
Questions about health ris
and remain

more than 40 years

BeUe HUemal1, C&EN Washington

The controversy over fluoridation of water supplies
has raged l'ver since fluoride was first introduced into
the drinking water of Grand Rapids, Mich., in 1945.
Proponents of fluoridation say it prevents tooth decay
and presen ts absolutel y no hea1th risks. Detractors say
it causes, or may cause, serious damage to the health
of some people. Many also question its effectiveness.
For 43 years, there seems to have been no middle
ground between the two points of view. "Neither side
has given the other one rational moment," explains
Jacqueline M. Warren, senior staff attorney with the
Natural Resources Defense Council.

US policy makers have had ta make otI,er scientif-
ic decisions, such as choices about pesticide regula-
tion, that involve the careful balancing of risks and
benefits and about which information probably is
l'ven more complex. But none has aroused acrimony
qui te like the fluoridation question. There is hardly
any individual interested in the issue who can be
classified as neutral, hardly an expert in the field who
seems not to be adamantly pro- or antifluoridation.
Neither side seems willing to listen to the other.
Neither seems able to engage the other in construc-
tive debate.

On the surface this seems surprising. The goal of
fluoridation is unarguably worthy. Since U.S. commu-
nities began fluoridation in 1945, the prevalence of
dental caries has decreased dramatically. The average
number of decayed, missing, and filled permanent
teeth in U.5. 5chool age children has declined from an

estimated seven to about three, according to a nation-
al survey released by the National Institute of Dental
Research (NIDR) in June.

Why, then, is this issue sa polarized?
According to Edward Groth III, an associa te techni-

cal director of Consumers Union who wrote his Ph.D.
thesis in biology on the fluoridation controversy in
1973, pro- and an tifl uoridationists approach the issue
from completely different perspectives. "Proponents
sel' it as a simple public health measure, effective and
safe, which they need to 'sell' to the public, almost
like a box of soap. Opponents tend to be much more
concerned with risks than with benefits, and view
fluoridation the saIne way society views many other
'environmental hazards' -granting that the risks may
be small and un certain, they believe society's attitude
should be 'better safe than sorry.' Since any risks
fluoridation may present are imposed involuntarily
when a water supply is fluoridated, those risks-even
if they are tiny or unsubstantiated-tend to provoke a
disproportionate amount of outrage."

Indeed, anyone looking dosely at the fluoridation
debate can discern several separate subdebates, most
with more than two distinct positions. Regarding fluori-
dation's benefits, proponents, su ch as the American
Dental Association (ADA), daim it reduces the inci-
dence of tooth decay 40 to 65% wherever it is used.

Many proponents also insist dogmatically that there
is absolutely no evidence that fluoridation has ha d, or
ever could have, harmful effects of any kind on any-
one. Some argue that because most natural drinking
water contains 0.1 to 0.2 ppm fluoride and nearly aIl
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é3J Measured in terms of average number of decayed, missing, and fi1Jedsurfaces in
permanent teeth. Source: Nationallnstitute of Dental Research
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daiming that its effects on
tooth decay are nonexistent
or greatly exaggerated.

Yet another niche in the
debate has lately been WIed
by environmentalists, who re-
sist being called "an tifl uori-
dation" but whose arguments

tend to support the opponents.
ln 1986, the Natural Resources
Defense Council (NRDC), one
of the V.5.'s pre-eminent envi-
ronmental advocacy organiza-
tions, filed a lawsuit against the

Environmental Protection Agen-
cy (EPA), seeking to block the
agency's proposed relaxation of
drinking water standards for fluo-

ride in natural waters. NRDC ar-
gued that EPA had inadequately
considered the likely effects of
fluoride on susceptible subsets of

the overall population, had over-
looked a great deal of scientific
Uterature that suggested possible
harm, and had not adequately eval-
uated a full range of possible haz-

ards on which the evidence is incomplete or un con-
vincing. At best, NRDC asserted, EPA had no scien tific
basis for its action and more research is needed.

ln generat environ mental advocates believe fluo-
ride should be investigated in the same manner many
other environmental pollutants have been studied in
recent years. The range of total human intake from
air, water, and food must be assessed, they say. The
effects on the most susceptible individuals and the
levels at which these effects begin to occur should be

food has traces of fluoride, human beings are adapted
to it. For many years, they have also claimed that
fluoridation may reduce the incidence and severity of
osteoporosis-decreased bone density ln old age. Oth-
er proponents admit there are a number of recognized
potential risks, but they believe there has been enough
research of good enough quality to show that these
risks are very remote and that the large benefits justi-
fy society's taking those risks.

For many opponents of fluoridation, the overriding
issue is a moral one of personal rights. These cri tics
oppose fluoridation for ethical reasons. They view it
as a form of medication, imposed on the public in
violation of individual choice. Given that there are
several other ways for people who want flumide ta
consume it (for instance, in pills, mouthwashes, tooth-
pas te, fluoridated bottled water), those who place a
high value on freedom of chai ce argue that the state
has no right to force them to consume fluoride.

Other opponents of fluoridation daim that fluori-
dation causes cancer, birth defects, and a large num-
ber of other ills. 5uch claims are frequently made
by unscientific activists, who cannot support them
with scientific references. But here, too, there are
other less extreme opponents who argue that research
has not adequately answered most of the critical
questions about potential risks. Such cri tics, many
of whom are scientists, cite hundreds of papers pub-
lished in reputable journals, a collectively large
body of evidence of potential hazards that, at a mini-
mum, demands objective assessment. From the start,
they also have questioned the benefits of fluoridation,
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determined. Extensive epidemiological studies should
be done to see if fluoride is causing cancer or any
other more subtle health effects in the general popu-
lation.

Very little of the research advocated by the envi-
ronmentalists has ever been done in this country and
not much of it has been done anywhere else either.
Since the early 1960s, most studies on the long-term
effects of chronic exposu.re to fluoride on human bio-
logical systems other than tee th have been carried out
in foreign countries.

Curmlllt status of
Fluoridation of water supplies is largely confined to

the English-speaking countries, the Soviet Union, and
sorne Latin American nations. Of the estimated 250
million people in the world who drink artificially
fluoridated water (usually fluoridated at l ppm), 120
million live in the US. (50% of the U.s. population),
about 50 million in Brazil (33% of its population), and
40 million in the Soviet Union (15% of its population)
Nine percent of the U.K.'s population drinks fluoridat-
ed water, two thirds of Australia's and New Zealand's,
and 50% of Canada's. However, less th an 1% of the
population of continental Western Europe has artifi-
cially fluorida.ted water. For 10 years, the Netherlands
tried Huoridation and gave it up in 1976 for legal
reasons. (Many citizens claimed that the government
had no right to add fluoride, which they considered a
medicine, to the water supply, and a number of doc-
tors observed strong hypersensitivity reactions to fluori-
dated water in sorne people.) It also was tried and
then abandoned in a few towns in West Germany for
legal and health reasons.

ln the U.s., fluoridation is endorsed almost univer-
sally by medical and dental associations and by many
scientific bodies. The American Medical Association,
ADA the U.s. Public Health Service (PHS), and every
Surgeon General since the early 1950s have agreed
that water fluoridated at levels of about 1 ppm is a
cheap, effective, and perfectly safe way to reduce
cavities ..

Outside the U.s., a number of scientific groups and
individuals have decided fluoridation is not safe. ln
France, the Chief Council of Public Health rejected
fluoridation in 1980 because of doubts about whether
it harms human health. The minister for the environ-
ment in Denmark recommended in 1977 that fluori-
dation not be allowed primarily because no adequate
studies had been carried out on its long-term effects
on human organ systems other than teeth and because
not enough studies had been done on the effects of
fluoride discharges on freshwater ecosystems. ln 1978,
the West German Association of Gas & Water Experts
rejected fluoridation for legal reasons and because
"the so-called optimal fluoride concentration of 1 mg
per L is close ta the dose at which long-term damage
[to the human body] is to be expected."

The battle lines between pro- and antifluoridationists
in the u.s. used to be very clear, with the medical and
dental establishment and a great many public health
officiaIs and scientists on one side and a number of
other scientists, private citizens, and members of ex-
treme right wing groups (such as the John Birch Soci-
ety and the Ku Klux Klan, who claimed fluoridation
was a communist plot) on the other. Most of those
who spoke out against fluoridation were, according to
profluoridationists, either members of one of these
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radical groups or irrationat fanatic, unscientific, and
fraudulent, even if they had legitimate scientific
credentials.

Now, however, the lines are not so clearly drawn.
Zev Remba, the Washington Bureau editor of AGD
Impact, the publication of the Academy of General
Dentistry (a group of 28,000 dentists dedicated to
promoting the continuing education of geheral prac-
titioners), described the situation in an editorial last
year: "Today ... the antifluoridation movement has
found supporters on the left as weIl as the right,
particularly among grçmps dedicated to safeguarding
the environment. And as the base of support broad-
ens, community fluoridation appears to be losing
ground. ln about 60% of 2000 referenda held in the
D.S. since 1950, fluoridation has been voted down. A
1985 polI by the American Dental Association found
that 36% of the 255 [planned or existing] fluoridation
programs surveyed had been cancelled," primarily
because they were rejected in referenda.

Last year, the Commissioner for the Department of
Health in New York State, David Axelrod, decided to
turn the department's emphasis away from fluorida-
tion of water supplies and toward the use of topical
sealants and fluoride .rinses for school children. The
department is still in favor of fluoridating water sup-
plies, but is no longer funding it.

Even now fluoridation remains an issue in many
cities across the D.S. Since 1983, referenda have been
hl"Id on the question in well over 60 communities. ln
more than half of these, the majority of the people
voted against fluoridation. Sorne referenda are held in
cities without fluoridation in arder ta decide whether
to initiate it. Others are called by opponents of fluori-

dation in cities where it already exists in order to
terminate it. ADA and NIDR carry on a continuous
campaign to persuade state legislatures to pass laws
making fluoridation mandatory in aIl communities.
50 far only eight states have passed such laws, but
dozens of proposed similar laws have been defeated.

Fluoridation is becoming more of an issue in devel-
oping nations as their tooth decay rates rise with the
increasing use of sugar and processed food. Countries
such as Brazil are now deciding whether ta expand
fluoridation or initiate it. ln May, an international
conference was held in Porto Alegre, Brazil, to assess
the benefits and risks of fluoridation and help the
authorities evaluate the question.

If more diverse interest groups are increasingly skep-
tical of fluoridation, what .are the reasons? 1s fluorida-
hon just as effective as it appeared to be in the past?
Have scientists uncovered new evidence of real health
risks?

BCl1cfits: a clhal1ghlg assessrnent
Originally, it was thought that the fluoride ion

prevented tooth decay sol ely by being incorporated in
tooth enamel as the teeth formed in childhood. Fluo-
ride ingested in water or food is absorbed into the
bloodstream. Part of it is excreted and the remainder
is deposited in the bones and teeth. The proportion of
fluoroapatite in the hydroxyapatite of developing tooth
enamel is then increased:

CalO(P04MOI-fh + 2F- --;.CalO(P04)6F2+ 20H-

Fluoroapatite is less easily dissolved by mouth acids
than hydroxyapatite and therefore more resistant to
decay.
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But today dental researchers believe two other mech-
anisms are just as important or more so, A number of
factors, including fluoride ion, influence a constant
exchange of ions across tooth surfaces, Bacteria in the
mouth convert sugar to acids, which cause demineral-
ization of tooth surfaces, Demineralization and
remineralization take place constantly on the surface,
When the pH of the surface drops, calcium and phos-
phate ions pass from the enamel into the plaque, but
if the pH becomes neutral, these ions may redeposit
themselves into the enameL Huoride ions in the plaque
inhibit the bacterial conversion of sugar to acids and
thereby help main tain higher pH levels, allowing
remineralization to OCCUL Therefore, the fluoride ions
in saliva and plaque may be just as important in
preventing tooth decay as the ions in blood-and
perhaps just as easily provided by toothpaste as water,

A third mechanism by which fluoride may prevent
decay involves incorporation of fluoride into the
remineralizing enamel surface, making it more resis-
tant to decay,

For many years, most dentists believed that fluori-

Percenl 01 population
Population drinking artilicially

Country (millions) Uuoridated wa~er
----------~--_ ..._._.

Albllllia 3,1 0%
Auslralia 16,1 66
Austria 7,6 0
Belgiuma 9,9 0
BlJigarla 9,0 0
Call1lda 50

Czechoslovakia 15,6 20
Dei1mark 5,1 0
East Germall}' 16,6 9
filllai1db 4,8 1.5
france 55,6 0
Greece 0

Hungary 10.6 0
Irelai1d 35 50
11011]1 57.4 0
Japan 122,0 0
Luxembourg 0.4 0
NI!I~erlandsÇ 14.6 0-'-. -.----_._---~~,,-,._---.,
New Zealllm:i 3,3 66
NanNay 4,2 0
1='0lal1l1 37,7 4
PI>IIu9ala 10,3 0
Rl>mania 22,9 0

Less than 1%

Sweden 8.4 0
Swilzerland 6,6 4
U.IK. 56,S 9
U,S. 243,8 50
U.S,S.R. 284.0 15
Wesl Germ1'lrIyd 61,0 0
Yugoslallia 23.4 0

a One experimental treatment plant now discantinued. b One small experimenlal
trealment plant c Disconlinued in 1976 alter 23 years al experiments. d Disconlin-
ued in 1978 after 18 years of experiments.

dation of water supplies reduced tooth decay about 50
to 65%, These figures were based primarily on four
studies during the early years of fluoridation: in Grand
Rapids, Mich,; Newburgh, N,Y,; Evanston, IlL; and
Brantford, Ont But a great deal of evidence indicates
that water fluoridation reduces dental caries much
less, ln fact, sorne research suggests little or no reduc-
bon at aIL

Alan S, Gray, former director of the Division of
Dental Health Services for the British Columbia Min-
istry of Health, finds, for example, that the average
number of decayed, missing, and filled permanent
teeth in British Columbia, where only 11% of the
population uses fluoridated water, is lower th an in
parts of Canada where 40 to 70% of the people drink
fluoridated water, School districts in the province
with the highest percentage of children with no tooth
decay are totally unfluoridated, These differences could,
of course, be caused by factors other th an fluoridation,

Tooth decay is a complicated process, influenced by
many factors, including diet, oral hygiene, dental care,
genetic predisposition, geochemical factors, and pos-
sibly other trace elements, such as strontium, as weIl
as fluoride in the water supply, Adqitional factors
that may affect decay rates are the use of fluoridated
toothpastes or topical rinses and the presence of fluo-
rides in foods, Most people whose diet includes little
sugar and few processed foods have very low rates of
tooth decay, ln those few developing countries in
which only small amounts of sucrose and refined
foods are eaten, decay rates are often lower than in
the developed nations, And if other factors are equaL
districts in the developed world where the socioeco-
nomic status is higher generally have less decay,

Therefore, comparisons between fluoridated and
unf]uoridated districts that don't adequately take su ch
factors into account can be readily confounded, None
of the early epidemiological studies controIled very
wel! for most nonfluoride variables, so man y seien-
bsts today have come to regard them as only part of
the evidence one must consider to assess the size of
fluoridation's benefits,

One recent development that bears on the question
is the widespread observation that tooth decay rates
in the US, Canada, New Zealand, Australia, and in
al! countries of Western Europe have declined greatly
during the past 40 years, Mark Diesendorf, an applied
mathematician and health researcher in the Human
Sciences Program at Australian National University
and an expert in research design, has found, by com-
paring results from about 24 studies of unfluoridated
districts in eight countries, that reductions in dental
caries are just as great in nonfluoridated as in fluori-
dated areas, ln Queensland, which is primarily
unfluoridated, the rate of tooth decay is as low as it is
in the fluoridated districts of Australia,

Diesendorf conclucles from such data that fluorida-
tion of water supplies may not be nearly so important
in preventing tooth clecay as many authorities be-
lieve, Sorne of the decline in dental caries in
unfluoridated areas might be explained by the intro-
duction of fluoride toothpaste, tablets, and mouthrinses,



H. TrendJey Dean's studies dl1ring
19305 and 19405 established relation
of fluoride level in drinking water
with tooth decay and dental fluorosis

Source: Nationallnstltu1e of Dental nesearch

or more natural

he says, but decay rates began to faU in many of the
nonfluoridated regions long before these were avail·.
able. He believes that changes in nutrition, oral hy-
giene, and possibly the immune status of the popula-
tion may explain part of the decline.

A number of researchers in the U.S. have reported
similar findings. Stanley B. Heifetz and coworkers at
NIDR note in the April issue of the foumal of the
American Dental Association that "the current reported
decline in caries in the u.s. and other Western indus-
trialized countries has been observed in both fluori-
dated and nonfluoridated communities, with percent-
age reductions in each Cornmunit y apparently about
the same."

Robert L. Glass of Forsyth Dental Center, Boston,
noted that in 1965, after more than 20 years of fluori-
dation, counts of decayed, missing, and filled perma-
nent teeth for Grand Rapids, Mich., and Newburgh,
N.Y., were only minimally different from the average
for the en tire U.s., which th en was about 33% fluori-
dated. Because he had expected nonfluoridated areas
to have higher decay rates than fluoridated ones, and
to therefore raise the average for the en tire U.s., he
concluded that the U.s. average had not been deter-
mined correctly. It is also plausible, however, that the
effects of fluoridation had been overstated, or perhaps
that Grand Rapids and Newburgh had exceptionaUy
high levels of decay before fluoridation began.

Other recent reports indicate that fluoridated areas
have lower decay rates than unfluoridated areas, but
by much less than the alleged 50 to 60% difference. A
1983 study of tooth decay in 10 cities by the Robert
Wood Johnson Foundation and Rand Corp. found
that fluoridated cities have roughly one third less
clecay, which means that average 12-year-olds in fluor-
idated cities have about 0.6 fewer cavities than those
in nonfluoridated cHies. Gray points out that decay
reductions of even 33% taking place tociay, when av ..

erage base decay rates are at su ch a historically low
level, do not mean as much as they did in the past.

Research conducted in the 1930s and 1940s in the
D.S. showed that the incidence of dental caries was
reduced most effectively where the natural fluoride
level of the water supply was 1 ppm or above. But five
studies in India, Sweden, Japan, the U.S., and New
Zealand do not support this trend. ln the Japanese
study, for example, children in an area with 0.3 to 0.4
ppm fluoride in the water have the lowest decay rates;
above and below this range, caries prevalence in-
creases rapidly. These results contradict a central te-
net of the fluoridation theory-that the Ideal fluoride
level, producing low decay rates with minimal dam-
age to the teeth, is about 1 ppm.

At NIDR, officiaIs are reassessing the decay reduc-
tions that can be attributed to fluoridated water.
Herschel S. Horowitz, formerly chief of the clinical
trials section of the caries prevention and research
program, says that recent studies suggest that reduc-
tions are not so large as the 50 to 60% indicated by
early studies. NIDR scientists are trying to determine
what they call a "new baseline." Whatever the u1timate
result, a consensus seems to have emerged that the
promise of "two thirds less tooth decay" with fluori-
dation is no longer realistic, if indeed it ever was.

ln a similar vein, the economic benefits of fluorida-
tion appear ta have been exaggerated. NIDR states
that every dollar spent on fluoridation, which costs
only 20 to 50 cents per persan per year, reduces dental
costs $50. NIDR assumes that fluoridation reduces
cavities some fixed percent, such as 40%, and then
multiplies the total number of cavities theoretically
prevented by the average cost of filling one cavity.
But when the actual costs of dental care delivered in
similar cities are compare d, residents of fluoridated
cities seem to reap no economic benefit from fluorida-
tion. ln one study, reported in a February 1972 article
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in the Journal of the American Dental Association, the
cost of dental care in five unfluoridated cities in Illi-
nois was compared with costs in five similar cities with
naturally Huoridated water. Even though dentists' fees
and the nature of treatments in the two groups of
cities did not differ significantly, the cost per patient
and the average number of visits to the dentist per
year were greater in the Huoridated communities.

Proponents also are trying to show that fluoride can
be used to alleviate the symptoms of osteoporosis, and
therefore that people living in fluoridated areas may
be helped by the excess Huoride they are accumulat-
ing in their bones. Because excess fluoride produces
osteosclerosis (denser bones), patients in numerous
clinical trials have been given and are still being
given large doses of fluoride (60 to 80 mg per day) as
treatment for osteoporosis. So far this method has
produced no definitive beneficial results. ln a 1987
review of fluoride therapy for osteoporosis, Louis V.
Avioli, professor at the Washington University School
of Medicine, concludes: "Sodium fluoride therapy is
accompanied by sa many medical complications and
side effects that it is hardly worth exploring in depth
as a therapeutic mode for postmenopausal osteoporo-
sis, since it fails to decrease the propensity toward hip
fractures and increases the incidence of stress frac-
tures in the extremities." FDA has not approved the
use of Huoride for osteoporosis.

Health risks: more questions than answers
The physiological effects of fluoride on the human

body range from those about which there is a great
deal of scientific information to those that are less
certain, but about which there is some credible evi-
dence, to those that are almost purely speculative.
Even the effects for which there is good information
are controversial. Some scientists define them as health
effects, but others con sider them as merelv cosmetic
or conditions without negative implications for health.

More th an any other are a of fluoride research, sci-
entific debate over potential health hazards has been
polarized by the political controversy over fluorida-
tion. Does a study show adverse effects? Is certain
evidence relevant to an assessment of the safety of
fluoridation at 1 ppm? The answers experts give dif-
fer, depending on whether the experts favor or op-
pose fluoridation. The political schism over the mea-
sure has dominated scientific discourse on the topie,
almost totally blocking consensus over what the evi-
dence of adverse effects means-or in some cases,
even oVer whether such evidence exists.

The effects of Huoridation that have been studied
the most are dental fluorosis (mottling of teeth), skel-
etal fluorosis, kidney disease, hypersensitivity reac-
tions, enzyme effects, genetic mutations, birth defects,
and cancer. The information about dental fluorosis is
clearest and least controversial, Knowledge of skeletal
fluorosis is extensive, but not at a11 complete. The
information about fluoride and kidneys is partly es-
tablished and, in part, almost purely speculative ow-
ing to a lack of researcn. Hypersensitivity reactions
have been studied thorougnly by only a few investi-

Fluoride in drinking water may affect teeth to variou5
degrees dl1ring the years of toot1l formation, depending on
the degree of exposure and indiv1dl1al sensitivÎty.
Compared with il normal tooi1l (top row, Jeff), a tooth
with qwestioniible fluorosis (top row, righO shows no
c1earevidenœ of change, for instance, and one wÎth very
mild illwrosis (middle mw, leiV only has small white
flecks. However, a tooth with mild f11101"Os1s(midd1e row,
right) has chalky white an~as; modelate fluorosis causes
yellow or brown mott1ing (bottom row, 1efO;and il tooth
with severe fluomsis (boUom x'oW, right) is heavily
stained, pitted, brittle, and sllsceptible to fracture

gators and many important issues remain unresolved.
Birth defects and cancer have been much discussed,
but evidence in the se areas is the most uncertain.

Though profluoridation statements almost always
daim that aIl risks have been fully investigated and
found to be groundless, in fact a number of important
unanswered questions remain about each of these
health risk areas. The 1977 National Academy of Sci-
ences report "Drinking Water and Health" recom-
mends research in Il different areas. Even though
more than a de cade nas passe d, research in only three
health effects areas, dental fluorosis, cancer, and birth
defects, has been funded by the federal agencies re-
sponsible for research on Huoride (PHS and EPA).

The fluoride ion is unusual among trace elements
in water or food because the same range of human
exposure ta nuoride ion that can produce beneficial
physiological effects can also produce harmful effects.
For most trace elements, such as chromium, manga-
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nese, and zinc, beneficial and harmful ranges of expo-
sure differ greatly.

ln 1962, PHS set fluoride levels of 0.7 to 1.2 ppm in
drinking water as the ideal range to prevent dental
caries with minimal dental fluorosis. The lower level
was suggested for hot climates and progressively high-
er levels were prescribed for cooler regions, because
average water consumption varies with temperature.
Natural Huoride levels exceeding twice the ideal for
the climate, PHS said, constituted grounds for rejec-
tion of the water supply, but it had no power to force
communities to remove excess fluoride.

ln 1975, EPA took over PHS's responsibility for
regulating contaminants in drinking water and, in
1986, relaxed the maximum contaminant level to 4
ppm for aIl climates. Communities that add fluoride
to drinking water still do so according to the old PHS
formula. But communities with naturally fluoridated
water are not required ta rem ove fluoride unless the
level exceeds 4 ppm. Sorne of the potential adverse
health effects, however, may occur at levels of about 1
ppm and above and are bath more pronounced and
more widespread at levels near 4 ppm.

ln humans, 98% of the fluoride ingested in water is
absorbed into the blood from the gastrointestinal tract.
The fluoride diffuses to the body's cellular tissues and
most of it is deposited in the bones and teeth or
excreted by the kidneys. The aorta is the only other
tissue that normally accumulates significant amounts
of fluoride, mainly in calcified deposits. The amount

stored in bones and teeth varies depending on the age
of the subject. According ta NIDR's Heifetz and Horo-
witz, in children more than 50% of an ingested dose
of fluoride may be deposited in bone, but in adults
only about 10% is stored there. As with teeth, fluoride
is deposited in bone by simple ionic exchange with
the hydroxyl groups of hydroxyapatite. It also is re-
moved from bone, though at a slower rate than it is
deposited. If the intake remains constant, the level of
fluoride in the bones increases linearly with age.

The most obvious and common effect of fluoride
on humans is dental fluorosis. This occurs only if
children drink fluoridated water, receive fluoride sup-
plements, or ingest significant fluoride from other
sources (like toothpaste) during the years of tooth
formation. ln excessive amounts, fluoride interferes
with the normal function of the enamel-producing
ceUs in the jaw, caUed ameloblasts, in laying down
amelogen matrix and in the mineralization of this
enamel matrix. (Amelogen is a collagenlike material
that forms the structural foundation and framework
upon which calcium and phosphate are deposited,
giving rise to tooth enamel.)

The late H. Trendley Dean, a dental surgeon at
PHS, defined five degrees of dental fluorosis: ques-
tionable, very mild, mild, moderate, and severe. ln
the questionable form, evidence of fluorosis is uncer-
tain; in the very mild form, teeth have small white
specks; in the mild form, teethhave chalky white
areas; in the moderate form, they may have yellow

fluorosns !s

1

Scientists disagree over whether the
incidence of dental fluorosis is increas-
ing in the U.S. as more children drink
fluoridated water and use fluoride sup-
plements, toothpaste, mouth rinses,
and topical applications during the years
of tooth formation.

Dennis Leverett, chairman of the
department of community dentistry at
the Eastman Dental Center ln Roches-
ter, N.Y., claims that the prevalence
of dental fluorosis today in commun/-
tles with fluoridated water Is twice the
level that H. Trendley Dean, a dental
surgeon in the Public Health Service,
reported in 1942 from his studies of
communitles with the same level of
natural fluoride ln their water supply.
Leverett fears that if additional studies
substantiate his flndings, fluorlde lev-
€Ils in supplements, toothpastes (most
of which contain 1000 ppm fluoride),
and water may need to be reassessed.
He reasons that the increase ln fluoro-
sis may result from the increased use
of fluoridated toothpastes, supplements,

and perhaps fram higher levels of flu-
aride in the food chain. Today, nearly
ail bortled drinks and canned foods in
the U.S. are processed with fluoridat-
€Id water. Should further studies con-
lirm Leverett's conciusion, It would
validate a warning that has been
sounded by scientific critics of fluori-
dation for at least 25 years.

ln contrast, William S. Driscoll, act-
ing chief of the disease prevention
and health promotion branch at the
National Institute of Dental Research
(NIDR), and his coworkers report that
surveys in 1980 "suggest that no im··
portant changes in the prevalence and
severity of fluorosis have taken place"
sinoe Dean's studies_ However, Driscoll
did find eight children with either rnod-
erate or severe Iluorosis ln a commu-
nity with a fluoride level of 1 ppm. ln
the 1930s, Dean generally found no
children with advanced forms of fluo-
rosis in the many towns he surveyed
with 1 ppm natural fluoride in the wa-
ter supply.

ln 1985, Stanley B. Heifetz, Driscoll,
and their coworkers at NIDR surveyed
the same areas in Illinois they had
surveyed in 1980. The prevalence of
fluorosis in eight- ta 10-year-olds
changed little between 1980 and 1985.
But among 13- to 15-year-olds, the
researchers note a greater prevalence
andseverity 01 fluorosis in 1985 than
in 1980. ln 1985, only 71 % of tooth
surfaces were fluorosis-free in a com-
munit y with 1 ppm fluoride, compared
with 89 % ln 1980. ln a community
with 4 ppm fluoride, fluoros!s had be-
come so prevalent that 93 % of the
visible tooth surfaces showed some
signs 01 the condition, compared with
76 % in 1980.

Several studies indicate, therefore, that
the prevalence of dental fluorosis is
rising, particularly at fluoride levels of
1 ppm, a level at which objectionable
fluorosis was extremely rare in the
1930s. But the populations studied are
so limited that it is difficult to deter-
mine how much fluorosis is inoreasing.
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and brown stains; in the severe form, depending on
the amount of fluoride ingested, they are pitted, brit-
tle, and susceptible to fracture. Severe fluorosis not
only produres unattractive teeth but also may in-
crease the risk of tooth loss because it destroys parts of
the protective enamel.

According to a recent study conducted by NIDR in
areas with different concentrations of naturally occur-
ring fluoride in their water supplies, 2% of the chil-
dren developed moderate or severe fluorosis and about
12% developed very mild and mild fluorosis at 1
ppm-the level of fluoride that NlDR considers ideal.
But at 4 ppm, the maximum fluoride level EPA now
allows in the U.s., 7% had moderate and 23% severe
dental fluorosis (approximately the same total fraction
of objectionable fluorosis Dean noted in the 1930s in
4-ppm areas). Since this study was very limited, the
percents of fluorosis may not be representative of the
country as a whole.

But if the fraction of children subject to moderate
and severe dental fluorosis is anywhere near 1 or 2%
in most areas with 1 ppm fluoride, a great many
children are at risk of developing disfiguring degrees
of fluorosis. And, of course, a large fraction of chil-
dren in the 4-ppm areas would develop noticeable
fluorosis. To avoid dental fluorosis, "children under
five years of age should drink water diluted with a
fluoride-free source in communities with 4 ppm fluo-
ride," NIDR's Horowitz says.

There seems to be little controversy over what lev-
els of fluoride in water cause moderate and severe
dental fluorosis. Scientists disagree, however, about
whether moderate to severe dental fluorosis is a health
effect. This may seem like an academic issue, but under
the Safe Drinking Water Act, EPA is required to set
reeommended maximum contaminant levels (RMCLs)

Mi1nidpal tl'eahnent plant in GUa Ben d, Ariz., uses
selective adsorption wUll activated alumina to l'edllice
excess fluoride leve1 in drinking willer

that will prevent known or anticipated adverse health
effects with an adequate margin of safety and to set
the maximum contaminant levels as close to the RMCLs
as is feasible. (The RMCLs are unenforceable goals;
the maximum contaminant levels are enforceable
standards.) A special committee convened by the Sur-
geon General in 1983 to guide EpA in setting its
Huoride standard wrote in the first draft of its report
that moderate to severe dental fluorosis per se is a
health effect. The second draft, presented to the Sur-
geon General in September 1983, said that moderate
to severe dental fluorosis is only a cosmetic effect-
the position long held by political advocates of fluori-
dation. This rationale allowed EPA to ignore dental
fluorosis in setting the RMCL for fluoride.

SkeletaR fluorosis
One solidly established concept in environmental

health is that the effects of toxic agents fall on a
continuum of biological change, ranging from unde-
tectable effects at the lowest levels of exposure to
severe health damage at very high doses. As exposure
to an agent increases, the first detectable eHect may be
a subtle biochemical change, such as a decrease in the
activity of an enzyme. At somewhat higher doses,
measurable changes in sorne physiological functions
may occur, but these often are not linked to c1ear
symptoms or adverse effects, and may not be harmful.
But as dosage increases, adverse eHects begin to
appear-at first mild ones, then moderate ones, and
finally severe ones.

Most environmental health experts believe that the
subtlest detectable effects-those with no outward
symptoms, which are not clearly harmful-should be
considered "preeursors" of more serious effeets. By
this logic, people who show such subtle changes should
be consi~e~d at risk for more serious effects if expo-
sure contlnues.

Skeletal fluorosis, a complkated illness caused by
the accumulation of too much fluoride in the bones,
has a number of stages. The first two stages are
preclinical-that is, the patient feels no symptoms but
changes have taken place in the body. ln the first
preclinical stage, biochemical abnormalities accur in
the blood and in bone composition; in the second,
histological changes can be observed in the bone in
biopsies. Sorne experts call these changes harmful
because they are precursors of more serious condi-
tions. Others say they are harmless.

ln the early dinical stage of skeletal fluorosis, symp-
toms include pains in the bones and joints; sensations
of burning, pricking, and tingling in the limbs; mus-
cle weakness; chronic fatigue; and gastrointestinal dis-
orders and reduced appetite. During this phase, changes
in the pelvis and spinal column can be detected on
x-rays. The bone has both a more pro minent and more
blurred structure.

ln the second dinical stage, pains in the bon es
become constant and sorne of the ligaments begin ta
calcify. Osteoporosis may occur in the long bon es, and
early symptoms of osteosc1erosis (a condition in which
the bones become more dense and have abnormal
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ln an unprecedented move, the Envi-
ronmental Protection Agency's union
of professional employees, local 2050
of the National Federation of Federal
Employees, attempted to file an ami-
eus euriae brief in a lawsuit against
the agency Itself in 1986. The lawsuit
in the U.S. Court of Appeals for the
District of Columbia was initiated by
the Natural Resources Defense Coun-
cil. It charged that the agency had
ignored sclentific evidence of adverse
health effects when it set the recom-
mended maximum contaminant le\lel
(RMCl) for fluorlde in drinking water at
4ppm.

The EPA union, authorized by law
to represent 1100 Washington area
scientists, lawyers, and engineers, tried
to join in the suit because its mem-
bers belie\led that the support docu-
ments for the RMCl were unprofes-
sional and an embarrassment to the
agency. They charged that the fluoride
health effects document, which was
written by an outside contractor, had
been skewed to meet the political goals

of requiring \lery few communities to
remove fluoride from their drinking wa-
ter and avoiding the suggestion that
le\lels of fiuoride found ln the drinking
water of some communities (between
2 and. 4 ppm) might cause adverse
health effects.

The union's brief cited many stud-
ies showing health effects at 4 ppm
that had been omitted from the docu-
ment. ln particular, it opposed EPA's
labeling moderate to severe dental flu-
orosis a mere cosmetic effect that
therefore did not need to be protected
against by the new standard. It also
pointed out that some indi\liduals liv-
ing in areas with 4 ppm natural fluo-
ride in their drinking water wou Id be at
risk of developing crippling skeletal
fluorosis. Without comment, the court
refused ta accept the amicus brief
fram the EPA union.

ln 1984, the South Carolina Depart-
ment of Health & Environmental Con-
trol filad suit against EPA to raise or
eliminate the fluoride standard. South
Caralina objected to the 4-ppm stan-

dard because it did not want any com-
munity to have to spend the consider-
able amount of money-as much as
$10 par month per household-required
to remo\le fluoride from its drinking
water.

Both suits were thrawn out of court
in February 1987 by a unanimous de-
cision of the three judges, Ruth B.
Ginsburg, Robert Bork, and James
Buckley. They determined that "EPA
reasonably interpreted the statute, re-
sponsibly evaluated the sometimes
conflicting evidence in an extensive
record," and "provided rational expla-
nations for its determination. We there-
fore uphold EPA's rule as within the
bounds of the agency's permissible
diseretion. "

Jaqueline M. Warren, senior staff
attorney at the Natural Resources De-
fense Couneil, believes the court made
the wrong decision. "1 don't think EPA
should be allowed to set less protec-
tive standards in the absence of sig-
nificant new evidence that would justi-
fy that," she says.
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These "'en ln Indla have developed crippling skelet,11
fluorosis from fluMide ln water

crystalline structure) are present. Bony spurs may also
appear on the limb bones, especially around the knee,
the elbow, and on the surface of tibia and ulna.

ln advanced skeletal fluorosis, called crippling skel-
etal fluorosis, the extremities become weak and mov-
ing the joints is difficuIt. The vertebrae partially fuse
together, crippling the patient.

Most experts in skeletal fluorosis agree that inges-
tion of 20 mg of nuoride a day for 20 years or more
can cause crippling skeletal fluorosis. Doses as low as
2 ta 5 mg per day can cause the preclinical and earlier
clinical stages.

The situation is complicated because the risk of
skeletal fluorosis depends on more than the level of
fluoride in the water. It al80 depends on nutrition al
status, intake of vitamin D and protein, absolu te amount
of calcium and ratio of calcium tomagnesium in drink-
ing water, and other factors.

ln parts of lndia, China, Africa, Japan, and the
Middle East, large numbers of people have skeletal
fluorosis from drinking naturally fluoridated water.
ln lndia about a million people have this disease.
Most of the victims live in an'as where the water
fluoride level is 2 ppm or above, but sorne cases are
found in communities with natural fluoride levels
below l ppm.

In the U.s., more than a dozen cases of skeletal fluor-
osis have been reported. Sorne have occurred at high
fluoride levels, others at levels lower than 4 ppm wh en
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Ever sinee the Public Health Service
(PHS)endorsed fluoridation in 1950, de-
traetors have charged that PHS and the
medical and dental establishment, such
as the American Medical Association
(AMA) and the American Dental Associ-
ation (ADA), have suppressed adverse
scientific information about its affects.

Some of those who generally support
fluoridation make similar charges. For
example, Zev Remba, the Washington
Bureaueditor of AGD Impact, the monthly
publication of the Academy of General
Dentistry, wrote last year that support-
ers of fluoridation have had an "unwil-
lingness ta release any information that
would cast fluorides in a negative light,"
and that organized dentistry has lost
"its objectivity-the ability to consider
varying viewpoints together with scien-
tific datato reach a sensible conclusion."

The dozen or so scientists C/ŒN was
able to contact who have done research
suggesting negative effects from fluori-
dation agree on this aspect. They ail
say that fluoridation research is unusual
in this respect.

If the lifeblood of science is open
debate of evidence, scientific journals
are the veins and arteries of the body
scientific. Yet journal e~itors often have
refused for political reasons to publish
information that raises questions about
fluoridation. A latter fram Bernard P.
Tillis, editor of the New York State Den-
tal Journal, written in February 1984 ta
Geoffrey E. Smith, a dental surgeon fram
Melbourne, Australia, says: "Your pa-
per ... was read here with interest,"
but it is not appropriate for publication
at this time because "the opposition ta
fluoridation has become virulent again."
The paper poses the question: Are peo-
ple ingesting increasing amounts of flu-
oride and can they do sa with impunity?

Sohan L. Manocha, now a lawyer,
and Harold Warner, professor emeritus
of biomedical engineering at Emery Uni-
versity medical school in Atlanta, re-
ceived a similar letter in 1974 from the
editor of AMA's Archives of Environ-
mental Health. The editer rejected a
report Manocha and Warner submirted
on enzyme changes in monkeys who
were drinking Huoridated water because
of reviewers' comments such as: "1
would recommend that this paper not
be accepted for publication at this time"
because "this is a sensitive subject and
any publication in this area is subject
to Interpretation by antifluoridation
greups. "

These papers were subsequently pub-
lished in prestigious British journals, Sci-
ence progress (Oxford) and Histochemi-
cal Journal. Many other authors have
reported similar difficulties publishing
original data that suggest adverse ef-
fects of fluoridated water.

Most authoritative scientific overviews
of fluoridation have omitted negative in-
formation about it, even when the over-
sight is pointed out. Phillipe Grandjean,
professer of environmental medicine at
Odense University in Denmark, wrote to
the Environmental Protection Agency in
,June 1985 about a World Health Orga-
nization study on fluorine and fluorides:
"Information which couId cast any doubt
on the advantage of fluoride supple-
ments was left out by the Task Group.
Unless i had been present myself, 1
wouId have found it hard to believe."

ln his 1973 Ph.D. thesis on the fluori-
dation controversy, Edward Groth III, a
Stanford biology graduate student at that
time, concluded that the vast majority
of reviews of the literature were de-
signed to promote fluoridation, not to
examine evidence objectively. C')J)'othalso

noted a number of antifluoridation re-
views that were equally biased.

According to Robert J. Carton, an
environ mental scientist at EPA, the sci-
entific assessment of fluoride's health
risks written by the agency in 1985
"omits 90 % of the literature on muta-
genicity, most of which suggests fluo-
ride is a mutagen."

Several scientists in the U.S. and
other countries who have done research
or written reports questioning the bene-
fits of fluoridation or suggesting possi-
ble health risks were discouraged by
their employers from publishing their
findings. After their paper had been
rejected by the editor of Archives of
Environmental Health, Manocha and
Warner were told by the director of
their department not to try to publish
their findings in any other U.S. journal.
NIDR had warned the director that the
research results would harm the cause
of fluoridation. Eventually, Manocha and
Warner were granted permission to pub-
lish their work in a foreign journal.

ln 1982, John A. Colquhoun, former
principal dental officer in the Depart-
ment of Health in Auckland, New
Zealand, was told aiter writing a report
that 5howed no benefit fram fluoridation
in New Zealand that the department
refused him permission to publish it.

ln 1980, Brian Dementi, then toxicol-
Ogi5t at the Virginia Department of
Health, wrate a comprehensive report
on "Fluor ide and Drinking Water" that
suggested possible health risks from
fluoridation. This 36-page study has been
purged from the department's library
even though it is the only one the de-
partment has prepared on the sUbject.
According to cl..lrrentemployees, no copy
exists anywhere ln the department.
Spokesmen say the report was thrown

aggravating conditions were present, suchas diabetes
or impaired kidney function.

ln setting the recommended maximum contaminant
level for fluoride in drinking water in 1986, EPA
considered only crippling skeletal fluorosis as a health
effect and established little or no margin of safety,
even for this disease. (A margin of safety is a differ-
en ce between the maximum contaminant level and

the level at which health effects first occur in the
most susceptible individuals.) According ta a Depart-
ment of Agriculture survey, about 3% of the U.s.
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population drinks 4 L or more of water per day.
Therefore, about 3% of the people who live in areas
where the water con tains the natural fluoride level of
4 ppm allowed by EPA-such as certain communities
in Texas or South Caro lina-are ingesting at least 16
mg of nuoride a day, not including the fluoride they
derive from other sources, su ch as toothpaste, food, or
air.

Also, because a more or less constant percent of
intake is accumulated in bone, persans who consume
8 mg a day for 50 years accumula te about the same



Carlon: EPA document @mmed 90%
of mlitageniciffy studies

away because it was old but also say
the department will be preparing anoth-
sr report on the subject soon.

An ADA white paper written in 1979
states: "Dentists' nonparticipation lin
fluoridation promotion] is overt neglect
of professional responsibility." An ADA
spokesperson says this is still the asso-
ciation's officiai policy.ln recent years,
several dentists who have tt3stified on
the antifluoridation side have been
reprimandedby their statedentalofficers.

ADA and PHS also have actively dis-
couraged research into the health risks
of fluoridation by attacking the work or
the character of the investigators. As
part of their political campaign, they
have over the years collected informa·.
tion on perceived antifluoridation scien-
tists, leaders, and organizations. News-
paper articles about them are stored in
files, as are letters about them fram
variaus proponents of fluoridation. Little
or no effort has been made to verify the

accuracy of this information. It is used
not only in eHorts to counteract argu-
ments of the antifluoridationists, but also
to discredit the work and objectivity of
U.S. scientists whose research suggests
possible health risks from fluoridation.

One example is the false information
about the late George L. Waldbott, found-
er and chief of allergy clinics in four
Detroit hospitals, that ADA disseminat-
ed widely to discredit the validity of his
research. Rather than deal scientifically
with his work, ADA mounted a cam-
paign of criticisrn based largely on a
letter from a West German health offi-
cer, Heinrich Hornung. The letter made
a number of untrue statements, includ-
ing an allegation that Waldbott obtained
his information on patients' reactions to
fluoride solely from the use of question-
naires. ADA published Hornung's le11er
in its journal in 1956 and distributed a
news release based on the letter. ADA
later published Waldbott's response to
this letter. But the widely disseminated
original news release was not altered or
corrected, and continued to be pub-
lished ln many places. As late as 1985,
it was still being quoted. Once political
attacks effectively portrayed him as
"antifluoridation," Waldbott's work was
largely ignored by physicians and
scientists.

ln November 1962 and 1965, ADA
included in its journal long directories of
information about antifluoridation scien-
tists, organizations, leaders, and others
known to be opposed to fluoridation.
Listed in alphabetical order were repu-
table scientists, convicted felons, food
faddists, scientific organizations, and the
Ku Klux Klan. Information was given
about each, including quotes tram news-
paper articles, some of which containad
false data. The information was pub-
lished for use by proponents 01fluorida-
tion in local fluoridation referenda.

John S. Small, information specialist
at the National Institute of Dental Re-
searCh, is quite willing to talk about the
files he keeps 011antifluoridation orga-
nizations and their leaders. "Of course,
we gather information," he says. "These
people are running ail over the country
opposing fluoridation. We have to know
what they are up to." Consumer advo-
cate Ralph Nader has a different view
of this activity. He caIls it an "institu-
tionaJized witch-hunt."

It is easy to understand why research
011risks of fluoridation has never been
more vigorously pursued. Most of the
individuals and agencies involved have
been promoting fluoridation publicly for
nearly 40 years. Research that suggests
possible harm threatens them with a
loss of face. For exarnple, PHS has
historically been the principal source of
fUl1ds for fluoride research; but ever
since June 1950, PHS has been official-
Iy committed to and responsible for pro-
moting fluoridation. Thus, the agency
has a fundamental conflict of interest.

Colquhoun, now teaching the history
of education at the University of Auck-
land, offers another explanation for what
appears to be the suppression of re-
search. He notes that the editorial poli-
cy of scientific journals has "generally
been to not publish material which overtly
opposes the fluoridation paradigm." Sci-
entific journals employ a referee sys-
tem of peer review. But when the over-
whelming majority of experts ln an area
fram which the referees are selected
are committed to the shared paradigm
of fluoridation, Colquhoun notes, the sys-
tem lends itself to preservation and con-
tinuation of the traditional belief that
fluoridation is safe and effective. This
results in "single-minded promotion, but
poor-quality research, and an apparent
inability to flexibly reassess in the pres-
ence of un8xpected new data," he says.

amount of fluoride in their bones as those who con-
sume 20 mg a day for 20 years. Therefore, for people
who drink 2 L or more per da y of water with 4 ppm
fluoride throughout their lives, there appears to be no
margin of safety even for crippling fluorosis. ln its
regulations for most other drinking water contami-
nants, EPA has included safety factors of 10 ta 100 and
has calculated intakes in terms of a lifetime-that is,
70 years instead of 20.

Joseph A. Cotruvo, director of the criteria and stan-
dards division of EPA's Office of Drinking Water, says

the fact that so few people in the U.S. have actually
developed crippling skeletal fluorosis indicates that
fluoride levels found in U.S. water are safe and that
there is therefore an observed margin of safety. But
cri tics of EPA's standard speculate that there probably
have been man y more cases of fluorosis-even crip-
pling fluorosis-than the few reported in the litera-
ture because most doctors in the US have not studied
the disease and do not know how ta diagnose it.

Those who ingest much less than 20 mg of fluoride
per day may still be at risk of developing less severe
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stages of skeletal fluorosis, such as preclinical forms
or the subcrippling clinical stages. ln its final report,
the Surgeon General's panel said that radiologie
changes have been found in bonc when fluoride ex-
posure has been about 5 mg per day. Nearly all of
those drinking water containing 4 ppm of fluoride
and about 3% of the more than 124 million people
whose water con tains only 1 ppm would have intakes
as high as this. It is not known, however, what frac-
tion of those with low-level radiologic changes would
suffer joint pains or other clinically obvious adverse
health effects. ln his land mark study of skeletal fluo-
rosis in cryolite workers in the 1930s, the Danish
scientist Kaj Roholm found that some of those witb
stage 1of clinical skeletal fluorosis suffered joint pains
and stiffness.

Although skeletal fluorosis has been studied i.n-
tensely in other countries for more than 40 years,
virtually no research has been done in the U.s. to
determine how many people are afflicted with the
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earlier stages of the disease, particularly the predini-
cal stages. Because some of the clinical symptoms
mimic arthritis, the first two clinical phases of skeletal
fluorosis could be easily misdiagnosed. Skeletal fluo-
rosis is not even discussed in most medical texts un-
der the effects of fluoride; indeed, a number of texts
say the condition is almost nonexistent in the U.s.
Even if a doetor is aware of the disease, the early
stages are difficult to diagnose.

The possibility that fluoride might cause skeletal
abnormalities in children's bones is of particular con-
cern. ln its April 1983 draft report, the Surgeon Gen-
eral's committee wrote that moderate and severe den-
tal fluorosis in children may be accompanied by skel-
etal changes. Although this statement was omitted
from the final report in September 1983, the commit-
tee did urge more research into the skeletal effects of
fluoride, particularly in children. It wrote: "The ef-
fects of various levels of fluoride intake on rapidly
developing bone in young children are not weil un-
derstood. Also, the modifying effects of total intake,
length of exposure, other nutritional factors, and de-
bilitating illness are not well understood." Since the
committee's report was written, PHS and EPA have
undertaken no research in this area.

PHS has conducted several studies that it daims
show that fluoride levels found in U.s water supplies
have had no clearly adverse effects on bones. But the
majority of these studies either included a study pop-
ulation too small to detect rare effects or excluded
people who would be most likely to suffer from skele-
tal fluorosis, such as those with kidney disease.

EPA's approach to subtle, preclinical effects of fluo-
ride on the skeleton differs from its usual approach to
other environmental agents. For instance, wh en El'A
assessed the hcalth hazards of lead, it made an ex-
traordinary effort to connect the observable effects of
low-Ievel exposure (inhibition of certain blood en-
zymes) with the known adverse effects of slightly
higher exposure (decreased synthesis of hemoglobin,
anemia, and possible neurotoxic effects). When it set
its standard for lead in air, Er A argued that to prevent
more serious effects, it needed ta limit the more sub-
tIl' biochemical changes that lead was provoking in
millions of children.

By contrast, El' A's assessment of fluoride in water
took an almost opposite tack. By defining the most
severe known hazard, crippling skeletal fluorosis, as
the only effect it was concerned with preventing, El'A
dismissed all degrees of fluoride-induced changes in
bones less drastic than crippling fluorosis as not being
health concerns.

Because fluoride causes denser bones (osteosclero-
sis), a number of researchers have compared fluoridat-
ed and nonfluoridated areas to sel' if the incidence
and severity of osteoporosis is lower in fluoridated
areas. A small number of studies in the past 25 years
have reported a lower incidence of hip fractures in
areas with Huoridated water, compared with nearby
areas with low-fluoride water. For example, a recent
report, comparing two towns in Finland, prompted
widespread media stories that fluoridation is benefi-
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cial to the bones of the elderly, as well as to teeth. But
a larger number of well-designed studies have found
no evidence of a beneficial effect on osteoporosis.
However, sorne of the profluoridation literature states
as a fact that fluoridation will help prevent osteoporosis.

Khll1ey disease
Two areas are of concern in regard to fluoride and

kidneys. First, a fairly substantial body of research
indicates that people with kidney dysfunction are at
increased risk of developing sorne degree of skeletal
fluorosis. Second, a small and inconclusive amount of
research suggests that fluoride may actually cause or
aggravate kidney disease.

D. Raja Reddy of the Gandhi Medical College in
India daims, for example, that "patients suffering
from chronic kidney diseases and those with trans-
planted kidneys do excrete fluoride, though in small
quantities, but the y are more vulnerable to osteo-
fluorosis and even neurological complications than
others." ln its final report, the Surgeon General's 1983
committee notes, "As renal function declines, due
either to diseases or with aging, plasma and bone
fluoride content both increase."

The National Kidney Foundation in its "Position
Paper on Fluoridation -1980" also expresses concern
about fluoride retention in kidney patients. It cau-
tions doctors "to monitor the fluoride intake of pa-
tients with chronic renal impairment," but stops short
of recommending the use of fluoride-free drinking
water for aU patients with kidney disease. H does
recommend, however, that dialysis patients use
fluoride-free water for their treatments.

Studies show that children with moderately impaired
renal function (such as those who have diabetes
insipidus), are at sorne risk of skeletal changes from
consumption of fluoridated water, even if the fluoride
level is no higher than 1 ppm. A number of research-
ers have found high concentrations of fluoride in the
bones of patients who suffer from kidney disease and
have found symptoms of skeletal fluorosis in sorne of
these patients. However, there has been no systematic
survey of people with impaired kidney function to
determine how many actually suffer a degree of skele-
tal fluorosis that is dearly detrimental to their health.

Several animal studies suggest that fluoride may
have direct adverse effects on the kidneys. For in-
stance, cytological and enzyme changes have been
found in the kidneys of squirrel monkeys drinking
water with 5 ppm fluoride. It is not known how the
changes affect kidney function in monkeys, nor is it
known whether humans would suffer similar changes
from relatively low levels of fluoride in drinking
water. Impaired renal function, however, has been
reported to be more common in areas of endemic
skeletal fluorosis.

Hypersel1sHtivity
Just as a few people react idiosyncraticaUy to almost

anything, sorne people may have adverse reactions to
nuoride whether contained in pills or water. Sorne
individuals seem ta be hypersensitive ta fluoride pills

or drops containing 1 mg or less as well as to fluoride
toothpaste. The 1983 edition of the "Physicians Desk
Reference" states: "ln hypersensitive individuals, flu-
orides occasionally cause skin eruptions, such as atopic
dermatitis, eczema, or urticaria. Gastric distress, head-
ache, and weakness have also been reported. These
hypersensitivity reactions usuaUy disappear promptly
after discontinuation of the fluoride." (This informa-
tion was omitted from later editions of the reference.)

Many of those who agree that sorne people are
hypersensitive ta fluoride pills, drops, or mouth rinses
deny that anyone could be hypersensitive to fluori-
dated water, even though just as much or more fluo-
ride is contained in an average person's daily intake
of such water (the average water intake of 1 to 2 L has
1 ta 2 mg of fluoride) as is contained in the standard
pills (0.5 to 1 mg).

Sorne doctors caU such hypersensitive reactions al-
lergies. The American Academy of Allergy, however,
de fines allergies very narrowly-"quantitatively ab-
normal responses mediated by specific immunologic
mechanisms, and therefore by specific antibodies or
by certain sensitized ceUs (lymphocytes)." According
to this definition, the academy says, allergies to fluo-
rides do not exist.

Hans Moolenburgh, a Dutch physician who has
studied hypersensitive reactions to fluoride, believes
the reactions can be explained as effects of a toxic
agent rather than as allergies. ln large doses, everyone
reacts ta fluoride. A smaU fraction of the population,
he says, reacts to much lower levels of fluoride.

The late George 1. Waldbott, founder and chief of
allergy clinics in four Detroit hospitals and noted
antifluoridation activist and author, reported treating
at least 500 patients who he concluded reacted nega-
tively to fluoridated water. The symptoms induded
muscular weakness, chronic fatigue, excessive thirst,
headaches, skin rashes, joint pains, digestive upsets,
tingling in the extremities, and loss of mental acuity.
Waldbott used double-blind tests ta determine wheth-
er fluoride was the cause of symptoms in many of his
cases. ln each of these patients, the symptoms disap-
peared wh en the fluoride was taken away without the
patient's knowledge and reappeared when it was giv-
en again, but not with the administration of other
possible agents.
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Other in vestigators have reported similar cases.
Reuben Feltman and George KoseL then researchers
at Passaic General Hospital in New Jersey, found that
1% of their subjects, who were children and pregnant
women, reacted adversely to daily piUs containing 1.0
to 1.2 mg of fluoride. The reactions, which affected
the skin and gastrointestinal and nervous systems,
disappeared when the fluoride was discontinued with-
out the patients' knowledge.

Moolenburgh, G. W. Grimbergen, and a number of
other Dutch doctors performed double-blind experi-
ments on patients who became iU after fluoridation
began in the Netherlands. By using coded bottles of
drinking water, sorne fluoridated and sorne not, the
physicians showed that the symptoms were caused by
fluoride, rather than sorne other factor.

Moreover, a report by the British Royal College of
Physicians states that sorne patients receiving 9 mg of
fluoride per day for osteoporosis suffered adverse side
effects. This is about the same intake sorne would
have in areas where the water fluoride level is 2 ppm.

Because the number of studies has been small, it is
not known with certainty what fraction of the popula-
tion may be hypersensitive to fluoride. Sin ce all of
the reported symptoms can be caused by other factors,
reactions to fluoride could go undiagnosed unless a phy-
sician was looking specificaUy for fluoride sensitivity.

Enzyme and mlUltagenic effects
Sodium fluoride is used in many in-vitro studies to

block the action of enzymes, in part because it can
interfere with so many different enzymes.

One way the fluoride ion serves as an enzyme
inhibitor in the lab is by acting on the GTP-binding
proteins (or G-proteins). Fluoride ion also may disrupt
enzymes by forming strong hydrogen bonds with
amides. Fluoride switches off an enzyme by attacking
its weakest links-the delicately balanced network of
hydrogen bonds surrounding the active site. ln sorne
enzymes, the fluoride ion attaches itself to the atom at
the heart of the enzyme and then disrupts the active
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Source: Nationallns!itu!e of Den!al Research

site by attracting graups that can farm strong hydro-
gen bonds to itself. EventuaUy, this inactiva tes the
enzyme by changing its molecular conformation.

Because enzymes mediate most of the biochemical
processes essential ta life, any environ mental agent
that can affect a wide range of enzymes could, at least
in theory, have a wide variety of effects on an organ-
ism's health. For that reason alone, potential effects of
fluoride on enzymes are of great interest. ln addition,
as has been discussed earlier, effects on enzymes are
often the first detectable biological changes produced
in an organism exposed to a toxic agent, just as en-
zyme changes in the heme biosynthetic pathway pre-
cede the onset of lead-induced anemia. Detailed knowl-
edge of fluoride's effects on a number of human en-
zymes could lead to an array of sensitive tests for the
earliest signs of possible harm from excessive intake
of this element and more precise identification of
individuals who are at risk.

Studies on enzyme preparations in test tubes, how-
ever, don't necessarily predict what will happen in
living humans. ln at least Il in-vivo animal studies,
fluoride has been shown to influence enzyme activi-
ty. ln sorne tests, enzyme activity was depressed; in
others, it was stimulated. ln addition, one study indi-
cates a transient decrease in human serum enzyme
activity associated with the advent of water fluorida-
tion. But there have been few other studies ta mea-
sure the effects of typical levels of flumide intake on
enzyme activity in people.

Sorne scientists believe that interference with en-
zyme activity is the major mechanism by which fluo-
ride exerts physiological effects. Certain changes in
enzyme activity can be minor, easily repaired by the
body. But others could be the first signs of more
serious aJterations that would take place with contin-
ued exposure to fluoride.

Just as the fluoride ion may disrupt enzymes with
its ability to form strong hydrogen bonds, it may also
disrupt DNA by interfering with its hydrogen bond-
ing. The evidence for this mechanism consists of the-
oretical calculations, however, and sorne scientists,
such as George R. Martin, chief of the laboratory of
developmental biolagy and anomalies at NIDR, do
not find it at aIl convincing.

A great many lab tests have been performed to
measure the possible mutagenicity of the nuoride ion.
The results are contradictory and often very confus-
ing. Sorne of the positive mutagenicity tests involve
very high concentrations of fluoride ion, so high that
they would not be found anywhere in the human
body. Others involve levels comparable to those in
drinking water. However, the important consideration
is not fluoride levels found in drinking water, but
levels found in the hum an body. Geoffrey E. Smith,
dental surgeon from Melbourne, Australia, says that
when bones lose Huoride, localized high concentra-
tions may result.

For example, in 1982, Aly H. Mohamed and Mary E.
Chandler of the University of Missouri in Kansas City
reported that 1 to 200 ppm fluoride in drinking water
induced changes in a dose-dependent manner in bone
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David B. Scott, who IMer beGlme head of NIDR, examines child during early
years of f1uoridatiofl in Grand Rapids, Mich.

marrow cell chromosomes and
spermatocytes of living mice. ln
1978, Danuta Jachimczak of the
Pomeranian Medical Academy in
Szezecin, Poland, showed that flu-
oride levels as low as 1 ppm caused
changes in the chromosomes of
human leucocytes in vitro.

Even if aU the mutagenicity tests
were positive, this would not prove
fluoride is a mutagen in humans.
But scientists consider a chemical
a more likely mutagen if several
types of lab tests are positive.

John R. Bucher of the National
1nstitute of Environmental Health
Sciences says that tests in his lab
show sodium fluoride mutagenic
for cultured lymphoma ceUs de-
rived from mice. He notes that a number of similar
studies have been published by other investigators.
Because most carcinogens are also mutagens, evidence
of mutagenicity also bears on the issue of fluoride's
potential for carcinogenicity. Bucher's results do not
prove sodium fluoride is a carcinogen, but do "point
out the need to test the chemical in the two-year
rodent bioassay, which we are doing," he explains.

Because he believes that epidemiological studies
show that fluoride has no effect on birth defects and
cancer, Martin says he is not concerned about the
positive mutagenicity studies. John S. SmaU, informa-
tion specialist at NIDR who has a similar view of the
epidemiology studies, caUs the mutagenicity question
a "used-up issue."

Very little work has been done on fluoride's poten-
tial mutagenicity in humans. ln one study involving
only six patients receiving fluoride treatment for os-
teoporosis, inhibition of DNA repair was observed in
one patient. But no firm conclusions can be drawn
from such limited research, and more intensive re-
search sim ply has not been pursued.

Birth defects
If the fluoride ion is a mutagen, it may be capable of

causing birth defects in humans. Few studies have
been done in this area. During the 1950s, Ionel
Rapaport a researcher at the Psychiatric lnstitute of
the University of Wisconsin who specialized in the
epidemiology of mental disorders, found that babies
born in areas of North Dakota, South Dakota, Illinois,
and Wisconsin with natural fluoride in drinking water
had twice the incidence of Down's syndrome as those
born in fluoride-free areas. However, a few more
recent surveys have shown a smaller or no relation
between water fluoridation and Down's syndrome.

ln 1976, J. David Erickson, an epidemiologist at the
Centers for Disease ControL looked at the rates of
overaU birth defects in the fluoridated and unfluori-
dated counties around Atlan ta and also at national
birth defect data supplied by the National Cleft Lip &
Palate Intelligence Service (NCLPIS). Like Rapaport,
he recorded a higher rate of Down's syndrome births

among younger mothers in the fluoridated areas around
Atlanta, but he found no substantial overall differ-
ences in the birth defect rates that form a consistent
pattern for the metropolitan Atlanta and the NCLP1S
data. However, many of the mothers in the Atlanta
area counties had beenexposed ta fluoridation for
only a few years and the NCLP1S data indicated sub-
stantial underreporting of birth defects. Clearly, there
is need for more work in this area.

Cancer
Iwo types of research have been done to determine

if fluoride causes cancer-lab studies of animais and
human epidemiology studies. Neither kind of research
has shown clearly that fluoride is a carcinogen in
animaIs or humans. But the studies have not been
extensive enough to show that it clearly is not a
carcinogen.

A few animal bioassays on Ouoride in the 1950s
produced contradictory and inconclusive evidence on
the îon's potential to cause or accelerate cancer. ln

'1977, Congress requested that the National Institutes
of Health conduct large-scale animal tests of fluoride
for carcinogenicity. ln the first chronic test, certain
rats in both the control and dosed groups became ill
and died at an early age, probably because their feed,
highly purified to remove fluoride, was deficient in
certain essential trace e]ements. The study on 360
mire and rats was done over again with a different
feed Results are scheduled to be available in 1990.
Because of its well-established effects on man y en-
zymes in vitro, Croth suggests that flumide also should
probably be tested for cocarcinogenicity (ability to act
as a promoter of cancer) in animaIs. But no such
research is now under way.

Reprints of thls C&EN special report will be avallable in black
and white at $5.00 per copy. For 10 or more copies, $3.00 per
copy. Send requests to: Distribution, Room 210, American
Chemical Society, 1155-16th St., N.W, Washington, D.C.
20036. On orders of $20 or less, please send check or money
order with request.
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ic relationship between stomach cancer and fluorida-
~ tion. The hypothesis is that fluoride would be more
;; likely to cause stomach cancer than any other type
1::lE because fluoride in the stamach forms hydrofIuoric
(3 acid, a powerful irritant that is mutagenic in several

in-vitro lab tests. ln 1978, CDC's Erickson, after
correcting for age, race, and sex, found the death rate
from cancer of the digestive system was 9% higher in
cities with fIuoridated water. However, when he
subtracted aIl subjects with Asian and Hispanie sur-
names and corrected for education and population
density, the excess disappeared.

The Knox report, a comprehensive review of most
fIuoride cancer studies that was completed in 1985 by
the Royal College of Physicians in England, concludes
that there is no convincing evidence that cancer death
rates are higher in areas with fIuoridated water. Thus,
as with most environmental agents that have been
studied for their effects on cancer, the results for
fluoride are still inconclusive.

Even if aIl evidence from fluoride research indicat-
ed that the risks are slight, not everyone wou Id agree
that it is proper to fluoridate water supplies. Obvious-
ly, there is never enough time or money to investigate
all the scientific questions, and some research results
will always be equivocal. And, at least in environ-
mental health, it is, of course, impossible for science
to establish anything with absolute certainty.

The decision to fluoridate a community's water or
not boils down to a matter of values. Scientific evi-
dence can make the choice more clearcut, more ratio-
nal, but the choice can't be made purely on the basis
of scientific evidence. 50 long as there is uncertainty
about risk from fIuoridation, some people will not
want to accept that risk. And others who favor fluori-
dation will demand proof of harm beyond a reason-
able doubt before they reject it. According to Croth,
Il A scientific assessment cannot say what degree of
adverse effects is acceptable in return for the expected
benefits .... It cannot say how much uncertainty we
should tolerate in estimates of hazards when more
than 100 million people are exposed to lifelong inges-
tion of fluoridated water. Those decisions are value
judgments, and scientists' values are no better than
everyone else's."

If the risks could be shown to be minuscule beyond
a reasonable doubt, it still might make no sense to
fluoridate water supplies if the benefits are also small.
Perhaps the best approach is, as Croth suggests, not ta ,
make the issue whether to fluoridate public water
supplies or not. Such an approach allows for no com-
promise: A water supply is either fIuoridated or it is
not. Perhaps a better question for policy makers, sci-
entists, and citizens to address is: "What is the best
way to promote dental health?" he says. Fluoridation
might weIl be part of the answer, Croth suggests, but
communities should simultaneously examine the pros
and cons of a variety of other approaches, tao. That
way, the characteristic all-or ..nothing, fight-to-the-finish
political battle over fIuoridation might some day truly
become a historical curiosity. 0

Cancer epidemiology studies are probably the most
controversial issue in the fluoride debate. ln the 1950s,
PHS did some general mortality studies of crude overa11
death rates from a11causes. It found no excess mortali-
ty from cancer or other causes in naturally fluoridated
areas, compared with areas without fluoride in water.

ln 1977, biochemist John Yiamouyiannis, president
of the Safe Water Foundation (a citizens group
opposed to fluaridation), and Dean Burk, retired after
working for 35 years as a biochemist at the National
Cancer Institute, published a study comparing cancer
martality rates from the 10 largest U.s. citi'es with
fluaridated water with mortality rates from 10 of the
largest cities with nanfluoridated water, Before 1952,
when fluoridation had nat yet begun in most of these
cities, the cancer death rates rose together. After 1952,
the death rates for people over 45 in the cities with
nonfluoridated water were 4 to 5% lower than those
for the cities with fluoridated water. ln England, Sir
Richard Doll and Leo Kinlen of Oxford University
and Peter D. Oldham and D. John Newell of the Royal
Statistical Society at about the same time completed
studies that show no excess of cancer mortality in
thase same cities in the U.s. with fluoridated water.

The National Research Council (NRC) reviewed this
discrepancy in 1977 and concluded that the conflicting
results could be explained in large part by the differ-
ent data sets and different analytical approaches used
by the investigators. According to the NRC analysis,
the margin of possible error in the most sensitive
cancer study is about three cancer deaths per 100,000
people or 4000 possible excess or fewer cancer deaths
per year among the 130 million individuals drinking
fIuoridated waterin the U.s.

A June article in the Proceedings of the Pemzsylvania
Academy of Science by attorney John R. Graham, Burk,
and Pierre J. Morin, former scientific adviser for the
minister of environment in Quebec, also reviews this
controversy. It concludes that, compared with the
unfluoridated cities, there is an excess of 20 to 30
cancer deaths per 100,000 people who !ive in the major
fluoridated cities of the U.s. for at least 15 ta 20 years.

Several investigators have looked for a more specif-
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