northumberland

Gwynedd
(mainland)

23%

18%

18%

9%

15%

12%

10%

3%
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Table 10: The experience of general anaesthetic for tooth extractions 
among 5-year-old children

Reference Year of survey
Fluoridated 
community

% Prevalence Non-fl uoridated
community

% 
Prevalence

Difference in 
% Prevalence

[15]

[16]

[17]

[18]

1981

1985

1987

1987

Newcastle

Newcastle

Newcastle

Anglesey

7%

7%

9%

5%

Northumberland

N. Manchester

Northumberland

Gwynedd
(mainland)

21 %

12%

17%

8%

14 %

5%

8%

3%

Abscesses
The study in Table 11 illustrates that 5-year-olds in non-
fl uoridated Northumberland were fi ve times more likely to suffer 
dental abscesses than 5-year-olds in fl uoridated Newcastle.

Severe tooth decay with abscess in a young child

Table 11: The prevalence of dental abscesses in 5-year-old children

Reference Year of survey
Fluoridated 
community

% Prevalence Non-fl uoridated
community

% 
Prevalence

Difference in 
% Prevalence

[17] 1987 Newcastle 1% Northumberland 5% 4%

Severe tooth decay
Table 12 shows the results of three studies focussing on particularly high levels of tooth 
decay (fi ve or more teeth affected per child).  These studies found that children in non-
fl uoridated communities were several times more likely to experience such problems.

Table 12: The prevalence of severe tooth decay (5 or more teeth affected) 
among 5-year- old children

Reference Year of survey
Fluoridated 
community

% Prevalence Non-fl uoridated
community

% 
Prevalence

Difference in 
% Prevalence

*[16]

[17]

[18]

1985

1987

1987

Newcastle

Newcastle

Anglesey

1%

16%

4%

N. Manchester

Northumberland

Gwynedd
(mainland)

10%

31%

20%

9%

15%

16%

* In this study high caries was defi ned as 10 or more teeth affected. 
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Use of NHS resources: cost of dental treatment
A number of studies have compared the cost of dental treatment needed by 
children in fl uoridated and non-fl uoridated communities.  Costs have usually been 
calculated according to the NHS General Dental Service fee scale, which is based 
on the average time taken to complete specifi c items of treatment. Table 13 shows 
that 5-year-old children in non-fl uoridated communities have been found to need 
treatment costing 61% more than that needed by those in fl uoridated communities.  

Table 13: Cost of dental treatment needed by 5-year-old children

Reference Year of survey
Year of 

fee-scale
Fluoridated 
community Cost

Non-fl uoridated
community Cost

% 
Difference 

[17] 1987 1986 Newcastle £5.00 Northumberland £12.75 61%

Clearly, water fl uoridation in areas of high 
need would free up scarce NHS resources 
(both fi nancial and human) to be used for 
other health care needs.  Water fl uoridation 
has been shown to be highly cost-effective in 
areas where tooth decay rates are high, and 
water from a single water treatment works 
serves a population of at least 200,000. (See 
Section 11 on costs and cost effectiveness.)

Other key points of note from these 
additional studies reviewed by the 
Medical Research Council are:
• In all of the studies, children from the 

fl uoridated communities had better teeth 
- with fewer teeth affected by decay; 

• A greater proportion of children in 
fl uoridated areas had no tooth decay at all;

• Fluoridation saves around 2 teeth per child 
- similar to the difference reported by York; 

• Children in fl uoridated communities had 
between 42% and 65% fewer decayed, 
missing and fi lled teeth than those in 
similar non-fl uoridated communities.

If introduced in regions with the worst dental 
health such as the North West of England, 
Yorkshire, the West of Scotland, Northern 
Ireland, and Inner London, water fl uoridation 
could signifi cantly improve health and well 
being for all, but particularly children and young 
people living in less prosperous communities.

National league table for 5-year-olds’ 
dental health 
The most recent survey of 5-year-olds’ teeth 
in England, and Wales was co-ordinated 
by the British Association for the Study of 
Community Dentistry (BASCD) in 2001/2002 
[26].  In Scotland the most recent national 
survey of the dental health of such young 
children was 1999/2000 [27], and in Northern 
Ireland 1998 [28].  These studies show that: 
• Inequalities in dental health in Britain 

remain wide; for example, there is an 
almost eight-fold difference in dental health 
between the best and the worst English 
Primary Health Care Trusts (PCTs).

• The average number of decayed, missing 
and fi lled teeth ranged from 0.49 per 
child in Daventry PCT - one of the most 
affl uent districts in the country, to 3.87 
per child in Rochdale PCT - among 
the most socially deprived districts. 
(See Table 15 for data by PCT).  

• Areas with the best teeth in the country 
include fl uoridated Birmingham and 
the West Midlands, and more affl uent 
areas such as Kent & Medway.

Areas with the worst dental health are 
the less prosperous, non-fl uoridated areas 
including large parts of the north of England, 
parts of Inner London, parts of Wales, the 
West of Scotland and Northern Ireland.
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Table 14 Ranked table compiled using data from national surveys1 co-ordinated by the 
British Association for the Study of Community Dentistry (ranked by Health Authority).

Rank Health Authority 

2Mean 
dmft

Fluoridation 
status3

4 % of Pop 
on F supplies

1

= 2

= 2

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

KENT & MEDWAY SHA

ESSEX SHA

WEST MIDLANDS SOUTH SHA

BIRMINGHAM, SOLIHULL & BLACK COUNTRY SHA

SURREY & SUSSEX SHA

AVON, GLOUCESTERSHIRE & WILTSHIRE SHA

HAMPSHIRE & ISLE OF WIGHT SHA

SHROPSHIRE & STAFFORDSHIRE SHA

TRENT SHA

DORSET & SOMERSET SHA

SOUTH EAST LONDON SHA

LEICESTERSHIRE, NORTHAMPTONSHIRE 
& RUTLAND SHA

THAMES VALLEY SHA

BEDFORDSHIRE & HERTFORDSHIRE SHA

SOUTH WEST LONDON SHA

NORFOLK, SUFFOLK & CAMBRIDGESHIRE SHA

BORDERS HB

SOUTH WEST PENINSULA SHA

NORTH CENTRAL LONDON SHA

N & E YORKSHIRE & NORTHERN LINCOLNSHIRE SHA

SHETLAND HB

NORTHUMBERLAND, TYNE & WEAR SHA

NORTH EAST LONDON SHA

CHESHIRE & MERSEYSIDE SHA

NORTH WALES HA

GRAMPIAN HB

FIFE HB

SOUTH YORKSHIRE SHA

DUMFRIES & GALLOWAY HB

CO DURHAM & TEES VALLEY SHA

0.84

0.96

0.96

0.98

1.04

1.07

1.14

1.15

1.16

1.17

1.18

1.20

1.23

1.25

1.26

1.29

1.39

1.46

1.48

1.49

1.58

1.68

1.72

1.77

1.86

1.89

1.94

1.98

2.03

2.08

NF

Natural5

Fluoridated

Fluoridated

NF

Natural5

Natural

Partial

Partial

NF

NF

NF

NF

Partial

NF

Natural5

NF

NF

NF

NF

NF

Fluoridated

Natural5

Partial

NF

NF

NF

NF

NF

Partial

0

65

97

0

0

35

22

0

0

0

0

12

0

0

0

0

8

0

47

6

0

1

0

0

0

20

DoH target 

for 2003

31

32

33

34

= 35

= 35

CUMBRIA & LANCASHIRE SHA

DYFED POWYS HA

LOTHIAN HB

IECHYD MORGANNWG HA

BRO TAF HA

NORTH WEST LONDON SHA

2.12

2.14

2.24

2.27

2.28

2.28

Partial

NF

NF

NF

NF

NF

6

0

0

0

0

0
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Rank Health Authority 

2Mean 
dmft

Fluoridation 
status3

4 % of Pop 
on F supplies

37

38

39

40

= 41

= 41

43

44

= 45

= 45

= 45

48

49

50

51

52

AYRSHIRE & ARRAN HB

SOUTHERN HSSB

FORTH VALLEY HB

WEST YORKSHIRE SHA

TAYSIDE HB

GREATER MANCHESTER SHA

HIGHLAND HB

ORKNEY HB

GWENT HA

LANARKSHIRE HB

ARGYLL & CLYDE HB

WESTERN HSSB

EASTERN HSSB

NORTHERN HSSB

WESTERN ISLES HB

GREATER GLASGOW HB

2.37

2.43

2.45

2.46

2.47

2.47

2.65

2.68

2.73

2.73

2.73

2.91

2.97

3.30

3.46

3.51

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1 England & Wales Health Authorities data from national 2001/2002 survey 
[26],Scotland Health Boards data from 1999/2000 survey [27],Northern Ireland 
Health and Social Services Boards data from 1998 survey [28].

2 Mean dmft = average number of decayed missing or fi lled teeth per 5-year-old.
3 Fluoridated = 40% or more of population receiving fl uoridated water supplies (NF=not fl uoridated).
4 Pop on F supplies % = percentage of population receiving fl uoridated water supply.
5 Naturally occurring fl uoride levels varying between 0.21 and 1.05 ppm – diffi cult 

to quantify accurately and therefore not designated as ‘Fluoridated’.

Table 15  Compiled using data from national surveys1 co-ordinated by the British 
Association for the Study of Community Dentistry.  Data ranked by health authority, 
including data for Primary Care Trusts where available (not all districts examined 
enough children in each PCT to allow the dmft for the PCT to be calculated).

Tooth decay in 5-year-old children in the United Kingdom showing 
detail by Primary Care Trust where available.

Rank Health Authority/PCT

2Mean 
dmft

Fluoridation 
status3

4 % of Pop 
on F supplies

1

Including:

KENT & MEDWAY SHA

Maidstone & S.W.Kent PCT

Maidstone & Malling PCT

Canterbury & Coastal PCT

Ashford PCT

Dartford Gravesham & Swanley PCT

Medway & Swale PCT

0.84

0.62

0.77

0.81

0.83

0.83

1.02

NF

NF

NF

NF

NF

NF

NF

0

0

0

0

0

0

0
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Rank Health Authority/PCT

2Mean 
dmft

Fluoridation 
status3

4 % of Pop 
on F supplies

= 2

Including:

= 2

Including:

ESSEX SHA

Maldon & Chelmsford PCT

Billericay, Basildon & Thurrock PCT

WEST MIDLANDS SOUTH SHA

Redditch & Bromsgrove PCT

North Warwickshire PCT

South Warwickshire PCT

Rugby PCT

South Worcestershire PCT

Coventry PCT

Wyre Forest PCT

Herefordshire PCT

0.96

0.91

1.37

0.96

0.57

0.64

0.65

0.69

0.87

0.93

1.16

1.75

Natural5

NF

Variable low levels

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Partially

NF

65

91

100

68

100

32

85

14

0

4

Including:

5

Including:

BIRMINGHAM, SOLIHULL & BLACK 
COUNTRY SHA

Castle & Beacon PCT

Dudley South PCT

South Birmingham PCT

Solihull PCT

Wednesbury & West Bromwich PCT

North Birmingham PCT

Rowley Regis & Tipton PCT

Wolverhampton City PCT

Walsall Area PCT

Oldbury & Smethwick PCT

East Birmingham PCT

Heart of Birmingham PCT

SURREY & SUSSEX SHA

East Elmbridge & Mid Surrey PCT

Mid Sussex PCT

Woking PCT

Brighton & Hove PCT

Guildford & Waverley PCT

Adur, Arun & Worthing PCT

Western Sussex PCT

0.98

0.64

0.69

0.78

0.81

0.84

0.88

0.90

0.94

1.00

1.01

1.19

1.57

1.04

0.90

0.94

1.00

1.02

1.15

1.20

1.25

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

NF

NF

NF

NF

NF

NF

NF

NF

97

100

61

100

100

100

100

100

100

100

100

100

100

0

0

0

0

0

0

0

0

6

Including:

AVON, GLOUCESTERSHIRE & 
WILTSHIRE SHA

Swindon PCT

North Wiltshire PCT

West Wiltshire PCT

1.07

0.59

1.45

1.63

Natural5

NF

NF

NF

7

Including:

HAMPSHIRE & ISLE OF WIGHT SHA

Winchester PCT

Southampton City PCT

Isle of Wight PCT

Portsmouth City PCT

1.14

0.97

1.23

1.32

1.37

Natural

NF

NF

NF

NF

0

0

0

0

0
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Rank Health Authority/PCT

2Mean 
dmft

Fluoridation 
status3

4 % of Pop 
on F supplies

8

Including:

SHROPSHIRE & STAFFORDSHIRE SHA

Cannock Chase PCT

East Staffordshire PCT

South West Staffordshire PCT

Burntwood, Lichfi eld & Tamworth PCT

Staffordshire Moorlands PCT

Shropshire County PCT

Newcastle-under-Lyme PCT

South Stoke PCT

Telford & Wrekin PCT

North Stoke PCT

1.15

0.52

0.62

0.63

0.64

1.07

1.32

1.47

1.47

1.89

2.13

NF

Fluoridated

Fluoridated

Fluoridated

Fluoridated

NF

Partial

NF

NF

NF

NF

35

100

100

53

100

0

8

0

0

0

0

9

Including:

TRENT SHA

West Lincolnshire PCT

South West Lincolnshire PCT

Derbyshire Dales & South Derbyshire PCT

Erewash PCT

Bassetlaw PCT

Gedling PCT

Rushcliffe PCT

Greater Derby PCT

Chesterfi eld PCT

Ashfi eld PCT

North Eastern Derbyshire PCT

Amber Valley PCT

East Lincolnshire PCT

Newark and Sherwood PCT

Broxtowe & Hucknall PCT

Mansfi eld PCT

High Peak & Dales PCT

Central Derby PCT

Nottingham City PCT

1.16

0.56

0.58

0.78

0.82

0.83

0.86

0.86

0.88

1.05

1.11

1.12

1.18

1.18

1.19

1.20

1.21

1.42

2.04

2.23

NF

Fluoridated

Partial

Partial

0

Fluoridated

NF

NF

NF

NF

Fluoridated

Variable

NF

NF

NF

NF

Fluoridated

NF

NF

NF

22

100

20

20

0

100

0

0

0

0

100

?

0

0

0

0

100

0

0

0

10

Including:

11

Including:

12

Including:

DORSET & SOMERSET SHA

Taunton Deane PCT

Mendip PCT 

South Somerset PCT

Somerset Coast PCT

SOUTH EAST LONDON SHA

Lewisham PCT

Bromley PCT

Southwark PCT

Bexley PCT

Lambeth PCT

Greenwich PCT

LEICESTERSHIRE, NORTHAMPTONSHIRE 
& RUTLAND SHA

Daventry PCT

Melton Rutland & Harborough PCT

Northampton PCT

1.17

1.03

1.15

1.26

1.27

1.18

0.95

1.12

1.17

1.21

1.22

1.40

1.20

0.49

0.80

0.89

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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Rank Health Authority/PCT

2Mean 
dmft

Fluoridation 
status3

4 % of Pop 
on F supplies

13

Including:

Northamptonshire Heartlands PCT

Southern Leicester PCT

Hinckley & Bosworth PCT

Charnwood & NW Leicestershire PCT

Leicester City West PCT

Eastern Leicester PCT

THAMES VALLEY SHA

South East Oxfordshire PCT

Wokingham PCT

Bracknell PCT

North East Oxfordshire PCT

South West Oxfordshire PCT

Milton Keynes PCT

Wycombe PCT

Aylesbury PCT

Newbury PCT

Windsor, Ascot and Maidenhead PCT

Oxford City PCT

Cherwell Vale PCT

Slough PCT

Reading PCT

0.96

1.04

1.13

1.25

1.70

2.40

1.23

0.62

0.80

0.83

0.83

0.84

0.97

1.02

1.11

1.16

1.27

1.48

1.53

2.04

2.30

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

14

Including:

15

Including:

16

Including:

BEDFORDSHIRE & HERTFORDSHIRE SHA

Bedfordshire Heartlands PCT

Bedford PCT

North Herts & Stevenage PCT

Luton PCT

SOUTH WEST LONDON SHA

Croydon PCT

Kingston PCT

Sutton and Merton PCT

Wandsworth PCT

NORFOLK, SUFFOLK 
& CAMBRIDGESHIRE SHA

Suffolk Central & South PCT

South Cambridgeshire PCT

East Cambridgeshire PCT

Suffolk Coastal PCT

Ipswich PCT

Huntingdonshire PCT

Suffolk West PCT

Great Yarmouth PCT

Fenland PCT

West Norfolk PCT

Lowestoft & Waveney PCT

South Peterborough PCT

Broadland PCT

Cambridge City PCT

South Norfolk PCT

1.25

0.73

1.04

1.24

2.07

1.26

1.06

1.14

1.32

1.62

1.29

0.89

0.90

0.98

1.03

1.04

1.05

1.06

1.07

1.19

1.25

1.26

1.32

1.37

1.55

1.63

NF

Partial

Fluoridated

NF

NF

NF

NF

NF

NF

NF

Natural5

Variable

Variable

Variable

Variable

Variable

Variable

Variable

Variable

Variable

NF

Variable

Variable

Variable

NF

Variable

12

22

100

0

0

0

0

0

0

0

?

?

?

?

?

?

?

?

?

0

?

?

?

0

?

 



18

Rank Health Authority/PCT

2Mean 
dmft

Fluoridation 
status3

4 % of Pop 
on F supplies

17

18

19

Including:

20

Including:

North Peterborough PCT

Breckland PCT

Norwich City PCT

North Norfolk PCT

BORDERS HB

SOUTH WEST PENINSULA SHA

NORTH CENTRAL LONDON SHA

Enfi eld PCT

Haringey PCT

Barnet PCT

N & E YORKSHIRE & NORTHERN 
LINCOLNSHIRE SHA

North Lincolnshire PCT

North East Lincoln PCT

Selby & York PCT

Craven, Harrogate & Rural PCT

Hambleton & Richmondshire PCT

Scarborough, Whitby & Ryedale PCT

1.65

1.71

1.75

1.88

1.39

1.46

1.48

1.16

1.55

1.75

1.49

1.08

1.28

1.30

1.42

1.83

1.93

Variable

Variable

NF

Variable

NF

NF

NF

NF

NF

NF

NF

Fluoridated

Partial

NF

NF

NF

NF

?

?

0

?

0

0

0

0

0

0

8

75

15

0

0

0

0

21

22

Including:

23

Including:

24

Including:

SHETLAND HB

NORTHUMBERLAND, TYNE & WEAR SHA

North Tyneside PCT

Gateshead PCT

Newcastle PCT

Northumberland PCT

South Tyneside PCT

Sunderland PCT

NORTH EAST LONDON SHA

Havering PCT

Barking & Dagenham PCT

Waltham Forest PCT

Redbridge PCT

City & Hackney PCT

Tower Hamlets PCT

Newham PCT

CHESHIRE & MERSEYSIDE SHA

Central Cheshire PCT

Eastern Cheshire PCT

Halton PCT

Southport & Formby PCT

Cheshire West PCT

Bebington & West Wirral PCT

Warrington PCT

Ellesmere Port & Neston PCT

South Sefton PCT

1.58

1.68

1.17

1.31

1.60

1.81

2.05

2.05

1.72

0.91

1.15

1.15

1.58

1.68

2.50

2.87

1.77

0.91

1.13

1.21

1.24

1.30

1.30

1.30

1.70

1.92

NF

Fluoridated

Fluoridated + variable

Fluoridated

Fluoridated

NF

NF

NF

Natural5

NF

NF

NF

Natural variable

NF

NF

NF

Partial

Fluoridated

NF

NF

NF

NF

NF

NF

NF

NF

0

47

50 + 50 variable low

Virtually 100

100

33

0

0

0

0

0

?

0

0

0

0

6

52

0

0

0

3

0

0

0

0
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Rank Health Authority/PCT

2Mean 
dmft

Fluoridation 
status3

4 % of Pop 
on F supplies

25

26

27

28

Including:

29

30

St Helens PCT

Birkenhead & Wallasey PCT

South Liverpool PCT

Central Liverpool PCT

North Liverpool PCT

Knowsley PCT

NORTH WALES HA

GRAMPIAN HB

FIFE HB

SOUTH YORKSHIRE SHA

Sheffi eld South West PCT

Sheffi eld West PCT

Doncaster Central PCT

Rotherham PCT

Doncaster East PCT

Doncaster West PCT

Sheffi eld South East PCT

Sheffi eld North PCT

Barnsley PCT

DUMFRIES & GALLOWAY HB

CO DURHAM & TEES VALLEY SHA

2.14

2.20

2.29

2.30

2.30

2.86

1.86

1.89

1.94

1.98

1.37

1.45

1.56

1.89

2.02

2.12

2.23

2.27

2.44

2.03

2.08

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

Partial

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

20

Including:

31

Including:

32

33

34

Hartlepool PCT

Darlington PCT

North Tees PCT

CUMBRIA & LANCASHIRE SHA

West Cumbria PCT

Fylde PCT

West Lancashire PCT

Chorley & South Ribble PCT

Carlisle & District PCT

Eden Valley PCT

Morecambe Bay PCT

Wyre PCT

Blackburn with Darwen PCT

Burnley, Pendle & Rossendale PCT

Blackpool PCT

Hyndburn & Ribble Valley PCT

Preston PCT

DYFED POWYS HA

LOTHIAN HB

IECHYD MORGANNWG HA

0.86

2.16

2.53

2.12

1.30

1.39

1.39

1.57

1.65

1.76

2.03

2.26

2.39

2.58

2.62

2.67

2.88

2.14

2.24

2.27

Fluoridated

NF

NF

Partial

Fluoridated

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

100

0

0

6

100

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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Rank Health Authority/PCT

2Mean 
dmft

Fluoridation 
status3

4 % of Pop 
on F supplies

= 35

= 35

Including:

37

38

39

40

Including:

BRO TAF HA

NORTH WEST LONDON SHA

Harrow PCT

Hillingdon PCT

Hounslow PCT

Kensington & Chelsea PCT

Ealing PCT

Brent PCT

Hammersmith & Fulham PCT

Westminster PCT

AYRSHIRE & ARRAN HB

SOUTHERN HSSB

FORTH VALLEY HB

WEST YORKSHIRE SHA

Airdale PCT

Wakefi eld West PCT

Eastern Wakefi eld PCT

Calderdale PCT

North Kirklees PCT

2.28

2.28

1.52

1.73

2.13

2.19

2.59

2.68

2.68

3.04

2.37

2.43

2.45

2.46

1.83

1.91

2.06

2.18

2.87

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

= 41

= 41

Including:

43

44

= 45

= 45

= 45

TAYSIDE HB

GREATER MANCHESTER SHA

Trafford South PCT

Stockport PCT

Trafford North PCT

Ashton, Leigh & Wigan PCT

Salford PCT

Bury PCT

Tameside & Glossop PCT

South Manchester PCT

North Manchester PCT

Bolton PCT

Heywood & Middleton PCT

Central Manchester PCT

Oldham PCT

Rochdale PCT

HIGHLAND HB

ORKNEY HB

GWENT HA

LANARKSHIRE HB

ARGYLL & CLYDE HB

2.47

2.47

1.45

1.67

2.01

2.14

2.37

2.43

2.55

2.56

2.58

2.61

2.85

2.87

2.96

3.87

2.65

2.68

2.73

2.73

2.73

 

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

NF

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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Rank Health Authority/PCT

2Mean 
dmft

Fluoridation 
status3

4 % of Pop 
on F supplies

48

49

50

51

52

WESTERN HSSB

EASTERN HSSB

NORTHERN HSSB

WESTERN ISLES HB

GREATER GLASGOW HB

2.91

2.97

3.30

3.46

3.51

NF

NF

NF

NF

NF

0

0

0

0

1 England & Wales Health Authorities data from national 2001/2002 survey [26], 
Scotland Health Boards data from 1999/2000 survey [27], Northern Ireland 
Health and Social Services Boards data from 1998 survey [28].

2 Mean dmft = average number of decayed missing or fi lled teeth per 5-year-old.
3 Fluoridated = 40% or more of population receiving fl uoridated water supplies. NF= not fl uoridated.
4 Pop on F supplies % = percentage of population receiving fl uoridated water supply.
5 Naturally occurring fl uoride levels varying between 0.21 and 1.05 ppm – diffi cult 

to quantify accurately and therefore not designated as ‘Fluoridated’.
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What is dental fl uorosis?
Dental fl uorosis appears as markings of the 
enamel surface of teeth (enamel defects). It is 
caused by ingesting excessive fl uoride during 
the period when the teeth are developing in the 
gums, before they erupt into the mouth. For the 
cosmetically important permanent front teeth, 
the key developmental period extends from birth 
to 6 years, though some suggest a more precise 
`critical period’ at 22 – 26 months of age [1]. 

In most cases dental fl uorosis appears as barely 
visible pearly white fl ecks on the surface of the 
tooth, and is undetectable except by an expert.

In the UK the likely overall prevalence of all 
types of enamel defects has been estimated 
at around 40% - about half of which will 

be dental fl uorosis – mainly the mildest 
forms [2]. The more severe forms, though 
uncommon in the UK, are generally more 
unsightly and cosmetically unacceptable. 

Dental fl uorosis is not a new condition, the 
relationship between dental fl uorosis and 
fl uoride intake has been recognised for over 
70 years. However, it should be noted that:

• There are around 90 different causes 
of enamel defects, of which 3-4 causes 
- including fl uorosis - are common;

• Few cases of dental fl uorosis are unsightly; 
the mildest forms of fl uorosis give teeth a 
`pearlised’ appearance. Indeed, one study has 
shown that adolescent children think that teeth 
with the mildest forms of fl uorosis are more 
attractive than those without fl uorosis [3]; 

• The diagnosis of dental fl uorosis is not 
straightforward, and this has made it 
diffi cult to estimate the true prevalence 
of the condition in the UK.

It is important to keep the issue of dental 
fl uorosis in perspective. An important point to 
keep in mind when considering dental fl uorosis 
is that it is primarily a cosmetic issue, and 
not a health problem. Indeed, as noted above, 
research shows that in its milder forms dental 
fl uorosis may not even be considered a cosmetic 

Key points

• Dental fl uorosis appears as markings 
of the enamel surface of teeth.

• In most cases fl uorosis appears as 
barely visible pearly white fl ecks 
on the surface of the teeth, and is 
undetectable except by an expert. 

• The more severe cosmetically unacceptable 
forms are uncommon in the UK.

• The risk of fl uorosis can be reduced by 
simply following dentists’ advice on 
the use of fl uoride toothpastes and 
fl uoride supplements by children.

Dental 
Fluorosis

Dental fl uorosis (TF3) the lower end of 

the range of severity classifi ed by York 

review as being ‘of aesthetic concern’

Very mild dental fl uorosis (TF1) giving teeth 

an attractive `pearlised’ appearance

3
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of cosmetically important dental fl uorosis is 
probably lower than that estimated by York. 

In 2000 a study by Tabari et al estimated 
the prevalence of cosmetically important 
fl uorosis in fl uoridated Newcastle to be 3% 
and non-fl uoridated Northumberland to be 
0.5% [6]. Furthermore, a study looking at 
cosmetically signifi cant fl uorosis in several 
European cities, [7] estimated the prevalence 
to be between 0 and 4% (see table 1 below). 
Only Cork had a fl uoridated water supply.

Reducing the risk of dental fl uorosis 
Dental fl uorosis develops as a result of excessive 
intake of fl uoride by young children at the 
time of enamel formation. Therefore, after the 
age of seven the risk of cosmetically important 
fl uorosis ceases to exist. The British Dental 
Association, and other specialist organisations 
believe that an important factor associated with 
the development of cosmetically signifi cant 
dental fl uorosis in the UK is young children 
routinely swallowing fl uoride toothpaste. 

To reduce the possibility of excessive fl uoride 
intake by young children, parents are advised 
to supervise their children’s tooth brushing, 
and use only a smear or small pea sized amount 
of paste on the brush. Children under seven 
years of age who are at low risk of tooth decay, 
living in a fl uoridated area, or receiving fl uoride 
supplements should use lower fl uoride toothpaste 
[8]. (Children at low risk include those with 
little evidence of tooth decay, no history of tooth 
decay among siblings, and good oral hygiene 
suggesting regular use of fl uoride toothpaste.) 

issue by some, and that teeth exhibiting mild 
fl uorosis can be considered to be more attractive 
than those without fl uorosis. Furthermore, 
in the same study the children with fl uorosis 
had, on average, signifi cantly less tooth decay 
than those without fl uorosis [3]. It is therefore 
important when considering fl uoride to balance 
the risk of the possible cosmetic disadvantage 
of dental fl uorosis against the known benefi ts 
to dental health, and that tooth decay is itself 
very unsightly, and poses a recognisable 
health risk to signifi cant numbers of young 
children in less privileged parts of the UK.

Dental fl uorosis occurs in both fl uoridated 
and non-fl uoridated areas. We need to 
make appropriate use of fl uoride in order to 
protect against tooth decay and minimise 
the possibility of dental fl uorosis.

The fi ndings of recent reviews

The York review
The University of York systematic review 
considered 88 studies of the relationship between 
water fl uoridation and dental fl uorosis [4]. The 
studies were conducted in 30 countries, and 
included some studies of water fl uoride levels of 
up to 5 parts per million (i.e. 5 times higher than 
the level recommended for water fl uoridation). 
The review noted that there is a ‘dose response’ 
relationship between fl uoride level in water and 
the amount of dental fl uorosis in the population 
– that is, as the amount of fl uoride in the water 
increases, the amount and severity of dental 
fl uorosis in the population increases. This is 
nothing new; indeed, the benefi cial effects of 
fl uoride were fi rst discovered because people 
tended to have ‘mottled teeth’ in areas where 
the natural fl uoride levels were very high.

York estimated the prevalence of fl uorosis (all 
levels of severity) to be 48% in fl uoridated areas 
and 15% in non-fl uoridated areas. However, 
their estimates of cosmetically important 
levels of severity were 12% in fl uoridated 
areas and 6% in non-fl uoridated areas.

Review by the Medical Research Council
The Medical Research Council noted the fi ndings 
of the York review; however they also considered 
several studies relevant to the UK that were 
not included in the York review [5]. These 
studies suggest that in the UK the prevalence 

Number of 
children 

photographed

Prevalence of 
cosmetically 
signifi cant 
fl uorosis 

Cork, Ireland (Fluoridated) 325 4%

Knowsley, UK 314 1%

Haarlem, Netherlands 303 4%

Athens, Greece 283 0%

Almada, Portugal 210 1%

Reykjavik, Iceland 296 1%

Oulu, Finland 315 0%

Source Cochran et al [7]

Table 1 Prevalence of cosmetically 
signifi cant fl uorosis
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Brushing should be done no more than twice a 
day and children should be encouraged to spit 
out afterwards. Toothpastes containing 1000 
to 1500 ppm are more effective and should be 
used by all children over seven years of age and 
adults. Fluoride drops or tablets should be given 
to young children only on the advice of a dentist 
or doctor, and when they are used, they should be 
given at a different time of day to brushing [9]. 
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Fluoridation and 
General Health

Key points

• Epidemiological studies and independent 
reviews of the relevant medical and 
scientifi c literature have consistently 
failed to fi nd evidence that fl uoride in 
water at or around one part per million 
has any effect on the health of the body 
other than reducing tooth decay. 

• Water fl uoridation has been practised for 
almost 60 years, and, in addition, people  

have drunk naturally fl uoridated water for 
generations. Worldwide, over 400 million 
people consume fl uoridated water, including 
the residents of 46 of the 50 largest US cities. 

• Neither the York review, nor the Medical 
Research Council and other expert panels, 
found any evidence of adverse health effects. 

Improvements to health
Oral health and general health are strongly 
linked. Eating, speaking and most social activities 
are dependent to some extent on good oral health. 
Fluoridation improves a population’s oral health, 
and as a consequence its general health [1]. 

Tooth decay and its treatment are, at best, 
unpleasant for otherwise healthy individuals. 
However, for certain groups tooth decay or its 
treatment can present far more serious risks. 
Individuals suffering certain physical or mental 
disabilities are particularly vulnerable, and 
the cardiac status of children and adults with 
heart problems may be seriously affected by 
dental disease. Fluoridation of water supplies 
in socially deprived areas where tooth decay 
rates are generally high would signifi cantly 
reduce decay rates and hence reduce the 
general health risks that the most vulnerable 
youngsters in those communities face.

No evidence of harmful effects
The main purpose of fl uoridation is to reduce 
tooth decay which it does very effectively 
and, from all the available evidence, very 
safely. However, opponents of fl uoridation 
claim that it might cause serious general 
health problems. It is important therefore 
for health agencies advocating fl uoridation 
for the purpose of improving dental health 
to satisfy themselves that it is safe. 

How nature showed the way
Fluoride is not a ‘new’ chemical in drinking 
water. It is naturally present at varying 
concentrations in all water supplies. In the United 
Kingdom natural concentrations are typically 

lower than the 1 part per million (1ppm) which is 
recommended for dental health. However, some 
water supplies - for example in Hartlepool in 
the North East of England - have always had a 
natural fl uoride concentration at about 1ppm - 
and supplies in parts of Essex used to 
contain even higher concentrations - 
up to nearly 6ppm - until the switch 
was made to different water sources.

In the early 1900s scientists were 
trying to fi nd out why people living 
in certain areas had a particular type 
of mottling of the teeth. Eventually 
the link between the mottling 
and very high concentrations of 
fl uoride in drinking water was 
made, and they called the mottling 
dental fl uorosis. However, they also 
noticed that the people affected 
had remarkably low levels of tooth decay. Soon, 
they were able to establish that at one part per 
million, fl uoride in water caused mottling of only 
minor cosmetic signifi cance but did bring with 
it the benefi t of improved dental health. This 
early work led to the suggestion that it might 
be possible to reproduce the benefi ts of nature 
by artifi cially adjusting the natural fl uoride 
levels in drinking water to around 1ppm. So, 
starting with Grand Rapids in Michigan in 1945, 
a series of studies of artifi cial fl uoridation in 
the United States and Canada were set up, and 
quickly provided evidence that this was indeed 
the case. The key question to ask, of course, is 
whether fl uoride at this level could or does cause 
harm to other parts of the body. Again, the early 
research suggested that there was not a problem. 

Good oral health 

is important for 

eating, speaking, 

and smiling

4
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As described above, some communities have 
had more than a lifetime’s exposure to naturally 
fl uoridated water. Because the laws of chemistry 
dictate that fl uoride ions in solution in water 
are identical whether they occur naturally 
in the water or are added artifi cially, it has 
long been believed that there is no difference 
in absorption of fl uoride from naturally and 
artifi cially fl uoridated water. However, to 
establish conclusively whether there was any 
difference, the UK Government asked the 
University of Newcastle to undertake a study. 
The results confi rmed that there is no signifi cant 
difference in the absorption of fl uoride from 
naturally and artifi cially fl uoridated water 
[2]. This confi rmation is important because it 
means that evidence from populations such 
as Hartlepool, where water supplies have been 
naturally fl uoridated at the right level for 
dental health (1 part of fl uoride per million 
parts of water) for hundreds of years, and which 
have shown no increased risk of any adverse 
health effects, can be applied to populations 
receiving artifi cially fl uoridated supplies. 

In addition, artifi cial fl uoridation has now been 
practised throughout the world for almost 60 
years. Around 400 million people in at least 
53 countries drink optimally fl uoridated water 
- including two-thirds of the population of 
the United States. There is therefore a wealth 
of experience and evidence about the health 
effects of drinking fl uoridated water. 

How the facts have refuted allegations of harm
Despite a lack of scientifi c evidence, opponents 
of fl uoridation have blamed it for a seemingly 
almost endless list of diseases. Numerous 
searching reviews of the safety of fl uoridation 
have been unable to fi nd any adequate 
grounds for these allegations of harm. 

The most recent UK reviews of the evidence have 
been undertaken by the University of York’s NHS 
Centre for Reviews and Dissemination (CRD) 
[3], and the Medical Research Council [4]. The 
York CRD review, published in September 2000, 
included 33 studies of a possible link between 
water fl uoridation and possible adverse health 
effects. No evidence of a link with any adverse 
health effect – including cancer, bone fractures 
and Down’s Syndrome - was found. However, 
York identifi ed the need for more good quality 
research, so the Government asked the Medical 
Research Council to suggest where it might 
be possible to strengthen the evidence base.

The Medical Research Council (MRC) Water 
Fluoridation Working Group sought to move 
the debate forward and concentrated its 
efforts on those areas where there might be 
plausible scientifi c grounds for an association 
with ill health – bone health and cancer.

Bone health
Approximately half of the fl uoride we take in is 
rapidly excreted in the urine; however almost all 
of the fl uoride retained in our bodies is deposited 
in the bones and teeth. It is plausible therefore 
that any adverse effects from fl uoride intake 
might occur in our bones and teeth. We have 
noted that too much fl uoride ingested at the time 
that the tooth enamel is forming might result 
in cosmetically unsightly dental fl uorosis. Only 
one condition - skeletal fl uorosis - is known to 
result from long-term ingestion of exceptionally 
high concentrations of fl uoride in water.

Skeletal fl uorosis
Skeletal fl uorosis is a bone disease characterised 
by failure of the bone to mineralise properly. The 
bones tend to be weaker than normal bones, and, 
typically, the bones of the legs become deformed 
due to weight bearing. Calcifi cation extends into 
tendons and ligaments, making them stiff, and 
less mobile. The condition is very different from 
the forms of arthritis common in the UK. Indeed, 
there are no reports of skeletal fl uorosis in the UK 
or the US associated with fl uoride concentrations 
at 1ppm in drinking water. The condition is very 
rare in both countries, and only one indigenous 
case has ever been reported in the UK [5]. 

Skeletal fl uorosis is a widespread problem in 
several developing countries such as India and 
Pakistan, and has also been reported sporadically 
in other parts of the world. These areas tend 
to have high fl uoride exposures, mainly from 
high fl uoride levels in drinking water (up to 18 
mg/L in 15 states of India), and hot climates 
(resulting in increased water consumption). In 
these developing countries dietary defi ciencies 
and lack of safe water supplies also contribute to 
the much higher occurrence of crippling bones 
diseases than is seen in developed countries.

Other possible effects on bone health
There is a large body of evidence from 
populations drinking naturally fl uoridated water 
that it has no adverse effect on our bones [6-8]. 
However, as hip fracture is the most important 
of the potential effects of fl uoride on bone in 
developed countries, a number of studies have 
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investigated fl uoride exposure and hip fracture 
risk. Results vary: some studies have shown a 
slight protective effect, others have shown a slight 
increase in fracture rates, while still others found 
no effect. The York review [3] conducted a meta-
analysis (analysing the pooled results) of several 
studies on bone fracture and water fl uoridation. 
They found no effects, except for studies of 10 
years or longer, in which case a protective effect 
of water fl uoridation on fracture risk was shown. 

Gaps in the evidence
The laws of chemistry dictate that fl uoride 
ions in solution in water are identical whether 
they occur naturally in the water or are added 
artifi cially. It has therefore long been believed 
that absorption of fl uoride is similar from 
naturally and artifi cially fl uoridated water 
[9, 10]. That being the case, the health impact 
on residents of areas in which fl uoride occurs 
naturally has been applied to those of areas in 
which drinking water is artifi cially fl uoridated. 
However, this reasoning has been strongly 
disputed by opponents of fl uoridation, and the 
Medical Research Council Review therefore 
recommended new research to investigate the 
bioavailability and absorption of fl uoride from 
naturally fl uoridated and artifi cially fl uoridated 
drinking water, looking at the impact of water 
hardness [4]. Consequently, the UK Government 
commissioned the study of the absorption by 
humans of fl uoride in water described briefl y 
earlier in this chapter [2]. The study carried out 
by the University of Newcastle, and reviewed by 
internationally recognised experts, confi rms that 
there is no signifi cant difference in the absorption 
of fl uoride from naturally and artifi cially 
fl uoridated water. It confi rms that evidence 
from the many studies of populations such as 
Hartlepool where water fl uoride levels have 
always been naturally at the right level for dental 
health (1 part of fl uoride per million parts of 
water), and which have shown no increased risk 
of hip fracture or other adverse health effects, can 
be applied to populations receiving artifi cially 
fl uoridated supplies. These results therefore 
give further reassurance that water fl uoridation 
has no adverse effects on bone health. 

Cancer
There have been many epidemiological studies 
examining whether or not there could be any 
link between fl uoride in water and cancer. 
Probably the earliest, published over fi fty years 
ago, was conducted in the UK [11]. It was a 
simple comparison of death rates, for 1930-39, 

in South Shields (fl uoride naturally present in 
water at l.4ppm) and Tynemouth (fl uoride less 
than O.25ppm). The author concluded that the 
death rates from ‘malignant disease’ in the two 
communities were ‘approximately the same’. 

Nowadays however little weight can be placed 
on Weaver’s analysis as it did not take into 
account other relevant differences between the 
communities, such as the proportions of males 
and females and the proportions of people in 
different age groups. These factors have important 
effects on cancer rates, and, because of the public 
health implications of cancer, many further 
investigations of the possibility of any link with 
fl uoridation have been carried out over the years.

The early studies looked at the possible 
association of fl uoride with cancers of all types 
and these are discussed later in this chapter. 
However, because fl uoride accumulates in 
bone and has an effect on bone formation, 
particular attention has been given to 
bone cancer - especially osteosarcoma. 

Osteosarcoma
Osteosarcoma - primary bone cancer - is very 
rare; not all bone cancers are osteosarcoma, 
most are secondary from cancer in other 
organs. There are only about 125 new cases of 
osteosarcoma per year in England and Wales [4]. 

In 1990, the independent Committee on 
Carcinogenicity of Chemicals in Food, Consumer 
Products and the Environment (COC) - which 
assesses and gives advice to the Government on 
carcinogenic risk to humans - concluded that 
there was no evidence that fl uoride causes bone 
cancer in humans, even in people in whom long 
term exposure to excessive levels of fl uoride 
had caused skeletal fl uorosis. In 2000 the York 
review could fi nd no clear association between 
osteosarcoma and fl uoridation, and in 2002 
the Medical Research Council agreed with York 
that, overall, the evidence does not suggest that 
artifi cially fl uoridated water increases the risk 
of cancer. However, because osteosarcoma, is a 
diffi cult cancer to study, and because its causes 
are poorly understood, the Medical Research 
Council review suggested that if new studies 
are undertaken, exposure to fl uoride should be 
included along with the other possible risk factors.

The Medical Research Council report commented, 
‘further data are expected from an extension 
of the preliminary report of McGuire et al 



30

[osteosarcoma case control study]’ [12]. Professor 
Chester Douglass of Harvard University presented 
preliminary results, as yet unpublished, from 
that and a separate National Cancer Institute 
study by Hoover et al, at a symposium held 
at the Royal College of Physicians, London, 
in November 2002. These two large case-
control studies showed no association between 
fl uoride exposure and osteosarcoma.

Population studies of cancer
Analyses of cancer statistics in the US, 
the UK and elsewhere have not shown any 
differences in total cancer rates between 
fl uoridated and non-fl uoridated populations, 
or between populations with water supplies 
naturally high or low in fl uoride. Some studies 
have looked specifi cally at bone cancer or 
at osteosarcoma, and have not observed any 
association with water fl uoridation [13, 14].

An important study by Hoover et al [13], which 
included 2.3 million cancer deaths, was not 
included in the York Review’s main analysis 
because it grouped non-fl uoridated areas together 
with areas fl uoridated within the most recent 
fi ve years. However, the MRC working group 
considered that, since cancers take many years 
to develop, this grouping was appropriate, and 
that the results of the Hoover study are very 
important for the evaluation of the effects of 
fl uoridation because the large numbers involved 
made it possible to detect small effects. The 
Hoover study singled out osteosarcomas for 
detailed analysis and found no relationship 
with fl uoridation. Figure 1 shows the risk of 
osteosarcoma in fl uoridated compared with 
non-fl uoridated US counties. The horizontal 
line at 1.0 is the theoretical line of identical 
risk. As can be seen, the actual risk over a 
20+ year period hovers above and below the 
line of identical risk. The bar lines indicate 
that, statistically, the risk of osteosarcoma 
is no different in fl uoridated compared with 
non-fl uoridated for any of the 5-year periods. 
The Hoover study did fi nd some evidence 
suggestive of a relationship with fl uoridation 
and the occurrence of renal cancer. However, in 
contrast, the data for renal cancer deaths showed 
evidence of an opposite relationship. Overall, 
the Hoover study identifi ed no trends in cancer 
cases or deaths that could be attributed to the 
consumption of fl uoridated drinking water. 

Figure 1 NCI study, Hoover et al 1991 

Osteosarcoma and fl uoridation. 91 incident osteosarcomas in 

fl uoridated counties. Risk ratios relative to non-fl uoridated 

counties, adjusted for age, calendar time, geographic area, and sex. 

(Adapted from Hoover et al 1991.)

Figures 2 and 3 show the pattern of cancers 
deaths in 1.2 million men (Figure 2) and 1.1 
million women (Figure 3) for a period 35 
years before and 35 years after fl uoridation 
compared with cancer deaths in similar, but 
non-fl uoridated, populations.  Again, the 
horizontal line at 1.0 is the theoretical line of 
no difference.  As can be seen, up to 35 years 
of fl uoridation did not increase the risk of 
death from cancer for either men or women 
compared with the risk before fl uoridation, or 
compared with non-fl uoridated populations.  

Figure 2 NCI study, Hoover et al 1991

Mortality ratios, all cancers in men before and after fl uoridation.  

Mortality relative to non-fl uoridated counties, adjusted for age, 

calendar-time, and geographic region.  (1.2 m deaths.) (Adapted 

from Hoover et al 1991.)
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Figure 3 NCI study, Hoover et al 1991

Mortality ratios, all cancers in women before and after fl uoridation. 

Mortality relative to non-fl uoridated counties, adjusted for age, 

calendar-time, and geographic region. (1.1 m deaths.) (Adapted 

from Hoover et al 1991.)

Cancer studies with data for fl uoride 
exposure in individuals
There are few cancer studies where data on 
fl uoride exposure were estimated for individuals 
rather than populations. However, three small 
case control studies of osteosarcoma have 
been reviewed by the Australian National 
Health and Medical Research Council [12, 15-
17]. None of these studies found any evidence 
of fl uoride increasing the risk of cancer. 

Evaluation of existing information
Overall, the available evidence suggests there is 
no association between artifi cially fl uoridated 
water and cancer in humans. The results of 
studies to date rule out more than a very small 
effect of fl uoridation on cancer risk for up 
to about 35 years of exposure. Furthermore, 
studies of cancer rates in populations drinking 
naturally fl uoridated water, which provide 
information on lifetime exposure, provide a 
high level of reassurance concerning safety. 
(See the section on the Knox report below.)

The Knox report
A Working Party convened by the UK Department 
of Health and Social Security and led by Professor 
George Knox reported in 1985 on its evaluation 
of analyses of cancer data available at that time, 
including some commissioned for the Working 
Party itself [18]. The team concluded that:

‘We have found nothing in any of the major 
classes of epidemiological evidence which 
could lead us to conclude that either fl uoride 
occurring naturally in water, or fl uoride added 

to water supplies, is capable of inducing 
cancer, or of increasing the mortality from 
cancer. This statement applies both to cancer 
as a whole and to cancer at a large number 
of specifi c sites. In this we concur with the 
great majority of scientifi c investigators and 
commentators in this fi eld. The only contrary 
conclusions are in our view attributable 
to errors in data, errors in analytical 
technique, and errors in scientifi c logic.

The evidence permits us to comment positively 
on the safety of fl uoridated water in this respect. 
The absence of demonstrable effects on cancer 
rates in the face of long-term exposures to 
naturally elevated levels of fl uoride in water: the 
absence of any demonstrable effect on cancer 
rates following the artifi cial fl uoridation of 
water supplies: the large human populations 
observed: the consistency of the fi ndings from 
many different sources of data in many different 
countries: lead us to conclude that in this 
respect the fl uoridation of drinking water is safe.

The routine monitoring of public health 
has been an important feature of many 
fl uoridation programmes, and has 
contributed to the confi dence with which 
we can assert the safety of fl uoridation 
with respect to cancer. We recommend 
that such monitoring should continue.’ 

Conclusion
Public health authorities around the world have 
taken seriously the suggestion that fl uoridation 
might increase cancer rates. In 1990 the 
independent Committee on Carcinogenicity of 
Chemicals in Food, Consumer Products and the 
Environment (COC) which assesses carcinogenic 
risk to humans, and gives advice to the UK 
Government, examined the available evidence 
and concluded that there was no evidence 
of carcinogenic to humans from fl uoride. 

The MRC review used material included in the 
York Review, and ‘other signifi cant reviews’ to 
assess the risk of cancer from fl uoridation. As 
has been noted above, the MRC agreed with York 
that, overall, the evidence does not suggest a link 
between artifi cially fl uoridated water and the risk 
of any cancer. The Working Group commented 
that there is no evidence on the effects on cancer 
risk from artifi cial fl uoridation for more than 40 
years, and recommended an updated analysis 
of UK population data on artifi cial fl uoridation 
and cancer rates that would detect any effect 
after long exposure. However, as stated earlier, 
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the recent Government-commissioned study of 
the absorption by humans of fl uoride in water 
confi rms that there is no signifi cant difference 
in the absorption of fl uoride from naturally 
and artifi cially fl uoridated water; therefore, 
evidence from studies of populations drinking 
naturally fl uoridated water which have shown 
no increased risk of cancer or any other adverse 
health effects, can be applied to populations 
receiving artifi cially fl uoridated supplies. 
These studies give further reassurance that 
water fl uoridation does not increase the risk of 
cancer. The results of the absorption study are 
expected to be published in full in due course.

Other health concerns
It has been suggested that water fl uoridation 
causes a variety of unwanted health effects 
other than those mentioned above. Many of 
these claims have not been substantiated. Below 
is a brief summary of what is known about 
the most important of these possible effects.

Allergy and immunological effects
It has been claimed that many allergic reactions 
are caused by fl uoride in drinking water. 
However these claims have been investigated 
and reviewed by experts and all concluded 
that there is no credible evidence to support 
claims that fl uoride is allergenic [4, 19-21]. 

Effects on reproduction
On the question of whether fl uoridation 
affects reproduction, the Medical 
Research Council’s 2002 review said:

‘Adverse effects of fl uoride intake on 
reproductive performance, such as reduced 
lactation, have been demonstrated in many 
species. However, these studies have used 
dietary concentrations very much higher than 
those in the fl uoridated drinking water of 
humans (National Research Council, 1993).

Fluoride has also been implicated in a number 
of adverse outcomes relating to fertility and 
pregnancy, but there is insuffi cient evidence 
to establish a link between decreased fertility 
and fl uoride exposure (National Health and 
Medical Research Council, 1999). The York 
Review found no evidence of reproductive 
toxicity in humans (McDonagh et al, 2000).

The plausibility of fl uoride affecting 
the reproductive capacity of humans 
at the intakes experienced from 
fl uoridated drinking water is low.’

Birth defects
Fluoride reaches the unborn baby and is 
incorporated into its tissues; it could therefore 
plausibly cause birth defects. However, studies 
in areas of India and Africa that have high 
levels of naturally fl uoridated water have 
not shown an increase in birth defects [7]. 
In 1957, an investigator linked an excess of 
Down’s Syndrome to fl uoridation. However, 
later studies by other investigators provided 
strong evidence against this suggestion [3, 7].

On this question, the Medical Research 
Council’s 2002 review concluded:

‘Human and experimental animal data 
suggest that drinking even high levels 
of fl uoride in water does not cause birth 
defects…. Further work on this aspect is 
not considered to be of high priority.’

One recent study has concluded ‘that there 
is no evidence that fl uoridation has had any 
infl uence on the rate of congenital abnormalities 
or stillbirths in the North East of England’ [22]. 
Another which looked at all pregnancies that were 
recognized to be affected by Down Syndrome in 
England and Wales over a fi ve year period found 
no convincing evidence of an association between 
water fl uoridation and Down Syndrome [23]. 

Renal effects
The kidney is exposed to relatively high fl uoride 
concentrations and therefore the potential for it 
to be harmed by fl uoride exists. However, several 
large community-based studies have found no 
increase in kidney disease associated with long-
term exposure to drinking water with fl uoride 
concentrations of up to eight times the optimal 
for dental health [7, 20]. The Medical Research 
Council’s 2002 review concluded that further 
research of this question is not high priority.

Gastrointestinal tract
High concentrations of fl uoride can be 
irritating to the stomach. However, at optimal 
drinking water fl uoride concentrations (1 
part per million) this is not a problem [7, 
20]. Again, the Medical Research Council’s 
2002 review concluded that further research 
of this question is not high priority.

Intelligence
Two Chinese studies have found a positive 
association between high levels of fl uoride 
in drinking water and reduced children’s 
intelligence/IQ. However at fl uoride 
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concentrations that are more comparable 
to the levels in fl uoridated water in the UK, 
the Chinese studies found no reduction in 
children’s IQ [24, 25]. The Medical Research 
Council’s 2002 review concluded that further 
investigation of this aspect was of low priority.

Thyroid disease
The York Review found two studies which 
found no signifi cant association between water 
fl uoride level and goitre [26, 27], and one, 
unpublished, study that found an association 
between combined high fl uoride/low iodine levels 
and goitre [28]. Again, the Medical Research 
Council’s 2002 review concluded that further 
investigation of this aspect was of low priority.

Miscellaneous effects
The Medical Research Council’s 2002 review 
concluded that further targeted research on 
several other possible health outcomes such 
as effects on the pineal gland, dementia, 
and Sudden Infant Death Syndrome, was 
of low priority ‘unless and until critical 
literature reviews are undertaken that 
demonstrate specifi c research needs’.

Conclusion
Water fl uoridation has been practised for almost 
60 years, and, in addition, people have drunk 
naturally fl uoridated water for generations. 
Worldwide, over 400 million people consume 
fl uoridated water, including the residents of 46 
of the 50 largest US cities. Given the number of 
research reports reviewed by York, the Medical 
Research Council and other expert panels, it 
seems to us inconceivable that any adverse health 
effects would not by now have been uncovered. 
As previously mentioned, the recent University 
of Newcastle study of the absorption of fl uoride 
from naturally and artifi cially fl uoridated 
water confi rms that there is no signifi cant 
difference in the absorption of fl uoride from 
naturally and artifi cially fl uoridated water. The 
study confi rms that evidence from the many 
studies of populations throughout the world 
where water fl uoride levels have always been 
naturally at the right level for dental health 
(1 part of fl uoride per million parts of water), 
and which have shown no increased risk of 
any adverse health effects, can be applied to 
populations receiving artifi cially fl uoridated 
supplies. These results therefore give further 
reassurance as to the safety of water fl uoridation.
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Legal Aspects 
and Decision Making

Key points

• In England local strategic health authorities 
are responsible for deciding whether 
fl uoride should be added to the water 
supplies consumed by their populations. 

• If formal consultation demonstrates local 
support, the strategic health authority may 
then request the relevant water supplier to 
make the necessary technical arrangements.

• Recent changes to the legislation 
for England and Wales mean that, in 
future, water suppliers will be obliged to 
fl uoridate supplies when asked to do so 
by a strategic health authority in England, 
or, in Wales, the National Assembly. 

• New regulations on the detailed requirements 
on consultations are in preparation.

Flawed legislation 
In the United Kingdom decisions about 
fl uoridation have always been made locally. Prior 
to 1974 decisions were made by local authorities. 
Responsibility passed to the NHS when local 
government and the NHS were reorganised 
in 1974. The 1985 Water (Fluoridation) Act 
(subsequently incorporated into the Water 
Industry Act 1991) [1, 2], made health authorities 
in England and Wales and Health Boards in 
Scotland responsible. In Northern Ireland, the 
relevant legislation entrusts the decision to area 
health and social services boards, and ultimately 
to the Department of the Environment. 

In theory, the 1985 Act made decision-making 
on fl uoridation a straightforward process. In 
practice however, the Act proved to be defective 
as it allowed water suppliers to refuse health 
authorities’ requests for fl uoridation – even where 
strong local support for fl uoridation had been 
demonstrated. As a result, no new fl uoridation 
schemes were started under its provisions. 

The wording of the relevant clause stated 
that, when requested by a health authority, 
the water supplier ‘may, while the application 
remains in force, increase the fl uoride content 
of the water supplied by them within that 
area’ (our emphasis). Following unsuccessful 
attempts to implement fl uoridation under the 
Act by many health authorities across the UK 
(as outlined below), in 1998 a judicial review 
confi rmed that the 1985 Act did indeed give 
water companies discretion on whether or not 
to fl uoridate [3]. As a result of the legislation 
failing to deliver what had been intended 
Parliament passed new legislation in 2003 [4].

Futile attempts to 
implement fl uoridation
As has been discussed in Section 
2 of this report, severe tooth 
decay is a particular problem 
among young children in 
disadvantaged communities, 
and tooth extraction is the most 
common form of treatment in 
such young children. Therefore, 
in light of the proven benefi ts 
of water fl uoridation, and the 
absence of evidence of harm, 
many health authorities have been 
doing their best to make the 1985 
Act work. Between 1987 and 1992, 
parts of the UK where they have 
sought to use the Act to obtain 
or extend fl uoridation include:
• The former North Western 

Health Region;
• The former Mersey 

Health Region;
• The former Northern 

Health Region;
• The former Yorkshire 

Health Region;
• The former Trent Health Region;
• The former West 

Midlands Region;
• The former Wessex 

Health Region;
• Scotland;
• Wales;
• Northern Ireland.

In all cases, where the formal consultation and 
decision-making processes have been concluded 
and written applications made to the appropriate 

Leafl et used during 

the 1994 public 

consultation about 

fl uoridation in the 

North East

5
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water suppliers, either a negative or a non-
committal response has been received. Perhaps 
the most interesting and well documented 
example is in the North East of England where 
Northumbrian Water has refused fl uoridation 
applications from eight health authorities 
– despite the support of the general public, 
19 of the 24 local authorities concerned, and 
10 of the 11 Community Health Councils, and 
the fact that the company already fl uoridates 
supplies for around 1 million of its customers. 

In 1998 a judicial review of Northumbrian 
Water’s decision not to fl uoridate supplies at 
the request of Newcastle and North Tyneside 
Health Authority (and the seven other health 
authorities of the region) confi rmed that the 
1985 Act did give water companies discretion 
on whether or not to fl uoridate [3, 5]. 

Ruling against the Health Authority, 
the judge, Mr Justice Collins, said,

‘In the exercise of its discretion, the respondent 
water company was entitled to reject the 
applicant health authority’s proposal to 
extend the artifi cial fl uoride in its water 
supplies. It did not have a public body duty 
and was entitled to take the interests of its 
shareholders into account’. He went on to say 
`with some regret’ that it was open to the water 
company to adopt the attitude that it had.

Justice Collins indicated that a change in the law 
would be necessary to rectify the situation. And, 
indeed, the `shortcomings in the effectiveness of 
the legislation’ had been acknowledged earlier 
that year by the, then, Public Health Minister, 
Tessa Jowell. In a Commons debate she described 
the situation as ‘a mess’ [6], and promised 
action by the Government to fi nd a `workable’ 
way forward. As outlined later in this Section, 
in November 2003 the necessary legislation 
to remove the water suppliers right to refuse 
to fl uoridate was passed by Parliament [7]. 

Scotland
In Scotland the 1985 Water (Fluoridation) Act, 
and subsequent guidance issued as NHS Circular 
No 1991(GEN)16, remain in force. The Act 
and guidance give Health Boards the power to 
decide whether or not to apply for fl uoridation of 
supplies in their area, and set out the procedure 
to be followed in using that power. Publicity and 
consultation are an important part of the process.

Scotland now has its own Parliament, with 
health among its devolved powers. A further 

major difference between England and 
Scotland is that Scottish water supplies are 
under public, not private, ownership which 
since February 2001 has been a single water 
authority – Scottish Water. Unlike the privatised 
water industry in England and Wales, Scottish 
Water remains a publicly owned organisation 
directly answerable to the Scottish Parliament. 

Northern Ireland
The recent Water Act (2003) does not cover 
Northern Ireland. Water supplies in Northern 
Ireland are not privatised and the ‘may/shall’ 
wording issue that has dogged fl uoridation in 
England and Wales has not affected the province. 

Legislation enabling fl uoridation of the public 
water supplies in Northern Ireland was updated 
in 1987. The Water Order (1987) empowers 
the Department of the Environment (NI), on 
application from a Health Board, to fl uoridate 
the water supplied within the area (or part of 
the area) of that Board [8]. Before making an 
application to fl uoridate, Boards are required to:
• Publish details of their proposal;
• Consult district councils for the 

area affected by the proposal;
• Obtain the approval of the Department 

of Health and Social Services.

There are currently no water fl uoridation schemes 
in Northern Ireland. A consultation exercise 
took place in 1996/7 with all four Health Boards 
proposing schemes. Twenty-fi ve out of the 26 
district councils opposed the schemes. Although 
the support of the councils is not required by 
the Order, in practice it was not possible to 
proceed in the face of this level of opposition.

The publication of the interim report of the 
North-South Children’s Oral Health Survey[9] 
has reactivated the fl uoridation debate within 
the Department of Health (NI) but the defeat 
of 1996/7 has left deep wounds. It remains to 
be seen whether progress made on starting 
new schemes in England will have any effect 
on the situation in Northern Ireland.

New legislation
Since 1996, the National Alliance for Equity in 
Dental Health (an alliance of over 100 leading 
health and voluntary organisations including the 
British Dental Association, the British Medical 
Association, and the British Fluoridation Society) 
has worked with Water UK (the water industry’s 
trade organisation) to bring about the 2003 
change in the law. Whilst remaining neutral on 
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fl uoridation per se, Water UK made clear that it 
wanted the Government to act to enable the long-
standing impasse between the industry and the 
NHS over fl uoridation to be resolved. In Spring 
2003 Water UK issued a news release stating 
that the industry strongly supported a proposed 
amendment to the Water Industry Act 1991. The 
news release left no doubt that the water industry 
as a whole believed that water fl uoridation is ‘a 
health issue’ and that `current discretion for water 
companies to agree to an application from a health 
authority should be removed’. In the news release 
Water UK Chief Executive, Pamela Taylor said:

‘The current situation is frustrating for 
everyone with an interest in this important 
issue. Water UK wants to see the stalemate 
resolved and decision-making placed securely 
with health professionals, where it belongs.’

Such a statement from the industry made 
it clear to all concerned that without new 
legislation there could be no progress on 
fl uoridation; however, equally importantly, 
it made clear that the industry as a whole 
welcomed the proposed change, and would 
support the Government’s efforts to change 
the law – provided that the position of water 
companies is ‘properly safeguarded in respect of 
operating arrangements, costs and indemnities’. 

From the outset the Alliance campaign had 
been actively supported by several Members 
of Parliament, and in December 2002 Andy 
Burnham, Labour MP for Leigh, tabled an Early 
Day Motion calling for an amendment to the 
Water Bill that would require water companies 
to fl uoridate supplies where health authorities 
have demonstrated that there is strong local 
support. His motion was signed by 149 MPs.

On the 9th of July 2003, encouraged by the 
water industry’s attitude, and the support of 
backbench MPs on all sides of the Commons, 
the Government put down an amendment to the 
Water Bill then being discussed in the Lords[7]. 
In a free, unwhipped, vote Peers supported the 
Government’s amendment by a convincing 153 
votes to 31, and the amendment was incorporated 
into the Bill. At the Commons Committee Stage 
the amendment was supported by 14 votes to 
6, and on Monday 10 November 2003 in a free 
vote MPs voted overwhelmingly (284 votes to 
181) in support of fl uoridation. The Water Act 
2003 became law on 20th November 2003 [4]. 
On fl uoridation, Section 58 says, inter alia,

‘If requested to do so by a relevant 
authority, a water undertaker shall enter 
into arrangements with the relevant 
authority to increase the fl uoride content 
of the water supplied by that undertaker to 
premises specifi ed in the arrangements’. 

The replacement of the word ‘may’ by the word 
‘shall’ was the critically important change.

Section 58 also put new emphasis on the 
requirement for consultation before any 
new fl uoridation scheme is requested (or an 
existing scheme terminated). A new section on 
consultation confi rmed that Regulations are to 
be drawn up about the process to be followed on 
consultation and assessment of public opinion. 
Furthermore, indicating how important public 
consultation is, such regulations must be ‘laid 
before, and approved by a resolution of, each 
House of Parliament’ or, in the case of Wales, 
‘The power of the Assembly to make regulations 
…shall be exercisable by statutory instrument’.  

The Government has always indemnifi ed 
water companies in respect of liabilities that 
they may incur in respect of fl uoridation, and 
the new Act provided for Regulations to be 
drawn up governing future indemnities.

The way forward: public information 
and consultation
The 1985 Act and associated guidance 
(HC(87)18) required as a statutory 
minimum that health authorities:
• publish their proposals on two consecutive 

weeks in newspapers with the largest 
circulation in the relevant areas, 
mentioning by name all the districts to be 
fl uoridated and inviting comments; and 

• consult the relevant local authorities 
and community health councils.

The consultation period had to last for at least 
three months, and health authorities had to 
publicly consider the views which emerged. 

However, the guidance made clear that a health 
authority might consult any other bodies, or 
use other means of sounding out local opinion 
it considered appropriate to ‘ensure that 
no signifi cant section of the population can 
reasonably complain that they did not have an 
opportunity to learn about the proposals’. A good 
public information and consultation strategy has 
long been considered the cornerstone of decision-
making about water fl uoridation proposals, and, 
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in practice, health authorities have tended to 
go beyond the required minimum in order to 
maximise public involvement in the process. 

As already noted, in the early to mid-1990s, 
health authorities in the North East and West 
Midlands of England mounted very vigorous 
information campaigns in support of fl uoridation 
and sought the maximum possible response 
from relevant local organisations and the 
public. Successful publicity techniques used 
in one or both of these campaigns, included:
• pre-consultation information campaigns 

(through the media and through leafl ets 
and posters widely distributed to dental 
surgeries, GP practices, health centres, 
clinics, hospital out-patient departments, 
libraries) on the state of local dental health, 
inequalities between different geographical 
areas or sections of the community, and the 
options for reducing those inequalities;

• offers to make presentations on the state 
of dental health to elected representatives, 
community organisations, parents’ groups, 
schools and other interested bodies;

• at the commencement of the publicity and 
consultation exercise, circulation to local 
authorities, Community Health Councils, MPs 
and town or parish councils of an information 
pack containing copies of the formal 
consultation document supported by detailed 
background information and scientifi c evidence 
of the dental benefi ts and safety of fl uoridation;

• an initial press conference to announce the 
proposals, followed up by a series of news 
releases and editorial features to explain 
the issues in greater detail and deal with 
queries and concerns which are raised during 
the three month consultation period;

• a willingness to supply well-informed 
spokespersons for radio and television 
programmes and debates;

• extensive circulation of a summary version 
of the consultation document in leafl et 
form on a door-to-door basis (subject to 
feasibility and cost) as well as to dental 
surgeries, GP practices, health centres, 
clinics, hospitals, libraries, council offi ces, 
schools, colleges and other public places;

• insertion of advertising features in major 
local newspapers to summarise the key 
points from the consultation document;

• poster displays in NHS premises;
• independently conducted opinion surveys 

asking a demographically representative 
sample of the population concerned 
whether they think fl uoride should be 

added to water to reduce tooth decay;
• briefi ng materials distributed widely 

to health care professionals in order to 
enable them to respond to their patients’ 
questions about fl uoridation;

• establishment of a free telephone information 
line for people to obtain further information;

• provision of speakers on request for 
public meetings arranged by local 
community organisations to discuss 
the merits of fl uoridation.

Future consultations
We believe that requirements for undertaking 
future consultation exercises on fl uoridation 
should include all or most of the above publicity 
techniques to ensure that people are well 
informed about what is being proposed. However, 
other techniques that might also be included are:
• focus groups comprising a cross section 

of people from the communities affected, 
or a cross section of users of dental 
services or parents of children; 

• consultation meetings with the water 
company’s customer liaison panel;

• inter-active web sites through which people can 
seek information and/or record their views.

The new Act makes clear that the bodies 
responsible for future consultations about 
fl uoridation will be, in England, Strategic 
Health Authorities (SHAs), and, in Wales, 
the Assembly. In recent times the NHS has 
developed considerable expertise in involving 
the public in large-scale consultation exercises 
which have informed the establishment of the 
Commission for Patient and Public Involvement 
in Health, and SHAs have played an important 
role in these consultations. They are therefore 
both knowledgeable about the health needs 
of their populations, and experienced in the 
process of engaging local stakeholders in 
consultations and drawing out the issues. 

At the time of writing, the new Regulations 
governing fl uoridation consultations were 
in preparation. The Government’s declared 
intention to strengthen and make more 
explicit the publicity and consultation process 
by developing regulations that will:
• provide SHAs with appropriate guidance 

relating to public consultations about 
proposals for new fl uoridation schemes; 

• ensure that such guidance is based on best 
practice and the most up-to-date methods, 
satisfi es the requirements of the water industry, 
and, as far as possible, meets the concerns 
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of other interested bodies such as local 
authorities, professional and consumer groups; 

• ensure that consultations provide communities 
with evidence-based information such 
that all can understand and are given 
an opportunity to participate;

• ensure that consultations are capable of 
ascertaining the wishes of the population 
as a whole – particularly those in less 
privileged communities who have most to 
gain from fl uoridation, but who often do 
not participate in the democratic process; 

• lay down the process that must be 
followed by SHAs, and the requirements 
that must be satisfi ed before new 
fl uoridation schemes can go ahead.

The concept of involving local communities in 
policy-making has developed enormously since 
the late 1990s in both local government and 
the health service [10-12]. As a result improved 
methods of conducting public consultations have 
been developed. Simple ballots or referendums 
are no longer considered adequate to ensure that 
consultations range suffi ciently widely to take in 
all shades of opinion – particularly on issues as 
complex as water fl uoridation. Instead, a basket 
of consultation methods would be necessary 
[13]. Future consultations on fl uoridation 
proposals should therefore use modern validated 
methods which provide a credible means of 
assessing the views of the local population. 

In addition, since the 1990s, the statutory 
mechanisms for involving the local community 
in health policy have altered. Community 
Health Councils have been abolished, and the 
Commission for Patient and Public Involvement 
has been set up at a national level to ensure that 
patients and the public have a strong voice in 
all matters that affect their health and health 
services.  Under the Commission’s auspices, 
Patient and Public Involvement Forums are being 
established across England, attached to, but 
independent of, every NHS Trust and Primary 
Care Trust. They will be made up of patients and 
members of the public who will have powers to 
infl uence local health issues. The ‘Our Health’ 
network is also being created, to provide a two-
way channel of communication between the 
PPI Forums and the communities they serve.
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Technical and Scientifi c Aspects 
of Water Fluoridation

Key points

• Worldwide there are many thousands of 
fl uoridation schemes in operation – the 
earliest dating from 1945.  Water suppliers 
have therefore accumulated a wealth 
of practical experience in managing the 
fl uoridation process safely and effi ciently.

• The practice of adjusting the natural level of 
fl uoride in drinking water to improve dental 
health began in 1945 in the city of Grand 
Rapids in the USA.  Since then hundreds of 
millions of people worldwide have regularly 
consumed artifi cially fl uoridated water 
– including nowadays around 350million, 
over 160 million of them in the USA. 

• The fl uoride ion produced from artifi cial 
fl uoridation behaves identically to the fl uoride 
ion naturally present in water supplies, which 
means that, chemically, there is no difference 
between artifi cial and natural fl uoridation.

• Water fl uoridation has an 
excellent safety record.  

Understanding the chemistry of fl uoride in water
Fluoride occurs naturally in all water supplies. 
Artifi cial water fl uoridation is the process of 
adjusting the naturally occurring fl uoride in 
water supplies to a level that is known to benefi t 
teeth: 1 part of fl uoride to one million parts 
of water (1 ppm)i . This is a level that occurs 
naturally in many places throughout the world. 
In the UK, for example, the water supply for 
Hartlepool has a natural fl uoride content a 
little higher than this at around 1.2 ppm, and 
in some parts of Essex it was higher still. 

Fluorides are abundant in the earth’s crust and 
are present in the environment largely due to 
volcanic and industrial activity. Fluoride is 
present in water supplies as a result of having 
been dissolved out of the rocks and soils over 
which the water has travelled. There are two 
normal forms of fl uoride, inorganic and organic;
however, in dentistry, medicine and public 
health, only the inorganic form (which yields 
the fl uoride ion) is important. Inorganic fl uoride 
also occurs in two different forms: ionic fl uoride,
and nonionic fl uoride. Importantly however, it 

is the concentration of ionic fl uoride in solution 
that is referred to (generally in parts per million 
- ppm) when we talk of the fl uoride concentration 
of a water supply. The concentration of fl uoride 
in water is analysed by the fl uoride ion specifi c 
electrode which measures free fl uoride ions, 
not fl uoride bound to metal ions such as 
calcium, magnesium, iron or aluminium [1].

The natural fl uoride concentration of ground 
waters is affected by the availability and 
solubility of fl uoride-containing minerals and 
the porosity of rocks and soils over which 
the water passes, in addition to temperature, 
pH, and the presence of other minerals such 
as calcium, aluminium and iron which may 
combine with the fl uoride ion. Ground waters 
in the United States have been reported to have 
fl uoride concentrations of up to 67 parts per 
million, and in parts of India and Africa much 
higher concentrations have been reported. Most 
surface waters contain much lower fl uoride 
concentrations - usually less than 0.1 ppm, 
but reaching 1.0 ppm in some rivers in the 
UK, Spain, Canada, Japan, and Finland [1].

i Parts per million (ppm) is the same as 
milligrams per litre (mg/l or mgl-1)

6
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In parts of some undeveloped countries where 
the climate is hot, and safe water supplies are 
unavailable, very high natural levels of fl uoride 
in drinking water can cause damage to the bones 
and teeth of humans and animals if consumed 
over many years. (Such water supplies are 
often also contaminated with unsafe levels of 
other natural chemicals including arsenic, iron 
and salts.) However, in developed countries 
with temperate climates such as the UK, USA 
and Canada, there is no evidence of harm to 
human health from waterborne fl uoride - even 
in populations where the level of fl uoride in 
drinking water is in excess of that known to 
be optimal for dental health - 1 part of fl uoride 
for every one million parts of water (1 ppm) 
[2]. Many studies of the health of populations 
in temperate climates drinking water with 
natural fl uoride concentrations up to 8 ppm 
have found no evidence of harmful effects [3].

Expert review of the chemistry and 
uptake of fl uoride in drinking water
The laws of chemistry dictate that fl uoride 
ions in solution in water are identical whether 
they occur naturally in the water or are 
added; therefore scientists have believed since 
artifi cial water fl uoridation fi rst began in the 
United States in 1945, that the body’s uptake 
of fl uoride from water is the same whether 
the fl uoride level is naturally elevated or 
artifi cially adjusted. However, opponents of 
water fl uoridation increasingly claim that 
the body’s uptake of fl uoride from naturally 
fl uoridated water is different from that of 
artifi cially fl uoridated water, and that artifi cially 
fl uoridated water is in some way harmful. 

Because of such claims, and to improve our 
understanding of the chemistry of water 
fl uoridation, in 2002 experts at WRc-NSF were 
asked to provide an independent expert review 
of the chemistry and uptake (bioavailability) of 
fl uoride in drinking water. The full report of the 
WRc-NSF study [4] is available on the British 
Fluoridation Society website (www.bfsweb.
org/wrcreport.pdf). Below is a lay summary 
of the report that has been reviewed and 
approved by the authors of the original study. 

Study aims
The aim of the study was to answer 
the following key questions:
1. Are there differences in uptake of 

fl uoride naturally present and that 
added to the water supply?

2. Does water hardness affect the 
uptake of fl uoride in humans?

3. Does fl uoride at around 1 part per 
million (1 ppm) affect the uptake of other 
constituents of water e.g. Aluminium?

4. Does fl uoride at around 1 ppm affect the 
possibility of interactions either between 
the constituents of water, or between water 
and the pipes through which it travels?

5. Do other components of the 
artifi cially added fl uoride compounds 
increase the toxicity of water?

Study method
Questions 1 to 4 were addressed by calculating 
the outcome of chemical reactions between 
fl uoride and other water constituents and 
interpreting the results in terms of bioavailability 
(uptake). The outcome of chemical reactions 
(the ‘speciation’ of the resulting mixture of 
chemicals dissolved in water) were calculated 
using the accepted scientifi c method of `chemical 
equilibrium and mass balance modelling’. The 
potential effects on bioavailability (uptake) 
were then assessed based upon the results.

In drinking water there are many chemical 
reactions taking place at any one time, and 
although it is possible to model all of these 
reactions simultaneously, the models become 
complicated and can give results that are diffi cult 
to interpret. The WRc-NSF scientists thought 
that the results for each individual substance 
would be more clear-cut; therefore to keep 
the chemical models simple and to make the 
results easier to understand, separate models 
were constructed to address each question.

Question 5 was addressed by investigating 
the impurities that would be added based on 
product specifi cations and actual product 
quality data for fl uoridation chemicals.

Results

1. Added fl uoride was shown to be 
identical to ‘natural’ fl uoride.

Natural fl uoridation
All waters contain fl uoride at some concentration 
as a result of having been dissolved out of the 
rocks over which the water has travelled such as 
fl uorspar (natural calcium fl uoride - CaF2). When 
minerals such as fl uorspar dissolve in water the 
molecules split up to produce calcium and fl uoride 
ions - shown in the equation below as 2F-
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Artifi cial fl uoridation
In the UK only two fl uoride compounds are 
permitted for the adjustment of fl uoride levels 
to improve dental health (water fl uoridation). 
They are hexafl uorosilicic acid (H2SiF6) which 
is a liquid, and sodium hexafl uorosilicate 
(Na2SiF6) which is a crystalline powder. 
However, in practice the powder, sodium 
hexafl uorosilicate, is used far less commonly 
than the liquid, hexafl uorosilicic acid.

When hexafl uorosilicic acid is added to water it 
splits up releasing fl uoride ions (shown in the 
equation below as 6F-), the overall reaction being: 

With sodium hexafl uorosilicate the reaction is:

Is the fl uoride the same in natural and 
artifi cially fl uoridated water?
To check whether the fl uoride added to water 
is the same as that which is naturally present, 
it was necessary to establish the extent to 
which the hexafl uorosilicate ion (SiF6

2-) splits 
up to form fl uoride ion (F¯) and silicic acid 
(Si(OH)4) – a process known as the dissociation 
reaction. The calculation covered the range 
of pH levels normally encountered in water 
supplies (a pH below 7 indicates acidity, a 
pH in excess of 7 indicates alkalinity), and 
the `worst case’ in terms of the relevant 
chemical reactions (by using the smallest 
value hydrolysis constant). The results showed 
that, effectively, all of the hexafl uorosilicate 
would dissolve to form free fl uoride ion (F¯). 

Next, the rate at which the dissociation reaction 
takes place was calculated to check whether 
the process of splitting will take place within 
the timescale relevant to water treatment and 
distribution (hours to days). The conclusion 
was that the process is complete by the time 
the water reaches the consumers tap. 

In other words the fl uoride ion produced 
from artifi cial fl uoridation will behave 
identically to the fl uoride ion naturally 
present in water supplies, which means that, 
chemically, there is absolutely no difference 
between artifi cial and natural fl uoridation.

2. The effects of calcium and magnesium 
(water hardness) and sodium on fl uoride 
availability were calculated. 
The hardness of water is determined by the 
amount of dissolved calcium and magnesium. 
A typical ratio of 1:5 magnesium to calcium 
was used to calculate the proportion 
of free fl uoride ion in relation to the 
concentration of calcium and magnesium. 

Water hardness may be expressed in a variety 
of units. In the UK it is commonly expressed 
in terms of milligrams per litre (mg/l) as 
calcium, or mg/l as calcium carbonate (CaCO3). 
The hardness in mg/l calcium carbonate, is 
2.5 times the hardness in mg/l as calcium. 

Water hardness is often classifi ed by 
descriptive words as shown in Table 1. 

Table 1 Classifi cation of water hardness 

The hardness of water supplies in the UK 
covers a wide range, and some examples are 
given in Table 2 below. It should be noted 
however that these fi gures are approximate, 
and that even within quite small geographical 
areas there can be large differences in water 
hardness; also, hardness can vary seasonally. 

CaF2 → Ca2+ + 2F¯    

H2SiF6 + 4H2O ↔ 6F¯ + Si(OH)4 + 6H+

Na2SiF6  + 4H2O ↔ 6F¯ Si(OH)4 + 2Na+ + 4H+

Description of water

Hardness in 
mg/l as calcium 

carbonate

Hardness 
in mg/l as 
calcium 

Soft up to 50 Up to 20

Moderately soft 50 – 100 20 - 40

Slightly hard 100 – 150 40 - 60

Moderately hard 150 – 200 60 - 80

Hard 200 – 300 80 - 120

Very hard over 300 Over 120
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Table 2 The hardness of some UK 
water supplies

In the WRc-NSF study calculations were made 
for water hardness in the range 0 to 500 mg/l 
calcium carbonate which more than covers 
the range that occurs in the UK. The results 
of the calculations are shown in Figure 1. 

Figure 1 Effect of water hardness on 
fl uoride ion concentration

• It can be seen that even with extremely hard 
waters, 90% or more of the total fl uoride is 
present as free fl uoride ion. The amount of 
calcium and magnesium present that would 
be bound to fl uoride would be very small 
indeed – for example, in water with 1 ppm 
fl uoride, less than 0.05% of the calcium 
would be present as calcium fl uoride. 

• It was therefore concluded that the 
effect of water hardness on the uptake 
of fl uoride would be very small. 

• Using a similar approach it was calculated 
that in the presence of 100 mg/l sodium 
(a relatively high concentration in 
drinking water) 99.998% of the fl uoride 
would be present as free fl uoride ion.

3. Possible interactions with aluminium, 
iron, copper and lead were calculated
The interactions between fl uoride and the 
dissolved trace metals aluminium, iron, copper, 
and lead were examined in a similar way to that 
described for calcium and magnesium above.

Aluminium
Aluminium is naturally present in some waters 
but occurs in drinking water predominantly 
through the use of aluminium sulphate in 
the process of water treatment to remove 
cloudiness. The added aluminium forms 
aluminium hydroxide, removing suspended 
material and some dissolved substances. The 
precipitated aluminium hydroxide is removed 
by settlement and fi ltration. The residual 
aluminium concentration passing into supply 
should not exceed 0.05 mg/l (the maximum 
permitted is 0.2mg/l). However, aluminium 
hydroxide can accumulate as a deposit within 
distribution systems (e.g. in dead ends).

Calculations were made using a total available 
fl uoride concentration of 1 ppm. The results 
showed that fl uoride forms strong complexes 
with aluminium. The fl uoride complexes 
accounted for a substantial proportion of the 
dissolved aluminium only at pH values less than 
7. This indicates that, in the presence of slightly 
acidic water, fl uoride could dissolve aluminium 
deposits within the distribution system. 
However, since virtually all UK water supplies 
are likely to have pH values of greater than 7, 
this is unlikely to be a problem in practice.

Iron
Iron is present naturally in many water sources. 
It is removed during water treatment. Iron in 
water supplies may also be derived from corrosion 
of iron mains, but any concentrations present 
in water do not present any risk to health. 
Iron compounds are used in water treatment 
to remove cloudiness. As for aluminium, 
the residual iron concentration passing into 
supply should not exceed 0.05 mg/l (the 
maximum permitted is 0.2mg/l). However, 
concentrations above this level do occur and 
iron hydroxide can accumulate as a deposit 
within distribution systems (e.g. in dead ends).

Calculations were made using a total available 
fl uoride concentration of 1 ppm. The results 
showed that less than 0.005% of the iron is 
present as fl uoride complexes; which means that 
the presence of fl uoride at 1 ppm has essentially 
no effect on the solubility of iron. Therefore 
fl uoride will not affect the bioavailability of iron.

Location

Total hardness in 
mg/l as calcium 

carbonate 
approximate

Glasgow 20

Birmingham 50

Newcastle 120

London 300

Hartlepool 450

100%

98%

96%

94%

92%

90%
0 100 200 300 400 500

Total hardness mg/l CaC03

(Note that the scale on the vertical axis starts at 90%)

%
 free fl uoride ion



45

Copper
Traces of copper, which are not signifi cant 
to health, occur naturally in many water 
sources and higher concentrations may occur 
at consumers’ taps as a consequence of copper 
pipes. The concentrations present in water do 
not present any risk to health. The maximum 
level permitted is 3 mg/l, though in practice the 
levels in supplies are very much less than this.

Under all the conditions examined by the 
WRc-NSF scientists, the reaction with 
fl uoride accounted for less than 0.1% of the 
dissolved copper. It was found that even under 
conditions of low pH and low alkalinity (pH 
6, alkalinity 10 mg/l as CaCO3) the presence 
of 1 ppm fl uoride would only increase copper 
solubility by 0.05%. Therefore fl uoride will 
not affect the bioavailability of copper.

Lead
Lead is not normally present in water 
sources but may be present at consumers’ 
taps if lead pipes are present. 

Calculations were made using a total available 
fl uoride concentration of 1 ppm, and at a 
range of pH values and alkalinity. Under all 
the conditions examined the reactions with 
fl uoride accounted for less than 0.5% of the 
dissolved lead. Even under conditions of low 
pH and low alkalinity it was found that the 
presence of 1 mg/l fl uoride would only increase 
lead solubility by 0.5%. Therefore fl uoride 
will not affect the bioavailability of lead.

A different, more detailed study, by scientists in 
the United States examined in great depth the 
possibility of lead concentrations in drinking 
water being increased following fl uoridation 
using hexafl uorosilicate. A sophisticated model 
that considered all possible reactions together 
was used [5]. They considered the possible 
reactions of lead with fl uoride, and found that the 
lead fl uoride complexes accounted for less than 
1% of the total dissolved lead – i.e. essentially 
the same result as reported by the WRc-NSF 
scientists. The US scientists found that the 
concentration of lead fl uorosilicate (PbSiF6) 
would be vanishingly small - one molecule 
in 1000 litres of water at pH 6. They also 
showed that the small pH drop caused by 
fl uoridating with hexafl uorosilicic acid 
has an insignifi cant effect on dissolving 
lead. Overall they concluded that,

‘No credible evidence exists to show that water 
fl uoridation has any quantitatable effects on 
the solubility, bioavailability, bioaccumulation 
or reactivity of lead(0) or lead(II) compounds.’

4. Interactions with other chemical reactions 
and the distribution system were considered.
It has been shown in Sections 2 and 3 above 
that, with the exception of aluminium, the 
major and minor chemicals present in water 
do not react to any signifi cant extent with 
fl uoride. This means that at the concentrations 
relevant to fl uoridation, the fl uoride ion could 
not cause signifi cant interactions between other 
compounds (e.g. by forming chemical bridges).

The WRc-NSF scientists found very little 
published information on the effects of 
fl uoridation on distribution system corrosion. 
This they thought was probably because any 
such effects are negligible and do not cause 
any problems in practice. They found that while 
fl uoridation using hexafl uorosilicic acid will cause 
a reduction in both pH and alkalinity, the low 
dose used in practice, means that such effects are 
likely to be negligible except in very soft, poorly 
bufferedi, waters. Calculations show, for example, 
that fl uoridation to 1ppm using hexafl uorosilicic 
acid would reduce the pH from 7.00 to 6.70 
in a soft poorly buffered water (alkalinity 20 
mg/l as CaCO3). In harder water (alkalinity 200 
mg/l as CaCO3) the pH would only drop to 6.96. 
Fluoridation using sodium hexafl uorosilicate 
will only slightly reduce pH and alkalinity. 
The WRc-NSF scientists noted that Urbansky 
and Schock[5] who modelled the effects on pH 
and buffer capacity support this conclusion.

In practice however, water suppliers add alkali 
to adjust the pH to an appropriate value before 
the water leaves the water treatment works; 
therefore virtually all UK public water supplies 
have pH greater than 7. The WRc scientists 
concluded that it seems unlikely that fl uoridation 
would have a noticeable effect on corrosion. 

5. The quantities of trace metals added with 
fl uoridation chemicals were calculated both 
for the minimum specifi cation (worst case) 
and actual quality of fl uoridation chemicals.
The impact fl uoridation has on trace metals 
concentrations in drinking water was 
determined by considering the specifi cations 
for fl uoridation chemicals (the ‘worst case’), and 
by calculations based upon actual product quality.

i Poorly buffered water is water with little capacity to resist a change of pH if acid or alkali is added. In fresh waters the alkalinity (carbonate 
and bicarbonate) provides the buffer capacity. Hard waters almost invariably have high alkalinity and consequently greater buffer capacity.
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European standards for water treatment 
chemicals under European Union legislation 
(ENs) are published by the British Standards 
Institution as BS ENs. Water treatment 
chemicals which conform to a BS EN may be 
used without the approval of the Authorities, 
provided that any national conditions of use 
are observed – in the case of fl uoridation 
chemicals, they have to be used in accordance 
with the UK Code of Practice [6]. 

European standards for hexafl uorosilicic acid 
and sodium hexafl uorosilicic acid have recently 
been adopted and published by the British 

Parameter Units Value

H2SiF6 % m/m spec. ±5

Free acid (HF) mg/kg product max. 1.5

Phosphate (P2O5) mg/kg product max. 0.75

As (arsenic) mg/kg H2SiF6 max. 400

Cd (cadmium) mg/kg H2SiF6 max. 40

Cr (chromium) mg/kg H2SiF6 max. 400

Hg (mercury) mg/kg H2SiF6 max. 10

Ni (nickel) mg/kg H2SiF6 max. 400

Pb (lead) mg/kg H2SiF6 max. 400

Sb (antimony) mg/kg H2SiF6 max. 80

Se (selenium) mg/kg H2SiF6 max. 80

Parameter Units Value

Na2SiF6 % m/m min. 98

Moisture % m/m product max. 0.3

Insolubles % m/m product max. 0.5

As (arsenic) mg/kg product max. 400

Cd (cadmium) mg/kg product max. 40

Cr (chromium) mg/kg product max. 400

Hg (mercury) mg/kg product max. 10

Ni (nickel) mg/kg product max. 400

Pb (lead) mg/kg product max. 400

Sb (antimony) mg/kg product max. 80

Se (selenium) mg/kg product max. 80

Table 3  European standard BS EN 12175 for 
hexafl uorosilicic acid
(mg/kg is the same as parts per million). 

Table 4 European standard BS EN 12174 
for sodium hexafl uorosilicate 
(mg/kg is the same as parts per million).

Standards Institution: BS ENs 12174 [7], and 
12175 [8]. These standards are listed in the latest 
List of Approved Products [9]. The standards 
lay down requirements for product purity 
that are summarised in Tables 3 and 4. Using 
hexafl uorosilicic acid as an example, it can be 
seen from Table 3 that to meet European and 
British Standards, the product must contain no 
more than 400mg per kg (400 parts per million) 
of arsenic, 40 mg per kg of cadmium, 10 mg per 
kg of mercury, 400 mg per kg of lead and so on. 

On the face of it the presence of such toxic 
substances in a product to be added to drinking 
water supplies may be alarming to the lay reader. 
However, it is important to be aware that:

• To achieve the optimal concentration of one 
part of fl uoride per million parts of water, the 
product is diluted approximately 170,000 times;

• Because of the high dilution factor the levels of 
any impurities added as a result of fl uoridation 
are very small indeed, and have no discernible 
impact on the toxicity of drinking water. For 
example, fl uoridation using hexafl uorosilicic 
acid will generally add less than 1% of the 
maximum permitted levels of trace metals 
to water supplies (see below); and fi nally,

• Like fl uoride, some of these substances (eg 
arsenic) are naturally present in many water 
supplies; however, stringent European and 
British drinking water quality regulations 
- which are rigorously enforced - ensure 
that maximum permitted levels are far 
too low to be harmful (see below). 

Table 5 Impurities added by dosing 
hexafl uorosilicic acid (mg/kg is the same as 
parts per million, and micrograms per litre 
(µg/l) is the same as parts per billion).

Element

Maximum 
permitted 
level in 

product, mg/
kg H2SiF6

µg/l 
(micrograms 

per litre) 
added at 
1 mg/l 

fl uoride dose 

Parametric 
Value 

(permitted 
level) in 
micro-

grams per 
litre (µg/l)

% of per-
mitted 
level 
added

As (arsenic) 400 0.51 10 5.1

Cd (cadmium) 40 0.05 5 1.0

Cr (chromium) 400 0.51 50 1.0

Hg (mercury) 10 0.01 1 1.0

Ni (nickel) 400 0.51 20 2.5

Pb (lead) 400 0.51 10 5.1

Sb (antimony) 80 0.10 5 2.0

Se (selenium) 80 0.10 10 1.0
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The maximum concentration of a contaminant 
that could be added to drinking water as a 
result of adding a fl uoride dose of 1 ppm was 
calculated. These are shown in Tables 5 and 6, 
with the European permitted levels (Parametric 
Values) for comparison. Using arsenic and lead 
as examples, it can be seen that at a dose of 
1 mg/l as F, the highest that would be used in 
practice, only about 5% of the permitted level 
for these parameters could be added by a product 
that contained the maximum permitted levels 
of trace metals (see shaded areas in Table 5). 

Table 6 Impurities added by dosing sodium 
hexafl uorosilicate (mg/kg is the same as 
parts per million, and micrograms per litre 
(µg/l) is the same as parts per billion).

In practice, trace metal contents are lower 
than the limits in the BS EN standards 
permit. Figure 2 shows a summary of data 
on hexafl uorosilicic acid supplied by Hydro 
Chemicals, based on monthly analyses over the 
period January 1996 to June 2000i. (The vast 
majority of fl uoridation plants in the UK use 
hexafl uorosilicic acid as the fl uoridating agent.)

Figure 2 Summary of quality of 
hexafl uorosilicic acid

The maximum trace metal concentrations 
found were approximately 20% of the limit in 
the BS EN standard (data for selenium were 
not available). Therefore, because of dilution, 
using hexafl uorosilicic acid for fl uoridation will 
generally add less than 1% of the maximum 
permitted levels of trace metals. The permitted 
limits in drinking water are based on values 
derived by the World Health Organization as 
being safe for a lifetime’s exposure (consumption 
of 2 litres of water per day over 70 years).

Conclusions
• In terms of chemistry and bioavailability 

(uptake) there is no difference between 
added and ‘natural’ fl uoride. 

• The effect of calcium and magnesium 
(water hardness) and sodium – on the 
chemical reactions and hence uptake 
of fl uoride is very small.

• Fluoride forms strong bonds with aluminium 
so effects on uptake are theoretically possible 
in the presence of slightly acidic water. 
However, since virtually all UK water supplies 
are likely to have pH values of greater than 7, 
this is unlikely to be a problem in practice.

• The presence of fl uoride at a concentration 
of 1 ppm will have practically no 
effect on the chemical reactions and 
uptake of iron, copper or lead.

• There is no plausible mechanism by 
which fl uoride could interact with 
other chemical reactions in drinking 
water; fl uoridation will therefore have 
negligible impact on the corrosiveness 
of water in the distribution system.

• The traces of impurities added as a 
result of fl uoridation are very small 
and would have no measurable impact 
on the toxicity of drinking water.

The manufacture and regulation of the 
chemicals used for water fl uoridation

Permitted chemicals
Drinking water safety is taken very seriously in 
the UK. Very strict European and UK regulations 
govern what can be added to public water 
supplies. As has been described in the previous 
section, European standards for water treatment 
chemicals under European Union legislation (ENs) 
are published by the British Standards Institution 
as BS ENs. Only water treatment chemicals 
which conform to a BS EN may be used without 
the approval of the Authorities, provided that 
any national conditions of use are observed – in 

Element

Maximum 
permitted 
level in 

product, mg/
kg H2SiF6

µg/l 
(micrograms 

per litre) 
added at 
1 mg/l 

fl uoride dose 

Parametric 
Value 

(permitted 
level) in 
micro-

grams per 
litre (µg/l)

% of 
per-

mitted 
level 
added

As (arsenic) 400 0.67 10 6.7

Cd (cadmium) 40 0.07 5 1.3

Cr (chromium) 400 0.67 50 1.3

Hg (mercury) 10 0.02 1 1.7

Ni (nickel) 400 0.67 20 3.3

Pb (lead) 400 0.67 10 6.7

Sb (antimony) 80 0.13 5 2.7

Se (selenium) 80 0.13 10 1.3

i  Bob Hassall, Hydro Chemicals (UK) Limited, 
Personal Communication, June 2000.
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the case of fl uoridation chemicals, they have 
to be used in accordance with the UK Code of 
Practice [6]. The Drinking Water Inspectorate 
(DWi) which is part of the Department for 
Environment Food and Rural Affairs (DEFRA) 
is responsible for enforcing the standards, 
and does so by undertaking regular checks. 

Only two compounds of fl uoride are permitted 
for artifi cial fl uoridation in the UK [10, 11]:

• Hexafl uorosilicic acid (H2SiF6) also 
known as fl uorosilicic acid 

• Disodium hexafl uorosilicate (Na2SiF6) 
also known as sodium fl uorosilicate 

These compounds achieve the desired 
concentration of fl uoride (1 part per million) 
reliably and safely, and must meet Department 
of Environment purity specifi cations [6]. 

How the chemicals are produced 
The chemicals used for water fl uoridation are 
specifi cally manufactured to exacting quality 
standards; they are important co-products 
of the manufacture of phosphate fertilisers. 
The manufacturing process involves recovery 
of the product from a vapour phase which 
ensures a high degree of purity. The end 
result is a valuable and useful resource that 
meets very high quality specifi cations.

The manufacturing process 
The vast majority of fl uoridation plants in 
the UK use hexafl uorosilicic acid, which 
is a liquid, as the fl uoridating agent. 

The raw materials 
Fluoride is found in a solid form in minerals 
such as fl uorspar, cryolite and apatite (pictured 
above from left to right). Fluorspar (also called 
fl uorite) is found in most parts of the world. It is 
a mineral containing between 30 to 98 percent 
calcium fl uoride. Cryolite is a compound of 
aluminium, sodium, and fl uoride. Because of its 
low melting point, it is preferred for industrial 
use, but is not a major source of fl uoride for 
water fl uoridation. Apatite is a deposit of a 
mixture of calcium compounds, including 
calcium phosphates, calcium fl uorides, and 
calcium carbonates. Apatite contains between 
3 to 7 percent fl uoride and is the main source 
of fl uorides used in water fl uoridation. 

To obtain hexafl uorosilicic acid (H2SiF6):
• The fl uoride-containing rock is ground 

up and treated with sulphuric acid 
producing hydrofl uoric acid gas (HF); 

• The HF gas then begins a purifi cation process 
involving washing, cooling, condensation, 
and fi nally distillation (rectifi cation);

• The HF is then reacted with silica to 
produce hexafl uorosilicic acid with a 
concentration of 37 to 42 per cent. 

By neutralising hexafl uorosilicic acid with 
sodium carbonate and precipitating the solid 
matter, manufacturers can readily convert 
liquid hexafl uorosilicic acid into the powder 
disodium hexafl uorosilicate (Na2SiF6). 

As has been discussed in detail in the previous 
section, trace elements such as lead and arsenic 
are present in minute quantities in fl uoride 
compounds. This is because fl uoride compounds 
are derived from naturally occurring minerals, 
and such trace elements are always present 
in minerals of this type. However, maximum 
levels of these trace elements – including 
arsenic (and lead) are laid down as standards 
and details are incorporated in the product 
specifi cations in the Code of Practice [6]. 

It is likely that few people realise that arsenic 
occurs naturally in some drinking waters – or 
that in the UK some natural levels are above 
the permitted level of 10 parts per billion and 
therefore must be reduced to comply with 
Water Quality Regulations [12]. Fortunately the 
levels of such unwanted trace elements in the 
fl uoride compounds are minute, and become 
immeasurable when diluted thousands of 
times to achieve 1 part per million of fl uoride Fluorspar Cryolite Apatite
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in water. Fluoridation therefore makes no 
measurable contribution to the concentration 
of these substances in the water supplies.

Common misconceptions 
It is often claimed by opponents of fl uoridation 
that the aluminium and phosphate fertiliser 
industries have a vested interest in 
promoting water fl uoridation. It is perhaps 
worthwhile addressing those claims here. 

The phosphate fertiliser industry 
Apatite is the raw material used in the 
manufacture of phosphate fertilizers, and 
Fluorine for the manufacture of fl uorides for 
water fl uoridation is recovered from this process. 
The manufacturing process of fl uorosilicic acid 
for water fl uoridation involves recovery of the 
product from a vapour phase, which ensures a 
high degree of purity. The product is therefore 
manufactured in tandem with the production 
of phosphoric acid, and can be described as 
a co-product. It would, however, be equally 
valid to describe phosphate fertilizers as co-
products of the manufacture of fl uorosilicic 
acid, since each are valuable products. 

Prior to 1987 when hexafl uorosilicic acid was 
produced in the UK for water fl uoridation, 
manufacture was intermittent to match market 
need and represented only about 10% of the 
total Fluorine that could be extracted from the 
process. Since production in the UK ceased, 
chemicals companies have imported supplies of 
hexafl uorosilicic acid to service the established 
market. The product is Quality Assured to 
BS5750, and as already stated, the specifi cation 
conforms to that given in the Department of the 
Environment’s Code of Practice on Technical 
Aspects of Fluoridation of Water Supplies. 

The aluminium industry
The basis of the claims that the aluminium 
industry promotes fl uoridation in order to dispose 
of its toxic waste seems to be based on a tenuous 
link more than 40 years ago in the USA. In the 
1940s, The Aluminium Company of America 
(ALCOA) acquired a chemical manufacturing 
plant which produced fl uoride compounds by the 
method described above (not as a waste product 
of aluminium production). ALCOA was then using 
sodium fl uoride as a catalyst in the aluminium 
smelting process, but soon replaced sodium 
fl uoride with less costly fl uoride compounds. 
ALCOA sold the chemical plant in the early 1950s; 
their last sales of sodium fl uoride were in 1952i. 

Nowadays, the aluminium industry is the largest 
user of fl uoride compounds, and has no interest 
in promoting water fl uoridation whatsoever. 

Summary 
Only two compounds of fl uoride are 
permitted for artifi cial fl uoridation in the UK: 
hexafl uorosilicic acid (H2SiF6) and disodium 
fl uorosilicate (Na2SiF6). These compounds are 
manufactured to exacting quality standards 
and must meet Department of the Environment 
purity specifi cations. Fluoride compounds used 
for water fl uoridation are not now, and have 
never been, obtained as industrial waste. 

Safety at the water treatment works
The Department of the Environment Code 
of Practice ensures that safety is the prime 
consideration when fl uoride is added to water 
[6]. Water companies in the UK have almost 50 
years experience in the successful operation 
of fl uoridation schemes, and around the world 
there are thousands of highly successful 
fl uoridation schemes in operation. In the United 
States alone – the country with the largest 
number of people drinking water with added 
fl uoride - there are over 14,000 individual 
water systems operating fl uoridation schemes. 

A wealth of practical experience
Water suppliers have accumulated a wealth 
of practical experience in managing the 
fl uoridation process safely and effi ciently. In 
the UK, the fi rst schemes were introduced on 
an experimental basis in Anglesey, Watford, 
Kilmarnock and Andover in the mid-1950s.

The fi rst large-scale scheme started in 
Birmingham and Solihull in 1964. Another 
followed a few years later in Newcastle. In all 
operations concerning the process of fl uoridation 
at the water treatment plant, the emphasis is 
very much on safetyii. The aim throughout is 
to make absolutely certain that only the right 
amount of fl uoride is added to the water.

UK water companies that operate 
fl uoridation schemes
UK water companies that are currently 
operating fl uoridation schemes include:
• Anglian Water 
• Northumbrian Water
• Severn Trent Water
• South Staffordshire Water Plc
• United Utilities Water

i Source NIDR US Public Health Service 1993 ii The UK requirements for safety are considered to be among 
the most rigorous in the world (personal communication 
Tom Reeves, USPHS, CDC 5 May 2003.)



50

UK water suppliers that have in the past 
operated fl uoridation schemes include:
• Department of the Environment for Ireland
• Thames Water
• Welsh Water
• Yorkshire Water

Code of practice
Strict operational criteria are laid down 
in the 1987 ‘Code of Practice on Technical 
Aspects of Fluoridation of Water Supplies’ 
issued by the Department of the Environment 
[6]. These are designed to ensure that:

• The average fl uoride content of the water 
leaving the treatment works in a calendar 
month is maintained between 0.9 and 1.1 
parts per million, calculated for those periods 
when the fl uoridation plant is in operation;

• The fl uoride content of the water leaving the 
treatment works is maintained between 0.8 and 
1.2 parts per million for at least 90% of the time 
when the fl uoridation plant is in operation; and,

• The fl uoride content of the water leaving 
the treatment works shall not exceed 
1.5 parts per million at any time.

How fl uoride is added to the water supply
During the process of water treatment at the 
Water Treatment Works a solution of fl uoride 
is injected into water under close control. 

Although the physical layout of the fl uoridation 
equipment will vary between treatment works, 
the essential principles of the design and 
operation are determined by the need to meet 
the operational and Health and Safety criteria 
laid down in the Code of Practice. These will be 
common to all fl uoridation plants and include:

a Bulk storage tanks suitably constructed, 
located, and labelled, to receive deliveries 
and store the fl uoride liquid;

b Working storage (Day Tank) which holds only 
enough fl uoride for one day’s operation;

c An injection pump to deliver fl uoride into the 
water at the rate required at a point beyond 
which good mixing will be achieved before 
the water leaves the water treatment works; 

d A continuous recording fl uoride monitor, linked 
to an appropriate alarm system and automatic 
plant shut down to prevent over-dosing; 

e A programme of regular supervision, 
sampling and reporting; and,

f Regular servicing and maintenance.

What happens at the Water Treatment Works

One day’s supply at a time
The fl uoride is delivered by tanker and kept in a 
bulk storage tank (A in the diagram). Every day, 
the right amount needed for one day’s operation 
is transferred to a separate smaller `Day Tank’ 
(B in the diagram). Both tanks are specially 
constructed from acid resistant material, and the 
day tank can hold a maximum of only one day’s 
supply at a time.

Pump operating at a maximum capacity 
A second safety feature is the injection pump that 
transfers the fl uoride liquid from the day tank 
into the mains (C in the diagram). The pump is 
automatic and its pumping rate is proportional 
to the fl ow of water. Even when operating at 
maximum capacity, it is only capable of adding 
fl uoride at the rate required in relation to the 
fl ow of water through the mains. If the water 
fl ow reduces or stops, the pump will also stop; 
furthermore should the pump break down or 
malfunction, the result would be the addition 

Fluoride 

monitor

Day tank
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of less than the required amount of fl uoride, 
not more.

Monitoring 24 hours a day
The third safety feature is the continuous 
recording fl uoride monitor (D in the diagram) 
- every second of every day the fl uoride level 
in the water is monitored at a sampling point 
which is some distance from the injection pump, 
but before water leaves the Treatment Works and 
enters the distribution system. The process is 
automatic and is carried out by equipment which 
itself is regularly checked to ensure its accuracy. 
If at any time the fl uoride level should exceed 
the permitted level, a warning is sounded in the 
control room and the whole plant is automatically 
shut down. The monitor itself also incorporates 
a fail-safe shut down of the fl uoridation plant 
should the monitor or controller become faulty.

Laboratory checks
Finally, there is a double check in the laboratory, 
with samples taken regularly from several taps 
in the local distribution system for testing and 
analysis (E in the diagram). Reports are sent 
to the directors of public health of the districts 
covered by the fl uoridation scheme. This is in 
addition to the general sampling and monitoring 
required under water quality regulations [12]

Additional monitors and the need to 
update the code of practice
The safety features described above are required; 
all water companies operating fl uoridation plant 
must comply, and the Drinking Water Inspectorate 
carries out regular checks on their performance 
in this respect. 

In addition to the required safety arrangements 
described above, some water companies have 
installed additional monitors in their fl uoridation 
plants. Water UK, the body that represents the 
whole of the UK water industry, has suggested 
that the Code of Practice should be reviewed 
and updated from time to time (see Water UK 
policy statement at the end of this section). The 
Code was originally published in 1987 and was 
prepared by a multidisciplinary working group of 
experts from the Department of the Environment, 
the water industry and the NHS. At the time of 
printing, the Drinking Water Inspectorate was 
leading a review of the 1987 Code; an updated 
2004 edition was expected imminently. 

The record on safety
Many of the chemicals used to treat our water 
supplies are highly toxic in their concentrated 
forms, so the possibility always exists for 
accidents resulting in harm to people working 
with the chemicals. Of course the water industry 
takes its Health and Safety responsibilities very 
seriously, and fortunately serious accidents 
involving water treatment chemicals are rare. 
Happily, since fl uoridation began in the UK in 
the in the mid-1950s, there have been no such 
accidents involving fl uoride. 

Worldwide there are many thousands of 
fl uoridation schemes in operation – the earliest 
dating from 1945. Water suppliers have therefore 
accumulated a wealth of practical experience 
in managing the fl uoridation process safely 
and effi ciently. The practice of adjusting the 
natural level of fl uoride in drinking water to 
improve dental health began in 1945 in the city 

What happens at the Water Treatment Works
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of Grand Rapids in the USA. Since then hundreds 
of millions of people worldwide have regularly 
consumed fl uoridated water – including nowadays 
around 350million, over 160 million of them in 
the USA. 

Water fl uoridation has an excellent safety 
record. However, some serious spillage and 
overfeed incidents have been reported in the 
United States, though these are extremely rare 
[13]. In the USA many fl uoridation plants serve 
very small communities such as schools and 
relatively undeveloped remote villages. Training 
and supervision of water plant operators in 
such locations tends to be less stringent than 
in the highly regulated UK water industry, and 
equipment such as continuous recording fl uoride 
monitors is not the norm. Such incidents are 
always investigated, and often found to have 
resulted from lack of operator training and 
supervision, and bad or poor equipment design. In 
order to minimise the risk of such accidents, for 
many years the US Public Health Service Division 
of Oral Health at the Centers for Disease Control 
and Prevention (CDC) has played a major role 
in providing educational material and training 
courses for States and water companies to assist 
them to develop and maintain standards of 
competence among their water plant operators.
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Water UK policy position on 
fl uoridation of water supplies
Date: 5 July 2001
Updated September 2002

Current legislation is unsatisfactory. Decisions 
relating to fl uoridation must be recognised as 
a health issue and statutory changes should 
be introduced to clarify policy and procedure 
on fl uoridation for the water industry. 

Water UK’s aim is to ensure that: 
• The present legislative position is 

recognised as unsatisfactory; 
• If the Government wishes to promote 

fl uoridation there should be a change 
through primary legislation such that 

• If the Government, Health Authorities 
and customers so wish, water companies 
can be required to increase the fl uoride 
content of the water they supply, and 

• Companies’ positions in respect of their 
operating arrangements, costs and 
indemnities are properly safeguarded. 

Fluoride is a health issue 
• Water operators have a primary duty to provide 

a suffi cient and wholesome supply of water.
• The decision whether to fl uoridate a water 

supply should be entirely a health issue. 
Health professionals are the only people in a 
position to make a decision about public health 
measures. The current discretion on water 
operators whether to accede to an application 
from a Health Authority should be removed. 

• Water operators are contractors in the 
arrangement, who can be required to use the 
water supply network to deliver a product on 
behalf of the relevant local Health Authorities. 

Decision-making 
• There should be absolute clarity in the 

decision making process. The respective 
roles and responsibilities of the Health 
Authorities, national and local Government 
and water operators need to be spelled out. 

• Whilst Health Authorities are the only 
bodies qualifi ed to decide on the merits of 
fl uoridation schemes we suggest that: 
- the decision making process 

must be absolutely clear; 
- the process should include improved 

provision for consulting with the 
population to be affected; 

- there should be a model consultation process 
agreed at the national level. Whilst the 

water industry should have an input to the 
design of the model process, (which may 
also include local government) it should 
not play a part in the consultation itself; 

- a parallel consultation between the Health 
Authority and water operator should 
take place, to ensure that fl uoridation 
plant is installed to the required 
standards of the water operator; 

- subject to the results of the consultation with 
the water operator the fi nal decision should 
be taken by the Health Authority in public 
and in a transparent and understandable way; 

- Health Authorities requiring fl uoridation 
schemes should nevertheless be required to 
liaise with water operators to ensure that 
the present and future operations of the 
water operator are not compromised through 
the fl uoridation of the water supply. 

Public Relations 
• The industry requires the support of public 

relations work led by Government and 
Health Authorities to make it absolutely 
clear who ‘owns’ (the Government, Health 
Authorities, or both) the issue of fl uoridation. 

• The industry’s stance must remain neutral but 
it will provide information to customers and 
organisations as appropriate on the technical 
issues of fl uoridating water supplies.

• The Health Authorities must take the lead in 
producing information on areas covered by 
fl uoridation agreements and answering general 
enquiries and complaints from the public.

Indemnity 
• Health Authorities must be responsible for 

all costs incurred by water operators as a 
consequence of the decision to implement 
a fl uoridation scheme including: 
- costs of all works and plant required to 

fl uoridate and the ongoing costs of operating 
and maintaining plant to nationally 
agreed standards and monitoring costs; 

- costs of management time and 
lost opportunity costs;

- training of personnel, Health 
and Safety issues etc; 

- full legal indemnity - ie absolute 
indemnity on civil liability and 
indemnity on strict criminal liability 
as far as public policy allows; 

- in the event of bulk supply, common 
carriage or cross border supply the costs to 
de-fl uoridate should also be recoverable; 

- supplying water to customers who 
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cannot for any valid reason drink 
water which is fl uoridated 

- the action of customers and others 
opposed to fl uoridation (including 
the costs of debt recovery). 

• The industry also requires an undertaking 
from the Department of Health and DETR 
to provide technical help to resist claims 
from customers, even though the Health 
Authorities are primary movers. 

• Indemnities should remain, even if 
fl uoridation proposals are withdrawn. 

Maintaining operational fl exibility 
• Operators are increasingly integrating supply 

systems to maintain reliable and effi cient 
operations. This makes it increasingly diffi cult 
to implement fl uoridation on a piecemeal basis. 

• Operators must maintain the fl exibility 
to supply water from a particular source 
to different areas as the needs arise. This 
may entail suspension of fl uoridation 
of supplies in some circumstances. 

• Operators must be able to supply fl uoridated 
water to normally non-fl uoridated areas 
on the basis of operational contingencies 
without incurring any liability. 

• The introduction of a fl uoridation scheme 
must not operate as a barrier to development 
of competition in the water industry. 

• Need a model agreement. 

Code of Practice on technical aspects 
• The industry needs to be confi dent that the 

Code of Practice on the Technical Aspects of 
Fluoridation of Water Supplies refl ects best 
practice based on up-to-date knowledge. 

• We suggest that the current code of 
practice be withdrawn and replaced by: 
i) A DWI/WO/SO guidance letter setting out: 
a) the roles of the different agencies 

and water operators 
b) chemicals and specifi cations (linking to 

current drinking water regulation 25) 

c) dosage and allowable tolerances 
d) monitoring (validation and sampling 

regime over and above that required 
in the water quality regulations). 

and
ii) An industry code of practice setting 

out principles including: 
a) a commitment to the highest operating 

levels and the use of failsafe equipment 
b) storage and handling of chemicals 
c) injection process 
d) control of dose 
e) monitoring 
f) maintenance 
g) reporting requirements to 

Health Authorities. 
h) Health and Safety.
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Table 1 Strategic Health Authorities in England in which part 
or all of the population benefi ts from fl uoridated water

The next section shows the overall national picture in more detail 
showing the proportion of people who benefi t from an optimally 
fl uoridated water supply for each of the 28 Strategic Health Authorities 
in England and Wales and their respective Primary Care Trusts.  

Strategic Health 
Authority

Total 
population

Population with 
fl uoridated 

water supply
% of 

total population
Natural or 
adjusted

Bedfordshire & Hertfordshire 1,597,607 197,961 12% Adjusted

Birmingham, Solihull & the Black Country 2,253,600 2,175,366 97% Adjusted

Cheshire & Merseyside 2,342,941 136,700 6% Adjusted

Co Durham & Tees Valley 1,130,907 220,867 20% Natural & Adjusted

Cumbria & Lancashire 1,900,226 120,000 6% Adjusted

North & East Yorkshire & Northern 
Lincolnshire

1,603,635 135,546 8% Adjusted

Northumberland, Tyne & Wear 1,381,728 647,863 47% Adjusted

Shropshire & Staffordshire 1,482,537 518,170 35% Natural & Adjusted

Trent 2,580,579 536,276 21% Adjusted

West Midlands South 1,524,100 940,212 62% Adjusted

Totals 5,628,961

Table 2 Avon, Gloucestershire and Wiltshire Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Bath and North East Somerset  168,857 * * Natural

Bristol North 210,325 0 0

Bristol South and West 170,088 0 0

Cheltenham and Tewkesbury 156,444 0 0

Cotswold and Vale 187,831 0 0

North Somerset 188,787 0 0

Kennet and North Wiltshire 191,978 * * Natural

South Gloucestershire 244,909 0 0

South Wiltshire 111,984 0 0

Swindon 183,706 * * Natural

West Gloucestershire 218,086 0 0

West Wiltshire 116,612 * * Natural

Totals 2,149,607 * *

* Supply source at Ashton Keynes (Wessex Water) contains 
naturally elevated fl uoride levels and is distributed to PCTs in 
Wiltshire (Kennet & North Wiltshire, Swindon, Bath & North East 
Somerset, West Wiltshire).  Population coverage not known.
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Table 3 Bedfordshire and Hertfordshire Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Bedford 147,829 147,829 100 Adjusted

Bedfordshire Heartlands 232,867 50,132 22 Adjusted

Dacorum 137,177 0 0

Hertsmere 94,139 0 0

Luton 184,294 0 0

North Hertfordshire and Stevenage 179,745 0 0

Royston, Bedford & Bishops Stortford 61,985 0 0

South East Hertfordshire 171,365 0 0

St Albans and Harpenden 129,128 0 0

Watford and Three Rivers 161,527 0 0

Welwyn Hatfi eld 97,551 0 0

Totals 1,597,607 197961 12

Table 4 Birmingham and the Black Country Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Dudley Beacon and Castle 104,600 104,600 100 Adjusted

Dudley South 200,600 122,900 61 Adjusted

Eastern Birmingham 227,700 227,700 100 Adjusted

Heart of Birmingham 270,900 270,900 100 Adjusted

North Birmingham 154,400 154,400 100 Adjusted

Oldbury and Smethwick 96,900 96,900 100 Adjusted

Rowley, Regis and Tipton 76,600 76,600 100 Adjusted

Solihull 199,600 199,600 100 Adjusted

South Birmingham 323,300 323,300 100 Adjusted

Walsall 253,300 253,300 100 Adjusted

Wednesbury & West Bromwich 109,300 109,300 100 Adjusted

Wolverhampton City 236,400 236,400 100 Adjusted

Totals 2,253,600 2,175,900 97 Adjusted

A

B

C

D

E

F

G

H

I

J

K

A

B

C

D

E

F

G

H

I

J

K

L

K

D

E

J

F

I

A

GB

C

H

G

G

K

D

E

J

F

I

L

A

G
B

C

H

G



59

Table 5 Cheshire and Merseyside Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Bebington and West Wirral 118,951 0 0

Birkenhead and Wallasey 193,264 0 0

Central Cheshire 253,917 132,000 52 Adjusted

Central Liverpool 237,680 0 0

Cheshire West 151,111 4,700 3 Adjusted

Eastern Cheshire 187,038 0 0

Ellesmere Port and Neston 81,580 0 0

Halton 118,185 0 0

Knowsley 150,494 0 0

North Liverpool 102,529 0 0

South Liverpool 98,107 0 0

South Sefton 168,764 0 0

Southport and Formby 114,120 0 0

St Helens 176,810 0 0

Warrington 190,391 0 0

Totals 2,342,941 136,700 6 Adjusted

Table 6 County Durham and Tees Valley Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Darlington 97,849 0 0

Derwentside 85,171 85,171 100 Adjusted

Durham and Chester-le-Street 140,644 0 0

Durham Dales 85,531 0 0

Easington 93,971 46,985 50 Natural

Hartlepool 88,711 88,711 100 Natural

Langbaurgh 97,028 0 0

Middlesbrough 176,806 0 0

North Tees 177,992 0 0

Sedgefi eld 87,204 0 0

Totals 1,130,907 220,867 20 Natural & 
Adjusted
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Table 7 Cumbria and Lancashire Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Blackburn With Darwen 137,556 0 0

Blackpool 142,184 0 0

Burnley, Pendle and Rossendale 244,449 0 0

Carlisle and District 113,582 0 0

Chorley and South Ribble 203,189 0 0

Eden Valley 69,020 0 0

Fylde 72,657 0 0

Hyndburn and Ribble Valley 124,672 0 0

Morecambe Bay 308,189 0 0

Preston 140,065 0 0

West Cumbria* 130,409 120,000 92 Adjusted

West Lancashire 108,541 0 0

Wyre 105,713 0 0

Totals 1,900,226 120,000 6 Adjusted

Table 8 Dorset and Somerset Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Bournemouth 147,140 0 0

Mendip 106,714 0 0

North Dorset 84,882 0 0

Poole 177,766 0 0

Somerset Coast 141,121 0 0

South and East Dorset 146,810 0 0

South Somerset 145,686 0 0

South West Dorset 131,532 0 0

Taunton Deane 101,955 0 0

Totals 1,183,606 0 0

* Fluoridation intermittent since 1999 for technical reasons.
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Table 19 Northumberland, Tyne and Wear Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Gateshead 191,133 191,000 virtually 100 Adjusted

Newcastle 259,470 259,470 100 Adjusted

North Tyneside* 191,999 191,999 50 & 50 
variable low

Adjusted

Northumberland Care Trust 305,536 100,827 33 Adjusted

South Tyneside 152,785 0 0

Sunderland Teaching 280,805 0 0

Totals 1,381,728 647,863 47 Adjusted

Table 20 Shropshire and Staffordshire Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Burntwood, Lichfi eld & Tamworth 151,500 151,500 100 Adjusted

Cannock Chase  127,800 127,800 100 Adjusted

East Staffordshire  112,700 112,700 100 Nat & Adjusted

Newcastle-Under-Lyme  102,000 0 0

North Stoke  123,100 0 0

Shropshire County 279,700 22,400 8 Adjusted

South Stoke 124,900 0 0

South Western Staffordshire 195,800 103,800 53 Adjusted

Staffordshire Moorlands 106,800 0 0

Telford and Wrekin 158,100 0 0

Totals 1,482,400 518,200 35 Nat & Adjusted

* 100% of supply fl uoridated, but only 50% at optimal; 
remaining 50% variable, but never more than 0.4ppm. 
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Table 21 South East London Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Bexley 218,675 0 0

Bromley 295,865 0 0

Greenwich 214,597 0 0

Lambeth  266,487 0 0

Lewisham  249,428 0 0

Southwark 245,357 0 0

Totals 1,490,409 0 0

Table 22 South West London Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Croydon  331,406 0 0

Kingston  147,356 0 0

Richmond and Twickenham 172,474 0 0

Sutton and Merton   368,480 0 0

Wandsworth  259,864 0 0

Totals 1,279,580 0 0
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Table 23 South West Peninsula Strategic Health Authority

Table 24 South Yorkshire Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Barnsley   218,125 0 0

Doncaster Central 70,401 0 0

Doncaster East  110,122 0 0

Doncaster West  104,970 0 0

North Sheffi eld  117,114 0 0

Rotherham 248,352 0 0

Sheffi eld South West 124,598 0 0

Sheffi eld West 107,094 0 0

South East Sheffi eld* 164,239 ? ? Adjusted

Totals 1,265,015 0 0

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Central Cornwall 184,265 0 0

East Devon* 117,674 variable low 
levels

variable low 
levels

Natural low 
levels

Exeter 130,206 0 0

Mid Devon 92,204 0 0

North and East Cornwall 156,064 0 0

North Devon 146,216 0 0

Plymouth 234,266 0 0

South Hams and West Devon 109,761 0 0

Teignbridge 105,290 0 0

Torbay 129,848 0 0

West of Cornwall 156,156

Totals 1,561,950 0 0

* Some bore hole supplies have elevated fl uoride levels, 
but too low to be of dental benefi t.

* Some parts of this area receive fl uoridated supplies 
from Severn Trent Water Company.
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Table 25 Surrey and Sussex Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Adur, Arun and Worthing 216,387 0 0

Bexhill and Rother 87,368 0 0

Brighton and Hove City 248,061 0 0

Crawley 99,679 0 0

East Elmbridge and Mid Surrey 260,806 0 0

East Surrey 159,808 0 0

Eastbourne Downs 166,311 0 0

Guildford and Waverley 222,319 0 0

Hastings and St Leonards 85,325 0 0

Horsham and Chanctonbury 100,790 0 0

Mid-Sussex 130,195 0 0

North Surrey 199,554 0 0

Sussex Downs and Weald 153,865 0 0

Western Sussex 206,581 0 0

Woking 199,939 0 0

Totals 2,536,988 0 0

Table 26 Thames Valley Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Bracknell Forest 108,151 0 0

Cherwell Vale 122,009 0 0

Chiltern & South Buckinghamshire 159,751 0 0

Milton Keynes 211,671 0 0

Newbury and Community 93,090 0 0

North East Oxfordshire 69,101 0 0

Oxford City 154,597 0 0

Reading 194,294 0 0

Slough 119,059 0 0

South East Oxfordshire 92,996 0 0

South West Oxfordshire 190,520 0 0

Vale of Aylesbury 176,322 0 0

Windsor, Ascot and Maidenhead 143,891 0 0

Wokingham 148,789 0 0

Wycombe 134,621 0 0

Totals 2,118,862 0 0
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Table 27 Trent Strategic Health Authority

Table 28 West Midlands South Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Coventry    300,700 300,700 100 Adjusted

Herefordshire 174,900 0 0

North Warwickshire 181,100 181,100 100 Adjusted

Redditch and Bromsgrove 166,700 152,300 91 Adjusted

Rugby 87,500 87,500 100 Adjusted

South Warwickshire  237,600 162,200 68 Adjusted

South Worcestershire 278,700 87,800 32 Adjusted

Wyre Forest 96,900 13,400 14 Adjusted

Totals 1,524,100 985,000 65 Adjusted

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Amber Valley 116,564 0 0

Ashfi eld 81,777 81,777 100 Adjusted

Bassetlaw  107,327 107,327 100 Adjusted

Broxtowe and Hucknall 136,951 0 0

Central Derby 64,320 0 0

Chesterfi eld 98,882 0 0

Derbyshire Dales & S Derbyshire 107,461 22,000 20 Adjusted

East Lincolnshire 265,403 0 0

Erewash  110,123 0 0

Gedling  111,795 0 0

Greater Derby 157,342 0 0

High Peak and Dales 100,153 0 0

Lincolnshire South West 160,683 32,137 20 Adjusted

Mansfi eld District 97,993 97,993 100 Adjusted

Newark and Sherwood 105,709 0 0

North Eastern Derbyshire* 168,767 ? ? Adjusted

Nottingham City 266,780 0 0

Rushcliffe 105,507 0 0

West Lincolnshire 217,042 217,042 100 Adjusted

Totals 2,580,579 558,276 22 Adjusted

* Some parts of this area receive fl uoridated supplies 
from Severn Trent Water Company.
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Table 29 West Yorkshire Strategic Health Authority

Primary Care Trust (PCT)
PCT 

population

PCT 
Population with 

fl uoridated 
water supply

% of 
total 

population
Natural or 
adjusted

Airedale 116,192 0 0

Bradford City 135,189 0 0

Bradford South and West 132,310 0 0

Calderdale  192,381 0 0

East Leeds 162,757 0 0

Eastern Wakefi eld 171,976 0 0

Huddersfi eld Central 137,821 0 0

Leeds North East 111,524 0 0

Leeds North West 185,393 0 0

Leeds West 108,892 0 0

North Bradford 84,257 0 0

North Kirklees 170,627 0 0

South Huddersfi eld 80,460 0 0

South Leeds 145,835 0 0

Wakefi eld West 142,712 0 0

Totals 2,078,326 0 0

The information provided about the extent 
of fl uoridation in the UK is an estimate of 
population coverage. Local water suppliers are 
able to provide their customers with water quality 
information (including fl uoride concentration) 
for their own home supply. It is a good idea to 
establish accurate details of the home water 
supply fl uoride concentration if a fl uoride 
supplementation (e.g. tablets or drops) is being 
considered for young children. Depending on 
the water fl uoride level, supplementation may 
not be advisable; parents should therefore seek 
their dentist’s advice before starting. A list of 
water suppliers and their contact details, together 
with a map showing the approximate supply 
area covered by each is included on page 78 at 
the end of this Section. For further information 
visit Water UK’s website at www.water.org.uk.

How fl uoridation could be extended in the UK
In the late 1980s and early 1990s, many health 
authorities in areas where dental health was poor 
asked water suppliers to fl uoridate their supplies, 
but had their requests refused (See section 6, Legal 
aspects & decision making for further details). 

Dental public health experts recommend that 
targeted water fl uoridation of large public water 
supplies – as opposed to universal or ‘blanket’ 

fl uoridation – is the most cost-effective approach. 
In some non-fl uoridated areas – such as the 
affl uent Home Counties – most people who live 
there already have good dental health and would 
probably not benefi t much further from water 
fl uoridation. Elsewhere, rural areas with poor 
dental health, such as the Highlands of Scotland, 
do not have large enough public water supplies to 
make water fl uoridation a cost effective option. 

The British Dental Association argues that a 
modest increase in coverage of water fl uoridation 
from the current 10% to 25-35% of the UK 
population to cover areas where dental health 
is worst and where single water supplies serve 
large population, would have a signifi cant impact 
on dental health and dental inequalities. 

Fluoridation worldwide
Throughout the world we estimate that 
approximately 350 million people drink 
artifi cially fl uoridated water and that at least a 
further 50 million drink water whose natural 
fl uoride level is at or around optimal (i.e. 1 part 
of fl uoride for every million parts of water)i. 
However, it should be noted that for many 
countries we have not been able to obtain any 
information about fl uoridation status so, in 
particular, the number of people benefi ting 

i The British Fluoridation Society and the US Public Health Service, Division of Oral Health, CDC, have collaborated in the compiling 
and verifi cation of much of these data.  Whilst the information included is the best estimate currently available, some information 
will be incomplete or may have errors which are unknown to the British Fluoridation Society or to the USPHS Division of Oral 
Health, CDC.  We are grateful to the many colleagues throughout the world who responded to our request for information.
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from naturally optimally fl uoridated water is 
likely to be much higher than the 50 million 
reported. In some countries (particularly parts 
of India, Africa and China) drinking water can 
contain very high concentrations of naturally 
occurring fl uoride. These levels are not 
considered optimal for dental or general health.

Countries using adjusted fl uoridation schemes 
include the UK, Chile, South Korea, Singapore, 
Spain, Ireland, the United States, Canada, 
Brazil, Malaysia, Vietnam, Australia, and New 
Zealand. Other countries (for example South 
Africa and Japan) have enacted the necessary 
legislation and plan to introduce schemes in the 
imminent future. Contrary to opponents claims, 
fl uoridation has not been banned anywhere.

The countries worldwide where at least some 
of the population is known to benefi t from 
fl uoridated water – either natural or adjusted 
– are listed on page 75 at the end of this Section. 
For each country, the estimated number and 
proportion of the population served is given.

The position in Europe
In Western Europe, approximately 12 million 
people benefi t from an artifi cially fl uoridated 
water supply (UK 6 million; Ireland 2.3 million; 
Spain 4 million). In Ireland, fl uoridation of all 
sizable public water systems is mandatory. 

A water fl uoridation scheme serving 
approximately 0.2 million people in the Swiss 
canton of Basle was in operation from 1962 
until as recently as April 2003. A fl uoridated 
salt programme served the remainder of the 
Swiss population – and the Swiss Government 
has now opted to switch from fl uoridated 
water to fl uoridated salt in Baslei.

As well as Switzerland, many other European 
countries including France, Austria, Germany, 
Hungary, Slovakia and Belarus use fl uoridated 
salt widely. However, in densely populated parts 
of the UK, where relatively few water sources 
serve large populations, water fl uoridation is 
considered the most effective means of preventing 
tooth decay on a community-wide scale.

The Netherlands was amongst the pioneering 
fl uoridating countries and by 1973 around 5 
million people (30% of the population) were 
benefi ting from fl uoridated water. However, in 
their attempts to modify inadequate legislation, 

the Government were forced into battle with anti-
fl uoridation activists and this eventually resulted 
in fl uoridation being withdrawn. This was in spite 
of strong support from the health departments at 
the time [1]; indeed, after water fl uoridation was 
withdrawn the Government concentrated their 
efforts on encouraging parents to give children 
fl uoride supplements from a very young age. 

Similarly, in Finland a scheme serving the city 
of Kupio (population 76,000) was in operation 
from 1959 to 1992. Again, it is sometimes claimed 
that fl uoridation was ‘banned’ in Finland but 
this is not the case. In fact the scheme was 
stopped because the plant equipment was in 
need of repair whereupon the minority opposed 
to fl uoridation stepped up their activities. 
Subsequently the Finnish Government, who by 
this time had dental disease in the population 
largely under control, decided that on balance it 
was probably not worth re-starting the scheme. 

In Sweden, enabling legislation was introduced 
in the 1960s and many towns and districts 
sought and were granted permission to fl uoridate. 
However, following another tough political battle, 
the legislation was withdrawn before they had 
time to implement the planned schemes [1].

Clearly, fl uoridation of water supplies is 
not as extensive in Europe as it its in the 
US and elsewhere. However, it is important 
to note that the use of fl uoride – whether 
in water, salt, toothpaste, milk or tablets 
and drops – is the foundation of prevention 
of tooth decay throughout Europe. 

The United States continues to extend fl uoridation
The United States is one of the most extensively 
fl uoridated countries in the world with the fi rst 
schemes starting in 1945. Some 171 million 
people – almost 68% of the population on public 
water systems - receive artifi cially fl uoridated 
water. Major cities which are fl uoridated include 
New York, Chicago, Philadelphia, Houston, 
Detroit, Dallas, San Francisco, Washington 
DC, Boston, Seattle, Memphis and Atlanta. 

The 2000 US Surgeon General’s report stated that:
‘community water fl uoridation continues 
to be the most cost-effective, practical and 
safe means for reducing and controlling the 
occurrence of tooth decay in a community.’

As such, the US continues to extend fl uoridation 
and in recent years fl uoridation schemes have 

i Personal communication from Professor Thomas Marthaler, 2003.
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been introduced for several millions more US 
citizens in major cities including San Antonio, 
Los Angeles, Las Vegas, Sacramento and Mesa. 
A scheme that will benefi t approximately 
7 million more Southern Californians has 

recently been announced by the largest 
water supply agency in California.

Forty-six of the 50 largest US cities are 
fl uoridated (see Table 30 below).

Rank
1999 City State Population*

Fluoridation 
Status Year

1 New York NY 8,008,278 Fluoridated 1965

2 Los Angeles CA 3,694,820 Fluoridated 1999

3 Chicago IL 2,896,016 Fluoridated 1956

4 Houston  TX 1,953,631 Fluoridated 1982

5 Philadelphia PA 1,517,550 Fluoridated 1954

6 Phoenix AZ 1,321,045 Fluoridated 1990

7 San Diego CA 1,223,400 Approved** 2000

8 Dallas TX 1,188,580 Fluoridated 1966

9 San Antonio TX 1,144,646 Fluoridated 2002

10 Detroit MI 951,270 Fluoridated 1967

11 San Jose CA 894,943 Non Fluoridated***

12 Indianapolis IN 791,926 Fluoridated 1951

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

San Francisco

Jacksonville

Columbus

Austin

Baltimore

Memphis

Milwaukee

Boston

Washington

Nashville-Davidson

El Paso

Seattle

Denver

Charlotte

Fort Worth

Portland

Oklahoma City

Tucson

New Orleans

Las Vegas

Cleveland

Long Beach

Albuquerque

CA

FL

OH

TX

MD

TN

WI

MA

DC

TN

TX

WA

CO

NC

TX

OR

OK

AZ

LA

NV

OH

CA

NM

776,733

735,617

711,470

656,562

651,154

650,100

596,974

589,141

572,059

569,891

563,662

563,374

554,636

540,828

534,694

529,121

506,132

486,699

484,674

478,434

478,403

461,522

448,607

Fluoridated

Natural

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Natural

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Not Fluoridated****

Fluoridated

Natural (partial)

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

1952

N/A

1973

1973

1952

1970

1953

1978

1952

1953

N/A

1970

1954

1949

1965

---

1954

N/A

1974

2000

1956

1971

1974

Table 30 Fluoridation Status of the Largest 50 U. S. Cities i

i Reproduced by 

kind permission 

of M. W. Easley, 

National Center 

for Fluoridation 

Policy & Research, 

All Rights 

Reserved. Revised 

6 August 2002
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Rank
1999 City State Population*

Fluoridation 
Status Year

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Kansas City

Fresno

Virginia Beach

Atlanta

Sacramento

Oakland

Mesa

Tulsa

Omaha

Minneapolis

Honolulu

Miami

Colorado Springs

St. Louis

Wichita

MO

CA

VA

GA

CA

CA

AZ

OK

NE

MN

HI

FL

CO

MO

KS

441,545

427,652

425,257

416,474

407,018

399,484

396,375

393,049

390,007

382,618

371,657

362,470

360,890

348,189

344,284

Fluoridated

Fluoridated (partial)

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Fluoridated

Not Fluoridated****

Fluoridated

Natural

Fluoridated

Not Fluoridated*****

1983

1954

1952

1969

2000

1976

2000

1953

1969

1957

---

1952

N/A

1955

---

*  U.S. Census Bureau Population Estimates, April 2000
**  San Diego (California) recently approved fl uoridation.  Fluoridation has not 

been implemented yet, however it will commence as soon as fl uoridation 
equipment installation is completed at the jurisdictions’ water plants.

***  San Jose (California) will be required to fl uoridate under California’s 
Mandatory Fluoridation Law (AB733) enacted in 1995.

****  Portland (Oregon) and Honolulu (Hawai’i) are not fl uoridated, however legislation has been 
introduced in both states’ legislatures that, if passed, will mandate fl uoridation in all cities.

*****  Wichita (Kansas), while not fl uoridated, is experiencing extensive local 
legislative efforts that, if successful, would require Wichita to fl uoridate.

Sources: U.S. Bureau of Census, April 1, 2000, U.S. Population, City Rankings; University 
of Texas Health Science Center, San Antonio, Fluoridation Facts; & Division of Oral 
Health, U.S. Centers for Disease Control & Prevention, Fluoridation Census, 1992.

Central and South America
A number of South American countries practice 
artifi cial water fl uoridation – including Brazil, 
Argentina and Chile.  In many other Central 
and South American countries (including Costa 
Rica, Guatemala, Nicaragua, Jamaica, Uruguay, 
Ecuador and Mexico) the use of fl uoridated salt 
is widespread – indeed Mexico now requires 
all salt to be fl uoridated and does not allow 
non-fl uoridated salt into the country.

References
1. Frank RM, O’Hickey S, (1987): Strategy for dental caries 

prevention in European countries according to their laws 
and regulations: IRL Press.
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Table 31 Optimal Water Fluoridation: Status Worldwide i

Country Population

Adjusted 
population 

served

Natural
population 

served

Total
population 
served (%)

Argentinaa

Australiab

Austriac

Brazilb

Bruneia

Canadac

Chileb

China 

Colombia

Cubad

Cyprusc

Czech Republic

Denmark

Egyptd

Fiji

Finland

France

Gabon

Germany

Guatemalae

Guyana

Haiti

Hong Kongc

Iran

Irelandf

Israela

Italy

Japang

Koreag

Kiribati

Libyad

Malaysiaa

35,926,000

19,338,000

8,070,000

172,558,000

310,000

31,000,000

15,401,000

1,292,378,000

42,802,000

11,236,000

689,471

10,260,000

5,332,000

69,079,000

822,000

5,177,000

59,452,000

1,261,000

82,183,824

11,686,000

762,000

8,269,000

6,708,309

71,368,000

3,840,000

6,370,000

57,502,000

127,334,000

46,125,000

84,000

5,407,000

22,632,000

3,100,000

11,722,000

0

65,585,000

175,000

13,330,000

5,423,877

0

29,406,860

 iii

0

0 iv

0

 v

300,000

0 vi

0 vii

0

0 viii

1,800,000

45,000

0

6,708,309

0

2,345,000

4,267,900

0

0 xi

5,367,000

0

400,000

approx 15,842,000

4,500,000

143,433

160,000

?

0

300,000

788,550

200,000,000ii 

600,140

0

approx 40,000

15,000

50,000

0

0

200,000

1,800,000

1,261,000

0

?

200,000

11,461

0

 ix

200,300

509,000

 x

0

0

50,400

1,000,000

0

21.1

61.0

2.0

>41.0

56.0

43.0

40.0

15.0

70.0

5.7

<0.1

1.0

36.0

4.3

3.0

100

0

15.0

32.0

<0.1

100.0

66.0

75.0

0

11.4

approx 60.0

26.0

approx 70.0
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