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AS EVERY past generation has had to disenthrall
itself from an inheritance of truisms and stereotypes,
so in our time we must move on from reassuring
repetition of stale phrases to a new, difficult, but
essential confrontation with reality.

For the great enemy of truth is very often not the
lie — deliberate, contrived, and dishonest — but the
myth, persistent, persuasive, and unrealistic. Too
often we hold fast to the cliches of our forebears. We
subject all facts to a prefabricated set of interpreta-
tions. We enjoy the comfort of opinion without the
discomfort of thought.

President John F. Kennedy

Commencement Address,
Yale University

June 11, 1962
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FOREWORD

NO MEDICAL SUBJECT has aroused as much controversy as has
tluoridation of community water supplies. According to many
health authorities. fluoride supplied to children during the period
of tooth development and maturation decreases the average
incidence of dental caries. Various studies have compared the
incidence of dental caries in twin cities using the same (or similar)
water supplivs. except that one is fluoridated and the other is not.
The average incidence of dental caries among children in the
fluoridated city appears to have been less. One disturbing fact.
however, has been that in many cities with natural fluoridation.
although the rate of tooth decay in the young population is
frequently lower. premature dental deterioration occurs as the
population ages and results in many edentulous individuals.

The tremendous emotionalism generated by the advocates for
and those opposed to fluoridation is regrettabte. I fluoride therapy
could be proved never to be harmful. there would be no scientific
argument against the fluoridation of the water supply. even
though it has been apparently beneficial to a relatively small
segment of the population, that is. those with developing teeth. In
any event. health officials have assured us that fluoridation. at a
concentration of about 1 part per million, is safe and effective for
most persons subjected to its use.

The authors of Fluoridation: The Great Dilerimna present a very
comprehensive consideration of the subject of fluoride in its many
applications, industrial and otherwise. They document the fact
that there are many factors which influence the effect of tluoride
on animals and humans, and there are many avenues by which
fluoride can enter biological organisms.

Because of this, any consideration of total fluoride intake must
take into account not only water supplies but also food. air, health
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of consumer. and many other factors including industrial pollu-
tion. Temperature of the air and physical activity are also critical,
for vigorous persons in hot climates must replace large quantities
of lost fluids. Should fluoride intake increase too much, sensitive
persons will immediately react with bizarre, disabling symptoms.
The authors authenticate many such cases. It is generally believed
that most persons probably tolerate fluoride (less than 1-2
mg/day) fairly well during good health — but we really do not
know.

Adverse susceptibility to small doses of fluoride is not unique,
for it is well-known that many substances such as drugs.
antibiotics, and even foods — produce extreme sensitivity in
patients. Moreover, there are individuals who have difficulty
excreting excess amounts of fluoride because of kidney disease,
thus promoting an abnormal accumulation of fluoride in the body.

Fluoridation: The Great Dilemma is a detailed, comprehensive
survey of the fluoride question which presents both sides of the
controversy with careful and extensive documentation. It is
without doubt the most complete and authentic work on the
highly emotional subject of fluoride and its use. A careful review
of this splendid contribution is highly recommended for all
persons interested in this important subject.

Alton Ochsner, M.D.

Department of Surgery,
Ochsner Medical Institutions

and
Professor of Surgery, Emeritus,
Tulane University School of Medicine
New Orleans, Louisiana



ACKNOWLEDGMENTS

THIS BOOK owes a large debt to the innumerable contributions
by many scientists, physicians, dental researchers, and lay persons
throughout the world. Figures and photographs were contributed
by A. V. Arma, G. Balazova, L. Capozzi, A. Y. Charnot, J. A.
Csernyei, H. T. Dean. F. B. Exner, G. Fradi. J. Franke, K. Garber,
L. Gisiger, S.S. Jolly, F. Marci, J. R. Marier, D. Milor, W. P.
Murphy. G. Nalbone. A. E. Olson. F. Parlato, F. Pinct. O. Pribilla,
M. O’Brien Rapaport, D. Rose, J. L. Shupe. M. Soriano, and
S. P. S. Teotia.

For reading parts of the manuscript and offering helpful
comments, special thanks are extended to Ernest E. Angino, Mrs.
Arthur Case. N. Ray Hiner. S. L. Manocha. A. H. Mohamed. Lynn
Nelson, Kevin Oliver, Dennis Quinn, Marjoric O’Brien Rapaport,
Nell C. Taylor, H. Warner, John Yiamouyiannis, and Edward J.
Zcller.

Photographic services were provided by E. Richard Marolf, The
University of Kansas, Lawrence, Kansas, and Robert Shay, Hutzel
Hospital, Detroit, Michigan.

Permission from the C. V. Mosby Co., St. Louis, Mo., to
reproduce Figures 3-2, 4-3, 13-1, and 13-5 from Health Effects of
Environmental Pollutants by G. L. Waldbott, 1973, is also warmly
apprectated.

Ordinarily, publishers receive their accolades in the wings, but
authors usually recognize the fundamental contributions made by
these benefactors to knowledge. Professor John E. Longhurst,
Ph.D., publisher of Coronado Press, and his son David have not
only made publication of this book possible, they (and their
stafts) have also extended themselves in every way on its behalf,
They are gentlemen, creative scholars, and friends to those who
wish to know.

Xix



NOTE ON REFERENCES

Periodical title abbreviations follow the BIOSIS
List of Scrials (BioSciences Information Service of
Biological Abstracts. 2100 Arch Street. Philadelphia.
Pa. 19103). Books are cited in (ull when first reterved
to and in abbreviated form thereafter.

XX



INTRODUCTION

FLUORIDATION. a modern health procedure to counteract tooth
decay, is part of our attempt to conquer disease and produce a
better life for everyone. We all recognize that our health
significantly affects the quality of our lives, and bright, sound
teeth couched in a smiling face are perhaps the most visible
manifestations of a happy state of being. Health officials have
enthusiastically promised to maintain or even improve the
condition of our teceth by fluoridating our water supplies.

Morcover, impressive benefits are not accompanied by any
harmful side cffects, except for a minimal amount of cosmetic
mottling, so we are told. For about the last ten years, proponents
have suggested that even this aesthetically offensive, permanent
damage to teeth may really be desirable after all. Curiously, one
fluoride toothpaste ad now claims that we do not get enough
fluoride |protection] from fluoridated water alone, thus totally
disregarding the problem of mottling.

We are also assured that all the dental benefits from fluoridation
accrue with no effort on the consumer’s part, that costs for the
procedure are almost nothing, and that dental expenses will be
tremendously reduced. Even politicians rarely promise quite so
much to the public. That industries can concurrently dispose of an
industrial waste product is still another less obtrusive benefit
health ofticials rarely discuss.

Those of us concerned with the health of millions of persons
heartily applauded fluoridation at first, We trusted health authori-
ties, especially the United States Public Health Service (USPHS),
to look after our best interests, and we sat back to await the
Golden Age, when dentists would have more important dutics
than filling cavitics. But over thirty years have passed, and the
Millennium has not arrived: tooth decay is still a major discase

xxi



xXii Introduction

ravaging civilization.

In English-speaking countries, supporters of fluoridation have
been very successful in selling their dream, primarily because they
have always emphasized the potential good to the exclusion of
negative signs of danger in the scientific literature. For example,
during an interview ppblished on June 5, 1978, the Director of the
National Institute of Dental Research stated:

The National Cancer Institute, the National Heart, Lung, and Blood

Institute, the Center for Disease Control, and population-study centers in

Great Britain and Canada — all find that, if you take into account

population variations of age, sex, and race, there’s no difference in the

cancer death rates between communities with or without fluoridated
water.! [Emphasis added.]

On the basis of documented evidence, however, two scientists
had already concluded in July 1977 that the excess cancer death
rates in ten of the largest American cities “could not be ascribed to
changes in the racial or sex compositions of the fluoridated and
nonfluoridated populations.” [Emphasis added.] Among persons
45 years of age or older, cancer death rates in the fluoridated cities
have increased significantly compared to the nonfluoridated
cities.?

On May 18, 1978, a USPHS scientist published analyses of
mortality figures for 1969-1971 in 46 American cities having
populations of 250,000 and over. After adjustments for dif-
ferences in age, racial composition, and sex, he found a 4% greater
cancer mortality rate in the 24 fluoridated cities than in the 22
nonfluoridated cities.® Two additional statistical manipulations of
highly questionable merit* were necessary to swing the pendulum
slightly in the opposite direction. Although the final verdict has
not yet been rendered on this controversial subject, at the moment
the evidence casts a suspicious shadow on the fluoridated cities,
authoritative assurances notwithstanding.

Cancer is but one of a large assemblage of subjects connected
with the fluoridation story. The overall adverse health effects
many of us experience during everyday living — headaches,
arthritis, colitis, (see Symptom List, pp. 392-393) — are of
immediate and pressing interest to everyone, as are other potential
problems. Pregnant mothers are naturally very sensitive about the
health of their unborn children. Parents worry especially about
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their children’s teeth; in fact, all of us feel strongly that depriving
our children of the “birthright”” of excellent teeth is a crime
against humanity. With intelligent and effective health care
programs, we hope that dental caries will eventually become only
a bad memory. At the same time, we require that our general
health not suffer at the expense of improved dental health: the
human race is not expendable merely for the sake of our teeth.

Have we fallen into a disadvantageous risk-benefit situation with
fluoridation? Has our daily fluoride burden exceeded a reasonable
level? In 1939 Gerald J. Cox observed that the objective of
fluoridation *is the optimum total amount of fluorine ingested per
child from all sources.”® [Emphasis added.] That amount has
grown steadily from the 1940s until the present, when concern is
widespread. In the State of Michigan, for example, the Governor
recently launched an investigation of total fluoride intake. The
study, although very incomplete, indicated an elevated intake
from food.® A later publication by the National Research Council
of Canada has emphasized fluoride intake from air, water, food,
cigarettes, industrial exposure, Teflon cookware, etc.; the evidence
demonstrates that total fluoride intake has clearly and undeniably
grown well beyond prudent limits.”

Even the American Dental Association Council on Dental
Therapeutics partially recognizes this problem: “Because differ-
ences of opinion exist on this matter, there is clear need for
additional research to definitely establish the optimal dosage
schedule for dietary supplementation.”® Furthermore, the Health
Services Administration of the U.S. Department of Health,
Education, and Welfare has recently urged lowered fluoride
supplementation, thus explicitly acknowledging the growing
fluoride burden and its attendant dangers.?

The following book attempts the difficult task of revealing the
truth about fluoridation. Standard claims are analyzed. Endorse-
ments and sweeping generalizations about benefits are carefully
examined. As expected, provocative questions have arisen: Is
fluoridation really only a glowing promise that was never kept? Is
it *‘a dental myth built out of misleading and unreliable
statistics”?' Is it a revealing example of Man’s best intentions
degenerated into folly? Is it a dream turned into a nightmare?

Objective readers will be led irresistibly to the following
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conclusion: what began as a triumphant march of the forces for
public health — as a significant victory of science over disease —
has ended as a nonscientific promotional effort where reason is
subservient to methods abhorred by science, where unequivocal
scientific facts have been ignored, and where scientists with
adverse evidence have been denigrated and libeled."

We assume that the laws of nature are universal and constant.
Man, however, does not always understand nature’s laws; his
interpretations are imperfect, and today’s wisdom is often merely
tomorrow’s folly. One of our foremost difficulties is that once we
have become attached to certain views, we are extremely reluctant
to give them up, even when the truth is known. For example. the
Environmental Protection Agency (EPA) recently considered
contaminant levels in drinking water, in accordance with the
provisions of the Safe Drinking Water Act of 1974. Based on many
explicit recommendations from the Department of Health, Educa-
tion, and Welfare, Division of Dental Health,”” with numerous
citations to scientific publications, the EPA recommended that the
maximum allowable fluoride level for drinking water be reduced
from 2 times the “optimal” level to 1.5 times the “optimum.”®
By March 1975, however, DHEW dental officials did an abrupt
about-face:

We are convinced that to publish the lower maximum in these proposed
regulations [as recommended by DHEW and accepted by EPA], when the
basis for doing so is not well founded [sic], would create unnecessary
doubt on the safety of fluoridation and invite unwarranted attack by
anti-fluoridationists.** [Emphasis added.]

The scientific basis for lowering the levels was, on the contrary,
very substantial, as documented by DHEW scientists themselves.
On that point the evidence is uniquivocal. As the Environmental
Defense Fund correctly concluded, the request for maintaining the
old, outdated standard of 1962 arose from purely political
considerations.’  Science and truth took a back seat to
entrenched policy on which reputations and careers were based.
Adverse health effects were ignored. '

Despite numerous denials of adverse effects caused by fluorida-
tion, the elaborately documented harm remains as irrefutable
testimony to the danger.’® The tragic irony is that nonskeletal
chronic fluoride toxicity more often than not is reversible if the
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following procedures are followed: switch to nonfluoridated
water, consume only low-fluoride foods, and avoid fluoride from
any other source. This is the path by which most persons
intolerant to fluorides will recover their good health if they act
soon enough. Refusing to perform such a simple experiment is
hardly scientific or rational, especially since potable non-
fluoridated water as consumed by humans presents no known
health hazard in itself.

The history of science proves beyond question that few
complex scientific questions are closed forever — “not debatable.”
Fluoridation most of all is not a closed subject: we all have much
to learn and relearn about the effects of fluoride on life forms. The
allegations that “‘there’s no ‘scientific controversy’ over the safety
of fluoridation™ and that fluoridation is ‘“safe, economical, and
beneficial”’?” reveal a fundamental ignorance of the scientific
literature, particularly the original sources. The evidence presented
in the following book completely refutes such uninformed
misrepresentations.

Is the so-called “fake controversy” over fluoridation “one of
the major triumphs of quackery over science in our generation,” "
or is fluoridation, scientifically speaking, far less effective than its
public image suggests? Unquestionably, many of the arguments for
fluoridation are superficially attractive and at first glance have
persuaded many biologists and physicians. However, laborious
examination of the scientific literature "as well as first-hand
experience with numerous cases of reversible nonskeletal chronic
fluoride toxicity have compelled many scientists to abandon their
early unwarranted support. If this work provides readers with an
opportunity to reassess their own positions on the issue of
fluoridation, the main goal of this book will have been achieved.

Recent political history has taught us many important lessons,
not the least of which is that the public cannot be misled forever.
Eventually, the truth will surface no matter how deeply it has
been submerged. Fluoridation has been given trial runs all over the
world, but it has not even begun to solve the problem of tooth
decay. In fact, it has created a Pandora’s box of its own. This
glaring failure coupled with serious dangers to the health of
millions of persons is widely recognized outside North America.
Indeed, many nations have already abandoned water fluorida-
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tion.®® Hungary, for example, discontinued fluoridation two years
ago because of deleterious effects, according to Dr. Bozzay
Jozsefne, Chief of the Chemical Section of the Municipal Water
Works in Budpest. “She also stated that Yogoslavia had discon-
tinued fluoridation recently.”*

Throughout the world in the relatively few places that are still
adding fluorides to their water supplies, the pillars of fluoridation
are shaking. Will public health officials let this “health procedure”
die a natural death, thereby salvaging a part of their tarnished
reputations, or will the fight end as Lysenkoism ended in the
USSR — in disgrace for hundreds of scientists — because USPHS
scientists refuse to admit grave mistakes? These errors about
fluoridation have caused pain to millions and death to many
others. Surely, it is time for the curtain to fall on this human
tragedy — The Great Dilemma.
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CHAPTER 1

ENVIRONMENTAL DISEASES

UNTIL THE DAWN of our century, infectious diseases, not the
medical profession, generally held the upper hand in the battle for
life. Smallpox, diphtheria, typhoid, cholera, dysentery, tubercu-
losis, and anthrax sometimes decimated whole populations.
Children succumbed in large numbers to scarlet fever, measles, and
whooping cough, or else suffered long, drawn-out illness from
these infections. Pneumonia was then one of the most dreaded
diseases from which people rarely recovered, but any infectious
disease could be terminal when no cure existed.

In the latter part of the 19th century, however, Robert Koch,
Louis Pasteur, Joseph Lister, Paul Ehrlich, and others ushered in a
new age in medicine. Particularly great moments occurred in 1882
when Koch identified the tiny rod-shaped bacillus that causes tu-
berculosis and in 1884 when Pasteur proved that man can be pro-
tected from the dreaded rabies virus by a vaccine to defend
against the infecting organism, much as Edward Jenner had shown
earlier in the case of smallpox. These and other similar develop-
ments laid the groundwork for an intensive drive against the num-
erous contagious diseases that had been ravaging mankind for
thousands of years.

In rapid succession many new serums and vaccines were devel-
oped, and, by the middle of the 20th century, control of most
infectious diseases was so effective that one modern author has
optimistically claimed “we have healers so powerful that scarcely
an illness remains beyond their power to control.””! For instance,
the genius and persevering industry of men such as Jonas Salk and
Albert Sabin have led to the virtual eradication of the great crip-
pler poliomyelitis. Not to be forgotten in this connection is the
vital contribution of the U. S. Public Health Service, which provid-
ed extensive research support and nationwide distributional
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2 CHAPTER 1

capabilities. Because vaccines, serums, and antibiotics — appropri-
ately called miracle drugs — were prolonging human life, physicians
in the 20th century could turn their attention to other health
problems; for not all the scientific and technological advances of
the past century benefited mankind.

The Industrial Revolution often meant pain as well as progress;
it was indeed a two-edged sword. As the blue skies of former cen-
turies gave way to industrial gray smoke and pollution, civilization
seemed to be striking back at man, its creator. New, subtle mala-
dies of unknown origin began to appear. The incidence of cancer
rose alarmingly, and other degenerative ailments, especially arthri-
tis, cardiovascular disease, and birth defects —these and many
more afflictions —began to supplant infectious diseases, which
man was learning to control. Man became his own enemy by
poisoning not only the air he breathed and some of the medicines
he took, but even the water and foods he consumed —indeed his
entire environment. The slow, insidious manner in which the new
afflictions crept up on man obscured the real causes of the prob-
lems and for a long time deceived physicians and other scientists.

Our medical literature now spotlights numerous health problems
that were literally manufactured by man himself. Early in the In-
dustrial Revolution physicians recognized the harmful effects of
the fumes and dusts to which workers in many factories and mines
were exposed. Only in recent years, however, has closer attention
been given to the equally significant environmental dangers to peo-
ple living near contaminating industrial operations.

INDUSTRIAL POLLUTANTS

In 1946 when H. L. Hardy and I. R. Tabershaw described de-
layed chemical pneumonitis in beryllium workers, they anticipated
the discovery — by another group of scientists, three years later —
of a serious ‘“‘neighborhood disease” in the United States.? The
latter group (six authors) reported the same characteristic berylli-
um-induced lesions in the lungs of 10 persons residing within %
mile of an Ohio beryllium plant, thereby indicating that the con-
tamination had spread beyond the factory itself.3> The slow devel-
opment of these oftentimes fatal lesions, called granulomata, may
not become apparent until some years after exposure to the
poisonous agent. Additional studies on 26 persons residing within
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1.7 to 6 miles downwind from a beryllium plant in Pennsylvania
revealed the ability of this element to produce small-scale epidem-
ics, reminiscent of those created by infectious diseases. When the
work clothes of 100 employees at the plant were shaken out at the
end of one work day, the dust in them contained about one-half
microgram of beryllium per cubic meter — more than enough to
trigger the diseases in the workers’ families.?

Other industrial pollutants have also produced major outbreaks
of chronic illness of unknown causes. In 1955, the Japanese physi-
cian F. Komatsu encountered a chronic disease among 357 of
1033 residents in the village of Kinasa, Nigano Prefecture, who
were manufacturing floor mats.* During the winter months, the
windows and crevices of the walls of their working areas were
tightly sealed. Concentrations of carbon monoxide as high as 0.2
to 0.3% from open charcoal fires in the crowded rooms accounted,
at first, for dizziness, fatigue, stiffness in shoulders, and headaches
among the workers. As the disease progressed, the victims became
short of breath and experienced tightness and pain in the chest.
The carbon monoxide fumes had induced a specific kind of
arteriosclerotic heart disease associated with high blood pressure,
now referred to as ‘“‘Shinshu myocardosis,” in which the heart
valves, particularly, were involved. ‘

During the last decade, another Japanese physician, K. Tsuchiya,
stumbled upon a new malady among the residents of the city of
Toyama. This disorder was characterized by lumbago which gradu-
ally turned into bone pain so severe that the inhabitants called it
“itai-itai byo” or “ouch-ouch disease.’”® Eventually their softened
bones disintegrated even under slight pressure, thus giving rise to
multiple fractures. In most cases, death was attributed to kidney
failure that developed during the course of the disecase. Extensive
detective work ultimately identified the culprit as cadmium in rice
and soybeans grown near a lead and zinc mining facility. Effluent
water from the mine, combined with cadmium-laden fumes, had
polluted the fields. Japanese health authorities eliminated the dis-
ease through strict pollution control measures. In the United
States the late Henry Schroeder, a specialist in toxic trace metals,
for many years emphasized the danger of cadmium, particularly its
role in producing high blood pressure.® Pesticides, fertilizers, and
water pipes are often the source of cadmium contamination of
food and drinking water.
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The searching minds and ingenuity of Japanese investigators
have also penetrated the mystery of one of the most serious out-
breaks of man-made poisoning of the industrial age — the widely
publicized epidemic of mercury poisoning in the Minamata Bay of
Japan. Between 1953 and 1960, 111 persons were disabled and 43
died.” A factory producing plastics from viny! chloride and acetal-
dehyde was discharging its mercury wastes into the water: the
wastes then accumulated in the fish consumed by the local popula-
tion. A similar but less severe outbreak in 1965 killed 5 of 26 indi-
viduals stricken in the city of Niigata on the Japanese island of
Honshu.? In the beginning, only general and vague symptoms
were encountered: fatigue, marked weakness. irritability, numb-
ness in arms and legs. Loss of hearing and vision, lack of muscle
coordination. and progressive emaciation ensued. Tragically, per-
manent birth defects appeared in 19 babies, although, curiously,
their mothers had expressed few or no complaints.

As a result of its volatility. mercury is dispersed for long dis-
tances from its original source. It settles to the bottom of lakes
and rivers where bacteria convert the metal into the more toxic
alkyl mercury derivatives. These in turn penetrate into plankton
consumed by fish, which retain and further concentrate the poison
during their lifetime. During the 1960s, widespread mercury
poisoning also occurred in Sweden, where mercury-treated grain
intended for seed purposes was unwittingly fed to domestic
animals and resulted in severe contamination of meat and eggs.®

Another product of our industrial age — asbestos — has been the
source of still more widespread environmental pollution. Asbestos
is found almost everywhere — in homes, farms, factories, automo-
biles, planes, trains, ships, and missiles. It is widely used in roofing
and siding, as insulation around air-ducts and water-pipes, in many
electrical devices,.and even in draperies and rugs. When sprayed on
steel girders at construction sites or blown into spaces between
walls, substantial amounts reach the lungs of non-workers,
especially in metropolitan areas. In New York City, for example,
minute asbestos fibers less than one micrometer in diameter were
recovered in 1970 in the lungs of approximately two-thirds of
3,000 consecutive autopsied cases.'® The presence of these fibers
is often associated with scarring of lung tissue and other changes,
especially the development of lung cancer. A malignant tumor
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involving the lining of the lungs and of the abdominal cavity.
known as mesothelioma — a medical curiosity until two decades
ago — is now being attributed to asbestos, even in persons who
have had no known exposure to asbestos." Most disconcerting is
the extraordinary time lag—as much as 20 to 40 years—between
the initial exposure to asbestos and the appearance of the malig-
nancy. As though the harm from this airborne toxic agent was not
enough, water supplies are also polluted with asbestos in effluents
from iron mines that flow into rivers and lakes. including the Great
Lakes. From such sources asbestos enters the water supplies of
some communities, possibly in amounts sufficient to cause
malignancies.

Another source of concern to our health authorities has been
the upsurge — or perhaps the greater awareness — of chronic lead
poisoning that has plagued mankind at least since the time of the
Greek and Roman empires but has only recently received wide-
spread attention by the medical profession. In ancient Rome, lead
in pipes and in drinking and cooking vessels was a major source of
excessive intake, especially for the upper classes.”? Even today,
lead water pipes (mainly in older plumbing) and soldered pipe
joints pollute drinking water — especially “soft” and nonalkaline
water. Perhaps still more hazardous, however, is the lead in auto-
mobile exhausts and smoke from burning trash and coal, since it
settles on field crops, fruit, and vegetables. Thus, not only the air
we breathe but also the food we eat may contain lead and account
for an average daily uptake of about 0.3 mg,* about 10% of
which is estimated to be stored in the body, especially in bones.
Even more vexing and dangerous is the lead paint found in older
homes, because small children often ingest paint from woodwork,
plaster, floors, and furniture.

It is not surprising, therefore, that as many as 25% to 30% of
American children have lead levels of more than 40 micrograms
per 100 milliliters in their blood. This is enough to cause so-called
“subclinical” lead poisoning, a disease which develops slowly and
insidiously with symptoms common to many other kinds of
chronic poisoning.!* Patients become irritable, hyperactive, impul-
sive, restless, and clumsy; they look anemic and complain of pains
and aches in muscles, of heartburn, nausea, and constipation —
symptoms that ordinarily might not arouse serious concern. Low-
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grade lead poisoning may even induce abortions and stillbirths,
since the levels of lead (and cadmium) in the bones of stillborn
babies have been found to be 5 to 10 times higher than normal.’
As the disease advances, the victims display visual and perceptual
abnormalities, lethargy, loss of balance, epilepsy-like convulsions,
and paralysis of the musculature of legs and arms —all manifesta-
tions of brain damage. Fortunately, modern techniques permit
early detection of lead poisoning: (a) X-rays can disclose lead par-
ticles in the intestines; (b) laboratory tests can measure basophilic
stippled red blood cells; (c¢) increased levels of delta-aminolevulinic
acid in the urine indicate interference with the production of
hemoglobin. Considerable progress has also been made in the treat-
ment of lead poisoning by means of chelating agents that selective-
ly remove lead, mercury, and other heavy metals from the body.

DIOXINS

Herbicides, fungicides, insecticides, and rodenticides also take
their toll in illness and death. Among the highly toxic chemicals
present in various sprays used as defoliants, the dioxins in 2,4,5-T
(salts of 2,4,5-trichlorophenoxyacetic acid) and other polychlori-
nated phenol derivatives serve as tragic illustrations. (Dioxins are
a class of persistent tricyclic by-products formed in the production
of the trichlorophenol used to prepare 2,4,5-T and other chlori-
nated phenoxyacetic acid herbicides.) According to a recent
report,’® accidents .during the manufacture of such compounds
have caused acute dioxin poisoning of plant workers and even pop-
ulations in Ludwigshafen, West Germany (1953), in The Nether-
lands (1963), and in Derbyshire, England (1968). In July 1976
a chemical explosion at a manufacturing plant in Seveso, Italy, re-
leased sufficient quantities of a dioxin (ca. 1.5-2 kg) to necessitate
complete evacuation of large residential areas. Afterward, the
dioxin was found in river water near Milan, in a sewage plant at
Varedo, half-way between Milan and Seveso, and in the ground to
a depth of 25 cm as far as 1 km (0.6 mile) from the plant.

In Vietnam, 2,4,5-T and related dioxin-contaminated defoliants
were used extensively during 1961-1969. At least six different
major toxic effects have been attributed to dioxins: (1) skin
lesions, mainly ‘“‘chloracne”; (2) eye disorders, including conjuncti-
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vitis, iritis, and corneal lesions;(3) gastrointestinal bleeding due to
blood clotting abnormalities; (4) liver disease resembling viral
hepatitis; (5) miscarriages and. birth deformities; and (6) cancer.
“Between 1956 and 1961 (the year in which spraying began), 159
cases of primary hepatic cancers were recorded among 5492 can-
cers [in the Hanoi area], while between 1962 and 1968, 791 pri-
mary hepatic cancers were observed of a total of 7911 [cancers].”
This change represented an increase of over threefold in the
proportion of primary cancer of the liver."

SMOKING

Cigarette smoking produces some of the most serious and debili-
tating diseases arising from man’s folly. The smoke itself contains
not only nicotine, which affects capillary blood vessels, but also
cancer-producing tars, such as benzo[a] pyrene. It also contains a
higher concentration of carbon monoxide than a fume-laden
garage or an automobile tunnel. Furthermore, a variety of other
toxic agents are present in tobacco smoke, especially arsenic, lead
(and related radioactive elements), cadmium, and fluoride —all of
which are assimilated by the growing tobacco leaf from fertilizers
and sprays. Even microscopic-sized particles of glass and asbestos
derived from processing tobacco play a role in the kaleidoscope of
toxic agents found in tobacco smoke."

Although lung cancer and emphysema are the major part of the
costly price of the smoking habit, smoking is one of the most com-
mon sources of myocardial infarction in the young, and it also
contributes to gastric disturbances and decreases the birth weight
of children of smoking mothers.”® Likewise, tobacco smoke taxes
the natural defense mechanism of the lungs, making them more
susceptible to damage from airborne poisons such as asbestos, sul-
fur dioxide, and cadmium.”

Severe harm from smoking first made a vivid impression on me
in 1953 when I realized that several of my patients and I suffered
a common respiratory disease caused by smoking. The principal
symptoms of this forerunner of emphysema are a chronically in-
flamed throat, chest pains, and a persistent irritating cough with
asthma-like wheezing localized in the upper portion of the bron-
chial tree. After reflecting on my own condition, which was
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remarkably similar to that of many of my patients, and because 1
suspected a possible relationship to smoking, I decided to abandon
cigarettes. To my pleasant surprise, the symptoms disappeared al-
most overnight. When I described this disease, which I designated
Smoker’s Respiratory Syndrome, in the Journal of the American
Medical Association® —the first report of this kind in the medical
literature —I observed that its most effective treatment was “com-
plete elimination of smoking.” Subsequently, hundreds of patients,
many of whom had been suspected of having beginning lung can-
cer or what was mistakenly called “intrinsic asthma,” have been
cured of this chronic, debilitating ailment (and of emphysema in
its early stage) simply by discontinuing smoking.

FLUOROCARBONS

Whereas the hazard of smoking is generally confined to a
limited area such as a room or hall, other man-made air pollution
may reach even beyond the lower regions of the earth’s atmos-
phere. In the early 1930s the aerosol and refrigeration industries
discovered what they believed were two ideal propellants and
refrigerants: the gases dichlorodifluoromethane and trichloro-
monofluoromethane with the trade names Freon-12 and Freon-11.
They revolutionized our economy because of their stability,
apparent nontoxicity, and nonflammability; in 1973 their total
U.S. production was about 830 million pounds. They were used in
liquefied form in pressurized containers and released into the
atmosphere whenever the product was propelled. Practically
everything that can be sprayed has been packaged in aerosol
containers, and today virtually every refrigeration plant utilizes
Freons.

In 1970, J. E. Lovelock of the University of Reading, England,
observed that these gases were present in the air over Western Ire-
land and in 1971 he discovered that one of them had pervaded the
entire troposphere —the 6- to 10-mile-high layer of air that lies be-
tween the earth and the stratosphere. In 1973, two University of
California scientists at Irvine, F. S. Rowland and M. J. Molina, dis-
covered that once in the stratosphere, fluorocarbon molecules will
dissociate and release chlorine atoms under the intense ultraviolet
radiation of the sun. This process in turn then leads to a loss of
ozone from the ozone layer that shields the earth from harmful
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ultraviolet solar radiation.? According to Lovelock’s measurement,
the total amount of Freon-11 in the troposphere was almost equal
to the total amount ever manufactured. Researchers concluded
that these gases are not removed from the atmosphere by rainfall,
nor are they absorbed by the oceans, because they are so insoluble
in water. Furthermore, they are not broken down rapidly by any
other known mechanisms.? If manufacture of these gases were to
continue at the 1972 worldwide rate of about one million tons a
year, release of chlorine atoms and conversion of ozone to oxygen
might appreciably diminish the earth’s protective ozone layer or
drastically alter it and disrupt, if not destroy, the biological sys-
tems of the earth.® The depletion of ozone would increase the
solar radiation on earth, significantly affect the earth’s climate, be
detrimental to plant and animal cells, and induce skin cancer and
genetic mutation in humans.

FOOD ADDITIVES

Air pollution from propellants, smoking, factories, and motor
vehicles is but part of a larger picture, for we are also confronted
with another man-made hazard in the form of food additives. I am
referring to some 2500 items present in our daily diet ranging
from chemical preservatives, dyes, bleaches, and the sequestering,
drying, maturing, anti-caking, and anti-foaming agents, to extend-
ers, emulsifiers, thickeners, plasticizers, artificial sweeteners and
flavors, moisteners, fungicides, conditioners, hydrolyzers, anti-
oxidants, and even to the antibiotics and hormones fed to the ani-
mals we eat.

The precise effects of these substances that are foreign to our
bodies are often either unknown or unforeseen. For example, the
administration of stilbestrol to chickens and cattle to stimulate
growth was considered safe until gynecologists discovered that stil-
bestrol produced cancer in children whose mothers had taken it
during pregnancy.? In light of a clear danger to health, intelligent
consumers must wonder why stilbestrol is still used to fatten do-
mestic animals in the U.S.A. even though the government has
initiated strict regulations.

Another health threat associated with the advance of our civili-
zation is derived from nitrites and their precursors, nitrates, which
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are added as preservatives to many human and animal food sub-
stances, especially to processed meats for protection against deadly
botulism bacteria. Bacon in particular has long been linked with
this problem because of its high fat content and because it is fried
at a high temperature. In the stomach, under certain conditions,
especially when its acidity is high, nitrates are reduced to nitrites
that react with secondary amines to form highly toxic N-nitrosa-
mines. Malignant tumors in the lungs, esophagus, and stomach
have been experimentally induced in animals by N-nitrosamines®

but in humans these poisonous agents have not, as yet, been con-
clusively linked with cancer. Since many other animal species are
subject to the same effect, however, complacency on this question
is unwarranted. Thus, government agencies are facing a grave
dilemma: in their attempt to protect consumers from serious
infections, they may thereby be inviting exposure to even greater
threats to health. The Food and Drug Administration, it is true,
has banned the use of many poisonous additives, but it is impossi-
ble to estimate how many others today are still shortening our
lifespan.

APILL FOR EVERY ILL

Still another area of widespread assault upon our health is the
indiscriminate use of drugs. The desire of the public to have a “pill
for every ill” creates a vexing problem to a physician who must de-
termine when a drug may be useful, or even lifesaving, and when it
may be destructive. In the past, drugs have all too frequently been
placed on the market before adequate testing, but even a generally
effective remedy can produce a tragedy. One of my own cases
illustrates this problem. In 1949 I published the first report of a
sudden fatal anaphylactic shock due to penicillin.?® This tragedy
occurred to a 39-year old woman who collapsed and expired with-
in minutes after her sister, a registered nurse, had injected the
drug. Many similar incidents are now on record. The unusual fea-
ture in this particular case was that the patient had experienced no
ill effects from previous treatments, which forces the conclusion
that during the three-week interval following her last injection, she
must have acquired the fatal sensitivity. That such sensitivity may
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develop during a 2- to 3-week interval between one injection and
the next is now well documented by animal experiments.

I had previously made extensive studies on sudden death from
human anaphylactic shock that had been considered a curious
laboratory phenomenon confined to animals.?’ 3¢ After reviewing
numerous hospital records involving sudden death from injections,
I was able to demonstrate that nonprotein substances, such as lo-
cal anesthetics, can cause the same manifestations of anaphylaxis
as animal sera and can produce a generalized edema.?? It is not un-
common that a drug as harmless as aspirin induces anaphylactic
shock in highly sensitized patients, in spite of the fact that the vic-
tim may have been taking aspirin for years without apparent ill
effects. In assessing such reactions from drugs, we must distinguish
between hypersensitivity (or allergy) to a drug and intolerance to
it.3 In the case of aspirin, intolerance is characterized by hemor-
rhages in the stomach whereas allergy to aspirin results in such
symptoms as hives, asthma, allergic nasal and sinus disease, or even
shock —reactions that are not related to poisoning, and for which
no excessive dose is required.

Nearly every drug can have grave side effects in persons who dis-
play intolerance to it. For example, in Europe phenacetin was
used as a pain reliever for more than 50 years until 1961, when
two Norwegian physicians, O. Nordenfeld and N. Ringertz,
demonstrated that it had caused a fatal kidney disease in 27 men
and 3 women, some of whom had been taking this medication
regularly for as long as 20 years.3¢

Shortly after World War II, other deaths from kidney disease
were attributed to a lithium compound prescribed as a salt-substi-
tute for patients with heart disease. Nevertheless, lithium carbonate
was approved in 1969 as a “mild, non-addictive sedative” for agi-
tated mental patients by the Food and Drug Administration, and a
researcher at the University of Texas has even suggested that it be
added to water supplies.3” He had found significantly lower ad-
missions to mental hospitals from Texas towns where lithium
levels in water were high. Nevertheless, lithium contributes to
irreversible brain damage.3®

For centuries, physicians used mercury in the treatment of
syphilis. It was injected into the buttocks or routinely applied to
the skin of the entire body. In the latter case, its high volatility
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accounted for absorption of toxic amounts through inhalation and
frequently caused slowly developing, vague symptoms of kidney
damage, which remained largely unnoticed. We shall never know
how many deaths attributed to syphilis actually resulted from
mercury poisoning. /

One of the most vivid examples of our inability to recognize
specific, long-term toxicities of drugs is the thalidomide tragedy
during the 1960s that led to phocomelia—gross deformities of
limbs of numerous infants here and abroad, after their mothers
had used this tranquilizer during an early stage of pregnancy.*
With the approval of the Food and Drug Administration, thalido-
mide had been made available for investigative purposes for six
years to about 1200 physicians in the U.S.A. before its devastating
effects became known.® It is certainly ironic that “about one
third of American thalidomide babies were born to wives of
physicians who had received free samples of the drug.””4®

Other helpless victims of inadequate testing of new medical
procedures are the children blinded with retrolenticular fibroplasia
due to routine administration required by health officials of
concentrated oxygen to premature infants. Three to five weeks
after delivery, the arteries and veins behind the lens of the eyes
become congested, and an opaque mass develops in the retina and
vitreous body of the eye. Finally, the vision is obscured by
newly-formed scar tissue leading to complete blindness. It took
eleven years before the cause of this disease was recognized and
before health departments in the U.S.A. reversed their stand.*!

Even the well-known poison arsenic was believed to be useful in
minute doses for the treatment of certain skin diseases, especially
psoriasis and bronchial asthma,*? until it was determined that pro-
longed intake of arsenic caused dermatitis, nausea, abdominal pain,
diarrhea, keratosis (scaling of hands and feet), and a tendency to
fluid accumulation in the body. More recent discoveries indict it
as carcinogenic to the skin, liver, and lungs,*® particularly when re-
leased into the air by sprays and by combustion of coal, which
contains an average of 16 micrograms of arsenic per gram.*4

These are but a few examples of numerous man-made diseases
that have littered the path of advances in technology, industrial
development, and the medical sciences. It cannot be emphasized
too strongly that in many of these instances, especially with air-
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and water-borne pollutants, extremely minute amounts suffice to
do the damage. These pollutants enter the body over long periods
of time, causing diseases which begin slowly and unobtrusively,
which are difficult to diagnose, and which therefore escape the
attention of the healing profession.

In the following chapters, I shall discuss one of the most potent
poisons in nature, one which has been inadequately assessed and
often poorly understood, although countless articles have appeared
in the medical literature clearly demonstrating its deleterious
effects on human health. Few toxic agents are as widely distrib-
uted in the ecosystem —in air, in water, and in food —which affect
as many organs of the human body and also damage plants and or-
ganisms —as is FLUORINE, an element that is now being widely
added as inorganic fluorides to municipal water supplies at a
concentration of 1 part of fluoride ion per million parts (ppm) of
water for the prevention of tooth decay. This important question
— whether fluoride is a poison or a panacea — has created one of
the greatest dilemmas of the 20th century.*s
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CHAPTER 2

FLUORINE AND ITS COMPOUNDS

HISTORICAL BACKGROUND

ONE OF THE EARLIEST references to the effects of fluorine in
the environment is found in a passage written by the Roman poet
Marcus Valerius Martialis (40-104 A.D.). Describing the distinctive
teeth of Thais, a mistress of Alexander the Great, he observed:

Thais has black teeth, Laecania has snow-white ones.
Why? The latter’s teeth were bought, the former has her own.!

The “black” or “mottled teeth” (Fig. 2.1, opposite), as we now
call them, were probably common in the volcanic area of Italy
where Martialis lived; they indicate the specific involvement of the
fluoride ion (F~), although nearly 2000 years passed before the
cause of this dental abnormality was traced to fluoride. Because of
the black horizontal lines especially prominent on the incisor
teeth, which resemble inscriptions, contemporary Italians call
them “denti scritti,”” — marked teeth—or teeth which have been
inscribed.? They are also referred to as ‘“‘denti di Chiaie,” after the
physician Stefano Chiaie, who described them in residents of
Messina, Italy, where the drinking water that flowed through the
lava beds had been contaminated with fluoride.*> Another version
identifies these teeth with Chiaia, a section of the city of Naples
—also situated near a volcano—where this dental abnormality had
been recorded by Benedetto Croce in 1892.4

As early as 1670, according to some authors, the Niirnberg
glassworker Heinrich Schwanhardt made artistic etchings on glass
with fumes evolved from the reaction of sulfuric acid with fluor-
spar.® The late chemist-historian J. R. Partington has questioned
the validity of this traditional account, however, and states that

-16-



FLUORINE AND ITS COMPOUNDS 17

Fig. 2-1. “Black” teeth in a 56-year-old female residing in a high-fluoride-
water (3-6 ppm) area of northern Sicily.
(Courtesy Prof. G. Frad3, Palermo, ltaly.)

the first authenticated record of this reaction, which produces
hydrofluoric acid or hydrogen fluoride (HF), dates from either
the year 1720 or 1725.¢ A better understanding by chemists soon
followed, and in 1771 the Swedish chemist Carl W. Scheele recog-
nized in fluorspar the calcium salt of the new acid, which he called
the “acid of fluorspar,” or “fluoric” acid.”

In 1803 the Italian chemist Domenico Morichini made another
significant discovery when he demonstrated the presence of the
new element in a fossil tooth of an elephant disinterred near
Rome. Two years later, in collaboration with L. G. Gay-Lussac, he
showed that fluorine is also present in human teeth (1805).5

These discoveries gave rise to an interesting question originally
posed in the last century: could the fluoride content of teeth and
bones provide a clue regarding the age of a fossil?® It was suggested
that calcium salts in bones attract fluoride from ground -water and
that the more fluoride thus stored, the older the fossil might be.
The fluoride exchange method has recently found application in
archaeology for ancient ivory.®
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The term *““fluorine” (French le fluor; Latin fluere — to flow) was
originally used by the French physicist André-Marie Ampére in a
letter dated August 25, 1812, to the British chemist Humphrey
Davy." The latter recognized that hydrofluoric acid contains a new
element, a member of the halogen family, the other members
being chlorine, bromine, iodine, and the radioactive element asti-
tine. He called the element “fluorine,” a name that refers to the
use of its calcium salt, fluorspar, as a flux in metallurgy.

Davy made numerous attempts to isolate the new element but
failed because of its extraordinary reactivity. He observed that
“liquid fluoric acid [HF ] immediately destroys glass and all animal
and vegetable substances, it acts on all bodies containing metallic
oxides, and I know of no substances that are not rapidly dis-
solved or decomposed by it, except metals, charcoal, phosphorus,
_sulphur, and certain combinations of chlorine.” In his efforts to
prepare fluorine either by electrolysis or by double decomposition
reactions, he therefore used vessels of sulfur, carbon, gold, silver
chloride, or platinum, but none appeared capable of resisting what
he described as fluorine’s “strong affinities and high decomposing
agencies.”®

Subsequently, other leading chemists of the 19th century, in-
cluding Michael Faraday, Edmond Fremy, and George Gore, made
further attempts to isolate fluorine but were as unsuccessful as
Davy. In 1834 Faraday thought he had succeeded by electrolyzing
fused fluorides, but he later realized that he had not. In 1855
Fremy reported that electrolysis of molten calcium fluoride libera-
ted a gas at the anode which was so reactive that it could not be
collected. In 1869 Gore described how he had momentarily ob-
tained fluorine by electrolysis of anhydrous HF, but the gas im-
mediately combined explosively with hydrogen from the
cathode.:'°

Finally, on June 26, 1886, a major breakthrough occurred when
Henri Moissan (Fig. 2.2, opposite) isolated the pale yellow, highly
toxic and reactive gas by electrolyzing a cooled solution of
potassium hydrogen fluoride in anhydrous hydrofluoric acid in an
all-platinum apparatus.5° Moissan thereby solved what had been
one of the most difficult chemical challenges of his time, an
achievement recognized in 1905 by the award of a Nobel Prize.
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Fig. 2-2. Henri Moissan, 1852-1907. Professor of Chemiistry at the école
Supérieure de Pharmacie and at the Sorbonne;
discoverer of elemental fluorine.
(From the frontpiece of his book
Le Fluor et ses Composés, Steinheil, Paris, 1900.)
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Nevertheless, in the late 19th and early 20th centuries fluorine
was generally regarded as a mere laboratory curiosity. Moissan
himself had serious doubts that his discovery might ever be of
practical use.!! The decade of the 1920s, however, marked a new
age in fluorine chemistry and many useful applications were dis-
covered which have made the element indispensable to modern in-
dustry. Why have fluorine and its compounds become so impor-
tant?

PROPERTIES OF FLUORINE

Widely distributed in nature, fluorine has been estimated to be
the 13th most abundant elemenf in the earth’s crust (ca. 0.065%
by weight).? Although tlimeMEa form caribe
detected when certain radioactive fluorspars (e.g., from Wolsen-
berg, West Germany) are crushed, fluorine otherwise occurs only
in combination with other elements. In the free state it is a pale.
Wllow gas with a pungent, irritating odor. On cooling it cond
to-a-liquid boiling at -188°C., and on further coohﬁg'n’l'ﬁz;sﬂ':f)e:
solid melting at -220°0C* ~

Elemental fluorine exists as a diatomic molecule with a remark-
ably low dissociation energy (38 kcal/mole). Consequently, it is
highly reactive and has a strong tendency to combine with other
elements to produce compounds called fluorides. As the most elec-
tronegative of all the elements, fluorine is the strongest oxidizing
agent known. When liquid fluorine combines with hydrogen the
reaction produces a temperature of 4700°C., which is even hotter
than that obtained by burning atomic hydrogen in oxygen
(4200°C.). Wood or rubber held in a stream of fluorine bursts into
flames. Even asbestos, a fireproofing agent, reacts so vigorously
with fluorine that it becomes incandescent. Another generally
inert element, platinum, is also slowly attacked by fluorine.

This extreme reactivity makes fluorine very difficult to handle.
Containers made of nickel, copper, or steel are attacked by it and
become coated with a layer of nickel, copper, or iron fluoride,
which then protects them from further corrosion. Curiously,
Teflon, a plastic containing fluorine, is one of the most suitable
materials for harnessing and shipping the compressed or liquefied
gas.
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SOURCES OF FLUORINE

The three most common sources of fluorine are the minerals
fluorspar, or calciumfluoride (CaF ), the aluminum compound
cryolite’ (Na AIF ), and apatite, a calcrum phosphate complex of
the formula Ca, X (PO )b_w.frer’e_x represents either fluoride,
chloride; or hydroxrde (OH ) ions.
parent cube- Shaped, glass-like crystal, wrth colors rangmg from
clear transparency to exquisite shades of green, blue, yellow, pur-
ple, brown, and blue-black (Fig. 2-3, below). It is found in veins
of limestone and sandstone, mainly in Iceland, Mexico, England,
Germany, and Newfoundland. In the United States, fluorspar is
mined primarily near the border between Kentucky and Illinois,
and in California, Montana, New Mexico, and Colorado.

Fig. 2-3. Specimen samples of fluoride minerals; about % actual size.
(Courtesy Mineralogy Collection,
University of Kansas Department of Geology.)



22 CHAPTER 2

The usefulness of fluorspar has been known for centuries. In
1529 Georgius Agricola, who is often called the “father of metal-
lurgy,” referred to its value as a flux in smelting operations in his
book Bermannus.®s” In Napoleonic times a variety of fluorite
known as Blue John was exported from Devonshire, England, to
France where it was worked into ornamental vases.”® Today, the
chemical industry is the largest consumer of fluorspar, particularly
in manufacturing hydrofluoric acid. In steel production, it assists
in the refining process because of its fluxing action to remove slag.
Fluorspar is indispensable in making enamelware and in refining
lead and antimony. Clear, colorless fluorite of optical quality is
used in the manufacture of apochromatic lenses because of its low
index of refraction and low dispersion of light.

Cryolite, sodium aluminum fluoride (Na3 AlF 6) (Fig. 2-3,
above), the second industrially valuable fluoride compound found
in nature, is (or at least was) mined mainly in Greenland, where it
has been deposited through volcanic eruptions, but other large de-
posits occur in the Soviet Union, Spain, and Colorado. Since mol-
ten cryolite dissolves bauxite (aluminum oxide) and thereby facili-
tates the electrolytic reduction of AI® to the free metal, it is in
great demand; indeed, natural sources are so heavily depleted that
producers of aluminum now rely largely on synthetic cryolite
made from fluorspar.”

Apatite, in the form of fluoroapatite, Ca F, (PO4 ), (Fig. 2-3),
another major natural source of fluorine, is found in vast coral de-
posits and volcanic rocks in Florida, Tennessee, and South Caro-
lina, as well as in North Africa and the West Indies. Rich in phos-
phorus, apatite is mined primarily for the production of phosphate
fertilizers and phosphoric acid, so vital to modern agriculture. In
the conversion of fluoroapatite into superphosphate fertilizer by
treatment with sulfuric acid, large amounts of hydrogen fluoride
are evolved.

USES OF FLUORINE

Numerous othar fluorine compounds have become extremely
important during the past fifty years. Their uses range from auto-
mobile bearings that never need greasing to replacements for dis-
eased or ruptured blood vessels in the human body ; from clothing
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that resists stains to cancer drugs. The industrial application of flu-
orine seems endless (Table 2-1, below), and a glance at this new
development is fascinating indeed.

Throughout the early part of the 20th century, fluorine com-
pounds were by-products of industrial processes, such as the man-
ufacture of aluminum and other metals, superphosphate fertilizers,
and ceramics. Commercially, their only outlets were insecticides
and rodenticides. With the development of new fluorine com-
pounds, however, their usefulness increased remarkably during the
1940s when they began to be utilized as refrigerants, aerosols,
lubricants, and plastics. Sodium fluoride and calcium fluoride were
also added to many of the newer heat-resistant ceramics.

Simultaneously, the pharmaceutical industry discovered that
fluorine reinforces the action of many molecules. The efficacy of a
drug frequently depends on how soon the body metabolizes the
molecule and terminates its action. By inserting fluorine at the
weak point in the structure of a drug, chemists have made certain
pharmaceuticals more resistant to breakdown in the body, thereby
reinforcing their action. Some of the most popular fluorine-con-
taining medications are: fluorosteroids (cortisone-like preparations)
for the treatment of arthritis and allergic diseases; fluorouracil,
which delays the growth of cancer of the prostate and bladder;
and fluorine-containing antihistaminics, tranquilizers, anesthetics,
and diuretics (which increase the flow of urine through the kid-
neys and thus counter the development of fluid accumulation).

Fluorine has also proved invaluable in the large-scale separation
of the fissionable uranium isotope 2*U from stable 233U for pro-
duction of nuclear energy and weapons. Natural uranium is con-
verted into volatile »**UF_ and ?**UF,, which by virtue of their
slight difference in molecular weight are separable by multistage
diffusion.

The most widely used commercial fluorine products are
hydrogen fluoride, hydrofluoric acid, and fluorocarbons. Hydro-
gen fluoride (HF), an easily liquified gas (boiling point 19.54°C), is
so reactive that in water (as hydrofluoric acid) it dissolves every
metal except extremely inert ones like gold and platinum. The
U.S. production of HF, the most important of all industrial
fluorine compounds, rose from about 150,000 tons in 1960 to
nearly 400,000 tons only twelve years later. About 80% of the
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Table 2-1

Commercial Uses of Some Inorganic Fluorides

SUBSTANCE

Aluminum fluoride, AIF3

Ammonium bifluoride, NH4FHF

Antimony trifluoride, SbFa

Barium fluoride, Ban
Qﬁoron trifluoride, BF3

_. Chiorine trifluoride, CIFS

~Chromium trifluoride, CrF,

Cryolite, NaaAIFG

Fluorine, F s

Ftuoroboric acid, HBF4
and its salts

Fluorspar, CaF2

Hydroftuorosilicic (also called hydro-
fluosilicic) acid, H_SiF , and its salts

e.g., sodium fluorosilicate, NaZSiF‘5

USES

Aluminum production (flux)
Ceramics production (opacifier)
Arc welding rods (coating)

Glass (frosting)

Brewery (sanitation)

Special alloys (electrodeposition)
Aluminum atloys {(cteaning, polishing)

Organic fluorides (preparation)

Light meta! industry
Ceramic, enamel (ingredient)

Catalyst for alkylation, esterification, and
polymerizations

Rocket fuel

Uranium production

Qil drilting (chemical cutter)
Chiorofluorocarbon fubricants (preparation)

Wool (treatment before dyeing)

Aluminum production (electrolyte)
Steel (flux)
Enamel, glass (opacifier)

Rocket fuel
Uranium production
Metal fluorides (preparation)

Metals (cleaning, pickling)
Electroplating

Hydrogen fluoride (production)
Steel production (flux)
Glass, ceramics (opacifier)

Electroplating

Water (fluoridation)
Wood (preservative)
Concrete (hardening)
Textile sours
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Table 2-1 (cont’d)
SUBSTANCE USES

Metal casting (flux)
Synthetic mica (production)
Zirconium (extraction)
Cements (acid resisting)

Hydrogen fluoride, HF Organic fluorides {preparation)

(92 Aluminum (production)
Uranium (production)
Petroleum (alkylation)
Inorganic fluorides (preparation)

Hydrofluoric acid Glass (etching, frosting)
(HF sofution in water)

Lead fluoride, PbF2 Pyrotechnics {flame colorant)
Magnesium fluoride, MgF2 Optical industry
Perchiory! fluoride, FCI()3 Rocket fuel

Gaseous dielectric
Organic fluorides {preparation)

Potassium fluoride, KF Organic fluorides {preparation)
Potassium fluorotitanate, K2T5F6 Titanium alloys [production}
yium fluoride, NaF {nsecticide, rodenticide
) Wood (preservative, fungicide)
Water (fluoridation)
Ceramics (production)
Light metal {production, electrolyte)
{~Stannous fluoride, San Toothpaste (additive)
. ,3{|!fur hexafluoride, SF 6 High-vottage equipment (dielectric)

1974 U.S. output went into the manufacture of aluminum and of
fluorinated hydrocarbons." Hydrogen fluoride and hydrofluoric
acid are also used in manufacturing stainless steel, processing
uranium, etchmg and frostmg glass, . and alkylatmg petroleum as

acid is also useful in makmg filter paper and carbon electrodes and
in galvanizing metals; it even has served as a sterilizer in breweries
and distilleries. :
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Other fluorine-containing gases, known as refrigerants — Freon
and Genetron — are carbon-fluorine compounds. Odorless, stable,
noncorrosive, and nonflammable, they also comprise the bulk of
aerosol sprays. When the ejection valve of a hand-sized fumigator
is opened, the Freon begins to boil and discharges the contents of
the container as a fine mist that remains suspended in the air for a
long time. Until recently about 50% of the 800 million pounds of
fluorocarbons produced annually in the U.S. were used in aerosols,
more than 90% of which were toiletries such as hair-sprays and
deodorants." Widespread concern that use of fluorocarbons might
deplete the ozone layer shielding the earth from harmful short-
wavelength solar radiation has led manufacturers to turn elsewhere
for ways to apply deodorants and many other substances.'$

Another interesting group of carbon-fluorine compounds are
the fluorocarbon plastics that are nonflammable, insoluble in most
solvents, and stable to chemical attack. They also possess a high re-
sistance to heat and are excellent dielectric materials. They are
fabricated into special gaskets and packings, pump liners, tubing,
pipe, wire, cablecoating, nonstaining cloth, and many other items.

The most important representative of this group is Teflon, which
serves as a coating on rollers and cookware to prevent sticking be-
cause of its waxy surface with a low friction factor. Automobile
manufacturers use Teflon for bearings in power-steering assemblies
and for coating the sockets of ball joints that never require greasing
or oiling. Teflon is also invaluable to the space industry as a lubri-
cant in spacecraft because it is not affected by a vacuum, in con-
trast to oil which evaporates in the vacuum of outer space. Because
of its durability and lack of toxicity, Teflon is also being used
extensively in surgery to replace blood vessels and heart valves.

Thus fluorine and its compounds have emerged from virtual
obscurity in their early history to a highly respected and extremely
valuable position in modern industry. Their applications appear to
be almost unlimited. Indeed, there are few chemicals with greater
industrial potential than fluorides. On the other hand, this steadily
growing expansion has subjected Man himself to intimate contact
with these substances, and the full consequences of this exposure,
particularly as related to his health, are not yet known. We must
ask, therefore, has our knowledge about the biological effects of
this all-important element and its compounds kept in step with the
advances in industrial uses?
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CHAPTER 3

SOURCES OF FLUORIDE INTAKE

IT IS FREQUENTLY thought that fluoride enters the human
organism almost entirely through drinking water, although this
assumption is far from the truth. In fact, because of its ubiquity in
the environment, the fluoride in our bodies is derived from many
different sources. The atmosphere, soil, water of rivers, lakes,
wells, and oceans, rain, snow, drugs, and the food chain — all
contribute significantly to the total intake of fluoride into the
human body. These various sources of fluoride will now be
examined in the light of the far-reaching man-made fluoride chain
generated by modern industry and commerce (Fig. 4-1, opposite).}

AIR

In the United States the total inorganic fluoride emissions from
major industrial and commercial operations are estimated to be be-
tween 120,000 and 155,000 tons per year (calculated as HF).? As
seen in Table 3-1 (p. 30), the main sources are the combustion
of coal (now greater and increasing), the processing of phosphates,
and the manufacture of aluminum, steel, and ceramics (brick, tile,
cement, glass, etc.), with lesser amounts from such activities as
welding and the production of nonferrous metals. Other sources
(not shown in the table) include the manufacture of high-octane
gasoline and the production of hydrogen fluoride, fluorinated
hydrocarbons, and other fluorides. Unfortunately, even assuming
90% containment with advances in pollution control equipment,
“the estimated emissions of fluoride [worldwide] are expected to
double between 1971 and 1980.”3

The distribution of airborne fluorides depends on numerous fac-
tors, especially climatic and topographic conditions in the area
involved (Table 3-2, page 31),* a fact which must be taken into

.28 -
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THE MAN-MADE FLUORIDE CHAIN
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Fig. 3-1. Dispersion of commercial fluorides in the environment.
{From J. R. Marier and D. Rose: Environmental Fluoride.
National Research Council of Canada, Publication No. 12,226,
Ottawa, [1971], Appendix 6.)

Organic F

account when interpreting the results of air-monitoring for fluo-
ride. In areas of high industrial pollution, the heavy solids or
particulates (such as sodium fluoride) are deposited in the immedi-
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Table 3-1

Estimated Total Atmospheric Inorganic Fluoride Emissions
from Major Industries in the United States, 1968°

EMISSIONS
SOURCES TONS/YEAR
Steel industry 40,100
Ceramics industries 21,200
Phosphate fertilizer and processing industries 18,700
Aluminum industry 16,000
Combustion of coal 16,000
Nonferrous metal foundries 4,000
Welding operations 2,700

({See also V.A. Cecilioni, Fluoride, 7:164, 1974.)

ate vicinity of the emission, whereas gases are dispersed over wide
areas. Mists or vapors form in the air when gaseous fluorides, main-
ly hydrogen fluoride and silicon tetrafluoride, are dissolved in fine
water droplets.® In atmosphere thus polluted, the fluoride enter-
ing the human body from air and food may actually exceed the
amounts consumed from fluoride in water, as demonstrated by the
distribution of the major sources of fluoride intake near a fluoride-
emitting aluminum factory in Czechoslovakia (Fig. 3-2, page 32).6

Ordinarily in large cities, one cubic meter of air averages less
than 0.05 ug (microgram) or 0.0625 parts per billion (ppb) fluo-
ride.” The highest level recorded by the National Air Sampling
Network in 1966 and 1967 was 1.89 ug/m3® (2.4 ppb). These ex-
tremely small amounts, however, represent mean values subject to
many variables and do not reflect conditions arising from sudden
smoke episodes, especially in areas close to a factory.”

Near fluoride-emitting industries the amounts of airborne fluo-
ride are significantly higher. For instance, investigators have found
from 0.0 to 15.14 ug per cubic meter of air or up to 19.5 ppb near
an Italian aluminum factory surrounded by high mountains.® At
this concentration a person could inhale up to 0.3 milligram of
fluoride per day. On the other hand, in the industrial Detroit-
Windsor area —which is flat and where there are fewer concentrated
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sources of fluoride emission —atmospheric fluoride averages only
0.16 to 2.9 ppb according to the International Joint U.S.-Canadian
Commission.?

Table 3-2
Climatic and Topographic Effects on Pollution by Airborne Fluorides*
POLLUTION

INCREASE IN TYPICAL EFFECT CHANGE
Precipitation Cleanses the air Decrease
Humidity Dissolves solids; forms mists Increase
Wind velocity Promotes dispersion to longer distances Mixed
Wind from source Enhances contamination Increase
Temperature with

height (inversion) Retards dispersion Increase
Barometric pressure  Reduces wind; retards dispersion Increase
Height of source Promotes dispersion Decrease
Distance from source Promotes dispersion Decrease
Mountains, hills Breaks force of winds; forms pockets  Increase
Valleys Traps pollutants increase
Plains Promotes dispersion Decrease

SOIL

Since much of our food is derived from vegetation growing in
contaminated areas, fluoride in soil can also be an important
source of intake. Fluoride enters the soil through weathering of
rocks, precipitation, and contaminated water, mainly from waste
run-off and fertilizers. Generally, little fluoride is found in sandy
soils where, dissolved in rainwater, it leaches into lower levels, in
contrast to clay, which absorbs and retains fluoride. The range of
fluoride in “normal” soils is between 100 and 300 ppm with high-
er levels at increasing depth; but sampling in the “high-fluoride”
regions of Idaho and Tennessee has revealed concentrations up to
8,300 ppm. One of the highest fluoride levels in soil, 184,000 ppm,
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F~ INTAKE PER CHILD
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Fig. 3-2. Sources and daily fluoride intake of 6- to 14-year-old children
residing near an aluminum factory compared to children living in a
noncontaminated control area.

Fluoride content of drinking water 0.1-0.3 ppm in both areas.
(Courtesy Dr. G. Balazova and co-workers,

Research Institute for Hygiene, Bratislava, Czechoslovakia.)

was recorded in the wastes from a fluorspar mine in England.®
Fallout of particulate fluoride from the air and absorption of
gaseous fluoride in rain and snow account for considerable
accumulation in soil, and each year fluoride in phosphate
fertilizers can contribute up to 17 pounds of the halogen
per acre.!
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WATER

The natural fluoride content of water in different areas varies
according to the source of the water (surface or subterranean), the
geological formation of the area, the amount of rainfall, and the
quantity of water lost by evaporation. The majority of untreated
wells throughout the United States ordinarily contain less than 0.5
ppm of fluoride. Springs in New England have some of the lowest
fluoride levels in the country ranging from 0.02 to 0.1 ppm.? Asa
general rule, the fluoride content of wells depends on the rock
strata as well as the depth of the well.

Spring water which flows through high-fluoride rock strata
sometimes dissolves extraordinary amounts, as in Bruneau, Idaho,
where the U.S. Public Health Service recorded 28 ppm in 1959,
the highest level in communal well water in the country® (Table
3-3). In many communities of Western Texas, Arizona, Tennessee,
Arkansas, and South Dakota, the fluoride in water supplies was
formerly quite high. For example, in Bartlett, Texas (8 ppm),*
and in Britton, South Dakota (6.7 ppm),'S the concentration is
now being reduced by defluoridation to approximately 1 ppm, in
the former by means of activated alumina, in the latter by bone
char.

Deep wells, mineral springs, and geysers contain unusually high
fluoride levels. Striking examples are Old Faithful geyserin Yellow-
stone National Park, with as much as 40 ppm, and Vichy water,
with 8 ppm. In other mineral waters concentrations range from
0.8 to 12.2 ppm' (Table 3-3, page 35).

Uncontaminated surface water, on the other hand, is generally
low in fluoride, in the range of O to 0.2 ppm,? but rivers receiving
effluents from factory wastes have much higher values. For in-
stance, the U.S. Geological Survey of 1959 to 1961 reported as
much as 46 ppm in the water of the Peace River in Florida, where-
as prior to industrial contamination (ca. August 30, 1951) the flu-
oride level was about 1 ppm.!” The effluent water of an aluminum
factory in Bolzano, Italy, contained 14 to 35 ppm in 1971, and
near a fertilizer factory in Dunnville, Ontario, cistern water showed
fluoride levels as high as 37.8 ppm on December 6, 1965." The
Rhine River, which is notorious for its pollution after its passage
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through the industrial Ruhr region, shows fluoride levels on the
order of 0.25 to 0.45 ppm?*® compared to 0.13 to 0.16 ppm in the
Mississippi River near Minneapolis-St. Paul.?!

In lake water the highest natural fluoride value ever recorded is
2,800 ppm or 0.28%, in Lake Nakuru, located in a volcanic area of
Kenya, East Africa.2* but in the United States even higher concen-
trations have been reported —up to 5,150 ppm in so-called gypsum
ponds. the collection pools for the effluent water from phosphate
fertilizer factories.?s

Oceans maintain a relatively constant fluoride level of about 1.3
ppm even at depths of 2500 meters or more.3! Approximately half
(47%) of the dissolved fluoride in the oceans occurs as MgF*, 2%
as CaF*, and 51% as free, unbound F~.32 Although colorimetric
assays indicate that the fluoride content and the F/Cl ratio in
deep-lying waters in certain areas of the North Atlantic Ocean are
slightly elevated,?” more recent measurements by the ion-selective
electrode method do not show any increase.?! Fluoride levels as
high as 8.72 ppm in the Persian Gulf and 3.36 ppm in the Mediter-
ranean Sea have been reported,?® but do not appear to have been
confirmed.

Rainwater also contributes fluoride to the ocean as well as to
the land and to fresh water because it absorbs the halogen from
the atmosphere. Although the oceans serve as a “‘sink” for airborne
and riverborne fluoride, there is evidence that they also release sig-
nificant amounts of fluoride into the atmosphere, thus recycling it
back to the land.® Over the mid-Atlantic Ocean up to 0.025 ppm
fluoride was found in rainwater, but over other oceans the concen-
trations were lower.?” On the other hand, measurement of fluoride
in rainwater near polluting factories —for example, within 500 me-
ters of a German phosphate fertilizer plant near Hamburg —has dis-
closed concentrations up to 10 ppm.2° Snow also collects fluoride.
Samples of snow falling in an urban environment contained 0.04
ppm ionized and 0.05 ppm total fluoride. In a heavy traffic area of
Minneapolis-St. Paul ground snow had 0.45 ppm ionized fluoride
and 3.27 ppm total fluoride.?*

Daily Fluoride Intake from Water. In the past the water general-
ly consumed by human life on earth contained only minute
amounts of fluoride. With the advent of the Industrial Revolution,
however, man has probed deeper into the earth for his water, and
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Table 3-3

Fluoride Content of Water

IN SURFACE WATER?
Near a fluorspar mine'®
Cistern water near fertilizer factory (Ontario)'®
After volcanic eruption in lceland 1970
(2 weeks later)

IN DEEP WELLS
Old Faithful (Yellowstone National Park)
Bruneau, ldaho*?
Bartlett, Texas'
Colorado Springs!?
Near Detroit, Mich,!?
Punjab, India®

IN LAKES
Great Lakes
Lake Nakuru (Kenya)®*
In “gypsum pond” (Florida)?*

IN SNOW?!
Fresh falling
On streets with heavy traffic
Melting on street

IN RIVERS,
Most rivers in U.S.A,
Rhine (Holland)*
Meuse (Belgium)2®
Peace River (Florida
Near aluminum factory (Bolzano, Italy)!®

)17

IN OCEANS
Near Newfoundland?®’
Mediterranean?®
Persian Gulf?®

{Cont’'d on page 36)

ppm

0.0-0.2
1.1-26.8
37.8
4.0-70.0
0.3-14.0

40.0

28.8
8.0
1.6-2.0
1.0
0.2-40.0

0.05-0.2
2800.
5150.

0.05
1.62-3.27
2.41

<1.0
0.25-0.45
<9.0
46.0
14.0-35.0

13

<14
3.36
8.72
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Table 3-3 {Cont'd)

Fluoride Content of Water

ppm
IN RAINWATER
Over ocean®’ 0.025
Near fertilizer factory?® <10.
IN MINERAL SPRINGS ,
Vichy (France) 8.0
Baden Baden (Germany)®® 0.98
Bottled waters (Spain)*® 0.8-12.2
ARTIFICIALLY FLUORIDATED 0.7-1.2
IN SEWAGE?!
Fluoridated 1.16-1.25
Nonfluoridated 0.38

has thus raised the fluoride content of much of the water which he
consumes. Moreover, during the current century, industry has re-
leased substantial amounts of the halogen into the environment,
thereby further raising the fluoride levels of our drinking water. In
recent decades the final step has been the addition of specified
amounts of fluoride to communal water supplies in the United
States and in a number of other countries for the purpose of redu-
cing tooth decay. In doing so, however, we have increased our total
fluoride intake 2- to 10-fold above what we were consuming be-
cause many food items and beverages are now being processed and
prepared with fluoridated water. In specific terms, when we drink
water containing one part of fluoride per million parts (ppm) of
water, we are consuming 1 mg of fluoride with each liter of water.

FOOD

Whereas individual fluoride intake from water and air can be
roughly estimated, it is more difficult to determine the exact quan-
tities of fluoride ingested in the food by any given population. The
presence of fluoride depends upon numerous variables: where the
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food is produced; whether the edible portion is leaf, root, or fruit;
whether the food is grown in a dry or wet season; the composition
of the soil; the kind of fertilization and sprays employed; and the
method by which the food is processed and prepared.3?

From Plant Life. Virtually every food contains at least some flu-
oride.®® Plants take it up from the soil and from the air. From the
soil, fluoride is transmitted through fine hair rootlets into the
stems, and some reaches the leaves. Plants absorb more fluoride
from sandy than from clay soil and more from wet and acid soils
than from dry and alkaline ones. Since phosphate fertilizers con-
tain between one and three percent fluoride, fertilized tuber plants
such as potatoes, beets, radishes, etc., assimilate more fluoride
from the soil than from the atmosphere. The high fluoride content
of artificially fertilized soil is also reflected in increased dietary in-
take. For example, a Japanese study has shown that in rural com-
munities daily fluoride consumption rose from an average of 4.38
mg in 1958 to as much as 11.13 mg in 1965 because of the
increase in the use of fluoride-containing phosphate fertilizer.34

The fluoride that a plant absorbs from the air is derived primari-
ly from chimney smoke, volcanic eruptions, and insect sprays. It
settles on leaves, permeates through the stomata of the leaf surface
—fine pores between the cells—into the ribs of the leaves, and
tends to damage the margins and tips of the leaf (Figs. 3-3 and
3-4, pages 38 and 39). A brown line usually sharply demarcates
the “burned” from the healthy portion of the leaf and makes the
effects of fluoride readily distinguishable from similar lesions,
especially those due to airborne hydrochloric acid.3$

Turgid (firm) plants are more susceptible to fluoride accumula-
tion than are wilted ones. Fruit and leafy vegetables such as let-
tuce, cabbage, and celery are especially prone to deposition of air-
borne fluoride, mainly at their outside structures that contain
more fluoride than their inner parts. Tea leaves accumulate more
fluoride than any other edible plant. Recent analyses of 15 differ-
ent kinds of dry tea leaves by Belgian scientists revealed from 50
to 125 ppm fluoride.3® Scientists at the University of Minnesota
found 52 to 144 ppm in five black teas and 336 ppm fluoride in
one green tea; between 41% and 78% of this amount of fluoride
could be extracted in the first infusion.3” In general, six cups of
an average brew of tea gontain about 1 mg, which is approximate-
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Fig. 3-3. Typical patterns of leaf margin and tip necrosis due to fluoride
Bottom cross section shows sharp demarcation between (healthy) left anc
fluorosed (right) structure.

(Courtesy Dr. K. Garber, State Institute for Applied Botany,
Hamburg, Germany.)

ly the daily amount recommended for prevention of tooth decay
in children,
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Fig. 3-4. Beech leaves injured by airborne fluoride.
(Courtesy Dr. L. Gisiger, Agricultural Chemistry Institute,
Liebefeld-Bern, Switzerland.)

From Animal Life. Among food derived from non-plant sources,
seafood and fish are richest in fluoride.®® The calcium in fish
attracts fluoride from sea water, especially to their outer portions
and to their bones. Extensive analyses of fluoride in food in Ger-
many indicate levels of the order of 1.37 to 5.21 ppm in the flesh
of fish, but the skin and bones contain 5 to 20 times more.3®

Other animals also concentrate fluoride in bone, ligaments, and
in skin. For example, food items made with bone meal, especially
from older animals, can be a significant source of fluoride. Pablum,
a popular infant food prepared from bone meal, formerly con-
tained as much as 18 ppm. When this amount of fluoride was
found to be excessive —it produced mottled teeth—manufacturers
reduced the fluoride content of Pablum to between 1.33 and 2.12
ppm.*® Strained chicken in baby foods averages between 1.51 and
3.14 ppm fluoride due to its accumulation in the skin of chickens
(Table 3-4, page 41).*! Gelatin, made from the skin and hides of
animals, normally contains less than 10 ppm fluoride, but when
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1-ppm fluoridated water is used in its preparation and final proc-
essing the fluoride content is increased to 29-34 ppm.*? Even
more fluoride —up to 370 ppm —is present in fish-protein concen-
trate distributed to undernourished people throughout the world.
Because of the low solubility of fluoride in this form, however,
only a fraction of it is absorbed ,in the blood stream, and the
remainder is eliminated through the bowels.*?

Wild animals such as deer and rabbits also accumulate fluoride
in their bones, especially in industrial areas, but predators generally
demonstrate higher levels than their prey.* In laboratory animals
fluoride storage is frequently excessive sincg their food contains
amounts on the order of 35 ppm.** Because little attention has
been paid to this fact in the past, data dealing with food intake in
animal experiments and their application to human diets are not
always reliable.

TOTAL FLUORIDE INTAKE

The calculation of the total amount of fluoride in our daily food
becomes even more complex when we consider the manner in
which food is processed and prepared.*® When vegetables are
boiled in water containing fluoride, the fluoride becomes more
concentrated as the water boils off. Furthermore, protein and min-
erals in food absorb fluoride from water, even if the water is not
boiled away. This effect contrasts markedly to that of chlorine in
drinking water, which is lost during cooking through liberation of
oxygen and conversion into dilute hydrochloric acid. On the other
hand, if carbonated soft drinks are stored in metal cans over a
four-month period, their fluoride content drops by about 30%.4”

In 1943, F. J. McClure, of the National Institute of Dental Re-
search, USPHS, estimated that the diet of a typical adult American
contributed about 0.3 to 0.5 mg of fluoride per day to the total
daily fluoride ration,*® and in 1971 a U.S. National Research
Council committee stated that 0.2 mg, “rarely as much as 1 mg,”
is the amount of fluoride present in our daily diet.*° In 1966, how-
ever, scientists at the Canadian National Research Council had
already demonstrated that the total average daily fluoride intake
of food processed with artificially fluoridated water plus the
amount imbibed with drinking water has increased from the range
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Table 3-4
Fluoride Content of Baby Foods*!
FRUITS
Peaches
Pears
Apricots

Pineapple and pears
Apricots and applesauce
Applesauce

FRUIT JUICES
Orange
Pineapple and grapefruit
Apple
Apple and cherry

MIXED CEREAL WITH APPLE AND BANANAS

VEGETABLES
Green beans
Peas
Carrots
Beets
Creamed spinach

STRAINED MEATS
Beef
Pork
Chicken
Ham
Veal
Lamb
Beef liver
Turkey .

STRAINED MEAT COMBINATIONS
Beef and noodles
Ham, vegetables, and bacon
Turkey, vegetables, and noodles
Ham and vegetables
Beef, noodles, and vegetables
Chicken and vegetables

41

ppm
0.70-0.76
0.54-0.67
0.86-1.17
0.63
0.71
0.82

0.33-0.36
0.58

0.68-2.15
1.17-2.38

0.69-1.06

0.40-0.58
0.59-1.20
0.39-0.64
0.80
2.01

10.20-0.34

0.20-0.41
1.561-3.14
0.31
0.29
0.32
0.41
0.64

0.84
0.87
0.82
0.49
0.39
0.63
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of 1-1.5 mg to 2-5 mg.5® More recently, analyses of typical hospi-
tal diets in 16 U.S. cities confirmed the increase of fluoride in the
daily diet: about one mg per day from food alone in nonfluoridated
communities and more than twice as much (1.7 to 3.4 mg) in flu-
oridated ones.5!

Chemical additives—especia]ly preservatives and insecticides—
are additional sources of fluoride in food. A bone meal supplement
to flour, for instance, adds about 1 mg to the daily diet.5> Talcum
used to polish rice and peas has been found to raise their fluoride
content to 10-14 ppm;*® a large-sized apple sprayed with an insec-
ticide containing fluoride provides about 1 mg of fluoride.’® Calci-
um and vitamin supplements prescribed by physicians for pregnant
women may contribute further to fluoride intake, since some of
these preparations are made from phosphate rock, from which
naturally occurring fluoride has not been completely removed.

Moreover, certain dietary habits may augment our fluoride con-
sumption, often without our knowledge or intent. For example,
there is a case on record of nonfatal skeletal fluorosis (chronic flu-
oride poisoning) in a patient who obtained practically his whole
daily intake of water from a mountain spring containing 7.5 ppm
fluoride; he mistakenly thought that all spring water was especially
conducive to good health.5*

How such hidden sources of dietary fluoride add up to substan-
tial amounts was further demonstrated in 1960 by two Toronto
scientists.’? They showed that the diet of Newfoundland residents,
who are surrounded by the sea, consists largely of fish which pro-
vided an average of 0.74 mg fluoride per day. Typical of their Eng-
lish ancestry, they also consumed another 1 mg by drinking about
six cups of tea per day, and an additional 1 mg was added to the
total because of a fluoride-containing calcium supplement in bread!

A final example of how fluoride from multiple sources adds up
is the case of a woman in England whose arthritis was related to
her consumption of 6.3 to 9.3 mg fluoride per day from tea and
water alone.’ It is clear, therefore, that an unpredictable amount
of fluoride ingested with food, imbibed in water, and inhaled from
the air enters our bodies and that even to approximate our total
daily consumption of fluoride, many variables must be taken into
consideration.5$



SOURCES OF FLUORIDE INTAKE 43

REFERENCES

1. Marier, J.R., and Rose, D.: Environmental Fluoride. National Research
Council of Canada, Publication No. 12,226, Ottawa, [1971], Appendix 6. Cf.
Oelschlager, W., and Waldbott, G.L.: Fluorides in the Environment. Fluoride,
7:220-222,1974.

2. National Research Council Committee on Biologic Effects of Atmos-
pheric Pollutants: Fluorides. National Academy of Sciences, Washington, D.C.,
1971, Ch. 2. Cf. Groth, E. III: Fluoride Pollution. Environment (St. Louis),
17(3): 29-38, April/May 1975.

3. Dobbs, C.G.: Fluoride and the Environment. Fluoride, 7:123-135,
1974.

4. Waldbott, G.L.: Health Effects of Environmental Pollutants. 1973, Ta-
ble 3-1, p. 33 (adapted).

5. Ref. 4, above, Chs. 1 and 3.

6. Balazova, G., Macuch, P., and Rippel, A.: Effects of Fluorine on the
Living Organism. Fluoride, 2:33-36, 1969.

7. Yunghans, R.S., and McMullen, T.B.: Fluoride Concentrations Found in
NASN Samples of Suspended Particles. Fluoride, 3:143-152, 1970.

8. Cavagna, G., and Bobbio, G.: Contributo allo studio delle caratteristiche
chemico-fisiche e degli effetti biologici degli effluenti di una fabbrica di allu-
minio. Med. Lav., 61:69-101, 1970.

9. Report by the International Air Pollution Board for the International
Joint Commission, St. Clair/Detroit. Ottawa, Canada, and Washington, D.C.,
Jan. 1971.

10. Johnson, M.S.: Natural Colonization and Reinstatement of Mineral
Waste Containing Heavy Metals and Fluoride. Fluoride, 9:153-162, 1976.

11. Oelschldger, W.: Fluoride Uptake in Soil and Its Deposition. Fluoride,
4:80-84,1971.

12. Cholak, J.: Fluorides, A Critical Review. I. The Occurrence of Fluoride
in Air, Food, and Water. J. Occup. Med., 1:501-511, 1959.

13. Natural Fluoride Content of Communal Water Supplies in the United
States. U.S. Department of Health, Education, and Welfare, Public Health
Service, Bureau of State Services, Division of Dental Public Health, Public
Health Service Publication No. 655. Washington, D.C., 1959.

14. Likins, R.C., McClure, F.J., and Steere, A.C.: Urinary Excretion of
Fluoride Following Defluoridation of a Water Supply. Public Health Rep.,
71:217-220, 1956. (Reprinted in Fluoride Drinking Waters, 1962, pp. 421-
423)

15. Horowitz, H.S., Stanley, B.H., and Driscoll, W.S.: Partial Defluorida-
tion of a Community Water Supply and Dental Fluorosis. Public Health Rep.,
87:451-455, 1972.



44 CHAPTER 3

16. Mazarrasa, O., and Lazuen, J.A.: Fluoride in Spanish Bottled Waters.
Fluoride, 9:201-203, 1976.

17. Johnson, L.: Memorandum to the Governing Board of the Peace River
Valley Water Conservation and Drinking District, P.O. Box 448, Bartow, Flor-
ida, Nov. 1, 1961.

18. Waldbott, G.L., and Steinegger, S.: New Observations on ‘Chizzola’
Maculae. Proceedings of the 3rd International Clean Air Congress, Oct. 8-12,
1973, Dfisseldorf, Federal Republic of Germany, Verein Deutscher
Ingenieure, Dlisseldorf, 1973, pp. A63-A67.

19. Report to W.C.B. Mills, Medical Officer of Health, Township of Sher-
brooke, Ontario, by the Ontario Water Resources Commission Chemical Lab-
oratories. Date of water sampling: Nov. 30-Dec. 6, 1965.

_ 20. Jaarverslagen 1971-1974 van de Rijncommissie Waterleidingbedrijven
(1971-1974 Annual Reports of the Rhine Commission of the Dutch
Waterworks).

21. Singer, L., and Armstrong, W.D.: Fluoride in Treated Sewage and in
Rain and Snow. Arch. Environ. Health, 32:21-23, 1977.

22. Georgsson, G., and Pétursson, G.: Fluorosis of Sheep Caused by the
Hekla Eruption in 1970. Fluoride, 5:58-65, 1972.

23. Jolly, S.S., Prasad, S., Sharma, R., and Rai, B: Human Fluoride Intoxi-
cation in Punjab. Fluoride, 4: 64-79, 1971.

24. Williamson, M.M.: Endemic Dental Fluorosis in Kenya. A Preliminary
Report. E. Afr. Med. J., 30:217-233, 1953.

25. Cross, F.L., Jr., and Ross, R.W.: High Fluoride Levels in a Citrus Grove
Due to a Gypsum Pond Dyke Break. Fluoride, 3:27-30, 1970.

26. Verheyden, R., Van Craenenbrosck, V., and Meheus, J.: Verhoogd
Fluoridegehalte Van Leidinwater Te Antwerpen Door Een Fluoridelozing in
de Maas. Rev. Belge Med. Dent., 28:125-138, 1973.

27. Kester, D.R.: Fluoride Analysis in the Northwest Atlantic Ocean. U.S.
Clearinghouse Fed. Sci. Tech. Inform., AD 1971, No. 723237.

28. Azar, H.A., Nucho, CK., Bayyuk, S.I., and Bayyuk, W.B.: Skeletal
Sclerosis Due to Chronic Fluoride Intoxication. Cases from an Endemic Area
of Fluorosis in the Region of the Persian Gulf. Ann. Intern. Med., 55:193-
200, 1961.

29. Garber, K.: Fluoride in Rainwater and Vegetation. Fluoride, 3:22-26,
1970.

30. Rub, K.: Resorption and Retention of Fluoride Present in Mineral Wa-
ters and Soft Drinks in Humans and Experimental Rats (Abstract). Fluoride,
3:41-42,1970.

31. Wilson, T.R.S.: Salinity and the Major Elements of Sea Water, in J.P.
Riley and G. Skirrow, Eds.: Chemical Oceanography, Vol. 1, 2nd ed. Aca-
demic Press, London, New York, and San Francisco, 1975, pp. 403-404.

32. Sturnm, W., and Brauner, P.A., in Ref. 31, above, p. 213.



SOURCES OF FLUORIDE INTAKE 45

33. Waldbott, G.L.: Fluoride in Food. Am. J. Clin. Nutr., 12:455-462,
1963. Also see Ref. 40, below.

34. Okamura, T., and Matsuhisa, T.: The Fluorine Content in Favorite
Foods of Japanese. Japn. J. Public Health, 14:41-47, 1967.

35. Hindawi, L.J.: Air Pollution Injury of Vegetation. U.S. Department of
Health, Education, and Welfare, Public Health Service, National Air Pollution
Control Administration, Raleigh, N.C., 1970.

36. Srebrnik-Friszman, S., and Van der Mijnsbrugge, F.: Teneur en Fluor
de quelques thés prélevés sur le Marché Belge et de leurs Infusions. Arch. Belg.
Med. Soc. Hyg. Med. Trav. Med. Leg., 33:551-556, 1976.

37. Singer, L., Armstrong, W.D., and Vatassery, G.T.: Fluoride in Com-
mercial Tea and Related Plants. Econ. Bot., 21:285-187, 1967.

38. Nielson, F.H., and Sandstead, H.H.: Are Nickel, Vanadium, Silicon,
Fluorine, and Tin Essential for Man? A Review. Am. J. Clin. Nutr.,
27:515-520, 1974.

39. Qelschliger, W.: Fluoride in Food. Fluoride, 3:6-11, 1970.

40. Waldbott, G.L.: Fluoride in Food. Am. J. Clin. Nutr., 13:393, 1963.

41. Wiatrowski, E., Kramer, L., Osis, D., and Spencer, H.: Dietary Fluoride
Intake of Infants. Pediatrics, 55:517-522, 1975. Cf. summary of report by D.
R. Taves in Waldbott, G.L., and Yiamouyiannis, J.: AAAS Fluoride Symposi-
um in Denver. Fluoride, 10:142, 1977, and Taves D.R.: Normal Fluoride In-
take and Metabolism, in E. Johansen and D.R. Taves, Eds.: AAAS Symposi-
um: Continuing Evaluation of the Use of Fluorides. Westview Press, Boulder,
Colorado, in press, 1978.

42. Bartlet, J.C.: The Fluoride Content of Gelatin. Analyst, 86:200-201,
1961.

43. Zipkin, I., Zucas, S.M., and Stillings, B.R.: Biological Availability of
the Fluoride in Fish Protein Concentrate in the Rat. J. Nutr., 100:293-299,
1970.

44. Kay, C.E.: Fluoride in Levels in Indigenous Animals and Plants Collec-
ted from Uncontaminated Ecosystems. Fluoride, 8:125-133, 1975.

45. Parsonson, I.M., Carter, P.D., and Cruickshanks, J.: Letter: Chronic
Fluorosis in Laboratory Guinea Pigs. Aust. Vet. J., 51:362-363, 1975.

46. Martin, D.J.: The Evanston Dental Caries Study. VIII. Fluorine Con-
tent of Vegetables Cooked in Fluorine Containing Waters. J. Dent. Res., 3:
676-681, 1951.

47. Enno, A., Craig, G.G., and Knox, K.W.: Fluoride Content of Prepack-
aged Fruit Juices and Carbonated Soft Drinks. Med. J. Aust., 2:340-342,
1976.

48. McClure, F.J.: Ingestion of Fluorine and Dental Caries. Quantitative
Relations Based on Food and Water Requirements of Children One to Twelve
Years Old. Am. J. Dis. Child., 66:362-369, 1943. Also: Fluorine in Foods —
Survey of Recent Data. Public Health Rep., 64:1061-1074, 1949. (Reprinted



46 CHAPTER 3

in Fluoride Drinking Waters, 1962, pp. 283-294.

49. Ref. 2, above, p. 168.

50. Marier, J.R. and Rose, D.: The Fluoride Content of Some Foods and
Beverages—A Brief Survey Using a Modified Zr-SPADNS Method. J. Food Sci.,
31:941-946, 1966.

51. Kramer, L., Osis, D., Wiatrowski, E., and Spencer, H.: Dietary Fluoride
in Different Areas in the United States. Am. J. Clin. Nutr., 27:590-594,
1974. For further references and discussion, see Marier, J.R.: Some Current
Aspects of Environmental Fluoride. The Science of the Total Environment,
8:253-265,1977.

52. Elliott, C.G., and Smith, M.D.: Dietary Fluoride Related to Fluoride
Content of Teeth. J. Dent. Res., 39:93-98, 1960.

53. Smith, M.C., Lantz, E M., and Smith, H.V.: Further Studies in Mottled
Enamel. J. Am. Dent. Assoc., 22:817-829, 1935.

54. Odenthal, H., and Wieneke, H.L.: Chronische Fluorvergiftung und
Osteomyelosklerose. Dtsch. Med. Wochenschr., 84:725-728, 1959. _

55. Cook, H.A.: Fluoride Studies in a Patient with Arthritis. Lancet,
2:817, 1971, and Crippling Arthritis Related to Fluoride Intake (Case
Report). Fluoride, 5:209-212, 1972.

56. Jerard, E., and Patrick, J.B.: The Summing of Fluoride Exposures. Int.
J. Environ. Stud., 4:141-155, 1973. Cf. Rose, D., and Marier, J.R.:
Environmental Fluoride 1977. National Research Council Canada, Report
No. 16081 [July 1978].



CHAPTER 4

FLUORIDE IN THE BODY

WHAT HAPPENS to fluoride once it has entered the human
body? To answer this question one of two methods is usually
used: in one the total quantity of fluoride consumed over a given
period from all food and drink is measured and compared with the
amounts of fluoride eliminated through the kidneys and bowels.
This approach, however, is only partially reliable because some
fluoride leaves the body with sweat, saliva, and tears, all of which
are difficult to collect. The procedure was first reported in 1891
by two German pharmacologists, J. Brandl and H. Tappeiner, who
over the course of 21 months fed slightly more than 14 ounces
(403 g) of sodium fluoride to a 28-pound dog.! During this period
the dog excreted 81% of the fluoride through the kidneys and
bowels. Of the fluoride detected in the dog when they then killed
it, over 92% was present in the bones and cartilage. The rest, in
decreasing amounts, was found in the skin, muscle, liver, teeth,
and blood.

The second approach uses the radioactive tracer technique.
Radioactive fluoride, ®F, is imbibed with water or injected into a
vein, and a Geiger counter then records the amount of radiation
which emanates from ®F as it passes through the body. Thus, it
can be determined exactly where the radioactive fluoride localizes
and how much is eliminated. In these experiments, all information
must be obtained in about 8-10 hours because of the rapid disin-
tegration of ®F, which has a half-life of 1.87 hours as it decays (by
loss of a positron) to 0, a stable isotope of oxygen. Radioactive
tracer studies were first reported on rats in 1954,> on sheep in
1955, on rats and mice in 1958, and on humans in 1960.°
Many similar studies have been carried out subsequently.

-47.
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BALANCE STUDIES

In 1945 fluoride balance studies were described on five healthy
young men for 28 test periods, each consisting of five eight-hour
days. These findings indicated that more than 80% of the fluoride
ingested in drinking water was being excreted in urine and perspi-
ration.® Indeed, sweat is “an important avenue for the elimination
of fluoride,” the authors stated.

In a later investigation, the daily diet of nine male ambulatory
patients, which averaged 4.4 mg fluoride, was supplemented by
9.1 mg of fluoride (as sodium fluoride).” Of the total daily amount
of fluoride (13.5mg) thus consumed, 3.6 mg was retained,
amounting to 115 mg during the 32-day experimental period.
During the 18 days following termination of the experiment, the
total amount of excess fluoride excreted in the urine and feces was
9.8 mg, which means that only about 10% of the 115 mg of fluo-
ride retained during the experiment was subsequently eliminated.

ABSORPTION INTO THE BLOOD

Under ordinary conditions fluoride is detectable in the blood
stream by BF tracer within 10 minutes after ingestion and reaches
a maximum concentration about 50 minutes later.® About 47.5%
is absorbed through the upper bowels and 25.7% through the
stomach wall within one hour by simple diffusion, no active
transport mechanism being involved.® This “normal” course of the
metabolic fate of fluoride, however, may be modified considerably
by many factors. For instance, when accompanied by calcium,
aluminum, magnesium, and phosphates present in food or water,
fluoride is absorbed more slowly,’>® although increased intake of
calcium and phosphorus has only a limited effect on the amount
that is absorbed.” Similarly, simultaneous ingestion of fat
considerably delays the emptying of the stomach,! but enhances
fluoride absorption into the blood stream. ™

When the stomach is unduly acid, as in persons with stomach ul-
cers, fluoride is more rapidly and more completely absorbed than
in a less acid stomach. Once fluoride has reached the lower bowels,
little absorption takes place because, in contrast to the acidity of
the stomach, the bowel content is alkaline, and some fluoride, in-
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stead of entering the blood stream, leaves the body with the fecal
material. When fluoride is swallowed with food, tablets, or sait,
less of it reaches the blood stream than when taken in water or
most other liquids. With milk, in which the calcium and protein
tend to bind fluoride. the absorption is slower and less complete.
In an experiment with rats, continuous feeding of fluoride caused
greater retention in the body than interrupted feeding.”

In workers and in persons residing close to factories which emit
fluoride, however, the respiratory tract is a major route of fluoride
ingress. In its gaseous form - essentially hydrogen fluoride —the
halogen readily enters the blood stream, mainly in the upper por-
tion of the respiratory tract. The uptake of particulate fluoride
compounds is governed mainly by the size of the particles: the lar-
ger ones settle in the nose, sinuses, and pharynx and are promptly
removed from the body with mucus or swallowed.™ Particles with
a diameter of 0.5-5u will be impacted in the alveolar-capillary bed,
the terminal areas of the lungs, where they are absorbed into the
blood stream within minutes, especially if they are water soluble.’

In the blood stream between 80% and 90% of the fluoride is
present in a *‘bound” or nondiffusable form.' Most of this fluoride
appears to be attached by stable covalent bonds to organic
molecules. The rest of the fluoride in blood is in a free, ionic form,
the concentration of which reflects both the level of intake and
the efficiency of excretion. The ‘“‘normal’ level of serum ionic flu-
oride, according to D.R. Taves of the University of Rochester, is
0.2-0.4 micromole/liter (uM) or 0.004-0.008 ppm “‘when the
drinking water contains only traces of fluoride, and about 0.5-1
pmol (0.01-0.02) ppm in a community with fluoridated water.”"’

In the most extensive studies to date, H. Hanhijirvi reported
somewhat higher serum ionic fluoride levels (bit in a comparable
ratio) in 2200 hospital patients in a nonfluoridated and a fluori-
dated community in Finland.”® His data showed that ionized plas-
ma fluoride increases with age, diabetes, and renal insufficiency
but decreases slightly during pregnancy. Diseases of the liver and
heart also reflected higher serum fluoride levels, especially in the
fluoridated community (Table 4-1, page 50)."°

The small “free” or dissociated fluoride ion easily penetrates
the walls of tiny capillary blood vessels and thereby reaches the
cells of various organs in the body, especially the bones. In these
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Table 4-1

Mean lonic Plasma Fluoride Levels of 2200
Patients in Two Finnish Hospitals'®

-Plasma Fluoride (uM)
Age (years) Nonfluoridated Fluoridated
or Disease Area Area
Mean age 7 0.79 11
27 0.87 1.2
47 0.86 1.4
67 0.96 . 1.6
87 1.0 1.8
Mean 0.88 1.3
Diabetes (adults) 0.98-1.6 1.4-4.0
Liver diseases 0.95-14 2.3-35
Cardiovascular diseases 0.94-1.3 1.2-2.6
Collagen diseases 1.7 26

movements the fluoride ion concentration and the calcium and
carbon dioxide levels in the blood, together with the composition
of the tissue fluids, all play a role in determining how much and
how fast fluoride reaches the tissues.

TISSUE STORAGE

In bones and teeth, fluoride becomes incorporated directly into
the crystalline mineral phase, called hydroxyapatite, to form
fluoroapatite. The cancellous part of long bones and the surface of
the shaft incorporate fluoride more rapidly than does the cortex.2®
Developing bones and teeth take up more fluoride than do mature
ones.?! In the absence of kidney impairment adults therefore ac-
cumulate fluoride more slowly than children.

Although most of the body fluoride is stored in hard tissues—
bones, teeth, and nails—we now know that the fluoride ion can
penetrate into and be “‘stored” in virtually any tissue of the body,
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sometimes in rather substantial quantities. Much fluoride is found,
for instance, in the aorta, the main artery of the heart?? —even at
relatively uncalcified sites —and in ligaments. Under certain condi-
tions, significant amounts of fluoride can also accumulate in the
skin, bowels, kidneys, liver, muscles, and other organs.?® The high-
est level of fluoride stored in soft tissue organs, 8400 ppm, was
found in the aortas of two middle-aged men.?*

EXCRETION

The elimination of fluoride from the body—through kidneys
and less through feces, sweat, saliva, tears, and milk —in general is
unpredictable. During a person’s growth, the clearance of fluoride
through the kidneys increases, but after age 50 it begins to decline,
an indication of greater storage. Of a given dose in adults, 37% to
48% is usually retained, but these values vary considerably?® Early
in my fluoride studies I administered to several patients, as a test
dose, 15 mg of sodium fluoride (6.8 mg of F~), which is seven
times the daily intake of fluoride recommended for prevention of
tooth decay in children.?® One patient eliminated in the urine as
little as 3.6% in 24 hours, another as much as 99.5%.

Fluoride excretion in excess of intake may continue for a long
time after large amounts of the halogen have been ingested. For in-
stance, 27 months after the drinking water in Bartlett, Texas, was
defluoridated from 8 ppm to about 1 ppm, the average fluoride
concentration in urine specimens of 116 white males, age 7 to over
70, decreased from 6-8 ppm to about 2 ppm.?” These values indi-
cate that previously stored fluoride was metabolized and excreted
in the urine.

Because there are wide variations among people in their
retention and excretion of fluoride (Fig. 4-1, page 52), it is
logical to conclude that there must also be great differences in the
health effects of fluoride from person to person. Unfortunately,
our knowledge about the behavior of fluoride in the human organ-
ism is still very imperfect. We do not know why some individuals
respond so much differently to fluoride than do others. Are there
predisposing —perhaps inherited —factors which explain the varia-
tions in retention of fluorine in some persons? What role do mal-
nutrition, vitamin deficiencies, differences in food habits, func-
tional impairment of certain organs, presence of disease, occupa-
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Fig. 4.1 Unpredictable variations in 24-hour urinary fluoride excretion by age
among allergic persons living in fluoridated and nonfluoridated communities.
(From G.L. Waldbott: Fluoride in Clinical Medicine.

Internat. Arch. Allergy Appl. Immunol., Suppl. 1 to Vol. 20, 1962.)

tional exposure, and socio-economic factors play in the action of
fluoride in the body? These questions indicate clearly that there
are important areas of research which still need answers. At the
moment, we have scarcely begun to formulate the questions, much
less to grope for answers. The area to which scientists have given
most attention is the action of fluoride on teeth, specifically its
value in preventing tooth decay, and even here our knowledge is
still incomplete.
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CHAPTER 5

FLUORIDE AND THE TEETH

THE RAVAGES OF TOOTH DECAY

DENTAL CARIES —tooth decay —is evidently as old as civiliza-
tion. Although skulls of prehistoric man from pre-neolithic times
prior to 12,000 B.C. show little evidence of carious teeth, ancient
Sumerians living in the period between 5000 B.C. and 3500 B.C.
at a comparatively high cultural level did have dental caries. In
Egypt decayed teeth have been found on skeletal remains of aristo-
crats who lived when the pyramids were being built, but Egyptians
of the lower classes, who were in the habit of eating coarse food,
rarely had cavities. Similar observations have been made in other
parts of the world, in Silesia for example, where at the end of the
stone age only 1.75% of the population had caries in permanent
teeth, as contrasted with 80% in modern times.}

It is now well established that consumption of sugar and other
refined carbohydrates associated with civilization has been primar-
ily responsible for the recent dramatic increase in caries. Indeed, as
civilization has advanced the incidence of dental caries has risen
until it has literally soared during the current century. North
American Eskimos and Indians, Greenland Eskimos, and Siberian
tribes were nearly free of dental caries as long as their diet was re-
stricted to meat, fish, and berries. Skulls of 200 years ago found in
western parts of Greenland showed virtually no evidence of caries,
but access to ice-free harbors during the larger part of the year by
western Greenlanders brought higher carbohydrate consumption
and increased dental caries, which eventually affected nine out of
ten persons. In contrast, the people in eastern Greenland, who
were isolated from contact with civilization for nine months of the
year, were unaffected. For similar reasons —diminished sugar con-
sumption and increased consumption of whole-grain products—the
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incidence of caries in occupied Norway and Denmark fell dramat-
ically during World War II compared to Sweden. During the period
of most severe rationing, the incidence of caries was lowest in chil-
dren whose molar teeth were erupting.?

Although diet is of fundamental importance in the development
of tooth decay, other factors are clearly involved. Certain ele-
ments —especially calcium, phosphorus, magnesium, molybdenum,
vanadium, strontium and fluorine —seem to afford protection in
varying degrees against dental caries. A constitutional genetic back-
ground might also predispose one to tooth decay. For instance, in
1933 at a time when southern blacks were strictly segregated from
whites in Tennessee, 74% of the Caucasian population had tooth
decay - compared with only 41% of blacks,® but here, too,
differences in the diet might have played an undertermined, yet
significant role.

Tooth decay begins shortly after eruption of the primary teeth
and in modern societies continues at an extraordinary rate up to
puberty. In 1940 one of the first large-scale epidemiological sur-
veys made in the United States of an entire elementary school
population of 4,416 children age 6 to 15 years at Hagerstown,
Maryland, revealed that at age 6, 50% of the boys and 56% of the
girls were afflicted with tooth decay. This alarming rate rose to
95% and 96% by the time the children reached age 14.4

A 1974 U.S. survey of 7,514 youths aged 12 to 17 years revealed
an average of 6.2 decayed, missing, and filled (DMF) permanent
teeth per person, comprising 1.7 decayed, 0.7 missing, and 3.8
filled teeth.S At every given age, males had a lower DMF count
than females, and white youths had slightly higher DMF indexes
than black youths. No correlation of the indexes was found with
either family income or parents’ education. White youths living in
the northeastern states had a higher DMF count than those living
elsewhere.

" The enormous impact of the ravages of tooth decay can be bet-
ter appreciated if we consider that during the 1960s the average
person in the United States required about three dental restora-
tions per year because of dental caries with a peak of slightly over
four at ages 15 to 24.¢ Another survey estimated that of the 91

) million adults who still had their natural teeth, about 855 million

teeth were missing, 127 million had unfilled carious lesions, and
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637 million had been filled.” In terms of cost, the American peo-
ple paid $1.25 billion for fillings in 1965 five years later, in 1970,
the total expenditure on dental disease had increased to more than
$4 billion.

When a tooth is decayed, more is involved than a painful, swol-
len cheek, or an ugly-looking mouth. Many chronic diseases,
especially the rheumatoid kind of arthritis and subacute bacterial
endocarditis, can arise from cavities acting as portals through
which bacteria and their toxins are transported by the blood
stream and lymph channels. Kidney disease and diabetes may be
precipitated, or at least aggravated, by dental caries. Even allergic
reactions, in the form of chronic hives, are often traced to a
decayed tooth. In my own practice, I vividly recall the case of a
40-year-old man with septicemia and daily spiking (i.e., rising)
temperatures which progressed in spite of extensive antibiotic
treatment. The extraction of an abscessed, decayed tooth brought
a prompt change in the clinical picture and undoubtedly prevented
a fatal outcome. -

Such serious and numerous health problems have led dentists to
renew their war on tooth decay. Among approaches they have ex-

plored are: improved oral hygiene, protective topical treatments, | b

surface and fissure sealants, frequent use of dental floss, consump-
tion of detergent foods (now questioned), restriction of refined
carbohydrates, and better nutrition. The addition of chemical ele-
ments to food and water has also been recommended, and begin-
ning in the late 1930s, scientists and public health dentists have
advocated the addition of fluorides to drinking water. The prevail-
ing view on caries prevention by fluoride is clearly summarized by
L.M. Dalderup: “In the caries susceptible stages [ages] especially a
sufficient supply of fluoride is extremely important for improving
the caries resistance of the dentition.”®

Early in the 1950s, the U.S. Public Health Service endorsed this
view and began to promote fluoridation vigorously. Luther Terry,
a former Surgeon General of the PHS, has described this measure
as one of the “four horsemen of public health,” comparable to
“the pasteurization of milk, the purification of water, [and] im-
munization against disease.”® Many other organizations here and
abroad share this view. In 1975 the Council on Foods and Nutri-
tion of the American Medical Association renewed its recommen-
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dation of fluoridation as a “desirable and safe health measure for
total populations and urge[d] all communities to adopt the nec-
essary measures.”'® The two fundamental issues pertaining to this
health measure —its efficacy and safety —nevertheless require fur-
ther consideration.

MECHANISM OF DENTAL CARIES

A tooth consists essentially of an outer layer called the enamel,
a substance harder than any other part of the body, and an interi-
or, less calcified, bone-like part called dentin (Fig. 5-1, below). It

Fig. 5-1. Ninhydrin-stained section of a healthy
premolar tooth showing the enamel (white),
dentin (dark), and pulp chamber (center). This
tooth-section has been demineralized by a neu-
tral solution of phosphatase having a F/Mg
ratio comparable to that present in carious
lesions.

(Courtesy J. A. Csernyei, Milan, ltaly: Fluoride
and the Endogenous Theory of Dental Caries.

Fluoride, 2:116-119, 1969.)

is held in the jaw by cementum, and in its center is a canal, the so-
called pulp chamber, which houses the nerves, lymph, and blood
vessels that supply the necessary nutrients during formation and
development.

The enamel is formed by a group of cells called ameloblasts, one
on top of the other in the form of tube-like structures similar to a
stack of drinking straws. Inside these tubes, insoluble, inorganic
salts containing mainly calcium and phosphorus and lesser quanti-
ties of many other elements accumulate. Eventually this process
leads to calcification of the enamel through formation of hydroxy-
apatite, Ca, (OH), (PO, ).. '
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Once the tooth is formed the enamel is relatively nonviable in
contrast to the cells of bones that are constantly undergoing active
metabolic changes and are capable of repair. After growth and cal-
cification of the tooth are complete, the intake of chemicals, in-
cluding fluoride, is almost entirely limited to the surfaces, particu-
larly to the portion of the cementum lining the root canal which
carries the blood vessel.

Several theories explaining the mechanism of tooth decay have
been proposed. Toward the end of the 19th century, W.D. Miller,
a German dentist, developed the so-called “chemico-parasitic’ the-
ory which maintains that caries consist of two stages: decalcifica-
tion of enamel, followed by dissolution of the softened residue.!
When Miller incubated bread, meat, and sugar for 48 hours, he
produced enough acid to decalcify the dentin. Enamel attacked by
an acid in the test tube loses calcium and phosphate ions which are
then found in the solution.

In the mouth the decalcification of the enamel is brought about
mainly by the action of the lactic acid bacillus (Lactobacillus aci-
dophilus) that induces fermentation of carbohydrates. R. W. Bun-
ting, former Dean of the University of Michigan Dental School,
demonstrated the significant role of this microorganism when he
found it universally absent in persons immune to caries, but abun-
dant where caries were rampant.?? The lactic acid formed by the
bacillus can be partially neutralized by the alkaline property of
saliva; however, sufficient amounts usually remain in the mouth to
encourage formation of dental plaque, a gelatinous chemical-
bacterial film that adheres to the tooth surface and often appears
to be involved in the beginning of the decay process. Generally,
plaque is formed at fissures and pits of the enamel surface or at
adjoining surfaces of teeth, where food particles collect.

Defects in the enamel structure, inherited or environmentally-
induced nutritional deficiencies, childhood diseases, exposure to
toxic elements, such as selenium or strong acids, inadequate dental
hygiene (lack of brushing and cleaning), and, particularly, a diet
rich in refined carbohydrates and deficient in vital minerals—
especially calcium, magnesium, and phosphorus—predispose the
tooth to attacks by acid. Once the carious pits and fissures are cre-
ated, they retain bacteria-laden fermentable matter that makes the
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defective faults more susceptible to further attack and to infection.
When decay penetrates into the dentin, which is softer and less
mineralized than the enamel, the process advances more rapidly,
infects the pulp, and leads to abscess formation. (On the other
hand, a view based on nutritional deficiency states that “dental
caries originates with demineralization of an area of dentine and
then proceeds to the enamel surface where cavity formation be-
gins.”)

A different kind of fermentation is brought about by oxidation
of sugar to oxalic acid through the activity of another organism
called Leptothrix buccalis. This type of fermentation forms a brit-
tle, straw-colored tartar around the necks of teeth. The presence
of this tartar is held by some dental researchers to counter the
cariogenic effect of the lactobacillus.® A predominantly protein
diet promotes formation of oxalic acid, in contrast to certain
carbohydrate-rich foods that favor fermentation to lactic acid.

Another explanation of the mechanism of dental caries, quite
different from Miller’s theory, was proposed in 1929 by C.F.Bo6-
decker, an American dentist. He suggested that decay originates in
the organic, protein-containing matrix that constitutes about 0.6%
of the tooth, not in the inorganic mineral components. This so-
called proteolytic (protein-dissolving) theory postulates that the
organic portion of the tooth, mainly the enamel lamellae and the
sheaths of the enamel rods, are dissolved by microorganisms that
invade the organic pathways and destroy them.

In 1955, A. Schatz, co-discoverer with S. Waksman of strepto-
mycin, developed the proteolysis idea further and introduced the
“proteolysis-chelation theory,” which explains the decay process
under both acid and alkaline conditions.!® Chelation is a process
through which a metal cation* such as lead is complexed or
“clawed” (Greek xnA#, claw) tightly to a bifunctional reagent to
form a cyclic-structured species. Schatz postulates that, through
enzymatic and bacterial attack on the organic constituents of
enamel, chelating agents are formed from either constituents of
enamel, food, or saliva. These agents then combine (chelate) with
the calcium in the mineral phase of the enamel, thereby producing
dental caries.

*A cation (pronounced “cat™eye-on”) is a positively charged particle or ion.
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ACTION OF FLUORIDE ON TEETH .

In view of these different explanations of the origin of tooth de-
cay, how can we explain the decay-preventive action of fluoride?
We know that fluoride accumulates in both the dentin and enamel
of the teeth prior to eruption. Its uptake is more rapid during for-
mation and development of the tooth than after it is fully formed.
There is evidence that in the tooth the hydroxyl (OH) group of
the apatite crystal is replaced by fluoride at the crystal surface.
This exchange of ions enlarges the apatite crystal,”” and as its size
increases the enamel becomes less soluble and more resistant to
decay. This process takes place mainly on the inner surface of the
tooth, at the pulp chamber to which fluoride is carried by the
blood stream. After the tooth is fully developed, the outer surface
and the enamel-dentin border show the greatest deposition of fluo-
ride.®®

Other theories maintain that fluoride reduces the amount of
dental plaque, which usually contains high concentrations of the
halogen (6.4 to 179 ppm),* or that optimal fluoride intake during
tooth formation produces a more rounded tooth with more tightly
closed fissures that would be expected to be more self-cleaning?®
(cf. Fig. 5-2, page 62). Some authors believe that fluoride may in-
activate the co-enzyme portion of the enolase system, thus preven-
ting the degradation of carbohydrates® and particularly their accu-
mulation in the plaque, which in turn encourages acid production
beyond the time of eating when sugar is available. Others ascribe
to fluoride a reduction in the amount of Lactobacillus acidophilus
in the saliva, thereby inhibiting formation of cariogenic lactic acid
in the mouth.” G. N. Jenkins summarizes the anti-caries action of
fluoride as “‘a unique combination of properties all of which may
play some part. The question is not which theory is right, but
what is the relative importance of the various effects which F
seems able to exert?*?°

MOTTLED TEETH AND CARIES

In 1931 three different groups of scientists announced their dis-
covery of the primary cause of the widely occurring endemic
tooth defect known as dental mottling: fluoride in the drinking
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Fig. 5-2. Surface of tooth (magnification x 7,000) brushed twice daily for 12
days with fluoridated toothpaste (right) compared to untreated surface (left);
both after immersion for 3 hours in lactic acid (pH4). (Courtesy L. Capozzi
and F. Marci, University of Rome: Observations with a ““Scanning’’ Electron
Microscope on Dental Enamel Treated with Fluorides.
Fluoride, 4:58-63, 1971.)

water of children. This extraordinary finding was reported inde-
pendently by M. C. Smith and her colleagues at the University of
Arizona Agricultural Experiment Station, Tucson;?! H. V. Church-
ill at the Aluminum Company of America Research Laboratories,
Pittsburgh, Pa.;?? and H. Velu at phosphate mines in Morocco and
Tunisia.>®> Shortly afterward the apparent decay-preventive action
of fluoride in drinking water was investigated and brought to the
attention of the dental profession.

Mottled teeth had been alluded to in medical literature as’early
as 1771 when John Hunter discussed a condition of dark spots un-
derlying the intact enamel surface of otherwise sound teeth.??
Later, in 1878, L. P. Meredith vividly described this dental “atro-
phy” in which “white, yellow, or brown spots of various sizes and
irregular shapes may exist on the outer surfaces of teeth.”?* In
1901 J.M. Eager, a U.S. health officer stationed in Naples, wrote
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about similar defective teeth of Italian emigrants.?® In the United
States, however, mottled teeth did not become well known to the
dental profession until 1916, when G.V. Black and F.S. McKay
published their detailed observations with full-color illustra-
tions.?” Like Eager before them, they suspected that something
in the drinking water was responsible for mottling, but they were
unable to determine what it was.

Black and McKay were surprised by one particular aspect of
their investigation: ‘““This mottled condition in itself does not seem
to increase the susceptibility of the teeth to decay, which is per-
haps contrary to what might be expected.”?”? In Bauxite, Arkansas,
for example, where the fluoride content of the drinking water was
as high as 13.7 ppm, and where every child born and raised there
before 1928 had mottled teeth, 27% of these children were caries
free as compared with 15% of the children born there after 1928
when a low-fluoride (< 0.2 ppm) source of water was introduced.?® -

After the discovery that fluoride was the cause of mottled
enamel, extensive epidemiological investigations of the relation be-
tween the fluoride content of drinking water and the amount of
mottling and dental caries were undertaken, especially by H. —
Trendley Dean of the U.S. Public Health Service, who wasthe first
Director of the National Institute of Dental Research until his re-
tirement in 1953. In his studies Dean correlated the occurrence of
mottling or *“dental fluorosis,” as he labeled it, with the fluoride
content of water supplies in 345 U.S. communities, located mostly
in Texas, Colorado, South Dakota, Iowa, and Arizona.?® (Figs. 5-3
and 5-4, pages 64 and 65). He also refined his investigations with
a survey of 5824 white children 12 to 14 years old in 22 cities in
10 states and related both the incidence and severity of dental flu-
orosis to the concentration of fluoride in the drinking water3®
(Figs. 5-5 through 5-9, pages 66-70). By assigning a numerical
weighting to each classification of mottled enamel according to its
severity (see Chapter 12, below), he was able to determine a
“community index” or weighted average of dental fluorosis in
each community.?%3°

In their surveys, Dean and his colleagues also reported a distinct-
ly lower incidence of dental caries, particularly among 12- to 14~
year-old children, in areas of endemic dental fluorosis. In South
Dakota, for example, the amount of tooth decay in 8148 white
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RECORDED 1 THE ' TERAT JRE

O AREAS WHERE ENDEMIC MOTTLED ENAMEL
HAS BEEN REPORTED BUT NOT VERIFIED

Fig. 5-3. Geographical distribution of mottled enamel in the United States

(1936). (From H. Trendley Dean: Chronic Endemic Dental Fluorosis (Mot-

tled Enamel). J. Am. Med. Assoc., 107:1269-1272, 1936; reprinted in F. J.
McClure, Ed.: Fluoride Drinking Waters, 1962, pp. 45-49.)

children 12 to 14 years of age “was inversely proportional to the.
prevalence of mottled enamel.”?! In other words, as mottling in-
creased, the presence of caries decreased. More dental decay was
also observed among American Indian children in the Pacific
Northwest than among those living in the southwestern part of the
United States, where mottling was widespread.3* In a major study
involving 7257 white children from ages 12 to 14 years in 21 cities
in Colorado, Illinois, Indiana, and Ohio, Dean reported that the in-
cidence of caries in communities with 0.9~1.4 ppm fluoride in the
drinking water was only about one third that in the cities with 0.4
ppm or less.3!

Meanwhile, other USPHS researchers devised the so-called DMF
index —the number of decayed, missing, and filled permanent
teeth per child (or 100 children)—in order to establish a quantita-
tive measure of the incidence of dental caries in a given locality. A
survey by this method in Hagerstown, Maryland, became a model
for numerous other studies designed to measure the relationship of
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Fig. 5-4. Communities in the United States having 0.7 ppm or more natural

fluoride in at least one water supply source {(ca. 1955). Note correspondence

with areas of endemic mottling in Fig. 5-3 (opposite). From U.S. Public
Health Service Publication No. 655, Washington, D.C., 1959, p. IX.)

tooth decay to various environmental and other factors, especially
fluoride in the drinking water.3?

An obvious extension of Dean’s findings was the idea of artifi-
cially raising the fluoride content of low-fluoride water supplies to
levels sufficient to achieve a significant reduction in tooth decay
without causing an undesirable increase in dental fluorosis. As
early as 1938 Dean had written of “the possibility of partially con-
trolling dental caries through the domestic water supply.”3¢ But it
remained for G. J. Cox, a biochemist at the Dental School of the
University of Pittsburgh, to be the first to make an actual proposal
of “fluoridization” as “a means of very materially reducing the
incidence of dental caries by a procedure that is applicable to
whole communities. Furthermore, the prophylaxis could be ap-
plied in such a way that the individual would be hard put to escape
the treatment. . . .”3%36

But what concentrations of fluoride in drinking water would
yield the best results for caries control with the least amount of
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Fig. 5-5. Examples of “very mild** dental fluorosis. In this classification up to
25% of the surfaces of the two most affected teeth show mottling. Permanent
yellow or brown staining not obvious in the teeth of the children (a), (b), and
(c), is quite evident in the teeth of the adult (d). A 10% incidence of “very
mild” fluorosis is not uncommon in communities with 1 ppm fluoride in the
water supply. Even with only 0.5-0.6 ppm fluoride incidences of 3.5% (Elgin,
ll.) and 6.2% (Pueblo, Col.) have been reported.® (Courtesy F.B. Exner,
M.D.; from his fluoridation testimony presented to the Ontario Investigating
Committee, May 11, 1960, Plate XI1.)

mottling? Dean’s surveys revealed a steep acceleration in the inci-
dence of dental fluorosis where the fluoride level of the water rose
above 1 ppm, but only a minimal increase at concentrations be-
tween 0.1 and 1.0 ppm. In temperate climates a fluoride concen-
tration of about 1 ppm was therefore adopted as optimal for the
prevention of dental caries.3” In communities with natural fluoride
in the water in excess of 2 ppm, removal of fluoride to reduce the
concentration to a level near 1 ppm was recommended.*® Unfortu-
nately, even at a concentration exceeding 1.4-1.6 ppm, according
to an authoritative dental fluoride researcher,

the first signs of more sérious dental fluorosis appear: some of the teeth of
a few members of the population then show circumscribed spots, coloured
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Fig. 5-6. Examples of ““mild"’ dental fluorosis identified as “typical” by H. T.
Dean and F. S. McKay. In this classification up to 50% of the surfaces of the
two most affected teeth exhibit mottling, occasionally with brown staining,
especially in adulthood. A 3.1% incidence of this degree of fluorosis has been
reported in Joliet, lllinois, with 1.3 ppm fluoride in the drinking water.3® A
6% incidence was found in Chandler, Arizona, with 0.8 ppm fluoride and a
warmer climate (D. J. Galagan and G. G. Lamson, Jr.: Climate and Endemic
Dental Fluorosis. Public Health Rep., 68:497-508, 1953; reprinted in F. J.
McClure, Ed.: Fluoride Drinking Waters, 1962, pp. 74-82.)
(Courtesy F. B. Exner, loc. cit., Plate IX.)

light-yellow to brownish. When the fluoride content exceeds 2.0 ppm,

then brownish spots, varying from small to large in size, can be seen on

numerous teeth in the great majority of the members of the exposed com-
' manity.>® [Emphasis added. See Figs. 5-6, 57, and 5-8.]

FLUORIDATION TRIALS

Newburgh. The cities of Newburgh, New York; Grand Rapids,
Michigan; Brantford, Ontario; Evanston, Illinois; Southbury, Con-
necticut; Sheboygan, Wisconsin; Marshall, Texas; Ottawa, Kansas;
and Lewiston, Idaho, were selected for the original experimental
studies to add fluorides to municipal water supplies, and a 10- to
15-year plan was scheduled to begin in 1945 for the first three of
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{c)
Fig. 5-7. Examples of “mild’’ dental fluorosis, tending toward “‘moderate’ in
which all teeth are affected. Brown staining seen here is not always present;
often the tooth is a nearly uniform, opaque ("‘eggshell”’) white. In Elmhurst,
linois, with 1.8 ppm fluoride in the drinking water, an incidence of 1.25%
“moderate” fluorosis has been reported.* In Tucson and Chandler, Arizona,
with only 0.7-0.8 ppm fluoride in the water, respectively, a 2% incidence was
recorded (Galagan and Lamson, /oc. cit. in Fig. 5-6).
(Courtesy F. B. Exner, M.D., loc. cit., Plate X1.)

the above cities. Kingston, New York, with 0.05 ppm fluoride in
the water, was selected as the control city for Newburgh. Located
about 35 miles apart on the Hudson River, the two cities had 1940
populations of 31,956 and 28,817, respectively. Fluoridation of
the Newburgh water supply began in May 1945. Initial dental
examinations were made on all elementary grade school children
aged 6 to 12 in both cities, and the information obtained was
assembled according to an established classification of caries-free
teeth, untreated caries, filled, missing, and unerupted teeth.*°

In the baseline examinations (prior to the study) the DMF rate
was approximately 20 DMF teeth per hundred teeth in both
Newburgh and Kingston; in the former, the DMF rate of
permanent molars was approximately 58 per hundred erupted
teeth in each city. Thereafter, annual clinical dental examinations
were made in Newburgh in each of the years 1944 through 1955
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Fig. 5-8. Examples of ‘moderate’’ dental fluorosis cited as ‘“typical’ by H. T.

Dean. In this classification some pitting and brown staining are common. This

degree of mottling (in a temperate climate) is generally found only where the

water contains at least 2 ppm fluoride; in Colorado Springs (2.5-2.6 ppm) an
incidence of 8.9% was recorded.®

(Courtesy F. B. Exner, M.D., /oc. cit., Plate V.)

and in Kingston from 1945 through 1955. Roentgenograms
(X-rays) were included in the examinations for the years 1949 to
1950, 1953 to 1954, and 1954 to 1955. All dental examinations
in Newburgh and the first series in Kingston were made by the
same examiner, S.B. Finn. In the subsequent examinations in
Kingston the same technique was used by two dental hygienists
trained by Finn. The study also included extensive pediatric
‘examinations with measurements of height, weight, X-rays of the
right hand and both knees, estimation of bone age, and various
laboratory tests. such as urine analyses, hemoglobin levels, and
total blood counts in order to detect any possible side effects from
fluoridation.

Dental findings after three years of fluoridation in Newburgh
were announced in October 1949 at the 77th Annual Meeting of
the American Public Health Association. The investigators reported
a marked downward trend in the DMF rate in Newburgh from
21.3 to 14.8 per hundred permanent teeth.** These figures indi-
cated an increase of 6.5/100 sound permanent teeth in Newburgh,
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C———INORMAL OR QUESTIONABL(E‘ SN MOTTLED ENAMEL.
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Fig. 5-9. Graphical presentation of the “quantitative relation” between the

natural fluoride content of drinking water and the amount of mottled enamel.

(From H. Trendley Dean: Chronic Endemic Dental Fluorosis {(Mottled Enam-

el).J. Am, Med. Assoc., 107:1269-1272, 1936; reprinted in F.J. McClure, Ed.:
Fluoride Drinking Waters, 1962, pp. 45-49.)

or a 31% reduction in decay. Among the first permanent molars,
which account for most of the caries in children, the rate in New-
burgh was 48.0 DMF per hundred such teeth, whereas in Kingston
it was 58.7, or a difference of 10.7 DMF teeth per hundred first
permanent molars (18% decrease). The greatest benefits were re-
ported for the younger age groups. Ten years after the start of flu-
oridation, the reports claimed 58% less decay in the permanent
teeth of the 6- to 9-year-old children in Newburgh than in Kings-
ton.*?

Grand Rapids. In the 15th year of fluoridation in Grand Rapids,
dental caries in lifelong resident children aged 12 to 14 years was
found to be 50% to 63% less than in 1944-1945 and 48% to 50%
less in children ages 15 to 16 years?® In this report the statistical
validity of these differences and possible effects of examiner vari-
ability were given special attention, and the probability of the
findings being due to chance was claimed to be less than one in
2,500,000. Four of the 1031 continuously resident children
showed “mild” dental fluorosis, and about 10% of the entire
study group had mottling which was classified as “questionable”
or “very mild.”
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Other Cities. In Brantford, after 15 years of fluoridation, the
overall DMF rate of continuously resident children aged 5 to 16
was reportedly reduced by 54%, while the reduction in decayed,
extracted, or filled deciduous teeth was 42%, compared to levels in
1944-1945.4% In 1963 the 16- and 17-year-old children in
Brantford had a DMF count per child that was less than half (4.74
vs. 10.44) that of the low-fluoride (£0.1 ppm) control city of
Sarnia.** In Evanston, which began fluoridating in February
1947, no significant reduction in caries of the deciduous teeth
apparently occurred until after 6 to 8 years of fluoridation. 45
After lifetime exposure to fluoridated water, however, children
aged 12 to 14 had 57% to 48% fewer DMF teeth,?® but the rates
were not so low as those of the nearby comparison city of Aurora,
Hlinois, with 1.2 ppm natural fluoride in the water. In Evanston,
on the other hand, dental examinations included X-ray films,
whereas in Aurora no roentgenograms were taken.

For the most part findings similar to those summarized above
have been reported from various other pilot studies of fluoridation
both in the U.S. and in other countries. These investigations have
led many scientists to conclude that fluoride in drinking water at a
concentration of about 1 ppm produces a significant reduction in
the incidence of dental caries—not to mention a parallel reduction
in dental costs as well.*? One author, in fact, claims that “for each
dollar expended on fluoridation, about thirty-five dollars’ worth
of dental caries is prevented.”*®

Despite these promising results, the shadow of mottled enamel
and the narrow latitude between the desirable and the toxic con-
centration of fluoride in water have been sources of constant con-
cern to dental researchers. Indeed, the practicing dentist who
wishes to explain the benefits of fluoridation to a mother, is con-
fronted with a dilemma. Being more concerned with the acquisi-
tion of the technical skills required in his practice than with the
critical examination of the intricate and involved scientific litera-
ture on fluoridation, he must rely upon the many reports of dental
researchers telling him that fluoride makes teeth more resistant to
decay. At the same time, he also encounters fluorosed teeth that
can become discolored and difficult to repair. He may also wonder
whether there might be other, perhaps less obvious, side effects
from the practice of adding to drinking water a chemical known
almost solely as a toxic agent before 1940.
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This dilemma was well expressed by F. R. Moulton, who stated
in his resumé on dental fluorosis in a 1942 monograph of the
American Association for the Advancement of Science:

A peculiarity of fluorine is that, so far as is known at present, its ingestion
from natural sources by people living under sanitary conditions produces
sensible biological effects only upon the teeth —apparently beneficial ones
if in quantities that are somewhat below well-determined limits, and cer-
tainly tragically harmful ones if well-known limits are exceeded.*® [Italics
in the original.)

The dentist’s dilemma is shared to an even greater extent by the
physician, who constantly encounters in his practice unpleasant
side effects from many medications. He knows that if a dangerous
chemical is added to public waters, his patients cannot escape its
effect. Yet, if reputable authorities tell him that no adverse medi-
cal problems can arise, he will, ipso facto, attribute any illness
caused by fluoridated water to a multitude of other factors. We
now need to examine the medical effects of fluoride.
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CHAPTER 6

AN ESSENTIAL NUTRIENT?

ONCE IT BECAME widely accepted that fluoride hardens teeth
and aids in preventing tooth decay, the question arose whether or
not trace amounts might be necessary to maintain human health
and life. This consideration, of course, represented an abrupt
about-face: before the relationship between mottled teeth and
fluoride in drinking water was established, certainly even after-
ward, fluoride was universally regarded as a toxic agent comparable
in action to arsenic and lead.! Even Cox, the originator of the idea
of fluoridation, had stated: “Fluorides are among the most toxic
of substances.”?

Several other chemical elements, however, do have such a dual,
indeed a paradoxical function. A striking example is selenium, a
member of the sulfur group, which is present in grain and vegeta-
bles. In minute concentrations—less than 1 ppm in forage and
water —selenium is a required nutrient in domestic animals and
probably in humans as well. Without selenium sheep and lambs de-
velop “white muscle disease” with wasting of musculature, retar-
dation of growth, infertility, and impairment of vision.> On the
other hand, if humans consume food that contains more than ten
times the normal amount, selenium causes chronic poisoning —gen-
eral malaise, dizziness, excessive perspiration at first, and later a
liver ailment associated with ascites.*

Similarly, the metal cobalt —found mainly in fish, cocoa beans,
and molasses —is an essential building block of vitamin B, involved
in the synthesis of hemoglobin, the vital carrier of oxygen in the
blood. As little as 0.0434 microgram of cobalt contained in one
microgram of vitamin B, suffices to prevent pernicious anemia.

*Ascites -— hydroperitoneum; an accumulation of serious fluid in the
- peritoneal cavity.



AN ESSENTIAL NUTRIENT? 77

Yet, when concentrations on the order of 150 ppm are ingested in
the diet, the thyroid gland enlarges, congestive heart failure occurs,
and, eventually, death can result. Moreover, when cobalt pollutes
the atmosphere, minute amounts suffice to induce severe asthmat-
ic attacks.

Other essential elements toxic in amounts larger than nutrition-
al requirements are magnesium, manganese, and zinc, all of which
are necessary constituents of many vital enzymes.* Too much io-
dine is toxic, but in small amounts it is indispensable for the func-
tion of the thyroid gland; although iron is necessary for the forma-
tion of hemoglobin, in large amounts it is also poisonous. A crucial
question is: does fluorine (as a fluoride ion) share such a paradox-
ical property with other trace elements?

To explore this possibility, we must first establish whether the
addition of fluoride to the diet contributes significantly to growth
and good health and whether lack of it, in an otherwise adequate
diet, leads to deficiency symptoms.® A recent statement reflects
the position of many health authorities: “Fluoride is now
considered to be an essential nutrient in man; this has been
difficult to establish, however, because it is virtually impossible to
prepare a fluoride-free diet for man or animals.”¢ ‘

LABORATORY STUDIES

Indeed, researchers on this subject have been confronted with
the almost impossible task of obtaining a diet entirely free of flu-
oride to serve as a ‘“‘nonfluoride” control. In 1953, McClendon and
Gershon-Cohen fed 18 rats, for two months, a diet consisting ex-
clusively of corn and sunflower seceds grown by culture in rain-
water that was virtually free of fluoride (0.002-0.004 ppm).” These
“low-fluoride” animals were reported to be smaller in size and to
have more dental caries than a control group of 18 rats fed a stan-
dard laboratory diet and drinking water to which 20 ppm fluoride
had been added.

On the other hand, in 1957 Maurer and Day of the University
of Indiana succeeded in producing a diet nutritionally adequate in
vitamins and minerals but so low in fluoride that it contained less
than 0.007 ppm.® It was sugar-free and not conducive to impaction
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of food or formation of caries in the fissures of teeth. Rats main-
tained for three generations on this diet, but receiving 2 ppm of
fluoride in their drinking water, did not show significant improve-
ment in health or weight gain over their control counterparts that
were kept on the same diet with redistilled, fluoride-free water.
The authors concluded that “under the rigorous experimental con-
ditions employed fluorine is not a dietary essential” for rats. The
same probably holds true for most other animals.

In still other experiments, scientists at the University of Arizona,
Tucson, reached the same conclusion.® They fed a “minimal fluo-
fluoride™ (0.005 ppm) diet of greenhouse sorghum and soybeans
to one group of weanling rats for 10 weeks, while the same diet
with the addition of 2 ppm fluoride was fed to another group of
the same size. A third group of 9 weanling rats was fed a field-
grown sorghum and soybean diet containing 2.67 ppm fluoride.
During the 10-week period no significant differences in final body
weight or weight gain were observed, although the second group
weighed slightly less (av. 251.4 g) than the first (av. 267.8 g),
which in turn was slightly lighter than the third (av. 277.7 g). No
appreciable differences in alkaline or acid phosphatases, lactic de-
hydrogenase, or glutamic-oxalacetic and glutamic-pyruvic transami-
nases were seen; these results indicated no impairment of heart,
kidney, or liver function in the low-fluoride group. On the other
hand, the activity of isocitric dehydrogenase was significantly
higher (by 21.7%) in the serum of the low-fluoride group, which
suggests that fluoride is not essential; indeed, it is clearly deleteri-
ous for certain functions of the body.

Other experiments investigating essentiality of fluoride, with
contrary results, were carried out on 344 rats fed a “fluoride-free”
(““occasionally as low as 0.04 ppm”’), highly-purified amino acid
diet.” This diet by itself, however, produced deficiency symptoms
such as scraggly fur, loss of hair, seborrhea, and a disturbance in
the pigmentation of the tooth enamel. The addition of 2.5 ppm
fluoride to the diet produced a 31% increase in the growth of the
animals during a four-week period. However, weight gain per se
has no necessary connection with a healthy organism, since fluo-
ride is known to cause water retention and thus an increase in
body weight. Furthermore, the diet in this study differs so radical-
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ly from a “normal” diet that fluoride effects in it simply cannot
be extrapolated to a normal one.

Another study claiming a beneficial effect of supplemental fluo-
ride was reported in 1972 by scientists at the University of Minne-
sota.! These workers found that female mice receiving a low-fluo-
ride (0.1-0.2 ppm) diet and fluoride-free (deionized) water dem-
onstrated a significant delay in the birth of the first litter produced
by the second generation and a progressive impairment in repro-
ductive capacity, whereas mice on the same low-fluoride diet sup-
plemented by 50 ppm fluoride in their drinking water delivered a
normal number of offspring. Normal reproductive capacity was
subsequently restored to the infertile females when 50 ppm fluoride
was added to their drinking water. The authors believed, therefore,
that fluoride is required for maintaining fertility in mice.

In a related study, pregnant mice were fed a low-fluoride (0.1~
0.3 ppm) diet.”? Although offspring of these animals had reduced
iron levels in their blood (anemia) five days after birth, 60 days
later there was no significant difference between them and the off-
spring of fluoride-supplemented mice. Of course, any iron defi-
ciency in this diet would be offset by high-fluoride (50 ppm) in-
take, which would increase membrane transport of iron.

This interpretation is supported by S. Tao and J. W. Suttie, who
concluded that the basal diet used by the Minnesota group was
only “marginally sufficient in iron.”® Tao and Suttie supple-
mented the iron-adequate diet of their mice with 2 ppm and 100
ppm fluoride and found no difference between the control and ex-
perimental mice in growth rate, reproductive ability, litter size,
weight of pups, or incidence of stillbirths over three generations.
The authors concluded: “Although fluoride may yet be shown to
be essential for some physiological processes, sound evidence for a
claim of essentiality of fluoride for reproduction is still lacking.”®

A diet deficient in calcium also leads to serious impairment of
growth and development and shortens the life span of quail unless
the diet is supplemented by large amounts (up to 750 ppm) of flu-
oride.™ Still another study indicates that under certain circum-
stances fluoride can prevent symptoms of magnesium deficiency in
mice," although exactly contrary findings have been reported in
rats and dogs.” Therefore, in certain animal species, an insufficien-
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cy of calcium, magnesium, or iron in a purified or other special
diet may produce deficiency symptoms that can be partially neu-
tralized by fluoride supplementation. The results of such experi-
ments, however, cannot be extrapolated to humans eating normal
diets. They also do not prove that fluoride is in any way essential
for the maintenance of good health in man.

FLUORIDE IN TEETH

Whether or not fluoride is required for the normal development
of healthy teeth and bones also is relevant to the question of essen-
tiality. Should the normal development of teeth be dependent
upon the presence of fluoride, it would be reasonable to expect
that a healthy nondecayed tooth would contain more fluoride
than a decayed one; furthermore, teeth that received little or no
fluoride should exhibit more decay than those of persons in whom
fluoride intake has been adequate.

In 1938 Armstrong and Brekhus assayed the fluoride contenf of
teeth and found more fluoride in the enamel of healthy teeth than

_in that of decayed teeth.” In 1948 McClure found no significant
difference in the fluoride content of enamel of sound and carious
teeth with the same history of exposure to fluoride.”® A few years
later, however, he agreed with the findings of Armstrong,” al-
though other scientists —among them Ockerse of South Africa in
1943,2° Restarski of the U.S. Navy,?! Pincus of Melbourne, Austra-
lia,* and Bang in a survey in Alaska®® —have found no difference
in the fluoride content of enamel of sound and carious teeth
among those who had been exposed to the same amount of fluo-
ride throughout their lives.

In 1963 Armstrong himself re-examined his 1938 results and
arrived at a new conclusion: *“No difference in fluoride content of
enamel of sound teeth from that of sound enamel of carious teeth
was found in the same decade of life.”?* He realized that the
sound teeth with a high fluoride content encountered in his 1938
report were those of older persons, and that more fluoride had
been stored in their teeth because of their age.

Other studies since 1963 have confirmed that enamel fluoride
increases with greater intake of fluoride as well as with age, but
there is still no general agreement as to how reliably elevated
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enamel fluoride correlates with decreased tooth decay. A 1975 pi-
lot study of 12- to 16-year-old subjects, for example, showed
that while some correlation may exist in a group, at any given
enamel fluoride level, “there is great individual variability in caries
experience, including some rather high caries scores even in op-
timal [water] fluoride areas.”’?® Likewise, from their data on
14-year-old children, Danish investigators in 1977 concluded that
“it is not possible to demonstrate a relationship between surface
enamel fluoride and caries status in the individual.”?¢

FLUORIDE IN BONES

The action of fluoride on bones is similar to that on teeth. When
incorporated into the apatite crystal, the main building block of
bones, fluoride increases the crystallinity and size of the crystal
and produces greater density of the skeleton.?’” However, the
process of this new bone formation is also associated with bone re-
sorption, and the newly-formed bone is not healthy;in particular,
it tends to fracture easily.’® These effects may be related to a
reduction of citrate and magnesium in fluorotic bones.?® Further-
more, the apposition of new bone substance is erratic; calcifica-
tions may appear anywhere at the periosteum (fibrous membrane
covering the bone), on ligaments, or in the capsule surrounding
joints. The newly formed bone can cause functional damage to
joints (arthritis) and grotesque bony protrusions that encroach on
nerves and induce a variety of symptoms ranging from numbness
and pains to actual paralysis. Fluoride may even contribute to cal-
cification of arteries.>®

The treatment of osteoporosis with large doses of fluoride (up
to 200 mg per day) has provided an excellent opportunity for
studying these changes as well as the nonskeletal effects of long-
term fluoride intake. C. Rich, who originated this treatment in
1961, believed that the increase in calcification and formation of
new bone substance would be conducive to prevention of bone
softening and spontaneous fractures. Five years later, however, he
warned that such side effects as gastric pain and osteoarthritis as
well as visual disturbances may occur from such large doses.?! Two
English clinicians encountered a case of retinitis in a patient treat-
ed with 20 mg of sodium fluoride three times a day for six
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weeks.?? Previously undetected abnormal, *“‘giant™ cells have also
been discovered in the bone marrow of patients undergoing mega-
fluoride treatment.®®* Furthermore, there are several reports of in-
creased bone softening, spontaneous fractures, and excess loss of
vital calcium resulting from administration of fluoride.?*»3% As a
consequence, many medical centers in the U.S. and abroad have
abandoned this treatment for osteoporosis.

*

Neither laboratory studies on animals nor data on human teeth
and bones, therefore, have provided conclusive evidence that fluo-
ride is essential for life. No specific biochemical pathway require-
ment or essential metabolic role for fluoride has yet been discov-
ered in any mammals, including man. The fact that fluoride affects
and is incorporated in the mineralization of bones and teeth does
not demonstrate its indispensability. Although lead, mercury, and
cadmium share this property, this fact does not make them essen-
tial nutrients.

In any event, whether or not minute amounts of fluoride are ab-
solutely required to maintain human vital functions is almost com-
pletely irrelevant, for it is impossible to avoid at least some fluo-
ride in the diet, even in unfluoridated communities. As McClure
has observed:

Numerous attempts have been made to obtain proof of an indispensable
requirement for fluoride but this proof is still lacking. The ubiquitous oc-
currence of fluoride in nature has made it virtually impossible to prepare a
diet which is entirely free of fluoride. It seems evident, however, that if
fluoride is essential for life its daily requirement is extremely small.® [Em-
phasis added.]
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CHAPTER 7

ACUTE FLUORIDE TOXICITY

THE ACUTE TOXIC effects of single large doses of a chemical can
often greatly help in assessing the long-term, chronic effects of
that substance. Indeed, the symptomatologies may bear striking
similarities, although cases of acute toxicity are obviously much
more dramatic and easier to observe. Chronic toxicity, on the
other hand, probably is more widely experienced throughout the
world, and its symptoms are frequently masked by other health
problems. Recognizing acute toxic effects can therefore provide a
key to understanding and treating chronic toxicity.

In general, the toxicity of fluoride compounds is determined by
whether they are organic or inorganic. In organic fluorides, the
fluorine atom forms a tight covalent (non-ionic) bond with a car-
bon atom. The more strongly the two atoms are linked together,
the more inert and, as a rule, the less poisonous is the molecule. In
many organic compounds, therefore, the fluorine atom per se con-
tributes less to the toxicity than does the remainder of the mole-
cule.

ORGANIC FLUORIDES

Some of the most toxic of all organic compounds are fluoroace-
tates, salts of fluoroacetic acid (compound 1080), which are used
as exterminators of rodents and predatory mammals. They also oc-
cur in several poisonous plants, such as the notorious gifblaar
(Dichapetalum toxicarium), which has often been responsible for
cattle deaths in Africa. As little as 1.0 mg of this ““delayed convul-
sant” can Kill a 22-pound dog.! After first swallowing the poison,
the dog appears to be in perfect health; 8 to 10 hours later, it de-
velops fatal convulsions attributable to blockage of the citric acid
cycle by conversion of the intact fluoroacetate moiety into
fluorocitrate.?

.86-
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On the other end of the organo-fluoride toxicity scale is the
polymer Teflon, a substance so stable and innocuous that it can be
used to replace blood vessels and can remain in the human organ-
ism for years without causing any known harm. If heated to about
300°C., however, Teflon breaks down and gives off perfluoroisobu-
tene, an extremely poisonous gas. In one instance, a burning ciga-
rette laid on some Teflon became contaminated with enough toxic
decomposition products to kill the person smoking the cigarette.?
Freon, a fluorocarbon used as a refrigerant, is believed to be inert,
although its use as a propellant in sprays in conjunction with
adrenalin-like substances may cause irregularity of the heart.* Flu-
orinated anesthetics are generally considered safe, but methoxyflu-
rane (Penthrane) is metabolized to high blood levels of inorganic
fluoride, sometimes leading to excessive urine flow and even lethal
renal failure.®

INORGANIC FLUORIDES

In his classical treatise on fluoride intoxication, Kaj Roholm
(Fig. 7-1, page 89) divided inorganic fluorine compounds into
three categories according to their toxicity. As shown in Table 7-1
(next page), first and foremost in toxicity are the fluoride gases:
hydrogen fluoride (HF) and silicon tetrafluoride (SiF4 ). Then
follow, in order of decreasing toxicity, aqueous solutions of HF
and hydrofluorosilicic acid (H,SiF,) and the more readily soluble
fluoride and fluorosilicate salts.

Fluoride compounds that are relatively insoluble in water, such
as cryolite and calcium fluoride, are much less poisonous in the
solid form. In aqueous solution — necessarily very dilute because
of its low solubility — the toxicity of calcium fluoride is
comparable to that of sodium fluoride (at the same concentra-
tion).

The amounts of these fluorides that are required to cause illness
or death vary considerably and depend not only on the particular
fluoride compound but also on a person’s state of health and
nutrition, where the fluoride enters the body (skin, lungs,
stomach), and other factors such as the acidity and content of the
stomach. ‘
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Table 7-1

Comparative Toxicity of Inorganic Fluorides®

Extremely Toxic

Hydrogen fluoride (anhydrous) HF
Silicon tetrafluoride SiF4
Hydrofluoric acid (aqueous) HF
Hydrofluorosilicic acid H_‘,SiF6
Very Toxic
Easily soluble fluorides and fluorosilicates
Sodium fluoride NaF
Potassium fluoride KF
Ammonium fluoride NH4F
Sodium fluorosilicate NaZSiF6
Potassium fluorosilicate K2 SiF 6
Ammonium fluorosilicate (NH, ) SiF

Moderately Toxic
Poorly soluble (almost insoluble) fluorides

Cryolite Na AIF,
Calcium fluoride CaF,
Table 7-2
Lethal Dose of Fluorides in Adult Guinea Pigs’
Compound Oral (mg/kg) Subcutaneous (mg/kg)
NaF 250 400
CaF, >5,000 >5,000
AIF, 600 3,000
HF (aqueous) 80 100
H, SiF 200 250
Na, SiF 250 500
Al (SiF ), 5,000 4,000

Table 7-2 shows the acute toxicity of the most important fluo-
ride salts to guinea pigs, expressed in milligrams per kilogram of
body weight. It also demonstrates the difference in the lethal dose
following oral and subcutaneous administration.
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Fig. 7-1. Prof. Dr. Med. Kaj Roholm, 1902-1948.
Deputy City Health Officer of Copenhagen; author of the first
and most comprehensive monograph on fluorine toxicity.
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For sodium fluoride (NaF) the lethal toxic dose in man, if the
patient is left untreated, is 2.5 to 5 grams.® Even larger doses may
not be fatal if adequate medical aid is administered quickly. For
instance, in 1971 a 25-year-old male recovered following ingestion
of 120 grams of roach powder containing 97% NaF that he had
taken in a suicide attempt. Immediate medical attention—includ-
ing lavage of the stomach and intravenous injections of calcium
and magnesium combined with treatment to counter cardiac fail-
ure —saved his life.?

SYMPTOMATOLOGY

More than 300 cases of acute fluoride intoxication have been
recorded in which a single massive dose of fluoride was either in-
gested —by intent or by accident —inhaled, or entered the body
through the skin. Usually fluoride poisoning results from mistaking
sodium fluoride for sugar, cornstarch, baking powder, epsom salt,
or powdered milk." Other instances represent intentional poison-
ing for suicidal or homicidal purposes. The symptoms in such at-
tempts are similar to those of many other kinds of acute poisoning
and involve mainly vomiting, cramps in the abdomen, diarrhea,
and, depending on the severity of the case, varying degrees of
shock (see Table 7-3, opposite).!

Because of the highly corrosive nature of the hydrofluoric acid
formed through the reaction of the fluoride compound with the
hydrochloric acid of the stomach (Fig. 7-2, page 92), the material
that is vomited usually contains considerable amounts of blood.
After several hours, if the victim survives, characteristic neurolog-
ical symptoms appear: numbness in arms and legs, pain in and
fibrillation of muscles, and convulsions.” Hives over the entire
body indicate an existing allergy to fluoride. In one case the calci-
um level of the blood dropped to as low as 2.6 milligram per cent
(normal about 10 milligram per cent), thus accounting for muscle
spasms and general convulsions.”? Heart failure may be the disas-
trous end of the clinical picture.®

When fluoride is inhaled—usually as silicofluoride or hydrogen
fluoride —the respiratory tract is the primary target for fluoride
toxicity and normally results in nasal irritation, nose bleed, spas-
modic cough, a tendency to upper respiratory infection, shortness
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Table 7-3

Roholm’s Classification of Symptoms in 34 Cases
of Acute Fatal Fluoride Poisoning™

Symptoms No. of Cases

Vomiting 31

Pains in abdomen 17

Diarrhea 13

Convulsions, spasms 11

General weakness, muscular weakness, collapse

Dyspnea

Pains and paresthesias in extremities

Paresis, paralysis

Difficulties with speech, inarticulation

Thirst

Perspiration

Weak pulse

Change in facial color

Nausea

Unconsciousness

Salivation

Impaired swallowing

Motor restlessness

High temperature

Dizziness, headache, hiccup, urticaria; cold shivers, choking
sensation, pupil contraction, uncoordinated eye movements;
pains in sacral region; low temperature 1

[+]
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of breath and wheezing, and, in extreme cases, pulmonary edema
(flooding of the lungs). These respiratory conditions are found in
fluoride workers and also in residents near fluoride-emitting facto-
ries and will be discussed further in Chapter 10.

ACCIDENTS INVOLVING FLUORIDE

Of historical interest is the fact that several pioneer investigators
died from the effect of inhaling small quantities of hydrogen fluo-
ride — for example, the 32-year-old P. Louyet of Brussels,'* whose
attempts at isolating fluorine formed the groundwork for the
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Fig. 7-2. Gastric mucosa in acute fluoride poisoning of a 42-year-old female
(homicide). Note cellular infiltration with loss of surface epithelium (upper
left) and obliteration of normal glands (upper right).

(From G.L. Waldbott: Acute Fluoride Intoxication. Acta. Med. Scand., 174,
Suppl. 400, 1963; courtesy Dr. A.V. Arma, St. Luke’s Hospital, Kansas City,
Missouri.)

ultimate success of Moissan (Chapter 2 above, pages 18-20).
Hydrogen fluoride (HF) burns also result from industrial exposure.
In such cases the fluoride ion penetrates the skin tightly bound to
the hydrogen ion (undissociated HF) and forms hydrofluoric acid
on contact with the body fluids. This acid causes extremely severe
pain and ulceration resembling heat burns. Mishaps of this kind oc-
cur in factories to workers who are careless about protecting them-
selves adequately with suitable clothing, masks, and gloves. Al-
though these data do not deal with poisoning from fluoridated
water, they cannot be disregarded because accidents sometimes
happen in handling and in feeding fluoride into municipal water
supplies and through breakdown of equipment. For instance, in
1952, in Coeur d’Alene, Idaho, a waterworks employee, J.R.S.,
age 32, developed repeated episodes of acute fluoride poisoning,
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affecting his liver and causing hepatitis. He later recovered when
he changed his job."*

At least two examples of mass poisoning from mechanical
difficulties with artificial fluoridation have occurred: one in 1965
in Szolnok, Hungary,”® and the other in 1974 in Stanly County,
North Carolina.'® In the Hungarian incident about 80 individuals
(at a restaurant and a school) became seriously ill within minutes
after drinking soda water or an orangeade made with the soda
water. Everyone afflicted was nauseated and then vomited
violently, followed by immediate, spontaneous recovery. The
contaminated soda water contained 300 to 900 ppm fluoride,
which had apparently collected in a temporarily unused supply
pipe to the bottling plant. In the North Carolina episode,
fluoridation equipment at a rural school pumped excess fluoride
into the water. ““All 213 individuals experienced nausea, and all
201 children (age 6-12) and 7 of the 12 adults vomited” shortly
after drinking orange juice made from an uncontaminated concen-
trate diluted with the tap water. Analysis indicated that the
reconstituted beverage contained 270 ppm fluoride.

Of graver consequence was the fate of Mr. W.B.D., age 49, of
Highland Park, Michigan (fluoridated since 1952), who had been
under my care because of marked intolerance to fluoridated water.
By using distilled, fluoride-free water for drinking and cooking, he
had remained free of symptoms for three years. On October 2,
1962, he was found dead in bed. For several months prior to his
demise he had been using a water filter that was supposed to elimi-
nate all fluoride from the tap water. A subsequent check of the fil-
ter by a Detroit water engineer indicated that some of the fluoride
removed by the filter had accidentally contaminated the water. At
autopsy Mr. W.B.D. showed no evidence of a cardiac or cerebral
infarct, the two common causes of sudden death; but his stomach
was completely disintegrated, as is often the case in acute fluoride
intoxication. This finding, plus the fact that the patient had pre-
viously displayed an extraordinary intolerance to fluoride, very
likely accounted for his death by a single large dose of the halogen.
When such incidents as this occur, physicians are rarely able to rec-
ognize their causal relationship to fluoride. It is not surprising,
therefore, that after 25 years of fluoridation, the medical litera-
ture appears to contain no examples of similar cases.



94 CHAPTER 7
ACUTE POISONING FROM AIRBORNE FLUORIDES

A different kind of acute poisoning is encountered in the envir-
ons of fluoride-emitting factories when sudden outbursts of poi-
sonous smoke clouds are ejected from the chimneys. In Chapter
10 I will relate how patients have been stricken during such smoke
episodes with acute pulmonary ailments, mainly cough, shortness
of breath and wheezing followed by fever and a pneumonia-like
condition. Others who consume fluoride-contaminated food,
mostly vegetables and fruit grown near the factory, develop acute
gastrointestinal symptoms resembling ordinary food poisoning.

Massive outpouring of smoke pollution from factories may also
involve large segments of populations rather than individual per-
sons. This is especially true when the clouds of smoke fail to dis-
perse because of unusual weather or environmental conditions.
Only recently have scientists recognized that fluoride was the prin-
cipal culprit in the two major air pollution disasters, one in the
Belgian Meuse Valley in 1930, and the other in Donora, Pennsyl-
vania, in 1948. Sixty persons lost their lives in the Meuse Valley
calamity and an unknown number, perhaps several thousands, con-
tracted upper respiratory diseases such as asthma and emphysema.
In Donora, the death toll was 20 persons.

After examining both episodes, commissions of health scientists
were unable to determine what was responsible for the pollution.
The Donora committee thought the level of exposure to fluoride
was not excessive.”” Nevertheless, an independent study for the
Borough of Donora by the chemist Phillip Sadtler showed 12to 25
times more fluoride in the blood of victims than in normal blood.”
Furthermore, he recorded other damage typical of fluoride toxici-
ty to vegetation and domestic animals, as well as extensive mottling
of children’s teeth. He thus proved beyond question that the area
had been subject to severe exposure to fluoride, and he regarded
the 1948 episode as but an acute phase of a long-term exposure.
Similarly, a group of scientists independent of industry and gov-
ernment examined the evidence of the Meuse Valley disaster and
concluded, after extensive studies, that the most noxious ingredi-
ent of the killing smoke was fluorosilicate emitted from fertilizer
and zinc factories in the area.”
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There is good reason to believe that fluoride compounds also
played a major role in the two London fog disasters of 1952 and
1956 in which the death count was several thousand in excess of
normal. At first, investigators believed that sulfur dioxide fumes
from London’s coal-burning fireplaces accounted for widespread
pulmonary involvement of the deceased persons. We now know
that sulfur dioxide fumes are generally less harmful than airborne
fluorides, since sulfur dioxide reacts with moist air and eventually
yields relatively nontoxic salts of sulfuric acid that rarely reach the
terminal portions of the bronchial tree and the lung tissue prop-
er.2%:2! Furthermore, recent research demonstrates that fumes
from burning coal can contain as much as 1440 ppm of fluoride.??
In view of the widespread use of soft coal in London at that time
and the extent and duration of the smoke stagnation, sufficient
fluoride was undoubtedly produced to cause considerable damage
to the lungs of the victims.

Acute fluoride poisoning occurs under widely differing circum-
stances ranging from accidental ingestion to inhalation of airborne
fluoride. Various symptoms are: severe gastrointestinal distress, in-
cluding nausea, vomiting, diarrhea, and cramps; fibrillation or con-
vulsions of muscles; neurological disturbances; extreme weakness;
paresthesias; skin irritations; respiratory complications; heart
disorders, to name only some of the main effects. The same symp-
toms, usually with diminished intensity, are found in chronic fluo-
ride poisoning, which will now be discussed.
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CHAPTER 8

CHRONIC FLUORIDE TOXICITY

AS EARLY AS 1933, F. DeEds, one of the pioneers in fluoride
research, perceived the difficulties doctors experience in recog-
nizing chronic fluoride intoxication:

There is usually a gradual transition from a condition of normality to one
of protracted abnormality. Frequently there is no sharp line of demarca-
tion of symptoms as in acute poisoning, and this fact in itself often makes
it difficult to associate a pathological condition with the fundamental
causes. . . . Chronic intoxications are of greater importance to the public
health than are acute toxicities, but in comparison little is known about
chronic intoxications as to scope, significance, and ultimate tissue and
functional changes.!

In chronic fluoride poisoning there are obviously differences be-
tween the effects of the minute amounts of fluoride that are being
added to drinking water at the concentration of 1 ppm and the
effects of larger amounts encountered in water naturally, in food,
and occasionally in air. Numerous reports in the medical literature
describe chronic fluorosis due to “high-fluoride” drinking water —
mostly in the range of 1.5 to 10 ppm — and to protracted exposure
to fluoride dust and fumes among workers in mining, smelting,
and chemical industries.

DENTAL AND SKELETAL FLUOROSIS

Although changes in teeth and bones are the two most conspic-
uous signs of chronic fluorosis, neither is an obligatory feature of
the disease. Mottling of teeth—a disturbance of the enamel-build-
ing cells (ameloblasts) associated with a decrease in cementing
substance — develops exclusively from fluoride intake during the
first 10 to 12 years of life when the permanent teeth are being

.98 -
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Fig. 8-1. X-Ray showing fluorotic calcification (arrow) in forearm of a 65-
year-old North African male residing in Tolga (2.6 ppm F) in the Sahara.
(Courtesy Prof. F. Pinet, Lyon, France.)

formed. Changes in the skeleton consist mainly of increased bone
density, of abnormal apposition of bone substance, and of
calcifications in ligaments and joints (Figs. 8-1 to 8-4). Ten to
twenty years of continuous intake of excessive amounts of fluoride
are usually required before these effects become detectable by
X-rays. Most observations on skeletal fluorosis have been made in
endemic “fluoride belts” in India where concentrations of fluoride
in drinking water are generally higher than 1 ppm (Tables 8-1 and

Fig. 8-2. X-Ray showing typical skeletal fluorosis in forearm from 3-6 ppm

fluoride in drinking water in Sicily. Note new grotesque ossification of mem-

brane between radius and ulna. Arrows point to newly developed Lone sub-
stance. {Courtesy Prof. G. Fradd, Palermo, Italy.)
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Fig. 8-3. X-Ray showing fluorosis in forearms of Indian patient with hyper-
parathyroidism involving both erosion (arrows) and thickening of bones.
(Courtesy Prof. S.P.S. Teotia, Meerut, India.)

8-2 below, page 103), in volcanic areas of Italy,? in North Africa,?
and in Arabia.*® In the United States “natural fluoride” areas in-
clude western Texas,®” parts of Arizona,® and portions of South
Dakota.? In the Indian province of Punjab (fluoride content of
water 0.2-40.0 ppm, mostly 2-5 ppm), S.S. Jolly has reported
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Fig. 8-4. X-Ray of pelvis of fluorotic Indian patient showing increased bone
density with irregular erosions (arrows) in the femoral neck and metaphyses
indicative of hyperparathyroidism secondary to fluorosis.

(Courtesy Prof. S.P.S. Teotia, Meerut, India.)

1320 radiologically demonstrable cases. Of these, 309 were with-
out symptoms, 742 had rheumatic arthritic complaints, 144 ex-
hibited crippling deformities (Fig. 8-5, next page), and 125
showed serious neurological complications.”® In general, the inci-
dence of skeletal fluorosis correlates with the fluoride concentra-
tion in drinking water (Table 8-1 below, page 103).!! Other fac-
tors, however, such as magnesium hardness, account for differences -
between communities as shown in Table 8-2 below, page 103. It
should be noted that in a community with only 0.7 ppm fluoride
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Fig. 8-5. Example of advanced skeletal fluorosis in Punjab, India, showing
crippling effect of rigid, ‘‘poker-back’’ spine.
(Courtesy Prof. S. S. Jolly, Patiala, India.)
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Table 8-1
Radiological Study of Males Over Age 21 in Ten Villages of India"

Water F~ Number of % Skeletal
VILLAGE in ppm Cases Evaluated Fluorosis®
Mandi Baretta 0.73 70 29 (2)
Kooriwara 2.25 30 40.0 {(12)
Gurney Kalan 2.45 67 19.4 (13)
Ganza Dhanaula 4.2 38 26.3 (10)
Baja Khana 5.09 98 46.9 (46)
Rajia 5.2 180 52.2 (94)
Village Baretta 549 " 29.6 (21)
Rorki 7.02 59 525 (31)
Saideke 8.2 38 52.6 (20)
Khara 94 131 80.9 (106)

2Numbers in parentheses indicate number of cases.

Table 8-2

Incidence of Skeletal Fluorosis in Adult Males in Villages of India
with Different Levels of Fluoride in Water"

Mean F~ Mean Mg** % Skeletal

Content of Hardness Fluorosis in
VILLAGE® Water (ppm) {ppm) Adult Males
Kooriwara 2.25 112 40.0
Gurney Kalan 245 169 19.4
Baja Khana 5.09 93.6 46.9
Village Baretta 549 179.5 29.6
Rajia 5.20 83.0 52.2
Village Baretta 5.49 179.5 29.6
Kooriwara 2.25 112 40.0
Village Baretta 5.49 179.5 29.6

Note that in each pair the villages in italics with the lower incidences of skel-
etal fluorosis have higher magnesium hardness levels in the drinking water,
even though the fluoride content is greater than in the villages with the high-
er incidences.
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in water, the so-called optimal concentration in that warm climate,
2 of 70 males examined by Jolly showed skeletal changes. That
children are not immune to skeletal fluorosis has also been demon-
strated in India, where examples of the disease in children aged 5
to 15 have been found."?

SOFT TISSUE ORGANS

Teeth and bones are not the only parts of the body affected by
fluoride. Large doses of fluoride—or persistent intake of small
amounts extending over a number of years—can adversely influ-
ence many other organs as well. This fact was clearly recognized as
early as 1937 by Roholm when he described as a part of chronic
fluoride poisoning a variety of non-skeletal symptoms in workers
exposed to cryolite dust.”® The most important manifestations
were gastrointestinal, neuromuscular, and cardiovascular symp-
toms, as well as allergic skin lesions (Table 8-3, opposite). These
features have been subsequently confirmed by other clinicians in
studies on skeletal fluorosis (see Chapter 10), but evidence dealing
with the nonskeletal phase of the disease is often ignored or mini-
mized in the medical literature.

FATALITIES

Because many organs can be involved in chronic fluoride poison-
ing, various causes are likely to be responsible for its fatal out-
come. To date, only a few deaths have been reported, mainly in
endemic regions in India,"*~ '” and in industrial workers, afflicted
with skeletal fluorosis.”®-® Except for skeletal damage and its con-
sequences such as injury to the spinal cord and peripheral nerves,
no other characteristic changes have been identified at autopsy
that would permit one to establish the specific pathological diag-
nosis “death from fluorosis.” Therefore, should a disease of the
kidneys, liver, or brain, or a terminal pneumonia be found at
autopsy —as is the case in many other kinds of chronic poisoning—
it would be difficult to attribute incontrovertibly such changes to
fluoride without extensive studies, including analysis of many
organs for fluoride.

In the United States a number of fatalities have been recorded
for which fluoride must be considered either the primary or an
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Table 8-3
Symptoms in 68 Cases of Chronic Industrial Fluorosis'?
SYSTEM (SYMPTOMS) NO. % INCIDENCE
GASTRIC
Lack of appetite, cardialgia, nausea, vomiting 65 80.9
INTESTINAL
Disposition to diarrhea, constipation 23 338

MUSCULO-SKELETAL
Feeling of stiffness, indefinite or localized
rheumatic pains 24 35.3

NEUROLOGICAL
Tiredness, sleepiness, indisposition,

headache, giddiness 15 221
DERMATOLOGICAL
Rash 8 11.8

RESPIRATORY-CIRCULATORY
Shortness of breath, palpitation,
cough, expectoration 35 51.5

important contributing cause. In 1943, a 22-year-old Texas soldier
died with advanced bone changes and complete destruction of
both kidneys.® For 19 years he had been drinking water that con-
tained fluoride naturally at a concentration ranging from 1.2 —not
12 parts per million as frequently incorrectly cited —to 5.7 parts
per million. Although the patient had sustained a minor injury to
the right kidney at age 15, the damage to one kidney should not
have led to destruction of both kidneys without long-term inges-
tion of fluoride. Indeed, one of the authors of this famous report
specifically reiterated this view." That fluoride can cause kidney
damage has also been shown in connection with fluoride released
in the body during methoxyflurane anesthesia?® and more recently
by Kaushik in endemic fluorosis.?! Moreover, a study of the
effects of fluoride on the kidneys of monkeys has demonstrated
deleterious renal changes from even such a small amount as 1 ppm
fluoride in the drinking water.??
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The death of a 64-year-old Texan is another important fluoride-
related case.” For 20 years his kidney disease and constant thirst
(polydipsia) had caused him to consume excess water—up to 2.5
gallons a day —containing 2.2-3.5 ppm fluoride naturally as well as
considerable amounts of tea. In all probability, both sources were
responsible for poisoning. The patient finally succumbed to termi-
nal pneumonia. At autopsy his bones contained as much as 6100
ppm fluoride. The high fluoride content of his liver (61 ppm) un-
doubtedly contributed to his demise.

In a third case artificially fluoridated water must be implicated.
A premature male infant expired 16 hours after birth with exten-
sive calcifications on the entire aorta and of arteries in the pelvis
and extremities. The cause of this unusually rare disease was not
established by the physician who reported the case in the Journal
of the American Medical Association in 1964.2* My subsequent in-
quiry, however, revealed the fact that neither parent had drunk an
excessive amount of water nor had they ingested excess fluoride
from food. They had lived about four years in Ames, lowa, where
the water is artifically fluoridated. In view of the absence of any
other known cause of death in this heretofore insufficiently ex-
plored case, and because a significantly high incidence of arterial
calcification has been well documented as a manifestation of fluo-
rosis,2* a causal relation of this child’s illness with the mother’s
consumption of fluoride in drinking water during her pregnancy
must be seriously considered. This interpretation is further sup-
ported by the unusually high fluoride content of the baby’s aorta
—59.3 ppm—which was analyzed at my request.2* Normal aorta
values in children with healthy kidneys are below 1 ppm.

Other cases of unexplained death are undoubtedly related to
fluoridated water. For instance, in 1955, in Lubbock, Texas (at
that time 4.4 ppm in water naturally), after I had presented a
paper on skeletal fluorosis before the local medical society, I was
shown the X-rays of a deceased 20-year-old man with advanced
skeletal changes typical of fluorosis, whose illness and death had
baffled his physicians. It was impossible for me to obtain complete
clinical data on this case, but it appears that general cachexia
(gradual wasting away) accounted for a slowly progressing deterio-
ration of his health. This condition is characteristic of the terminal
stages of chronic skeletal fluorosis.
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NARROW MARGIN OF SAFETY

With the realization that crippling bone changes and even fatali-
ties have occurred from drinking water containing fluoride at
levels not much different from that designated as optimal, and
that many organs might become involved in fluorosis, advocates of
fluoridation have been faced with a serious dilemma. They are con-
fronted with the question of whether the daily consumption of
relatively small quantities of fluoride might constitute a greater
risk than heretofore assumed. Might not water fluoridation jeopar-
dize the health of some individuals who are unusually sensitive to
fluoride either because of an inherited intolerance or because of an
existing disease such as a kidney ailment, diabetes, or an allergy?
In other words, could the toxic action of fluoride outweigh the
supposed benefit to teeth?

Certainly the latitude of safety between a toxic dose of fluoride
and a safe one is narrow or sometimes nonexistent. H.C. Hodge,
whose credentials as a toxicologist are most impressive, recom-
mends in general at least a 100-fold margin of safety in the dietary
use of a potentially toxic agent.?’ Referring to toxicity studies in
experimental animals and their relevance to humans, he points out
that there should be a tenfold safety factor for species variability,
i.e. for extrapolation from the animal experiment to human con-

" ditions, and another tenfold allowance for individual susceptibility
of one person compared to another. In light of the extremely nar-
row safety factor associated with the above-cited fatalities, the
twofold safety factor advocated by the U.S. Public Health Service
for water fluoridation is obviously at great odds with that pro-
posed by Hodge, who astutely observed in his article:

It is virtually impossible in most instances to discover toxic effects in
the human consumer by standard epidemiological procedures. Only when
there is some devastating and tragic outcome, for example the deaths from
agranulocytosis in the early use of chloramphenicol (and, more recently,
thalidomide), will a danger be identified and the use of the compound ap-
propriately limited. Reliability in guaranteeing that no human will be in-
jured can only be achieved by making the tolerance values reliable.?

Others who support fluoridation have partially acknowledged
this dilemma when they concede that in warm climates, where
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people drink more water, the 1-ppm concentration of fluoride is
too high. They readily admit that: **Adding fluoride to communal
water supplies will inevitably expose large sections of the popula-
tion to higher levels of the element than they have hitherto been
accustomed.”? They also know that fluoridation requires that
assessments “‘be made not only of its effectiveness as a weapon
against dental decay. but also of possible hazards of increased flu-
oride ingestion and absorption.”

Do increased levels of fluoride intake resulting from artificial
fluoridation produce detectable harm to health even before there
are perceptible changes in the bones and teeth? In other words, are
there preskeletal symptoms connected with chronic fluorosis? This
question --of vital importance to every one of the millions of per-
sons now drinking fluoridated water and consuming products
made with it- will be explored in the following chapters.
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CHAPTER 9

ILLNESS FROM ARTIFICIALLY
FLUORIDATED WATER

IN THE METROPOLITAN AREA of Milwaukee, an unusual ill-
ness—with a broad range of symptoms—has plagued citizens and
baffled some of the city’s most competent diagnosticians since
1953. On a visit to Milwaukee in April 1969, I had the opportuni-
ty to learn some of the features of this disease. Mrs. K. D., a 31-
year-old woman, described her case as follows. It began in 1960
within a week after she had moved to Milwaukee from Cudahy,
Wisconsin. She experienced cramp-like pains and distention in the
abdomen, diarrhea alternating with constipation, and a gradually
progressive deterioration of her strength. X-Ray and laboratory
studies failed to provide her physician with a diagnosis. Although
uncertain about the proper treatment, he placed her on tranquil-
izers, which added lethargy and drowsiness to her other com-
plaints. The discomfort in the abdomen grew worse, and she devel-
oped a new set of symptoms connected with the bladder and the
lower urinary tract. After a nine-month stay in Milwaukee, the
patient returned to Cudahy where, to her great surprise, she recov-
ered within two weeks without any treatment.

Shortly after her marriage in 1962, Mrs. K. D. moved back to
Milwaukee. As before, her health once again began to deteriorate.
This time the pains in the abdomen were more persistent regardless
of diet or medication. She frequently felt nauseated, her vision
became blurred, fand she was plagued by persistent headaches.
When standing or walking, she often felt dizzy and tended to lose
her balance. Much more distressing than these symptoms, however,
was her increasing loss of strength, which became so pronounced
that her husband had to assist her in getting out of bed in the
morning. Finally, she reached the stage where she was forced to
abandon her job, which consisted of placing small screws in an
appliance on a factory assembly line. By now, constant pain in the

-110-
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lower spine radiated toward her knees and the headaches were so
severe that she had to take as many as fwenty aspirin tablets a day.
An insatiable thirst caused her to drink as many as nine 4-ounce
cups (more than a quart) of water at a time. Yet such excessive
amounts of water rarely relieved her thirst for more than half an
hour, and her mouth and throat were constantly dry and parched.
By May 28, 1968, she was hospitalized at Trinity Memorial Hospi-
tal in Milwaukee because she was no longer able to 'stand up and
had become completely bedridden. Her physicians failed to arrive
at a definite diagnosis despite numerous laboratory tests. To bol-
ster her failing strength, they injected vitamin B;, without notice-
able benefit. However, during her four-week stay at the hospital, a
new condition developed -a convulsive seizure suggestive of an
epileptic attack. Such seizures continued to recur as often as two
to three times weekly after she had returned home.

i(A Milwaukee resident, witnessing the gradual deterioration of
her health, suggested to the family that she avoid Milwaukee’s flu-
oridated water. Within a few days after she began to follow his ad-
vice by using practically fluoride-free spring water for cooking and
drinking, she improved remarkably, and after one month her health
had been completely restored. Mrs. K. D.,showever, was skeptical
of this simple cure, and tried Milwaukee’s water again. Within two
weeks all her former symptoms, including the epilepsy-like sei-
zures, recurred. Still not satisfied, she experimented further and
switched to Milwaukee’s Pryor Avenue well water (about 1 ppm)
which, she had been told, would produce no ill effects because of
its high calcium content; Again her illness returned. Mrs. D. was
finally able to piece toge{her the events of her dismal experience.
Milwaukee’s drinking water had been fluoridated since 1953 to a
concentration of about 1.2 ppm, but at the time she was residing
in Cudahy, fluoridation had not yet been adopted there.

There was a good reason why James F. Quirk, a lay person who
had persuaded Mrs. K.D. to substitute low-fluoride spring water
for Milwaukee’s tap water, was able to diagnose this mysterious
disease. As a real estate agent, he had an unusual opportunity to
learn about many complaints of illness among newcomers to
fluoridated Milwaukee. Frequently, their illness originated within
days after their arrival in the city from a nonfluoridated
community. Mr. Quirk’s one-page advertisement in the Milwaukee
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Journal, December 26, 1970, maintained that many Milwaukee
citizens had been and were being made ill by its fluoridated water.

“Mr. Quirk had also learned from several clients that they had
been advised by their physicians to abstain from using city water
for drinking and cooking. One eminent physician on the staff of a
leading Milwaukee clinic, for instance, had mentioned to his pa-
tient (Mr. E.A.), whom he so advised, that neither he nor his
daughter could tolerate the Milwaukee municipal water. This fact
undoubtedly enabled him to diagnose Mr. E.A.’s disease, since
none of the most widely read American medical journals provided
information about this new malady. Two other physicians in the
same medical group had also recommended avoidance of fluori-
dated water to some of their patients. Mr. Quirk stated in his
advertisement that another physician, Dr. R.B. Pittelkow, the
president of the Milwaukee County Medical Society during 1970,
“had also encountered illness due to fluoridated water and had
promised an investigation by the medical society. The society
requested the names of individuals whom Mr. Quirk thought had
been adversely affected by the city’s water, together with the
names of their physicians. About three dozen such names were
submitted to the society, but apparently no investigation of these
cases was undertaken. One spokesman for the society indicated
that they had no adequate facilities to study this disease — only a
few laboratories in the country were equipped to carry out reliable
tests for fluoride. Another stated that Mr. Quirk’s cases were
“hand-picked,” a true but completely irrelevant charge. He had
indeed selected some of the most dramatic cases in order to
provide convincing evidence that their illness was caused by
fluoridated water.

Dr. E. R. Krumbiegel, Milwaukee’s former health commissioner,
had made a long-standing offer to Mr. Quirk to test any patient
who suspected that fluoridated water had been affecting his health
adversely. Because Dr. Krumbiegel had proposed hospitalization of
such cases under his exclusive care and control, Mr. Quirk would
not agree to what he considered to be a one-sided investigation by
a long-time advocate of fluoridation of water supplies; instead he
suggested that an unbiased panel be established.

Another physician, Dr. H.T. Petraborg, a practitioner in the
town of Aitkin, Minnesota, became interested in the Milwaukee ill-
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ness since he too had observed in his own community similar cases
that he had diagnosed as poisoning from fluoridated water. To
satisfy his curiosity, he decided to ascertain whether the illness in
Milwaukee was identical to that which he had encountered
elsewhere in Minnesota. During a four-day period in Milwaukee,
Dr. Petraborg interviewed and examined 28 individuals whom Mr.
Quirk had singled out as victims of fluoridated water. The medical
histories of their illness, the uniformity of their complaints, and
his own personal examinations convinced Dr. Petraborg that the
fluoridated water had, indeed, caused a serious progressive illness.
The following are accounts of two of the cases that he studied
during the period August 21 to 25, 1973.

Mr. J.B., age 40, became unusually thirsty within a few weeks
after he had taken up residence in Milwaukee following his dis-
charge from the Army Air Corps in 1957. It was not unusual for
him to drink between 20 and 30 cups (approximately six quarts)
of fluoridated coffee a day. This perplexing phenomenon was ac-
companied by muscular pains, numbness, and spasticity, especially
in the right hand and in both feet, and by a gradual loss in strength.
His illness persisted over several years with progressive loss of
weight from 140 to 107 pounds. Increasing fatigue compelled him
to resort to bedrest immediately after his eight-hour work day.
Eventually, in 1964, he was hospitalized for two weeks, but labo-
ratory tests and X-rays furnished no clues regarding the cause of
his illness. Vitamins prescribed by his physician failed to restore
his deteriorating strength. After his hospitalization, he moved
from fluoridated Milwaukee to unfluoridated Caledonia, Wiscon-
sin, where, to his amazement, he experienced a complete,
spontaneous recovery and quickly regained the weight he had lost.

Mrs. S.T., age 42, was another of the cases studied by Dr. Petra-
borg. Her main complaints were extreme thirst, bloating in the
stomach and continuous headaches. Numbness and muscular pains
in hands and legs often compelled her to get out of bed at night
and walk. While taking a bath she always experienced intense itch-
ing of her skin which subsided after several hours. Her disease
began in 1959 within a week after she moved to fluoridated St.
Francis, Wisconsin, from unfluoridated Cudahy, and it cleared up
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promptly in 1965 when she substituted spring water for fluori-
dated water.

According to Petraborg, every one of the 28 patients related the
same story of a progressive illness characterized by a multiplicity
of complaints, mainly weakness, exhaustion, excessive thirst, head-
aches, and gastrointestinal disturbances. Since most of these
patients had not been aware that fluoride was being added to their
drinking water, Petraborg felt there was no further need to carry
out so-called blind and double-blind studies. He has published two
clinical reports of his findings.!»?

MY OWN CASE STUDIES

This widespread malady in Milwaukee was not a new illness, but
had appeared in other cities throughout the United States in the
early 1950s.37 Quite by accident, I encountered this fluoride-
induced syndrome in my own patients and described it in several
medical journals. The fact that only a few cities in Michigan were
fluoridated at that time facilitated a correct diagnosis of the prob-
lem, for when patients visited a non-fluoridated community their
health returned. In my first case, serendipity was responsible for
the diagnosis.

Bay City, Michigan. In 1954, Mrs. S. S., age 40, a resident of
Bay City, Michigan, was referred to me by her family physician for
allergic studies because of painful spastic bowels, frequent nausea
and vomiting, bloating of the abdomen, and persistent migraine-
like headaches, which her physician thought were brought on by
an allergy of unknown causes. All my tests, however, failed to
show that food allergy was involved. During the course of exami-
nation, the patient casually mentioned that every morning upon
awakening she was so thirsty that she had to drink several glasses
of water. She was wondering whether or not Bay Clty s water
could account for her stomach and bowel upsets because they
usually occurred in the morning after she had consumed water.
Whenever she was away from the city, her mouth and throat no
longer felt dry and she was no longer thirsty, nor did the cramps
in the abdomen and the headaches occur. Neither she nor I
realized then that Bay City’s water had been fluoridated since
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1951. Soon afterward I learned that excessive thirst, polyuria
(excess urination), and the other symptoms are a common feature
of both acute and chronic fluoride poisoning.”>8

Highland Park, Michigan. A few months later, during the fall of
1954, a fortunate coincidence made it possible for me to study
this unusual disease.> A 35—year-old woman residing in Highland
Park, Michigan, had been experiéncing a mysterlous illness mani-
fested by a variety of symptoms, including a very notmeable case
of mottled teeth. Her condition was much more severe than that
of the Bay City patlent She was constantly nauseated, vomited

dlarrHEaTand pains in the lower back, Her, general health had gradu-
ally deteriorated to the point where she was bedridden. Her dentist
had identified the white and brown stains of her teeth as mottling
caused by fluoride, and her physician had suggested to her that the
current illness might be related to drinking water, although High-
land Park’s water, fluoridated since 1952, could not have been re-
sponsible for the dental condition because mottling occurs only
during the tooth-forming years up to age 12.

At first, neither her dentist nor her physician appeared to be
much concermned about her disease, and her condition continued to
deteriorate. She reported a progressive weight loss, passed blood
repeatedly from her kidneys and uterus\,}nd had a constant and
frequently unbearable pain in her head. Her eyesight had also grad-
ually deteriorated, and she had noticed “scotomata” or “moving
spots’ in both eyes, which are often indicative of an organic dis-
ease of the eye. On her skin she had what she thought were bruises
or hemorrhages. {l he muscles of her hands and arms had weakened
to the extent that she was unable to grasp certain objects. For in-
stance, when she was doing her laundry, garments often dropped
from her hands, and potatoes slipped from her grip when she was
peeling them. Furthermore, she often lost control of her legs and
could no longer coordinate her thoughts, eventually becoming in-
coherent, drowsy, and forgetful. She had gradually given up her
housework and was confined to bed.

These progressive symptoms suggested a brain tumor, but the
uterine bleeding, the so-called hemorrhages of the skin, and the
diarrhea pointed to a systemic disease rather than to involvement
of a single organ such as the brain. Fortunately, her mottled teeth
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constituted a clue, merely a vague hint for a diagnosis. In her
childhood she had lived in a natural fluoride area in China where
white-spotted teeth among children were common and where the
teeth of many adults had taken on a brownish yellow stain. Her ill-
ness, however, did not bear the slightest resemblance to what was
then known as chronic fluoride poisoning —characterized by thick-
ening of bone substance, calcification of ligaments and tendons,
and arthritis of the spine. I wondered if mottling and a nonskeletal
fluorosis might be associated.

On my advice the patient was hospitalized for diagnostic studies.
Eight of Detroit’s most prominent specialists were called in for
consultation: a neurologist to explain the brain symptoms; an
orthopedist for the backache; an ophthalmologist for the eye dis-
ease; a hematologist to assess the hemorrhages of the skin, uterus,
and bladder; a cardiologist, an endocrinologist, a specialist in meta-
bolic diseases, and a gynecologist were consulted to evaluate the
individual symptoms that were covered by their specialties. All
considered the illness serious but were at a loss to establish an
overall diagnosis. Only one of the eight consultants suggested that
this disease might be of psychosomatic (imaginary) origin. This in
itself was remarkable, for physicians often resort to this explana-
tion when they cannot diagnose a disease, perhaps in a subcon-
scious effort to save face. Although a psychosomatic element may
be superimposed upon almost every illness, only rarely does it con-
stitute the real cause of a disease.

The case became more puzzling when the X-rays of bones, espe-
cially of pelvic bone and spine, failed to show the expected
changes of chronic fluoride intoxication, and when most of the
laboratory tests revealed nothing. Only the blood calcium level
was slightly elevated, namely 11.6 mg per 100 cc (normally up to
11) of blood serum. One specimen of urine collected during 24
hours contained 1.38 mg of fluoride; another 1.37 mg. Experience
later taught me that this examination proved very little. It showed
only that the patient was eliminating some fluoride, perhaps slight-
ly more than average in an artificially fluoridated community. It
did not indicate to what extent fluoride had been stored in her
system nor whether the patient was still consuming it in drinking
water and from other sources. No matter how much or how little
fluoride is being eliminated through the kidneys, the harm which
it may have caused during its passage through the body and
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through vital organs can be determined by only one approach:
careful clinical observation of the patient.

Until completion of the preliminary tests in the hospital, the pa-
tient was instructed to use fluoridated Highland Park water that
she had brought with her to the hospital. After the tests were com-
pleted, she began drinking unfluoridated (0.1 ppm) Detroit water.
Within only two days the stomach symptoms and headaches sub-
sided, and she was soon well enough to be discharged.

Neither in the hospital nor after her discharge was she given any
medication. Instead, she was instructed to avoid fluoridated water
strictly, not only for drinking but also for cooking her food as
well. She was also told to avoid both tea and seafood because of
their high fluoride content. The headaches, eye disturbances, and
muscular weakness disappeared in a most dramatic manner. After
about two weeks her mind began to clear, and she underwent a
complete change in personality. For the first time in two years she
was able to undertake her household duties without having to stop
and rest. Within a four-week period she had gained five pounds.

Subsequently, the patient was subjected to a series of tests
which definitely proved that her disease was related to fluoridated
water. She was given test injections of minute amounts of fluoride
in drinking water and distilled water as a control. She was not
aware which water contained fluoride. The fluoride solutions in-
duced a recurrence of the symptoms, whereas the fluoride-free
water showed no adverse effects. In one of the subsequent tests
a classical attack of migraine headache was produced by one milli-
gram of fluoride taken in two glasses of water. This is about one
fifth to one half the average amount ingested in one day by people
living in a fluoridated area.

Further laboratory and other diagnostic studies were contem-
plated, especially a study of the behavior of calcium, phosphorus,
and magnesium, the activity of certain enzymes, and a tracing of
her brain waves before and after administration of a test dose of
fluoride. These plans came to an abrupt end when the patient suf-
fered another sudden episode of excruciating pains in head, mus-
cles and spine following an experimental dose of fluoride. The se-
verity of her response to this so-called blind test made me stop all
further testing. Fortunately, the patient recovered completely
without any treatment other than the elimination of Highland
Park fluoridated water for drinking and cooking.
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Judging from the overall picture, this serious progressive illness
might have terminated fatally within a few months, and had she
died, even the most competent physician would not have been able
to establish the real cause of death. Certain features, rarely found
in other diseases, were remarkable. The more water the patient
drank the thirstier she became. The deterioration of her brain
function was progressive. The painful numbness in arms, hands
and legs, and the arthritic pains in the spine were worse upon
awakening in the morning. After a night’s rest one would have ex-
pected the reverse. The slight, but definite, disturbance in the cal-
cium metabolism was of paramount interest in view of reports in
medical journals that fluoride interferes with the action of this
vital mineral.®

Could something other than fluoride have caused the disease,
perhaps another poison in the water? This question was definitely
answered by the ease with which this disease could be reproduced
at will when extremely small amounts of fluoride were adminis-
tered to her. In order to ascertain the cause of her problem she
was given a test dose of fluoride in water without being told the
nature of the test. She had, of course, given me permission to
carry out any test I saw fit.

Saginaw, Michigan. Within a few weeks after observing this un-
usual ailment I had another opportunity to gather more informa-
tion about it. During November, 1954, at the request of a local
physician in Saginaw, Michigan, I interviewed and examined some
30 people who had been ill there. They became suspicious of
fluoridated water because their health improved immediately, and
their illness gradually cleared up completely following termination
of fluoridation in Saginaw. Nine of the 30 people described a
disease which in every respect conformed to that of the Highland
Park case. Some had experienced relief when they were away from
Saginaw for even short periods. Most of them had not been aware
that fluoride was being added to their drinking water until they
were confronted with voting on fluoridation. Some of the
individuals suffered exclusively from bladder and bowel symptoms
which, at that time, I did not relate to fluoride.

In one of the victims, Mrs. H. M., age 49, the resemblance to the
Highland Park case was particularly striking.” She too had mottled
teeth, as did members of her family and other inhabitants of the
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Fig. 9-1. Typical mouth ulcer (stomatitis) caused by fluoride in toothpaste.

Canadian village where she spent her childhood. In addition to
constant gastric distress and muscular pains, she described the loss
of control of her arms and particularly of her legs which frequent-
ly “collapsed under her.”” Most annoying was the persistent dry-
ness in her mouth that led to frequent ulcers (Fig. 9-1 above) for
which her physicians had no explanation. Because drinking more
water aggravated the dryness, she eventually associated her illness
with the Saginaw water. She learned, for the first time in October,
1953, that the water was fluoridated and shortly thereafter she be-
gan to use distilled water for drinking and cooking. Within four to
six weeks, the illness had completely subsided.

Another case typical of the Saginaw group was that of a 42-
year-old salesman, Mr. R.M., who was about to give up his job be-
cause of progressive pains and weakness in his hands that prevented
him from grasping the steering wheel of his car. This condition be-
came so severe that he often had to stop on the highway. He final-
ly became suspicious of Saginaw’s water because the disease invari-
ably improved when he was on extended sales trips away from Sagi-
naw. When fluoridation was abandoned there, he quickly recovered.

Whereas the evidence in these cases was reasonably convincing,
I felt that additional studies were needed to confirm the diagnosis.
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This requirement was fulfilled in the case of W.J., a 12-year-old
boy who was one of the 30 persons whom I examined in Saginaw
and had been under my observation for two to three years.”’ He
had been suffering from convulsions that had become increasingly
severe in recent months. After fluoridation had been discontinued,
the seizures gradually subsided.

This case was so different from what I had learned thus far
about fluoride poisoning that I would not have given it a second
thought had it not been for his unusual teeth which bore some re-
semblance to mottling. They were underdeveloped and partially
deprived of enamel, a condition termed “hypoplasia.” Causes of
hypoplastic tecth are fever, nutritional disturbances and also the
advanced stage of chronic fluoride poisoning.”

According to the patient’s physician, Dr. W.P.M., the boy
remained fully conscious during the seizures, a feature not usually
encountered in epileptic attacks. The description of the episodes
and the appearance of the boy’s teeth suggested to me a possible
disturbance of the calcium metabolism, particularly since so-called
tetaniform convulsions associated with low blood calcium are
common in acute poisoning in persons who use fluoride for homi-
cidal or suicidal purposes. Fluoride is known to combine with cal-
cium in the system, and in a few persons fluoride induces exces-
sive calcium loss through the urine.!* At Harper Hospital, Detroit,
a pediatrician, a neurosurgeon, and a dentist were consulted to aid
in establishing the diagnosis. Although these consultants had had
no personal experience with fluoride poisoning, I accepted their
diagnosis that the illness was epilepsy and was not related to fluo-
ride. The neurosurgeon carried out test after test and finally did
exploratory surgery on the child’s brain in an effort to locate the
area of disturbance and to view and remove the suspected lesion,
which he thought would be a brain tumor. To his surprise, he
found none.

Several weeks after the child had left the hospital, a 24-hour
urine specimen contained 4.4 mg of fluoride —an extraordinary
amount. Since the boy was then no longer drinking fluoridated
water, fluoride had obviously been stored in his system and was
now being eliminated, a well-established phenomenon.'®»* The
elimination of excess fluoride and the failure of the neurosur-
geon to find a cause for the convulsions led me to reconsider the
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earlier diagnosis and to hospitalize the patient again for additional
studies. This time a leading Detroit neurologist, Dr. G. Steiner at
Wayne State University, diagnosed the boy’s illness as tetany. The
diagnosis hinged on the fact that the convulsions had been con-
fined to one side of the body. The previous consultants had not
been aware that this condition. resembling epilepsy, also occurs in
convulsions due to a calcium (or magnesium) disturbance, a rare
condition known as hemitetany. That the child remained con-
scious during the attacks supported the diagnosis. After elimination
of fluoridated water, the child had no further attacks, and the flu-
oride levels of his urinary specimens gradually became negligible.*

Why was this case so different from the Highland Park case?
Events in medicine are unpredictable. For instance, if a person is
intolerant to iodide, he may develop one of several entirely differ-
ent diseases—a toxic goiter, acne (a skin eruption), or an acute
swelling of the salivary glands. Whereas all these diseases are due to
the single agent iodide, rarely, if ever, do two of them occur in the
same person. As indicated in Chapter 7, fluoride in large doses can
induce convulsions as well as gastrointestinal symptoms.

Windsor, Ontario. In contrast to the Saginaw cases, in which the
illness was recognized after cessation of fluoridation, in Windsor,
Ontario, ill effects were detected after fluoride was introduced
into the water supply (September 11, 1962). The local health de-
partment, fearing an adverse reaction by the citizens, did not an-
nounce when fluoridation would begin. This afforded an excellent
opportunity --much better than any so-called double-blind test —
to determine whether fluoridated water produces ill effects. Two
weeks later, when the press announced the event to the public,
eight individuals were able to diagnose their own disease.

Two of the eight, Mrs. M.H., age 57, a nurse, and Mrs. EK., age
38, had been in the habit of drinking one or two glasses of water
before breakfast. For some unknown reason, they suddenly expe-
rienced abdominal cramps and vomiting immediately after their

*In the hospital, urine was collected in a metal container which interferes
with the correct measurement. A plastic container should have been used
since metal, enamel and glass, like calcium, attract fluoride. This error, how-
ever, would have worked in favor of the diagnosis. Had some fluoride in the
specimen been lost to the container the original amount in the specimen
would have been even higher than that reported to me.
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customary morning drink. During the course of the day, they de-
veloped headaches, pains in the lower spine, and numbness and
pains in arms and legs. They had never before had any such dis-
comfort; moreover, they were not then aware that Windsor’s water
was being fluoridated. The physician of Mrs. H., Dr. F.S., at first
provisionally considered a stomach ailment, but his medication
was of no avail. After several days of careful observation, he sus-
pected that the water might somehow be involved in her illness
and advised her to discontinue drinking it but requested her not to
disclose his diagnosis to anyone lest it jeopardize his position in
the eyes of some of his colleagues, especially Windsor’s Medical
Officer of Health. The other patient, Mrs. K., resorted to the use
of distilled water on her own. Both patients recovered promptly
upon eliminating fluoridated water.

One of the eight cases was subjected to a double-blind test, the
technique of which was outlined by the editor of the Journal of

the American Medical Association in a letter to me dated April 2,
1958:

One very obvious method for testing the validity of the diagnosis would be
to place the patient on a fluoride-free water supply until the symptoms
have subsided. Then, unbeknown to the patient (and to the physician),
add 2.2 parts per million of sodium fluoride to the water.

Two and two tenths parts of sodium fluoride per million parts of
water equals 1 ppm fluoride ion, the concentration officially
recommended for artificial fluoridation.

The patient tested was a 13-year-old schoolgirl (C.D.), who had
developed increasingly severe migraine-like headaches starting in
mid-September, 1962. Simultaneously, pains and numbness in
arms and legs, and a distinct deterioration in her mental alertness
interfered with her attendance at school. A consulting neurologist
ruled out the possibility of a brain tumor. Tests to determine
whether the headaches were caused by allergy, were negative. On
the advice of another patient, who had been similarly afflicted, the
child stopped drinking Windsor water. Her condition began to im-
prove immediately, and her ailment subsided completely after 10
days. On Mondays and Thursdays, however, the headaches
recurred when, inadvertently, after gym classes, she quenched her
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thirst with Windsor tap water. These recurrences ceased after she
began to carry her own distilled drinking water to school.

As final proof that fluoride had caused the illness, the disease
was subsequently reproduced by the above-described double-blind
procedure under the guidance of the Windsor physician. This pro-
cedure clearly eliminated the possibility of personal bias on my
part. The Windsor and Saginaw cases also proved beyond any
doubt that no chemical other than fluoride caused the disease, in
view of the fact that the illness occurred or subsided promptly fol-
lowing the addition or removal of fluoride from the drinking
water. In most instances, the patients had no knowledge about flu-
oride, nor did it occur to them that it might be in their drinking
water.

OBSERVATIONS BY OTHER PHYSICIANS

The two major obstacles to studies of this kind are the lack of
cooperation by physicians and patients. Only an exceptionally
idealistic and public-spirited patient would be willing to undergo
the time-consuming and (frequently) painful tests involved in re-
producing the illness for experimental purposes. Physicians, on the
other hand, often hesitate to cooperate because the belief that
fluoridation is harmless has seemingly been established beyond
reasonable doubt. Merely to question authoritative opinions con-
stitutes a defiance of established orthodoxy. Nevertheless, I have
communications from many other physicians who have diagnosed
intoxication by fluoridated water. For instance, the following is an
account of a patient studied by Dr. C.D. Marsh of Memphis, Ten-
nessee.

Mrs. W.E.A., age 62, residing in Memphis (not fluoridated at
that time), invariably developed the same disease on trips to
Washington, D.C., and Richmond, Virginia, during 1952 to 1956,
and always improved promptly within a few days after her return
home.* This experience drew her attention to drinking water as a
possible source of her trouble. At the time, she had no knowledge
whatsoever of fluoride or fluoridation. After she had learned that
both Washington and Richmond were adding fluoride to the water
supply, on future trips to the two cities she prevented a recurrence
by taking several bottles of Memphis water with her and avoiding
fluid foods.
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Subsequently, Mrs. A. suddenly experienced new episodes of
this illness, this time to her surprise while she was at home. Dr.
Marsh, her physician, was able to trace these recurrences to a tran-
quilizer —trifluoperazine —prescribed by him and, on another occa-
sion, to a new toothpaste. Neither she nor her physician had been
aware that both the drug and the toothpaste contained fluoride.

After the patient had regained her health, she was given —with
her consent—an intradermal injection of 1 mg fluoride, which is
the equivalent of the daily amount recommended for children’s
teeth. She was not aware of the nature of the test. Within half an
hour she developed excruciating pains in the abdomen, headaches,
backache, and profuse nasal discharge, followed by diarrhea and
lethargy —the same group of symptoms from which she had suf-
fered on previous occasions from fluoridated water, from fluoride
toothpaste, and from the fluoride-containing tranquilizer. Subse-
quently, a double-blind test carried out by Dr. Marsh confirmed
that fluoride was responsible for the disease.

Among other physicians who have observed harm to their pa-
tients from fluoridated water is Dr. W.P. Murphy of Brookline,
Mass., who received the Nobel Prize in 1934 for his work on perni-
cious anemia. He wrote me about one of his patients who had
intermittent attacks of a generalized allergic edema (hives) which
cleared up after he moved from a fluoridated to a nonfluoridated
town. As in the above-mentioned case from Memphis, the use of a
fluoride toothpaste precipitated periodic recurrences of the swell-
ings, mainly in the face and about the mouth, which subsided
completely after the toothpaste was discontinued.'

Extensive studies were also carried out in fluoridated Haarlem,
Holland, by a group of 12 physicians under the guidance of Dr. H.
C. Moolenburgh. They encountered 60 patients with the above-
described symptoms in which the relationship of the disease to flu-
oridated water was verified by a carefully controlled double-blind
test.! In order to rule out personal bias, these physicians devised
a system by means of which only an attorney and the druggist
knew which of three bottles of water contained fluoride. Thirty of
the 60 individuals experienced abdominal pains, bloating of
the abdomen, and diarrhea alternating with constipation. Eighteen
had ulcers in the mouth, 5 suffered from persistent thirst. Joint
pains, headaches, vertigo, and mental depression were other
features of this ailment as shown in Table 9-1 (opposite).
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Table 9-1
Summary of Il Effects from F~ in 60 Selected Patients®
Complaints Number Percent
Stomach and intestinal 307 50
Stomatitis 18° 30
Polydipsia ] 8
Joint pains 3 5
Migraine-like headaches 3 5
Visual disturbances 3 5
Tinnitus 2 3
Mental depression 2 3

%Including 17 patients with abdominal pain, 12 with diarrhea, 5 with
flatulence, 4 with nausea, and 1 with spastic constipation.

bTwo of these patients had symptoms after using fluoride tablets.

The evidence presented in this chapter clearly establishes that
nonskeletal chronic fluoride intoxication is a serious, frequently
misdiagnosed disease. Many physicians and scientists were involved
in these clinical investigations, and objective diagnostic procedures
were utilized. If the illness is caught in time, the symptoms are
reversible and disappear when distilled or low-fluoride water is
consumed. Hundreds of patients who were seriously ill have been
cured by this simple procedure. To deny the proven physical basis
of this disease would hardly be scientific, especially since fluoride
from any source produces similar results.
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CHAPTER 10

HEALTH EFFECTS OF AIRBORNE FLUORIDE

IN VIEW OF THE FACT that as little as 1 ppm fluoride in drink-
ing water can produce serious debilitating illness, might not a simi-
lar effect be anticipated from various, even smaller, concentrations
in the air? We have already seen that fluoride from chimneys,
exhaust fans, storage bins of factories or from volcanic eruptions
can damage plants and domestic animals. But can the minute
amounts of fluoride that contaminate the air also affect the health
and life of human beings, especially of those who work in such
factories or reside nearby?

EXPOSURE TO AIRBORNE FLUORIDE

The average amounts of gaseous fluoride in the air of large U.S.
cities are extremely small—usually less than 0.05ug/m? or 0.0625
ppb. A person living for 24 hours in such an atmosphere would in-
hale only 0.001 mg of fluoride a day (considering an average inha-
lation of 20 m3/day). Even in grossly polluted air, such as found
within 200 yards to one mile of a Scottish aluminum factory,
fluoride concentrations were not higher than 0.021-0.002 mg/m?,
depending on wind direction and speed at time of sampling.}

Under ordinary conditions these amounts might appear to be
negligible, but prolonged inhalation of similar contaminated air,
day in and day out, cannot be ignored, because absorption of gas-
eous fluoride into the blood stream through the respiratory tract
is swift, localized, and almost complete.? Furthermore, as already
shown in Chapter 3, fluoride particulates settle on edible vegeta-
tion, thus accounting for a considerable increase of the fluoride
burden of the body.

Under unfavorable conditions such as inversions, high baro-
metric pressure, sudden episodes of excessive pollution brought on
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by increased production in a factory, air stagnation in valleys—
where many factories are located —substantial amounts of airborne
fluorides may reach the bloodstream. Even more severe contami-
nation of air may be encountered inside an industrial facility as
illustrated in Table 10-1 (opposite). Levels as high as 137 ppm
or 112 mg/m? have been reported, varying with the type of build-
ing, the effectiveness of ventilation equipment, cleanliness of the
premises of the factory, work practices, and many other factors.
Fruit and vegetables grown near factories contain many times
the anticipated average levels of fluoride as seen in Table 10-2
(page 130), compiled from my own studies in a polluted area near
an Ontario fertilizer factory.® Indeed, near a pollutant source
practically everything is likely to be contaminated by fluoride, as I
discovered when visiting farms adjacent to aluminum factories in
Bolzano, Italy (Fig. 10-1 below), and Clarington, Ohio (Table 10-
3 below, page 131).* Under these conditions it is not surprising
that the medical literature reveals many instances of fluorosis in
exposed workers and reports of poisoning among persons residing
nearby.

s rre

Fig. 10-1. Accumulation of fluoride-containing clouds
in a “kettle’” surrounded by high mountains
(Bolzano, ltaly).
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Table 10-1
Atmospheric Fluoride Inside Factories
Concentration

Industry ppm mg/m?
Aluminum plant

Potroom? 4.0 3.3

General® 1.3 11
Magnesium foundry®

Mixing mill 7.8 6.4

General 0.2-0.9 0.1-0.7
Steel smelter?

Ladle crane area 1.2-62 1-52.

General 0-17. 0-14.
Phosphate fertilizer manufacturer® 0.6-10.2 0.5-8.3
Pottery manufacturing’ 4.3 35
Fluorspar mine & 0-1.1 0-0.9
Chemical plant”

Room samples 0.08-10.0 0.06-8.2

General 1.8-1.9 1.56-16
Welding )

Welder’s stand (gaseous)’ 3.8 3.1

Welder’s stand (particulatg)‘ 0.6 0.5

Confined area {unvented) 1.2-137 1.0-112

7.7-50 6.3-41

Confined area (vented)

2Ref. 21 below. ?N. Hiszek et al., Banyasz. Kohasz. Lapok, Kohasz, {(Hunga-
ry), 103:514-517, 1970. °R. E. Bowler et al., 8r. J. Ind. Med., 4:216-222,
1947. 4USPHS Bull. 229, 1948. °Ref. 20 below. ’S. G. Luxon, Ann. Occup.
Hyg., 6:127-130, 1963. éW. D. Parsons et al., Br. J. Ind. Med., 21:110-116,
1964. "N. A. Leidel et al., HEW Publ. No. (NIOSH) 76-103, p. 149.'L. K.
Smith, Ann, Occup. Hyg., 10:113-121, 1967. ‘). Krechniak, Fluoride, 2: 13-
24, 1969.
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Table 10-2
Food Polluted by Fluoride in the Port Maitland, Ontario, Area®
“Polluted™ “Unpolluted”™
{ppm) {(ppm)
Wheat {grain) 2.6 0.7 t0 2.0
Apples 6.6 0.8
Carrots 7.0 20
Beets 7.0 0.7 to 2.8
Squash 104
Corn 13 0.7
Sauerkraut 10.7
Currants 8.0 0.7
Cabbage Leaves 9.6
““Chicken vegetable soup"” 4.6
*"Hamburger with onicns” 24
Potatoes (boiled) 7.7 04
Beans {cooked) 17.3 1.7
Strawberries (frozen) 4.6
Oatmeal {cooked) 5.1 0.2
Lettuce 440 0.1t0 0.3

INDUSTRIAL FLUOROSIS

Clinical Data. The first reliable description of industrial fluoro-
sis was recorded in 1932 by P.F. Méller and S.V. Gudjonsson, who
detected on X-ray examination increased, but varying, bone
density in 30 of 78 workers engaged in the crushing and refining
of cryolite.* Fourteen of these workers had been employed less
than ten years; in one individual severe bone changes had already
occurred after only five years. The two persons with the most ad-
vanced bone lesions—their spines were entirely immobile —had
been employed in the factory for 25 and 11 years, respectively. It
is especially noteworthy that this first description of the disease
emphasized rheumatic pains, nausea, loss of appetite, and frequent
vomiting in 42 of the 78 workers, the very same preskeletal symp-
toms that are now being encountered in patients made ill by artifi-
cially fluoridated water.
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Table 10-3
Fluoride in ltems Other than Food in Two Polluted Communities®

BOLZANO, ITALY ppm
Rabbit (tibia, fibula ashed) 3650-3730
Soil (0 to 20 em in depth) 1690-1530
Flydust

Aluminum smelter 5420-6200

Magnesium factory <3300
Water

Wells 0.8-25.0

Effluent from factory (ditch) 14.0-35.0
CLARINGTON, OHIO
Pear leaves >148
Wild cherry leaves >77
Grass >120
Bones of cow 3300-4560
Bones of rabbit 980-1500
Water

Deep wells 0.098-0.164

Four years after this report appeared, P. A. Bishop, a Philadel-
phia roentgenologist, described a case of skeletal changes from in-
dustrial fluorosis in a 48-year-old laborer employed in a fertilizer
factory for 18 years.® The bones contained from 2900 to 6900
ppm fluoride, but there was no history of gastric disturbances.
Bishop reported that the patient died of a syphilitic heart disease.

Then, in 1937, the clinical, experimental, and toxicological
aspects of the new disease were thoroughly investigated by Kaj
Roholm, whose classical study covered data on 68 workers, 47
males and 21 females, aged 20 to 67.7 He distinguished three dif-
ferent phases of skeletal fluorosis according to the degree of densi-
ty and enlargement of the bones. He also recorded nonskeletal
manifestations of the disease: mainly headaches, dizziness, stiff-
ness, theumatic pains, insomnia, fatigue, diarrhea, constipation,
nausea, vomiting, and shortness of breath (Table 8-3, page 105).
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Several striking descriptions of individual cases of industrial
fluorosis have appeared in Switzerland and France,®® where the
disease has been recognized since 1936. E. Spéder, a French
radiologist, recorded the typical bone changes in seven workers at
the phosphate mines in French Morocco.” The occurrence of
respiratory symptoms, mainly hoarseness, frequent sore throats,
nasal congestion, cough, dyspnea, and asthmatic wheezing, were
emphasized by subsequent investigators, 2714

In a 1970 Swiss survey of 17 male aluminum workers (aged 52
to 66) afflicted with skeletal fluorosis, the major complaints were
arthritis, joint stiffness, and muscular pains. Fluoride levels in
biopsied bones averaged 3320 ppm.” That arthritis is the most
consistent manifestion of skeletal fluorosis was also recognized by
another Swiss physician, H. H. Schlegel, who diagnosed the disease
in 16 of 61 aluminum workers exposed to air with a fluoride con-
tent of 3 to 4 mg/m3.%

In recent years our knowledge of the disease has been greatly
expanded by experimental, clinical, and histochemical studies of
J. Franke, an orthopedic surgeon at the University of Halle, D.D.R.
In 1967, he had encountered a patient whose illness was diagnosed
as Bechterev Disease, a bone disease causing complete stiffening of
the spine. The X-rays also revealed a marble-like condensation of
pelvic bones that did not fit the diagnosis. He was considering re-
porting the unusual simultaneous occurrence of the two condi-
tions, Bechterev Disease and Marblebone (or Albers-Schénberg)
Disease, when he recalled that the patient was being exposed to
fluoride in an aluminum smelter where he was employed. When he
reviewed the literature, a single sentence in a textbook alerted him
to fluoride as one of the sources of sclerotic bones. In his attempt
to confirm his suspicion and to arrive at a correct diagnosis, he bi-
opsied the iliac crest for a fluoride assay; the bone was so hard
that the biopsy needle broke and the piece of bone had to be chis-
elled out. It contained over 4000 ppm fluoride. Once the diagnosis
of skeletal fluorosis was thus verified, he embarked on extensive
studies of the disease, which yielded a remarkable body of data on
industrial fluorosis.

Subsequently, his examination of 300 workers revealed 35 with
similar changes. The first signs of the disecase appeared after an ave-
rage of 10.7 years of employment and the most advanced changes
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after 19.5 years."” Franke emphasized the highly individual re-
sponse to fluoride intake: in one of two workers employed for 15
years in the same area of the plant, the skeletal disease was far ad-
vanced; in the other it was hardly noticeable. In three autopsies he
verified that the bone changes (Fig. 10-2, next page) are identical
with those found in endemic areas from fluoride in drinking water
(see Figs. 8-1 to 8-4 above, pages 99-101)."®

E. Czerwinski and W. Lankosz have also observed typical skele-
tal fluorosis in 60 retired disabled aluminum workers, mainly exos-
toses, and ossification of the interosseous membranes and of mus-
cle attachments. All but one case exhibited respiratory and circu-
latory manifestations, and about one half of the workers had
gastrointestinal disorders, including a high (12%) incidence of
gastric ulcers. Kidney stones and gallstones were found in 8
patients (see Table 10-4 below).?

Statistical Studies. Industrial exposure to fluoride has also been
investigated in several large-scale statistical studies relating the
magnitude of e