





Toute entreprise humaine, fut-elle industrielle, est susceptible de
perfectionnement!

Inscription on memorial to the sixty dead of the 1930 Meuse
Valley disaster

It is not just a mistake for public health agencies to cooperate and
collaborate with industries investigating and deciding whether public
health is endangered—it is a direct abrogation of the duties and
responsibilities of those public health organizations.

Scientist Clair Patterson to the U.S. Senate,

If you ain' thinking about Man, God and Law, you ain' thinking
about nothin.

Joe Strummer (1952-2002)
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Foreword

THEO COLBORN

THE QUESTION OF whether fluoride is or is not an essential element is
debatable. In other words, is the element, fluorine, required for normal
growth and reproduction? On one hand there appears to be a narrow range
of topical exposure in which it might prevent cavities. But if exposure is
too high, it causes serious health problems. And could an individual who is
totally deprived of fluoride from conception through adulthood survive?
Definitive research to resolve these questions has never appeared in the
public record or in peer-reviewed journals. It is important to keep this fact
in mind as you read this book.

Chris Bryson informs us that fluorine is, indeed, an essential element in
the production of the atom bomb, and there is good reason to believe that
fluoridated drinking water and toothpaste—and the development of the
atom bomb—are closely related. This claim sounded pretty far-fetched to
me, and consequently | was extremely skeptical about the connection when
| started reading the book. Bryson writes with the skill of a top-selling
novelist, but it was not his convincing storytelling that made me finish the
book. It was the haunting message that possibly here again was another
therapeutic agent, fluoride, that had not been thoroughly studied before it
was foisted on the public as a panacea to protect or improve health. Bryson
reveals that the safety of fluoride became a firmly established paradigm
based on incomplete knowledge. The correct questions were never asked
(or never answered when they were asked), thus giving birth to false or
bottomless assumptions that fluoride was therapeutic and safe. Certainly,
the evidence Bryson unearthed in this book begs for immediate attention by
those responsible for public health.

As the story unfolds, Bryson weaves pieces of what at first appears to be
totally unrelated evidence into a tapestry of intrigue, greed,
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collusion, personal aggrandizement, corporate and government cover-up,
and U.S. Public Health Service (USPHS) mistakes. While reading the book,
| kept thinking back to 1950, three years after |1 got my BS degree in
Pharmacy and the year | gave birth to my first child. Fluoride came on the
market packaged in pediatric vitamin drops for infants. Mothers left the
hospital with their new babies in their arms and prescriptions in their hands
from their dismissing physicians for these fluoride-laced drops. About that
time communities around the country began to add fluoride to their
drinking water. The promised benefits of fluoride were so positive that my
dentist friends began to wish that they had chosen dermatology instead of
dentistry. At that same time pregnant women were being given a
pharmaceutical, diethylstilbestrol (DES), to prevent miscarriages, as
well as DES-laced prescription vitamins especially designed for pregnant
women to produce big, fat, healthy babies. | felt good when | dispensed the
fluoride and DES prescriptions—they were products designed to prevent
health problems rather than treat them. Now | can only wonder how many
children were harmed because | and others like me took the word of the
National Institutes of Health (NIH), the USPHS, and the major
pharmaceutical companies producing these products. We were caught up in
the spin. We were blind to the corporate hubris and were swept along with
the blissful enthusiasm that accompanies every new advance in modern
technology and medicine.

The hazards posed by prenatal exposure to DES surfaced a lot sooner
than those posed by fluoride. And although by 1958 it was discovered that
DES caused a rare vaginal cancer that until that time had been found only
in postmenopausal women, its use during pregnancy was not banned until
1971—thirteen years later. Even this year, 2003, new discoveries are being
reported about the impact on health in the sons and daughters of the DES
mothers, and now in their grandchildren. It is estimated that in the United
States alone there are ten million daughters and sons. In comparison to
DES, where exposure could be traced through prescription records, the
extent of exposure to fluorides through drinking water, dental products,
vitamins, and as Bryson points out, through Teflon, Scotchgard,
Stainmaster, and other industrial and agricultural fluorinated products is
practically unmeasurable.
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Certainly the evidence Bryson presents in this book should cause
those charged with protecting public health to demand answers about
the developmental, reproductive, and functional role of fluorine in all
living organisms. A lack of data on the safety of a product is not proof
of safety. Evidence has only recently surfaced that prenatal exposure
to certain fluorinated chemicals is dangerous, often fatal at high doses,
and that—even at extremely low levels—such exposure can
undermine the development of the brain, the thyroid, and the
metabolic system. This evidence surfaced because industrial fluorine
chemicals were suddenly being discovered in human and wildlife
tissue everywhere they were looked for on earth. As a result, the U.S.
Environmental Protection Agency ( EPA) began to press the
manufacturers of these products for data on their safety. It is no
wonder that such chemicals never made it on the list of known
endocrine disrupters, chemicals that undermine development and
function. The studies were never done, or if they were, they were not
available to the public. It is time that these chemicals, at the
cumulative concentrations they are found in the environment, be tested
thoroughly for their developmental, reproductive, and endocrine
effects.

Whether or not Bryson's nuclear-bomb connection is ever con-
firmed without a doubt, this book demonstrates that there is still much
that needs to be considered about the continued use of fluorine in
future production and technology. The nuclear product that required
the use of fluorine ultimately killed 65,000 people outright in one
sortie over Japan. The actual number of others since then and in
generations to come who will have had their health insidiously
undermined by artificial exposure to fluorides and other fluorine
chemicals with half-lives estimated in geologic time may well exceed
that of the atom bomb victims millions and millions of times over.

Dr. Theo Colborn, coauthor of Our Stolen Future:
Are We Threatening Our Fertility, Intelligence, and
Survival?

A Scientific Detective Story (1996)



Note on Terminology

THE TERMS fluorine and fluoride should not be confused in a book about
chemical toxicity. Fluorine is an element, one of our planets building
blocks, an especially tiny atom that sits at the summit of the periodic table.
Its lordly location denotes an unmatched chemical potency that is a
consequence of its size and structure. The nine positively charged protons
at the atom's core get little protection from a skimpy miniskirt of electrons.
As a result, fluorine atoms are unbalanced and dangerous predators,
snatching electrons from other elements to relieve their core tension. (A
ravenous hunger for electrons explains why fluorine cuts through steel like
butter, burns asbestos, and reacts violently with most organic material.)’

Mercifully, Mother Nature keeps fluorine under lock and key. Because
of its extreme reactivity, fluorine is usually bound with other elements.
These compounds are known as salts, or fluorides, the same stuff that they
put in toothpaste. Yet the chemical potency of fluorides is also dramatic.
Armed with a captured electron, the toxicity of the negatively charged
fluoride ion now comes, in part, from its tiny size. (lonic means having
captured or surrendered an electron). Like a midget submarine in a harbor
full of battleships, fluoride ions can get close to big molecules—Iike
proteins or DNA —where their negative charge packs a mighty wallop that
can wreak havoc, forming powerful bonds with hydrogen, and
interfering with the normal fabric of such biological molecules.'

However—and please stay with me here, | promise it gets easier
—somewhat confusingly, the words fluorine and fluoride are some-times
used interchangeably. A fluoride compound is often referred to, generically,
as fluorine. (For example, the Fluorine Lawyers Committee was a group of
corporate attorneys concerned about the medical and legal dangers from a
great range of different industrial "fluorides” spilling from company
smokestacks.)

In these pages Ive tried to be clear when I'm referring to the element
fluorine or to a compound, a fluoride. And because different fluoride
compounds often have unique toxicities, where relevant or
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possible, | have also given the compounds specific name. Mostly,
however, for simplicity's sake, | have followed convention and used
the shorthand fluoride when referring to the element and its multiple
manifestations, a procedure approved and used by the U.S. National
Academy of Sciences.'
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Introduction

A Clear and Present Danger

Warning: Keep out of reach of children under 6 years of age. If you
accidentally swallow more than used for brushing, get medical help or
contact a Poison Control Center right away.

NEXT TIME YOU confront yourself in the bathroom mirror, mouth full
of foam, take another look at that toothpaste tube. Most of us associate
fluoride with the humdrum issue of better teeth and the promised fewer
visits to the dentist. Yet the story of how fluoride was added to our
toothpaste and drinking water is an extraordinary, almost fantastic tale.
The plot includes some of the most spec tacular events in human
affairs—the explosion of the Hiroshima atomic bomb, for example. Many
of the principal characters are larger than life, such as the "father of public
relations” Edward L. Bernays, Sigmund Freud's nephew, who was until
now more famous for his scheme to persuade women to smoke cigarettes.'
And the twists and turns of the fluoride story are propelled by nothing less
than the often grim requirements of accumulating power in the industrial
era—the same raw power that is at the beating heart of the American
Century.

Fluoride lies at the elemental core of some of the greatest fortunes that
the world has ever seen, the almost unimaginable wealth of the Mellons of
Pittsburgh and the DuPonts of Delaware. And no wonder the warning on
the toothpaste tube is so dramatic. The same potent chemical that is used
to enrich uranium for nuclear weapons, to prepare Sarin nerve gas, and to
wrestle molten steel and aluminum from the earth's ore is what we give to
our children
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first thing in the morning and last thing at night, flavored with peppermint,
strawberry, or bubble gum.

Fluoride is so muscular a chemical that it has become a lifeblood of
modern industry, pumped hotly each day through innumerable factories,
refineries, and mills. Fluoride is used to produce high-octane gasoline; to
smelt such key metals as aluminum, steel, and beryllium; to enrich
uranium; to make computer circuit boards, pesticides, ski wax, refrigerant
gases, Teflon plastic, carpets, waterproof clothing, etched glass, bricks and
ceramics, and numerous drugs, such as Prozac and Cipro.

Fluoride's use in dentistry is a sideshow by comparison. But its use in
dentistry helps industry, too. How does it work? Call it elemental public
relations. Fluoride is so potent a chemical that it's also a grave
environmental hazard and a potential workplace poison. So, for the
industry-sponsored scientists who first promoted fluoride's use in dentistry,
linking the chemical to better teeth and stoutly insisting that, in low doses,
it had no other health effect helped to change fluoride's image from poison
to panacea, deflecting attention from the injury that factory fluoride
pollution has long wreaked on workers, citizens, and nature.

Hard to swallow? Maybe not. The face-lift performed on fluoride more
than fifty years ago has fooled a lot of people. Instead of conjuring up the
image of a crippled worker or a poisoned forest, we see smiling children.
Fluoride's ugly side has almost entirely escaped the public gaze. Historians
have failed to record that fluoride pollution was the biggest single legal
worry facing the atomic-bomb program following World War II.
Environmentalists are often unaware that since World War 11, fluoride has
been the most damaging poison spilling from factory smokestacks and was,
at one point during the cold war, blamed for more damage claims against
industry than all twenty other major air pollutants combined. And it was
fluoride that may have been primarily responsible for the most notorious
air pollution disaster in U.S. history—the 1948 Halloween nightmare that
devastated the mill town of Donora, Pennsylvania—which jump-started
the U.S. environmental movement.'

It's the same story today: more happy faces. Yet we are exposed to
fluoride from more sources than ever. We consume the chemical from
water and toothpaste, as well as from processed foods made
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with fluoridated water and fluoride-containing chemicals. We are exposed
to fluorine chemicals from often-unrecognized sources, such as
agricultural pesticides, stain-resistant carpets, fluorinated drugs, and such
packaging as microwavable popcorn bags and hamburger wrappers, in
addition to industrial air pollution and the fumes and dust inhaled by many
workers inside their factories.

Fluoride's double-fisted trait of bringing out the worst in other
chemicals makes it especially bad company. While a common air pollutant,
hydrogen fluoride, is many times more toxic than better-known air
pollution villains, such as sulfur dioxide or ozone, it "synergistically"
boosts the toxicity of these pollutants as well. Does fluoride added to our
drinking water similarly increase the toxicity of the lead, arsenic, and other
pollutants that are routinely found in our water supply? As we shall see,
getting answers to such questions from the federal government, even after
fifty years of endorsing water fluoridation, can prove impossible.

By the mid-1930s European scientists had already linked fluoride to a
range of illnesses, including breathing problems, central-nervous-system
disorders, and especially an array of arthritis-like musculoskeletal
problems.' But during the cold war, in one of the greatest medical vanishing
acts of the twentieth century, fluoride was systematically removed from
public association with ill health by researchers funded by the U.S. military
and big corporations. In Europe excess exposure to fluoride produced a
medical condition described as "poker back" or “crippling skeletal
fluorosis” among fac tory workers. But the chemical somehow behaved
differently when it crossed the Atlantic, the industry-funded researchers
implied, failing to produce such disability in the United States. It was a
deceit, as we shall see: scientific fraud on a grand and global scale; a
lawyerly ruse to escape liability for widespread worker injury; a courtroom
hustle made possible and perpetuated by the suppression of medical
evidence and by occasional perjury.

Your history is all mixed up, say supporters of water fluorida-tion. The
story of how fluoride was added to our toothpaste and water is a separate
history, unrelated to fluoride's use in industry, they maintain. But there is
only one story, not two. The tale of the dental ‘wonder chemical” and the
mostly secret account of how industry and the U.S. military helped to
create and polish that
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public image are braided too closely to distinguish between them. The
stories merge completely in the conduct of two of the most senior
American scientists who led the promotion of water fluo-ridation in
the 19405 and 1950S, Dr. Harold Carpenter Hodge and Dr. Robert
Arthur Kehoe.

Don't blame the dentists. They were taught that fluoride is good for
teeth. Few realize that Dr. Hodge, the nation's leading fluoride
researcher who trained a generation of dental school deans in the
19506 and 1960S, was the senior wartime toxicologist for the Man-
hattan Project. There he helped choreograph the notorious human
radiation experiments in which hospital patients were injected with
plutonium and uranium—without their knowledge or consent—in
order to study the toxicity of those chemicals in humans. Hodge was
similarly charged with studying fluoride toxicity. Building the world's
first atomic bomb had required gargantuan amounts of fluoride. So,
for example, on behalf of the bomb makers he covertly monitored one
of the nation’s first public water fluoridation experiments. While the
citizens of Newburgh, New York, were told that fluoride would reduce
cavities in their children, secretly blood and tissue samples from
residents were sent to his atomic laboratory for study.'

Some dentists are unaware that much of the fluoride added to
drinking water today in the United States is actually an industrial
waste, "scrubbed" from the smokestacks of Florida phosphate fer-
tilizer mills to prevent it from damaging livestock and crops in the
surrounding countryside. In a sweetheart deal these phosphate com-
panies are spared the expense of disposing of this "fluosilicic acid" in a
toxic waste dump. Instead, the acid is sold to municipalities, shipped
in rubber-lined tanker trucks to reservoirs across North America and
injected into drinking water for the reduction of cavities in children.
(So toxic are the contents of the fluoride trucks that in the aftermath of
the September 1, zoos, terrorist attack, authorities were alerted to keep
a watchful eye on road shipments of the children's tooth-decay
reducer.)®

"l had no idea where the fluoride was coming from until the
anti-fluoridationists pointed it out to me,” Dr. Hardy Limeback, the
head of Preventative Dentistry at the University of Toronto, Canada,
and a former leading fluoridation supporter, told me. ‘1 said, You have
got to be wrong. That is not possible!”
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Those same phosphate manufacturers were members of an influential
group of industries that sponsored Dr. Robert Kehoe's fluoride research at
the University of Cincinnati during the 1940s and 1950s. Kehoe is better
known today for his career-long defense of the safety of adding lead to
gasoline (now discredited). But he was also a leading figure reassuring
citizens and scientists of the safety of industrial fluoride and water
fluoridation, while burying information about the chemical's toxic effects
and privately sharing doubts with his corporate sponsors about the safety of
even tiny amounts of the chemical.’

Not surprisingly, peering behind the fifty-year-old facade of smiling
children with rows of picket-fence-white teeth is difficult. Industry is
reluctant to have its monument to fluoride safety blackened or its role in
dental mythmaking explored. Several of the archives I visited had gaping
holes or missing documents, and some were closed entirely. And many
scientists are reluctant to speak critically about fluoride—mindful of the
fate of researchers who have questioned the government line. Scientists
have been fired for their refusal to back down from their questions about
the safety of fluoride, blackballed by industry, or smeared by propagandists
hired by the U.S. Public Health Service and the American Dental
Asso-ciation.™ "Bodies litter the field," one senior dental researcher told
me when he learned that | was writing a book on fluoride.

Myths are powerful things. Mention of fluoride evokes a skeptically
cocked eyebrow from liberals and conservatives alike and an almost
reflexive mention of the 1964 Stanley Kubrick film Dr. Strangelove. The
hilarious portrayal of General Jack D. Ripper as a berserk militarist
obsessed with Communists adding fluoride to the nation's water became a
cultural icon of the cold war—and perhaps the movie's most famous scene.
(Today Nile Southern, the son of Dr. Strangelove's screenwriter, Terry
Southern, remarks that the news that U.S. military and industrial
interests—not Communists— promoted water fluoridation is "just
shocking. Terry and Stanley [ Kubrick] would have been horrified by it.")"

The media caricature was largely false. The national grassroots struggle
against water fluoridation was a precursor of todays environmental
movement, with multicolored hues of political affiliation. It was led by
veteran scientists with distinguished careers safeguard-
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ing public health, including the doctor who warned the nation about
the dangers of cigarette smoking and the risk from allergic reaction to
penicillin. Yet instead of being seen as medical pioneers and
minutemen, warning of the encroachment of industrial poisons,
antifluoridationists are portrayed as unscientific and isolationist the
modern equivalent of believing that the earth is flat.

It is the U.S. medical establishment that is out on a limb, say crit ics.
Adding to water a chemical so toxic that it was once used as rat poison
was a uniquely American idea and is, increasingly, a lone American
practice. Most European countries do not add fluoride to their water.
Several nations have long since discontinued the practice,
doubting its safety and worth."

Fluoride may help teeth, but the evidence is not overwhelming.
Although rates of dental decay have fallen significantly in the United
States since the 194o0s, similar improvements have been seen in
countries where fluoride is not added to the water. Improved dental
care, good nutrition, and the use of antibiotics may explain the
parallel improvement. A largely sympathetic official review of
fluoridation by the British government in 2000 found that most
studies of the effectiveness of fluoridated water were of ‘moderate’
quality and that water fluoridation may be responsible for 15 percent
fewer cavities.” Thats a far cry from the 65 percent reductions
promised by the early promoters of fluoride. With revelations that
such health problems as central nervous system effects, arthritis, and
the risk of bone cancer were minimized or concealed entirely from
the public by early promoters of fluoride, the possible benefit of a
handful of better teeth might not be worth running the risk. "How
many cavities would have to be saved to justify the death of one man
from osteosarcoma?" asked the late Dr. John Colquhoun, the former
chief dental officer of Auckland, New Zealand, and a fluoride
promoter turned critic.

"I did not realize the toxicity of fluoride,” said Dr. Limeback, the
Canadian. ‘| had taken the word of the public health dentists, the
public health physicians, the USPHS, the USCDC, the ADA, the CDA
[Canadian Dental Association] that fluoride was safe and effective
without actually investigating it myself.”

Even the theory of how fluoride works has changed. The CDC no
longer argues that fluoride absorbed from the stomach via
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drinking water helps teeth. Instead, the argument goes, fluoride strikes at
dental decay from outside the tooth, or ‘topically,” where, among other
effects, it attacks the enzymes in cavity-causing bacteria. Drinking
fluoridated water is still important, according to the CDC, because it bathes
the teeth in fluoride-enhanced saliva—a cost-effective way of reaching
poorer families who may not have a balanced diet, access to a dentist, or the
regular habit of brushing with fluoride toothpaste.'

But swallowing treated water allows fluoride into our bones and blood,
where it may be harmful to other parts of the body, say critics. If fluoride
can kill enzymes in tooth bacteria, its potentially crippling effects on other
enzymes—the vital chemical catalysts that regulate much biological
activity—must be considered.’

When | investigated [such questions] | said, "This is crazy." Lets take it
out of the water because it is harming so many people— [not] simply the
dental fluorosis [the white mottling on teeth caused by fluoride], but now
we are seeing bone problems and possibly cancer and thyroid problems. If
you are really targeting the poor people, lets give toothpaste out at the food
banks. Do something other than fluoridate the water supply,” said Dr.
Limeback. “Then [the fluoride promoters] kept saying, Well, it is cost
effective. That is a load of crap-it is cost effective because they are using
toxic waste, for crying out loud!”

History tells us that overturning myths is rarely easy. But we have been
down this path before. The fluoride story is similar to the fables about lead,
tobacco, and ashestos, in which medical accomplices helped industry to
hide the truth about these substances for generations. Fluoride workers
share a tragic fate with the souls who breathed beryllium, uranium, and
silica in the workplace. Endless studies that assured workers that their
factories and mines were safe concealed the simple truth that thousands of
people were being poisoned and dying painful early deaths from these
chemicals. So if this tale of how fluorides public image was privately
laundered sounds eerily familiar, maybe its because the very same
professionals and institutions who told us that fluoride was safe said much
the same about lead, asbestos, and DDT or persuaded us to smoke more
tobacco.
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Lulled by half a century of reassurances from supporters of fluoride
in the public health establishment, many doctors today have no idea of
the symptoms of fluoride poisoning. A silent killer may stalk us in our
ignorance. There is a black hole out there, in terms of the public and
scientific knowledge,” says former industry toxicologist Dr. Phyllis
Mullenix. There is really no public health issue that could impact a
bigger population. | dont think there is an element of this society that
is not impacted by fluoride. It is very far-reaching and it is very
disturbing.”

Fifty years after the U.S. Public Health Service abruptly reversed course
during the darkest days of the cold war—and endorsed artificial water
fluoridation—it is time to recognize the folly, hubris, and secret agendas
that have shackled us too long, poisoning our water, choking our air, and
crippling workers. It is time, as the Quakers ask in life, to speak truth to
power. Good science can sharpen the tools for change, but it will be public
opinion and citizen action that strike those shackles free.



Major Figures On The Fluoride Story
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States.
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Research (NIDR) following the verdict in the Martin air-pollution trial.

ROBERT A. KEHOE . As the Director of the Kettering Laboratory of
Applied Physiology at the University of Cincinnati, Kehoe was the
leading defender in the United States of the safety of leaded gasoline.
Guided by a group of corporate attorneys known as the Fluorine Lawyers
Committee, Kehoe similarly defended fluoride on behalf of a group of
corporations that included DuPont, Alcoa, and U.S. Steel, all of which
faced lawsuits for industrial fluoride pollution.

EDWARD J. L ARGENT. A researcher at the Kettering Laboratory who
defended corporations accused of fluoride pollution and spent a career
negating the fluoride warnings of the Danish scientist Kaj
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Roholm. Largent exposed his wife and son to hydrogen fluoride in a
laboratory gas chamber.

NICHOLAS C. LEONE. The head of medical investigations at the federal
governments NIDR who was in close communication with industrys
Fluorine Lawyers and who, following the 1955 Martin verdict, met with
Alcoas Dudley Irwin and the Kettering Laboratory's Robert Kehoe to
discuss how government water fluoridation safety studies could help
industry.

WILLIAM J. MARCUS . A senior toxicologist in the EPAs Office of
Drinking Water. In 1992, after he protested what he described as the
systematic downgrading of the results of the government's study of cancer
and fluoride, he was fired. A federal judge later ruled that he had been fired
because of his scientific opinions on fluoride and ordered him reinstated.

PAUL AND VERLA MARTIN. Oregon farmers who were poisoned by
fluoride from a Reynolds Metals aluminum plant. Their precedent-setting
court victory in 1955 sparked emergency meetings between fluoride
industry representatives and senior officials from the National Institute of
Dental Research and launched a crash program of laboratory experiments
at the Kettering Laboratory to prove industrial fluoride pollution "safe."

PHYLLIS J. MULLENIX. A leading neurotoxicologist hired by the
Forsyth Dental Center in Boston to investigate the toxicity of materials
used in dentistry. In 194 after her research indicated that fluoride was
neurotoxic, she was fired.

KAJ ELI ROHOLM. The Danish scientist who in 1937 published the book
Fluorine Intoxication, an encyclopedic study of fluoride pollution and
poisoning. He opposed giving fluoride to children.

PHILIP SADTLER. The third-generation son of a venerable Philadelphia
family of chemists, Sadtler gave expert testimony during the 1940s and
1950s on behalf of farmers and citizens who claimed that they had been
poisoned by industrial fluoride pollution. He
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blamed fluoride for the most notorious air pollution disaster in U.S. history,
during which two dozen people were killed and several thousand were
injured in Donora, Pennsylvania, over the Halloween weekend in 1948.

FRANK L.SEAMANS. Atop lawyer for Alcoa, Seamans was also
head of the group of senior attorneys known as the Fluorine Lawyers
Committee, which represented big corporations in cases of alleged
industrial fluoride pollution.

GEORGE L. WALDBOTT. A doctor and scientist and a leading
expert on the health effects of environmental pollutants, Waldbott's
research in the 19505 and 1960s on his own patients indicated that
many people were uniquely sensitive to very small doses of fluoride.
He founded the International Society for Fluoride Research and was a
leader of the international and domestic opposition to water
fluoridation.

COLONEL STAFFORD L. WARREN. Head of the Manhattan
Projects Medical Section.

EDWARD RAY WEIDLEIN. Director of the Mellon Institute, where
Cox carried out his studies.



Through the Looking Glass

At the children's entrance to the prestigious Forsyth Dental Center in Boston,
there is a bronze mural from a scene in Alice in Wonderland. The mural
makes scientist Phyllis Mullenix laugh. One spring morning, when she was
the head of the toxicology department at Forsyth, she walked into the ornate
and marbled building and, like Alice, stepped through the looking glass.
That same day in her Forsyth laboratory she made a startling discovery
and tumbled into a bizarre wonderland where almost no one was who they
had once appeared to be and nothing in the scientists life would ever be the
same again.

AS SHE DROVE alongside the Charles River in the bright August
sunshine of 1982 for her first day of work at the Forsyth Dental Center in
Boston, toxicologist Phyllis Mullenix was smiling. She and her husbhand
Rick had recently had their second daughter. Her new job promised
career stability and with it, the realization of a professional dream.

Since her days as a graduate student Mullenix had been exploring new
methods for studying the possible harmful effects of small doses of
chemicals. By 1982 Dr. Mullenix was a national leader in the young
science of neurotoxicology, measuring how such chemicals affected the
brain and central nervous system. She and a team of researchers were
developing a bold new technology to perform those difficult
measurements more accurately and more quickly than ever before.

The system was called the Computer Pattern Recognition System.
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It used cameras to record changes in the "pattern” of behavior of laboratory
animals that had been given tiny amounts of toxic chemicals. Computers
then rapidly analyzed the data. By detecting how the animals behavior
differed from that of similar "control” animals—that were not given the
toxic agent—scientists were able to measure or ‘quantify the extent to
which a chemical affected the animals central nervous system.

Previous such efforts had relied on subjective guesswork as to the
severity of the chemical's toxic effect or on laborious and time-consuming
efforts to quantify the changes the chemical made in behavior. The speed
of the computers and the accuracy of the camera measurements in the
Mullenix system, however, could potentially revolutionize the study of
toxic chemicals.

As her car flew along the Charles River that summer morning in 1982,
Mullenix knew that her new job and the support of the prestigious Forsyth
Dental Center would finally allow her to complete the work on her new
system.

Mullenix had caught the eye of Forsyths director, John "Jack Hein,
some years earlier. He had attended one of her seminars at the Harvard
Medical School, where she was a faculty member in the Department of
Psychiatry. He had sat in the audience, dazzled, his mind racing. Hein
remembers a very bright woman describing a revolutionary new
technology, which he believed had the potential for transforming the
science of neurotoxicology. "She had the world by the tail,” said Hein.
“There is nothing more exciting than a new methodology.”

Jack Hein wanted Mullenix to bring her new technology to For-syth and
to set up a modern toxicology laboratory. It would be the first such dental
toxicology center in the country. Many powerful chemicals are routinely
employed in a dentists office, such as mercury, high-tensile plastics,
anesthetics, and filling amalgams. Hein knew that an investigation of the
toxicity of some of these materials was overdue.

The Forsyth director's boyish enthusiasm helped to sell Mul-lenix on the
move. ‘| was very impressed with Dr. Hein," she said. “He was like a kid in
a candy store. He couldnt wait for us to use the new methodology and
apply it to some of the materials dentists work with."
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Phyllis Mullenix's transfer to Forsyth was a move to one of Bos-
tons most prestigious medical centers. The Forsyth Dental
Infirmary for Children was established in 1910 to provide free
dental care to Boston's poor children. By 1982, when Dr. Mullenix
accepted Jack Hein's invitation, the renamed Forsyth Dental Center
was affiliated with Harvard Medical School and had become one of
the best-known centers for dental research in the world.

At the helm was Forsythss director, Jack Hein, a well-known figure
in American dental research. Hein had attended the University of
Rochester in the 1950s, and there he had helped to develop the fluoride
compound sodium monofluorophosphate (MFP). Colgate soon added
MFP to its toothpaste, and Jack Hein became the company's dental
director in 1995. When he came to Forsyth in 1962, Hein was part of
the new order in reshaping American dentistry—a changing of the
guard then taking place in many dental schools and research centers.'
Like Jack Hein, the new generation of leaders was uniform in its
support of fluoride’s use in dentistry.’

Forsyth had read the tea leaves well. While a previous Forsyth
director, Veikko O. Hurme, had been an outspoken opponent of
adding fluoride to public water supplies, Jack Hein's support came
at the same time that Colgate poured cash into new facilities and
fluoride research at Forsyth." Additional funds came from research
grants from other private corporations and from the federal National
Institutes of Health (NIH). A sparkling new research annex, built in
1970, doubled the size of the Forsyth Center, with funds from the
NIH and ‘major donors,” such as Warner Lambert, Colgate
Palmolive, and Lever Brothers.'

Jack Heinss track record as a fund-raiser for the Forsyth Center
and his support for fluoride's use in dentistry owed much to his
membership in an informal old boy's club of scientists who had also
once done research at the University of Rochester. The University
had been a leading center for fluoride research in the 1950s and 1960s,
with many of its graduate students taking leading roles in dental
schools and research centers around the United States.

In 1983, a year after Phyllis Mullenix arrived at Forsyth, director
Hein introduced her to an elderly gentleman who had been Hein's
professor and scientist mentor some thirty years earlier at the Uni"
ersity of Rochester. The old man was a researcher with a distin-
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guished national reputation—the first president of the Society of

Toxicology, Mullenix learned, and the author of scores of academic papers
and books. His name was Harold Carpenter Hodge, and his impeccable
manners and formal dress left an indelible impression on Mullenix.

‘I was impressed with Harold,” she said. 'He was very gentlemanly. He
would never say an inappropriate word, and he always wore a white lab
coat.

Hodge had recently retired from the University of San Francisco. Jack
Hein had brought him to Forsyth for the prestige he would bring to
Mullenix’s new toxicology department, he said, and out of admiration for
his former professor, who was then in his mid-seventies. "I thought it
would be fun," Hein added.

Mullenix grew fond of Hodge. He seemed almost grandfatherly,
ambling into her laboratory, chatting as her young children frolicked
alongside. Hodge was especially fascinated by the new computer system
for testing chemical toxicity. He would fire endless questions at Mullenix
and her colleague, Bill Kernan from lowa State University, Mullenix
remembered. He would quietly come up to my lab. And Harold would ask
'Why are you doing this? and What are you doing? and Bill [Kernan]
would take great pains to explain every little scientific detail, showing him
the rat pictures.’

By the early 1980s Jack Hein's vision for the Forsyth Center included
more than just dentistry. The canny fund-raiser believed that the new
Mullenix technology could become another big money spinner for
Forsyth—a winning weapon in the high-stakes field of toxic tort litigation,
in which workers and communities allege they have been poisoned by
chemicals. "It was an exciting new way of studying neurotoxicity, said
Jack Hein, who would eventually assign Mullenix to spacious new offices
and laboratories on the fourth floor of the Forsyth research annex.

Neurotoxicology was still a young science. If someone claimed to have
been hurt by a chemical in the workplace or had been exposed in a
pollution incident, finding the scientific truth was extraordinarily difficult.
Big courtroom awards against industry often hinged on the subjective
opinion of a paid expert witness and the unpredictable emotions of a jury,
said Mullenix. ‘Industries did not like that. They felt that the answers were
biased, and so the thought of
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taking investigator bias out of the system was very exciting to them.
They thought this would help [industry] in court,” she added.

The Computer Pattern Recognition System quickly attracted
attention from other scientists, industry, and the media. The Wall
Street Journal called the Mullenix technology ‘precise” and "objec-
tive.” Some of Americas biggest corporations opened their wallets.
The medical director of the American Petroleum Institute personally
gave $70,000 to Mullenix. Monsanto gave $25,000. Amoco and
Mobil chipped in thousands more, while Digital Equipment Cor-
poration donated most of the powerful computer equipment.

“Several oil and chemical companies such as Monsanto Co. are

supporting research on the system, the Wall Street Journal reported.
" Questions are being raised more frequently about whether there are
behavioral effects attributable to chemicals, a Monsanto
toxi-cologist, George Levinskas, told the newspaper. The Forsyth
system 'has potential to give a better idea of the effects our
chemicals might have," he added.'

In a letter of recommendation, Myron A. Mehlman, the former
head of toxicology for the Mobil Oil Corporation, who was then
working for the federal Agency for Toxic Substances and Disease
Registry (ATSDR), called the Mullenix technology “a milestone for
testing low levels of exposure of chemicals for neurotoxicity for the
21st Century.... The benefits of Professor Mullenix discovery to
Forsyth are enormous and immeasurable.”

Industry trusted Phyllis Mullenix. Since the 1970s the toxicologist
had earned large fees consulting on pollution issues and the legal
requirements of the Clean Air Act. Hired by the American Petroleum
Institute, for example, she'd acted as scientific coordinator for that
lobby group, advising it on proposed and restrictive new EPA
standards for ozone. "Whenever it got technical they would dance me
out,” she said. 'Every time EPA came out with another criteria
document | would look for the errors.”

Mullenix is not apologetic for waltzing with industry. Anybody
could take her to the ball, she said, explaining, "I did not look at myself
as a public health individual. | was amazed that the EPA did such
shoddy work writing a criteria document. | thought that at the very
least those documents should be factual.”

At Harvard, Mullenix had been criticized by some academics
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for her industry connections, a charge she calls ‘ridiculous.” Said Mullenix,
“No one group, be it government, academia or industry, can be right one
hundred percent of the time. | don't see science as aligning yourself with
one group. Industry can be right in one respect and they can be very wrong
in another.’

And Mullenix had other consulting work—for companies such as Exxon,
Mobil, 3M, and Boise Cascade. Companies including DuPont, Procter and
Gamble, NutraSweet, Chevron, Colgate-Palmolive, and Eastman Kodak
all wrote checks supporting a 1987 conference she held titled "Screening
Programs for Behavioral Toxicity."

Like many revolutionary ideas, the concept behind the Mul-lenix
technology for studying central-nervous-system problems was simple. The
spark of inspiration had come from Dr. Mullenix's graduate advisor at the
University of Kansas Medical Center, Dr. Stata Norton. A slender and
soft-spoken woman, Dr. Norton was one of the first prominent female
toxicologists in the United States. She had won national recognition by
demonstrating that there were "threshold" levels for the toxic effects of
alcohol and low-level radia tion on the fetus. Now retired to her summer
cottage, surrounded by lush Kansas farmland, Dr. Norton's face opened in a
smile as she remembered her former student. Normally, she said, graduate
students rotated through the various laboratories at the Medical Center. But
there was something different about Phyllis Mullenix.

"Phyllis came into my lab to do a short study—and she never left, "
Norton recalled, laughing.

Mullenix had a special willingness to grapple with complex new
information, Norton said. When Norton was studying the effects of
radiation on rats, Mullenix wanted to learn how the radiation had
physically altered the rats' brains. She had never done that work before,
Norton recalled, but her student stayed late at the lab, poring over medical
journals, dissecting the rat's brains, and looking for tiny changes caused by
the radiation. "I don't think she thought it was difficult,” said Norton. "She
was happy to jump on the project and get with it."

There was something else. Norton noticed her student had a fear -less
quality and a willingness to challenge conventional wisdom. The professor
found it refreshing. "It takes a certain personality to stand up and do
something different. Science is full of that, all the way from
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Galileo,” Norton said. ‘That doesnt mean you are right or you are
wrong, but I can appreciate that in Phyllis because | am like that."

In the mid-1970s Stata Norton was a pioneer in the new field of
behavioral toxicology, inventing new ways for measuring the ways
chemicals affected behavior. At first Norton studied mice that had
been trained or "conditioned" to behave in certain ways by receiving
food rewards. Some scientists believed that by studying disruptions
in this "conditioned™ behavior, they could most accurately measure
the toxic effects of different chemicals.

Norton was not so sure. One day, working with mice that had
been trained to press a lever for food at precisely timed intervals,
she suddenly wondered how the animals knew when to press the
lever. "I looked in the box," she said. Inside she saw that each
mouse seemed to measure the time between feeding by employing a
“sequence’ or pattern of simple activities such as sitting, scratching,
or sniffing. "There was a rhythm," she explained. "They timed it by
doing things."

Norton began her own experiments. She wondered if, by study-
ing changes in this rhythm of "patterned™ behavior during the time
between feeding—as opposed to studying disruptions in the condi-
tioned behavior exhibited for food rewards—she could get a more
sensitive measurement of the toxicity of chemicals. Norton and
Mullenix took thousands of photographs of rats that had been given
a chemical poison and compared them with similar photographs of
healthy "control" rats. They were able to detect changes in the
sequences of the rats' behavior, even at very low levels of chemical
poisoning. "We were all very excited," said Norton.

The spirit of independence and free inquiry in Stata Norton's
laboratory inspired Phyllis Mullenix. It was the kind of environ-
ment she had grown up in. Her mother, Olive Mullenix, was a
Missouri schoolteacher who'd ridden sixteen miles on horseback to
her one-room schoolhouse each day and made her "own" money
selling fireworks from a roadside stand. Her father, "Shockey"
Mullenix (he had a shock of white hair), had left the farm with a
dream to become a doctor. He settled for the workaholic life of a
gas-station entrepreneur and trader in the small town of Kirksville,
Missouri and the hope that his three children would realize his
dreams. The son became a nuclear physicist for the Department of
Energy; another
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daughter was a corporate Washington lawyer; and the youngest, Phyllis,
the Harvard toxicologist.

In the late 1970s the Environmental Protection Agency grew interested
in the Kansas research. The federal agency wanted a new way of measuring
the human effects of low-level chemical contamination. The head of the
EPA's neurotoxicology division, Lawrence Reiter, visited Stata Norton's
laboratory. Phyllis Mullenix told him that the key to the success of the new
technique was to speed up the time-consuming process of analyzing each
frame of film. Mullenix thought that computers could do the job faster. The
EPA agreed, and Mullenix became a consultant on a $4 million
government grant awarded to lowa State computer experts Bill Kernan and
Dave Hopper. Kernan had worked previously for the Defense Department,
writing some of its most elegant and sophisticated software.

‘I was to train the physicist,” said Mullenix. ‘The physicist would train
the computer.”

Developing the Computer Pattern Recognition System, as Mulle-nixs
technology became known, took almost thirty years. Dr. Norton had begun
studying her rats in the 1960s. When she passed the baton to Phyllis
Mullenix in the 1970s, computers were barely powerful enough to handle
the vast data-processing requirements for detecting subtle behavior
changes and measuring chemical poisoning.

In Boston in the mid-1980s Mullenix grew incredibly busy. She now
had two young daughters. She was consulting for industry. Her husband,
Rick, was completing training as an air-traffic controller. And her father
was seriously ill with emphysema 1500 miles away in Kirksville, Missouri.

Her Forsyth laboratory buzzed with activity. The new computers were
hooked up by telephone to big data-processing units at lowa State. By late
1987 the Computer Pattern Recognition System was almost ready. Forsyth
printed brochures, touting a system that promised to "prevent needless
exposure of the general public to the dangers of neurotoxicity, and industry
to exaggerated litigation claims." Mullenix soon became a national
pitchwoman for Forsyth, proclaiming a new day for corporations that
feared lawsuits from workers and communities for chemical exposures. "
was hopped all over the country giving seminars on how this
computerization was going to help the industrial situation,” she said.
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Director Jack Hein was anxious to illustrate the sensitivity of the
new machine. He suggested that Mullenix start with fluoride, giving
small doses to rats and testing them in the equipment. The longtime
fluoride supporter wanted to test fluoride first, he said, in order to
bolster the chemical's public image. '| was really interested in proving
there were no negative effects,” Hein said. "It seemed like a good way
of negating the antifluoridationist arguments."

Mullenix shrugged. She didn't much care about fluoride.
Secretly she thought that fluoride was a waste of her time and that
Jack Hein was overreacting. "At Harvard the rule is publish or
perish. And | didn't think that | would come up with anything that
would be worth publishing," she said. "I'm used to studying
hard-core neu-rotoxic substances, drugs like anticonvulsants,
radiation, where it can totally distort the brain. | never heard
anything about fluoride, except TV commercials that it is good for
your teeth."

Hein introduced her to another young dental researcher, Pamela
DenBesten, who had recently arrived at Forsyth. DenBesten was
studying the white and yellow blotches, or mottling, on tooth enamel
caused by fluoride known as dental fluorosis. Although Mullenix was
lukewarm to the idea of using fluoride to test for central-ner-
vous-system effects, DenBesten was more curious. She had noticed
that when she gave fluoride to rats for her tooth-enamel studies, they
did not behave "normally." While it was usually easy to pick up
laboratory rats, the animals that had been fed fluoride would "
practically jump out of the cage," DenBesten said.

The two women worked well together. Phyllis would often
bring her two young daughters to work, and the Mullenix
laboratory on the fourth floor became a sanctuary from the
predominantly male atmosphere at Forsyth. DenBesten knew that
Phyllis Mullenix had few friends at Forsyth. Many of the other
researchers were hostile to the plainspoken toxicologist.
DenBesten describes it as "gender-discrimination type stuff."*

Another Forsyth scientist, Dr. Karen Snapp, quickly made
friends with Phyllis Mullenix. "I was always told that Phyllis was

the batty woman up in the tower on the fourth floor,” said Snapp.
I ran into her at lunch one day in the cafeteria. We started chatting,
then we went out and had a coke together.” Snapp found Mullenix
refreshing, both for the quality of her science and her plainspoken
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manner. "She didnt bow down to the powers that be at Forsyth. A lot of
people put up fronts and are very pious, and Phyllis was not that way at
all—that is what | liked about her. She was very honest, very
straightforward, you knew exactly where you stood,” Snapp explained.

Snapp was also impressed with the rigor Mullenix brought to her
scientific experiments. ‘She was very, very thorough. She at times had no
idea what the outcome of an experiment was going to be. If she did an
experiment and didn't get the result she thought she should get, she'd repeat
it to make sure it was right, and [if the unexpected data held up] its like,
well—we change the hypothesis.”

If Phyllis Mullenix was at first nonchalant about testing fluoride for
central-nervous-system effects, that was not the attitude of perhaps the
“oldest boy" at the Forsyth Center. She found that Dr. Harold Hodge, the
affable old man in the freshly pressed lab coat, took what then seemed an
almost obsessive interest in her fluoride work, firing endless questions
about her methodology.

"He wanted to push me to do certain fluoride studies, and do this and do
that, and how can | help?” said Mullenix.



Fireworks at Forsyth

The two white-coated scientists stared at each other, startled. High above
Boston, surrounded by computer terminals and data printouts and the
bright lights of a modern toxicology laboratory, Phyllis Mullenix and
Pamela DenBesten fell suddenly silent. Only the white rats in their cages
scuttered and sniffed. The information slowly sank in. The scientists had
repeated their experiment and, once again, the results were the same. They
laughed, nervously.

"Oh shit," Dr. Phyllis Mullenix finally blurted out. "We are going to
piss off every dentist in the country."

BY 1989 th Mullenix team was getting its first results from the fluoride
experiments. They had been gathering data for two years, giving the rats
moderate amounts of fluoride, monitoring them in their cages, and then
analyzing the data in the RAPID computer system, as her new technology
was known. But something was wrong. The results seemed strange.

"Data was coming back that made me shake my head," said Mul-lenix.
‘It wasnt at all what we expected.” Mullenix had expected that giving
fluoride in drinking water would show no effect on the rats' behavior and
central nervous system. Mullenix wondered if the problem was a bug in the
new machinery. The team launched an exhaustive series of control
experiments, which showed that the RAPID computers were working fine.
All the results were "amazingly consistent,” said Mullenix.

Fluoride added to their drinking water produced a variety of effects in
the Forsyth rats. Pregnant rats gave birth to "hyperactive’
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babies. When the scientists gave fluoride to the baby rats following their
birth, the animals had "cognitive deficits, and exhibited retarded behavior.
There were sex differences, too. Males appeared more sensitive to
fluoride in the womb; females were more affected when exposed as
weanlings or young adults.

The two women told Jack Hein and Harold Hodge about the results. The
men ordered them to repeat the experiments, this time on different rats. The
team performed still more tests. Mullenix remembers that Harold Hodge
kept asking her about the results, even though he was by now very ill. He
had gone to his home in Maine but kept in contact by telephone. He asked
every day.

By 1990 the data were crystal clear. The women had tested more than
five hundred rats. "l finally said we have got enough animals here for
statistical significance, said Mullenix. ‘There is a problem," she added.

The two women talked endlessly about what they had found. Mullenix
was a newcomer to fluoride research, but Pamela Den-Besten had spent her
career studying the chemical. She suspected that they had made an
explosive discovery and that dentists in particular would find the
information important. "My initial gut reaction was that this is really big,”
said DenBesten. Although the Forsyth rats had been given fluoride at a
higher concentration than people normally drink in their water—an
equivalent of 5 parts per million as opposed to 1 part per
million—DenBesten also knew that many Americans are routinely exposed
to higher levels of fluoride every day. For example, people who drink large
amounts of water, such as athletes or laborers in the hot sun; people who
consume certain foods or juices with high fluoride levels; children who use
fluoride supplements from their dentists; some factory workers, as the
result of workplace exposure; or certain sick people, all can end up
consuming higher cumulative levels of fluoride. Those levels of
consumption begin to approach—or can even surpass, for some
groups—the same fluoride levels seen in the Forsyth rats.

"If you have someone who has a medical condition, where they have
diabetes insipidus where you drink lots of water, or Kkidney
disease—anything that would alter how you process fluoride—then you
could climb up to those levels,” said DenBesten. She thought that the
Forsyth research results would quickly be followed up by
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a whole series of additional experiments examining, for example, whether
fluoride at even lower levels, 1 part per million, produced
central-nervous-system effects. "I assumed it would take off on its own,
that a lot of people would be very concerned,” she added.

Jack Hein was excited as well, remembers Mullenix. (Harold Hodge had
died before she could get the final results to him.)' “Hein said, 1 want you to
go to Washington,” Mullenix said. “Go to the National Institute of Dental
Research and give them a seminar. Tell them what you are finding.

Jack Hein knew that if more research on the toxicity of low-dose
fluoride was to be done, the government's National Institutes of Health and
the U. S. Public Health Service needed to be involved.

THE CAMPUS-STYLE GROUNDS of the federal National Institutes of
Health (NIH), just north of Washington DC, have the leafy spaciousness of
an lvy League college. White-coated scientists and government
bureaucrats in suits and ties stroll the tree-lined walkways that connect
laboratories with office buildings. This is the headquarters of the U.S.
governments efforts to coordinate health research around the country, with
an annual budget of $23.4 billion forked out by US taxpayers.” The campus
is the home of the different NIH divisions, such as the National Cancer
Institute and the National Institute of Dental Research (NIDR), as it was
then known. (Today it is known as the National Institute of Dental and
Craniofacial Research.)

On October to, 1990, Phyllis Mullenix and Jack Hein arrived at the NIH
campus to tell senior government scientists and policy makers about her
fluoride research. As director of the nation's leading private dental-research
institute, Jack Hein was well-known and respected at NIH. He had helped
to arrange the Mullenix lecture. Mullenix was no stranger to public-health
officials either. One of the Institutes' biggest divisions, the National Cancer
Institute, had awarded her a grant that same year totaling over $600,000.
The money was for a study to investigate the neurotoxic effects of some of
the drugs and therapies used in treating childhood leukemia. Many of those
drugs and radiation therapies can slow the leukemia but are so powerful
that they often produce central-nervous-system effects and can retard
childhood intelligence. The government
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wanted Mullenix to use her new RAPID computer technology at Forsyth
to measure the neurotoxicity of these drugs.

To present her fluoride data, Mullenix and Hein had flown from Boston,
arriving a little early. Hein met up with some old friends from NIDR, while
Mullenix strolled into the main hospital building on the Bethesda campus,
killing time before her seminar. In the hallway, the scientist started to
giggle. On the wall was a colorful posterboard display, recently mounted
by NIH officials, titled " The Miracle of Fluoride.”

"l thought how odd,” remembered Mullenix. "It's 1990 and they are
talking about the miracle of fluoride, and now I'm going to tell them that
their fluoride is causing a neurotoxicity that is worse than that induced by
some cases of amphetamines or radiation. I'm here to tell them that fluoride
is neurotoxic."

She read on. lronically, her trip to Washington fell on the historic
fortieth anniversary of the Public Health Service's endorsement of
community water fluoridation. Mullenix knew little about fluoride's history.
The chemical had long been the great white hope of the NIDR, once
promising to vanquish blackened teeth in much the same way that
antibiotics had been a magic bullet for doctors in the second half of the
twentieth century, beating back disease and infection.

Terrible teeth had stalked the developed world since the industrial
revolution, when the whole-grain and fiber diet of an earlier agrarian era
was often replaced by a poorer urban fare, including increased quantities of
refined carbohydrates and sugars.' Cavities are produced when bacteria in
the mouth ferment such sugars and carbohydrates, attacking tooth enamel,
with the resulting acid penetrating into the tooth's core. Hope of a simple
fix for bad teeth arrived in the 1930s, when a Public Health Service dental
researcher named Dr. H. Trendley Dean reported finding fewer dental
cavities in some parts of the United States, where there is natural fluoride in
the water supply. Dean's studies became the scientific underpinning for
artificial water fluoridation, which was begun in the 1940s and 1950s.
Dean also became the first head of the NIDR. By the 1960s and 1970s, with
rates of tooth decay in free fall across the United States, dental officials
pointed a proud finger at the fluoride added to water and toothpaste. NIDR
officials revered H. Trendley Dean as 'the father of fluoridation."
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"It was a major discovery by the Institute,” said Jack Hein.

But opposition to fluoridation had been intense from the start. The
postwar decline in rates of dental decay in developed nations had also
occurred in communities where fluoride was not added to drinking
water and had begun in some cases before the arrival of fluoride
toothpaste." Widespread use of antibiotics, better nutrition, improved
oral hygiene, and increased access to dental care were also cited as
reasons. And while medical and scientific resistance to fluoridation
had been fierce and well-argued—the grassroots popular opposition
was in many ways a precursor of todays environmental
movement—Mullenix found the NIH's posterboard account of
antifluoridation history to be oddly scornful. "They made a joke about
antifluoridationists all being little old ladies in tennis shoes,” she said.
"That stuck in my mind."

Since Deans day laboratory studies have forced a revolution in
official thinking about how fluoride works." While early researchers
speculated that swallowed fluoride was incorporated "systemi-cally"
into tooth enamel even before the tooth erupted in a child's
mouth—making it more resistant to decay—scientists now believe
that fluoride acts almost exclusively from outside the tooth, or "topi-
cally” (such a "topical” effect has always been the explanation for how
fluoride toothpaste functions, too). This new research says that
fluoride defends teeth by slowing the harmful "demineralization” of
calcium and phosphate from tooth enamel, which can leave teeth
vulnerable to cavities. Fluoride also helps to ‘remineralize” enamel by
laying down fresh crystal layers of calcium and a durable fluoride
compound known as fluorapatite. And there is a third "killer" effect, in
which the acid produced from fermenting food combines with fluoride,
forming hydrogen fluoride (HF). This powerful chemical can then
penetrate cell membranes, interfering with enzyme activity, and
rendering bad bacteria impotent.'

‘I still believe that fluoride works, says the Canadian dental
researcher turned critic of water fluoridation, Dr. Hardy Limeback. "
It works topically.’

But these new ideas have not quenched the old debate. Dental
officials now argue that water fluoridation produces a lifelong benefit
not just for children; by bathing all teeth in water, officials argue,
fluoride is continually repairing and protecting tooth enamel in



16 CHAPTER TWO

teeth of all ages. Critics worry, however, that if hydrogen fluoride can
inhibit bacteria enzymes in the mouth, then swallowing fluoride may
unintentionally deliver similar "killer blows to necessary bodily enzymes,
thus also inhibiting the ones we need.’

Phyllis Mullenix, reading the NIH fluoride posters and preparing to
give her speech on that fall day in 1990, knew almost nothing of the history
of controversy surrounding fluoride. She was about to walk into the lions
den. She was stunned when she entered the lecture hall at the National
Institutes of Health. It was packed. There were officials from the Food and
Drug Administration. She spotted the head of the National Institute of
Dental Research, Dr. Harald Loe, and she noticed men in uniform from
the Public Health Service.

The lights dimmed. Mullenix told them about the new RAPID
computer technology at Forsyth. At first the audience seemed excited.
Then she outlined her fluoride experiment. She explained that the
central-nervous-system effects seen in the rats resembled the injuries seen
when rats were given powerful antileukemia drugs and radiation therapies.
The pattern of central-nervous-system effects on the rats from fluoride
“matched perfectly,” she said.

The room fell suddenly quiet. She attempted a joke. I said, | may be a
little old lady, but I'm not wearing tennis shoes,” she remembers. ‘Nobody
was laughing. In fact, they were really kind of nasty.

The big guns from the NIH opened up. Hands shot into the air. ~ They
started firing question after question, attacking me with respect to the
methodology,” remembered Mullenix. She answered their ques tions
patiently, and finally, when there were no more hands in the air, she and
Jack Hein climbed into a cab and headed for the airport. Jack Hein is
reluctant to discuss these long-ago events. It was a messy ending to his
career. He retired from Forsyth the following year, in 1991. He agrees that
the Mullenix fluoride results were unpopular but adds that data showing
fluoride damage to the central nervous system should have been
"vigorously" followed up. ™ That perspective had never been looked at
before," he remarks. "It turned out there was something there.” Hein
believes that getting the NIDR and the government to change their position
on fluoride, however, is a difficult task. Many senior public-health officials
have devoted their professional careers to promoting fluoride. ‘NIDR really
fought hard showing that fluoride was effective, Hein says.
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"It was a major discovery by the Institute. “They did everything they
could to promote it.™

Hein made a final effort to sound a warning on fluoride. He told
Mullenix that he was going to call a meeting of industry officials
whose products contained fluoride. Like Mullenix, Hein had spent a
career cultivating ties with various large-scale industries. He sent her
a note listing the "people who are coming for a private Fluoride
Toxicity  conference that would be held in his Forsyth office. "He
said, "NIDR were being stupid, the industries will respond better,”
Mullenix recalls.

Several months after the Washington seminar, Phyllis Mullenix
sat at the table in Jack Hein's office with representatives from three of
the worlds most powerful drug companies: Unilever,
Colgate-Palmolive, and SmithKline Beecham. Anthony Volpe,
Colgate-Palmolive’'s Worldwide Director of Clinical Dental Research,
was there, and so was Sal Mazzanobile, Director of Oral Health
Research for Beecham. The senior scientist Joe Kanapka was sent by
the big transnational company Unilever.

Mullenix outlined her fluoride findings. The men took notes.
Suddenly Joe Kanapka of Unilever leaned back in his chair with an
exasperated look. "He said, Do you realize what you are saying to us,
that our fluoride products are lowering the I1Q of children?”
remembers Mullenix. "And | said, Well yes, that is what | am saying
to you."™ As they left, the men "slapped me on the back," Mullenix
said, telling her, "We will be in touch, we need to pursue this."

The next day a note from Jack Hein's office arrived with the tele-
phone numbers of the industry men, so that she could follow up. "I did
call them,"” says Mullenix. "And | called. And the weeks went by and
the months went by." Eventually Joe Kanapka from Unilever called
back, she remembers. "He says, "I gave it to my superiors and they
havent gotten back to me.”

Contacted recently, Joe Kanapka said that he had visited Forsyth *
many times™ but had no memory of the fluoride conference. When
asked if he had once worried that his products might be hurting
children's intelligence, he replied, "Oh God, | don't remember any-
thing like that, I'm sorry.” He explained that open-heart surgery had
temporarily impaired his memory. ‘| dont remember who Mullenix
is," he added.
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Beecham's Sal Mazzanobile remembers the meeting. The fluoride data
presented that day were ‘preliminary,” he recalled. Mullenix never called
him again, he claims, and he therefore presumed her data were inaccurate.
‘I can't see why, if somebody had data like that, they would not follow up
with another study in a larger animal model, maybe then go into humans,”
he said. ‘It could be a major health problem.”

Did the director of consumer brands at Beecham—makers of several
fluoride products—call Mullenix himself or find out if her data were ever
published? "I wasn't the person responsible to follow up, if there was a
follow-up," Mazzanobile answered. He did not remember who at Beecham,
if anybody, might have had responsibility for keeping apprised of the
Mullenix research.

Procter and Gamble followed up on Mullenix's warning. They flew her
out to their Miami Valley laboratories in Cincinnati. Mullenix flew home
with a contract and some seed money to begin a study to look at the effects
of fluoride on children's intelligence. Shortly afterward, however, "they
pulled out and | never heard from them again,  recalls Mullenix.

In 1995 Mullenix and her team published their data in the scientific
journal Neurotoxicology and Teratology. Their paper explained that, while
a great deal of research had already been done on fluoride, almost none had
looked at fluoride's effects on the brain. And while earlier research had
suggested that fluoride did not cross the crucial blood brain barrier, thus
protecting the central nervous system, Mullenix’s findings now revealed
that "such impermeability does not apply to chronic exposure situations."

When the baby rats drank water with added fluoride, the scientists had
measured increased fluoride levels in the brain. And more fluoride in the
brain was associated with "significant behavioral changes"” in the young
rats, which resembled "cognitive deficits,” the scientists reported. The
paper also suggested that when the fluoride was given to pregnant rats, it
reached the brain of the fetus, thus producing an effect resembling
"hyperactivity in the male newborns.

The Mullenix research eventually caught the attention of another team
of Boston scientists studying central-nervous-system problems. They
produced a report in 2000 reviewing whether toxic chemicals had a role in
producing what they described as "an epidemic
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of developmental, learning and behavioral disabilities” in children.
Their report considered the role of fluoride, and focused on the
Mullenix research in particular. ‘In Harms Way—Toxic Threats to
Child Development by the Greater Boston chapter of Physicians for
Social Responsibility described how 12 million children (17 percent)
in the United States suffer from one or more learning, developmental,
or behavioral disabilities.” Attention deficit and hyperactivity disorder
(ADHD) affects 3 to 6 percent of all school-children, although recent
evidence suggests the prevalence may be much higher, the scientists
noted. Not enough is known about fluoride to link it directly to ADHD
or other health effects, the report pointed out. Nevertheless, the
existing research on fluoride and its central-nervous-system effects
were " provocative and of significant public health concern," the team
concluded.

The Mullenix research surprised one of the authors of the report, Dr.
Ted Schettler. He had previously known almost nothing about fluoride.
‘It hadn't been on my radar screen,” he said. Most startling was how few
studies had been done on fluorides central-ner vous-system effects.
Schettler turned up just two other reports, both from China, suggesting
that fluoride in water supplies had reduced 1Q in some villages. That
just strikes me as unbelievable quite frankly,” he said. "How this has
come to pass is extraordinary. That for forty years we have been
putting fluoride into the nation's water supplies—and how little we
know about [what] its neurological developmental impacts are.... We
damn well ought to know more about it than we do."

Does Mullenixs work have any relevance to children? Schettler
does not know. Comparing animal studies to humans is an uncertain
science, he explained. Nor was Schettler familiar with Mullenix's
computer testing system. But the toxic characteristics and behavior
of other chemicals and metals, such as lead and mercury, concern
him. For those pollutants, at least, human sensitivity is much greater
than in animal experiments; among humans, it is greater in children
than in adults. The impact of other toxic chemicals on the developing
brain is often serious and irreversible.

So is the Mullenix work worth anything? ‘I don't know the answer to
that," Schettler said. "But what | do draw from it is that it is quite
plausible from her work and others that fluoride inter-



20 CHAPTER TWO

feres with normal brain development, and that we better go out to get the
answers to this in human populations.”

The burden of testing for neurological effects falls on the Public Health
Service, which has promoted water fluoridation’s role in dental health for
half a century. "Whenever anybody or any organization attempts a public
health intervention, there is an obligation to monitor emerging science on
the issue—and also continue to monitor impacts in the communities where
the intervention is instituted. So that when new data comes along that says,
Whoa, this is interesting, here is a health effect that we hadnt thought
about," we better have a look at this to make sure our decision is still a
good one,” Schettler said.

Phyllis Mullenix says that she carried the ball just about as far as she
could. Following the seminar at NIH, Harald Loe, the director of the
National Institute of Dental Research, had written to Forsyth's director
Jack Hein on October 23, 1990, thanking him and Mullenix for their visit
and confirming "the potential significance of work in this area." He asked
Mullenix to submit additional requests for funding. "NIDR would be
pleased to support development of such an innovative methodology which
could have broad significance for protecting health," Loe wrote.™

"l was very excited about that,” said Mullenix. "I took their suggestions
in the letter. [However] every one of them ended up in a dead end.
Mullenix now believes that the 1990 letter was a cruel ruse—to cover up
the fact that the NIH had no interest in learning about fluoride's potential
central-nervous-system effects. "What they put in writing they had no
intentions [of funding]. It took years to figure that out," she says.

Dr. Antonio Noronha, an NIH scientific-review adviser familiar with Dr.
Mullenix's grant request, says a scientific peer-review group rejected her
proposal. He terms her claim of institutional bias against fluoride
central-nervous-system research “farfetched.” He adds, "We strive very
hard at NIH to make sure politics does not enter the picture.™

But fourteen years after Mullenix's Washington seminar the NIH still
has not funded any examination of fluoride's central-nervous-system
effects and, according to one senior official, does not currently regard
fluoride and central-nervous-system effects as a
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research priority. 'No, it certainly isnt, said Annette Kirshner, a
neurotoxicology specialist with the National Institute of Environmental
Health Studies (NIEHS). Dr. Kirshner confirmed that although ‘our
mission is to look into the effects of toxins [and] adverse environmental
exposures on human health,” she could recall no grants being given to study
the central-nervous-system effects of fluoride. "We'd had one or two grants
in the past on sodium fluoride, but in my time they've not been neuro
grants, and I've been at this institute about thirteen and a half years." Does
NIEHS have plans to conduct such research? "We do not and | doubt if the
other Institutes intend to," said Dr. Kirshner by e-mail.

Nor do the governments dental experts plan on studying fluoride’s
central-nervous-system effects any time soon. In an e-mail sent to me on
July 19, 2002, Dr. Robert H. Selwitz of the same agency wrote that he was
"not aware of any follow-up studies” nor were the potential CNS effects of
fluoride "a topic of primary focus" for government grant givers. Dr.
Selwitz is the Senior Dental Epidemiologist and Director of the Residency
Program in Dental Public Health, National Institute of Dental and
Craniofacial Research, NIH. At first he appeared to suggest that the
Mullenix study had little relevance for human beings, telling me that her
rats were "fed fluoride at levels as high as 175 times the concentration
found in fluoridated drinking water.”

But his statement was subtly misleading. Rats and humans have very
different metabolisms, and in laboratory experiments these differences
must be compensated for. The critical measurement in studying effects on
the central nervous system is not how much fluoride is given to the
laboratory animals but how much of the chemical, after they drink it,
subsequently appears in the animals blood. The amount of fluoride in the
blood of the Mullenix rats—a measurement known as the blood serum
level—had been the equivalent of what would appear in the blood of a
human drinking about 5 parts per million of fluoride in water. This, of
course, is just five times the level the government suggests is ‘optimal” for
fluoridated water-1 ppm. | asked Dr. Selwitz, therefore, if it was fair to
portray the Mullenix rats as having drunk 175 times the amount of
fluoride that citizens normally consume from fluoridated water.
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Wasn't the "blood serum" measurement and comparison more relevant?
Wasn't his statement, inadvertently at least, misleading?

Dr. Selwitz, who had just been ready to dispense medical arguments
and implied reassurances as to why Mullenix's research was not relevant
to human beings, now explained that he could not answer my question.
"The questions you are asking in your recent e-mail message involve the
field of fluoride physiology,” wrote the senior dental epidemiologist at
NIDCR. "This subject is not my area of expertise."

FAR FROM USHERING in new opportunities for scientific research,
Mullenixs fluoride studies appear to have spelled the death knell for her
once-promising academic career. When Jack Hein retired from Forsyth on
June 30, 1991, the date marked the beginning of a very different work
environment for Phyllis Mullenix. She gave a seminar at Forsyth on
February 20, 1992, outlining what she had discovered and explaining that
she hoped to publish a major paper about fluoride toxicity with Pamela
DenBesten. "That's when my troubles started,” said Mullenix. Pam
DenBesten had been worried about the Boston seminar. Senior
researchers at Forsyth, such as Paul DePaola, had published favorable
research on fluoride since the 1960s. The seminar was " ugly,” says
Mullenix. DenBesten describes the scientists' response as "angry" and
"sarcastic." "She was risking their reputation with NIH," DenBesten
explains.

Karen Snapp remembers "hostile" questioning of Mullenix by the audience.
"They looked upon Phylliss research as a threat. The dental business in this
country is focused on fluoride. They felt that funding would dry up. We are
supposed to be saying that fluoride is good for you, whereas somebody is
saying maybe it is not good for you. ... In their own little minds, they were
worried about that." The following day Forsyth's associate director, Don
Hay, approached Mullenix. "He said, "You are going against what the
dentists and everybody have been publishing for fifty years, that this is safe
and effective. You must be wrong,™ Mullenix recalled. "He told me, You
are jeopardizing the financial support of this entire institution. If you
publish these studies, NIDR is not going to fund any more research at
Forsyth.
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Karen Snapp also remembers Don Hay as opposing publication of
the paper. "He didn't believe the science. He didn't believe the
results—and he did not think the paper should go out." Both Snapp
and Mullenix were concerned that somehow Don Hay would prevent
the paper from being published. "I think we were even laughing about
it, saying | think in America we have something called freedom of the
press, freedom of speech?" Snapp recalls.

Don Hay calls allegations that he considered suppressing the
Mullenix research "false." He told Salon.com: "My concern was that
Dr. Mullenix, who had no published record in fluoride research, was
reaching conclusions that seemed to differ from a large body of
research reported over the last fifty years. We had no knowledge of
the acceptance of her paper prior to the time she left [Forsyth] ."

Editor Donald E. Hutchings of Neurotoxicology and Teratology,
where the Mullenix paper was published, says that there was no effort
to censor or pressure him in any way. Her study was first "peer
-reviewed" by other scientists, revised, and then accepted. "Was |
called and told that 'If you publish this we are going to review your
income taxes, [or] send you a picture of J. Edgar Hoover in a dress?'
No," he said. Hutchings was a little bemused, however, to get such a
critical paper on fluoride from a Forsyth researcher. He knew that
Forsyth had long been a leading supporter of a role for fluoride in
dentistry. "It almost strikes me like you are working in a distillery and
you are doing work studying fetal alcohol syndrome. That is hot work
that they are going to be eager to be sponsoring. | didn't care—it
wasn't my career. | thought it was really courageous of her to be doing
that.”

On May 18,1994—Just days after the paper had been accepted—
Forsyth fired Mullenix. The termination letter merely stated that her
contract would not be renewed. There was no mention of fluoride. A
new regime was now installed at the Center. The toxicology
department was closed, and a new Board of Overseers had been
established, with the mission "to advise the Director in matters
dealing with industrial relationships."**

Mullenix describes the final couple of months at Forsyth as the
lowest ebb in her career. The big grant from the National Cancer
Institute had dried up and her laboratory conditions were horrible, she
said. "The roof leaked, they destroyed the equipment, they
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destroyed the animals. That was the lowest point, right before | physi cally
moved out in July 1994. Nobody would even talk to me."

Her mother remembers Phyllis calling frequently that summer. *She was
very upset about it,” said Olive Mullenix. At first she wondered if her
daughter had done something wrong. Phyllis explained that her fluoride
research had been unpopular. “There was no use to get angry,” said Olive
Mullenix. ‘She was honest about what she found and they didn't like it."

Stata Norton got calls too from her former student. Norton was not
surprised at the hostile response from Forsyth. She knew that clean data
can attract dirty politics. ‘There are situations in which people don't want
data challenged, they don't want arguments," said Norton.

The implications of Mullenixs work have been buried, according to her
former colleague, the scientist Karen Snapp. 'Is it fair to say that we don't
know the answer to the central-nervous-system effects of the fluoride we
currently ingest? | think that Phyllis got just the tip of the iceberg. There
needs to be more work in that area,” Snapp said.

Jack Hein wishes that he had approached things differently. He knew
that the scientific landscape of the last fifty years was littered with the
bodies of a lot of people” who, like Phyllis Mullenix, *got tangled up in the
fluoride controversy. His team should have tested other dental materials
before tackling fluoride, said Hein. ‘It would have been better if we had
done mercury and then fluoride,”
he said. Less controversial.

It would have made no difference, believes Mullenix. Nor does she
believe another scientist would have been treated differently. She had
stellar academic credentials, powerful industry contacts, and hard scientific
data about a common chemical. "That is the sad part of it," she said. "I
thought I had the people back then. I thought you could reason one scientist
to another. | don't know that there is anything I could have done differently,
without just burying the information.”

Mullenix no longer works as a research scientist. Since her fluoride
discovery at Forsyth a decade ago, she has received no funding or research
grants. "I liked studying rats,” she said. "I probably would have continued
working with the animals my entire life. Now, she added, ‘I don' think |
will ever get to work in a laboratory again.’
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Jack Hein and Pamela DenBesten knew about fluorides bizarre
undertow, one that could pull and shatch at even the most established
scientist, and they were able to swim free from the Forsyth shipwreck' But
Mullenix was dragged down by a tide that no one warned her about. "I
didnt understand the depth,” she said. "And to me, in my training, you pay
no attention to that. The data are the data and you report them and you
publish and you go from there.”

Mullenix is disappointed at the response of her fellow scientists. Jack
Hein walked off into the sunset of retirement. Most of her former
colleagues were reluctant to support her call for more research on fluoride,
she said. Instead of saying ‘maybe scientifically we should take another
look, everybody took cover, they all dove into the bushes and wouldn't
have anything to do with me."

Olive Mullenix did not raise her daughter that way. You cant just walk
away from something like this,” Phyllis Mullenix said. ‘| mean, they had to
find out that thalidomide was wrong and change. Why should fluoride be
any different?”

"A Spooky Feeling"

ONE HOT JULY evening in 1995 the phone rang. Dr. Phyllis Mulle-nix
was in her office, upstairs in her Andover, Massachusetts, home. Scientific
papers were strewn on the floor. She had been depressed. Her firing from
Forsyth the previous summer had hit the family hard. Her daughters were
applying to college ; she and her husband, Rick, were quarreling about
money.

She lifted the receiver. A big bass voice boomed an apology from New
York City for calling so late. Mullenix did not recognize the speaker. She
settled back into her favorite white leather armchair. Joel Griffiths
explained that he was a medical writer in Manhattan. He had a request.
Would Mullenix look at some old documents he had discovered in a U.S.
government archive? The papers were from the files of the Medical Section
of the Manhattan Project, the once supersecret scientific organization that
had built the world's first atomic bomb.

Mullenix rolled her eyes. It was late. Rick, now an air traffic controller,
was trying to sleep in the next room. The atom bomb, Mul-lenix thought!
What on earth did that have to do with fluoride?
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Mullenixs own patience was growing thin. Since her research had
become public, she had been bombarded with phone calls and letters from
antifluoride activists. Some of the callers had been battling water
fluoridation since the 1950s. Late-night radio talk shows were especially
hungry to speak with the Harvard scientist who thought that fluoride was
dangerous. They called her at three or four in the morning from across the
country and overseas. Usually "there was no thank you note, and you never
heard from them again," Mullenix said.

The New York reporter dropped a bombshell. Dr. Harold Hodge,
Mullenixs old laboratory colleague, was described in the documents as the
Manhattan Projects chief medical expert on fluoride, Griffiths told her.
Workers and families living near atomic-bomb factories during the war
had been poisoned by fluoride, according to the documents, and Harold
Hodge had investigated.

Mullenix felt a sudden "spooky" feeling. She shifted in her chair.
Harold Hodge was now dead, but as the journalist continued, Mullenix
cast her mind back to the days in her Forsyth laboratory with the kind old
gentleman, the grandfatherly figure who had some-times played with her
children.

"All he did was ask questions," she told Griffiths. "He would sit there
and he would nod his head, and he would say, You don't say, you don't say.
Once, Mullenix recalled, as Hodge watched her experiments, he had briefly
mentioned working for the Manhattan Project. But he had never said that
fluoride had anything to do with nuclear weapons—or that he had once
measured the toxic effects of fluoride on atomic-bomb workers. Yes,
Mullenix told the journalist, she wanted to see the documents.

Some days later a colleague of Griffiths s arrived at the Mullenix home.
Clifford Honicker handed her a thick folder of documents. Honicker was
part of a small group of researchers and reporters who had unearthed many
of the ghoulish medical secrets of the Manhat tan Project and the Atomic
Energy Commission. Those secrets had included details about scores of
shocking cold-war human radiation experiments on hospital patients,
prisoners, pregnant women, and retarded children.

For years the media had ignored the information about human
experimentation that Honicker and others were discovering. Finally,
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in 1995, an investigative journalist named Eileen Welsome had won a
Pulitzer Prize for revealing how atomic-bomb-program doctors had
injected plutonium into hospital patients in Tennessee and New York.
She uncovered the names of the long-ago victims. Harold Hodge had
planned and supervised many of those experiments, the documents
showed. President Bill Clinton ordered an investigation. His energy
secretary, Hazel O'Leary, began a new policy of openness. And
Honicker and others had gained access to newly declassified cold-war
documents—including much of the new information on fluoride.

That night, after Honicker left, Mullenix settled in her chair and
began to read. Her face drained as she read one memo in particular.
The fifty-year-old document mentioned Harold Hodge—and dis-
cussed fluorides effects on the brain and central nervous system. It
was the same work she had done at the Forsyth Dental Center.

"I went white. | was outraged,” said Mullenix. "I was hollering
and pacing the floor. He wrote this memo saying that he knew
fluoride would affect the central nervous system!"

The central-nervous-system  memo—stamped  “secret"—is
addressed to the head of the Manhattan Projects Medical Section,
Colonel Stafford Warren, and dated April 29, 1944 It is a request to
conduct animal experiments to measure the central-nervous-system
effects of fluoride. Dr. Harold Hodge wrote the research proposal.

"Clinical evidence suggests that uranium hexafluoride may have a
rather marked central nervous system effect. ... It seems most likely
that the F [code for fluoride] component rather than the T [code for
uranium] is the causative factor," states the memo.*

A light flashed on for Mullenix. At the time, in 1996, she was still
sending grant requests to the National Institutes of Health in
Washington, DC, asking to continue her studies on fluoride's
central-nervous-system effects. A panel of NIH scientists had turned
down the application, flatly telling her, "Fluoride does not have
central nervous system effects." Mullenix realized the absurdity of
what she had been doing. Harold Hodge and the government had sus-
pected fluorides toxic effects on the human central nervous system
for half a century.

She read on. The 1944 memo explained why research on fluorid
e's central-nervous-system effects was vital to the United States'
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war effort. "Since work with these compounds is essential, it will be
necessary to know in advance what mental effects may occur after
exposure. . . . This is important not only to protect a given individual, but
also to prevent a confused workman from injuring others by improperly
performing his duties.”

"All of a sudden it dawned on me,” said Mullenix. "Harold Hodge, back
in the 1940s, had asked the military to do a study that | had done at
Forsyth.... Hodge knew this fifty years ago. Why didn't he tell me what he
was interested in? Why didnt he say to me, This stuff, |1 know, is a
neurotoxin?™ All he did was ask questions, and he would sit there and he
would nod his head and he would say, You dont say, you dont say. He
never once said, | know it is a neuro-toxin, | know it causes confusion,
lassitude, and drowsiness.

Today Mullenix calls Harold Hodge a ‘monster” for his human-radiation
experiments. In retrospect she compares sharing a laboratory with him with
“being in a movie theater, sharing popcorn with the Boston Strangler.”

Had the two Rochester alumni—Jack Hein and Harold Hodge—
manipulated the toxicologist to perform the fluoride studies that Hodge had
proposed fifty years earlier, she wondered. Did they let Mullenix take the
fall when her experiments proved what Hodge had already suspected? At
first, Mullenix had shown no interest in studying fluoride, she remembered.
"It seems strange that a neuro-toxicology person was brought into a dental
institution to look at fluoride,” Mullenix said. ‘I felt that | had really been
lied to, or led along," she added, "used like a little puppet.”

Mullenix called up Jack Hein. He denied knowing anything about
Harold Hodges long-ago Manhattan Project fears that fluoride was a
neurotoxin, she said. And instead, he offered to pass the explosive
information on to the government, telling Mullenix, * Shouldn't you tell the
NIDR—do you want me to help you take it to the NIDR?" (Hein may have
known far more than he told Mullenix, however. In a 1997 interview with
the United Kingdom's Channel Four television, he disclosed that one of the
primary concerns of Manhattan Project toxicologists had been fluorides
effects on the central nervous system.)"

The next day Dr. Mullenix called the head of the National Institute of
Dental Research, Dr. Harold Slavkin. She hoped the nation's top
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dental officer would be concerned about the wartime memo. Instead,
she remembers, "He got very nasty about it. He basically pushed me
off, like | was some kind of a crackpot.” She thought that NIDR would
be interested in the memos, that the institute would want to read them.
But he treated her as if she were "some kind of a whacko, " she recalls.
She put the telephone down and a terrible truth dawned on her. The
public guardians at the National Institutes of Health, like Harold
Hodge, also had a double identity. It seemed they, too, were keepers of
cold war national-security secrets— bureaucratic sentries at the
portcullis of the nuclear-industrial state.



Opposite Sides of the Atlantic

Copenhagen: Crucible of Discovery

KAJ ELI ROHOLM had a passion for life and medicine. The son of a Danish
sea captain and an immigrant Polish Jew, Roholm shone briefly as one of
Europe's brightest stars. During the 1920S and 193os, when Copenhagen
glowed as a crucible of scientific discov ery and Nils Bohr and a cadre of
physicist disciples laid the theoretical foundation for nuclear fission, Kaj
Roholm had advanced the healing arts.'

"He was a very vital and lively person,” remembered the
ninety-five-year-old Georg Brun, who met Roholm almost a lifetime ago,
when both were young doctors training in a Danish hospital. They had
talked eagerly about politics, history, and medicine.' Although a handful of
specialists around the world today remember Roholm for his "great and
lasting” study of fluoride toxicity, he was also a pio neer in the use of
biopsy samples to study the human liver, an expert in infectious and
occupational diseases, and a tireless advocate for public health.' "He was
interested in everything,” said Brun.

As Copenhagen's Deputy Health Commissioner in the late 1930s, the
thirty-eight-year-old led his fellow doctors in campaigns against diphtheria
and venereal diseases and in campaigns to improve the health of newborn
children. He harnessed modern media to his public-health agenda,
producing films, radio advertisements, posters, and brochures; and he
arranged for wartime distribution of a hundred thousand copies of his
pamphlet, "What
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Everyone Wants to Know about Infectious Diseases. When the Nazis
marched into Denmark in April 1940, the doctor remained at his post.
Although Copenhagen won the wartime reputation of a humane
city—where Jews escaped much of the violence occurring in other
occupied European cities—Roholm described occupation conditions
as "awful."®

A quirk in the Earth’s geology drew Roholm to fluoride. Virtually
the entire world's supply of the fluoride-containing mineral known as
cryolite was found, at the time, in a single deposit beneath the
Danish colony of Greenland. Cryolite is an Eskimo word meaning
ice stone. Trade in the brilliant white rock had grown rapidly in the
early twentieth century, after researchers learned that aluminum
could be made more cheaply by using electricity to melt the ice stone
in a glowing-hot ‘pot,” along with refined bauxite ore. A great river
of this aluminum had armed soldiers with munitions and lightweight
equipment during World War 1.°

As the cryolite ships arrived in Denmark, the ice stones were hauled
to the Oresund Chemical Works in Copenhagen, where a heavy cloud
of cryolite dust filled the factory air and where a medical mystery
preoccupied doctors. Inside the plant the Danish workers were stricken
with multiple ailments, including a bizarre crippling of their skeletons
known as poker back. Professor P. Flemming Moller of the
Rigshospital suspected that fluoride was responsible; cryolite contains
more than 50 percent fluoride. In 1932 Moller labeled the disease
“cryolite intoxication” and suggested that a young doctoral candidate,
Kaj Roholm, study the newly discovered condition:

Roholm seized the challenge with the passion of youth. He lis-
tened carefully to the complaints of the Copenhagen cryolite work-
ers, examining them with the use of X-rays. He conducted his own
laboratory experiments, feeding fluoride to pigs, rats, and dogs in
order to study its biological effects. A shocking picture emerged of a
chemical with a venomous and hydra-headed capacity for harm.
Silently and insidiously fluoride stole into the workers' blood—from
swallowed dust, Roholm reported, with the poison accumulating in
teeth, bones, and quite possibly the workers kidneys and lungs.'
Eighty-four percent of the workers at the cryolite plant had signs of
osteosclerosis. Their bones sopped up fluoride like sponges,
wreaking havoc on their skeletons, immobilizing spinal columns,
malform-
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ing knees and hips, and even thickening some mens skulls. Half the
employees had a lung condition known as pulmonary fibrosis and many
suffered from an emphysema-like affliction.” And in a disease process
that resembled the effects of aging, the workers ligaments grew hard and
sprouted bony spines, while their bones became lumpy and irregular in
shape.™ "Arthritic and rheumatic afflictions have a marked frequency’
among the employees, Roholm stated, and serious stomach problems were
commonplace; several cryolite workers also had chronic skin rashes and
pussy sores on their chest and back, especially in the summer.

Fluoride probably poisoned the central nervous system as well. "The
marked frequency of nervous disorders after employment has ceased might
indicate that cryolite has a particularly harmful effect on the central
nervous system,” Roholm noted." He called the disease "fluorine
intoxication" and suspected that it was fluorine's ability to poison
enzymes—the chemical messengers that regulate much bodily
activity—that made it a threat on so many biological fronts. "We must
assume that the effect of fluorine on protoplasm and on enzymatic
processes is capable of causing profound changes in the metabolism of the
organism, Roholm added.’

The scientist also examined fluoride's effects on teeth. There had been
scientific speculation since the nineteenth century that because ingested
fluoride was deposited in teeth and bone, it was therefore necessary for
healthy teeth.** A team at Johns Hopkins University tested that theory in
1925, feeding rats fluoride, but found that it made their teeth weaker.'*
Roholm found the same thing. The workers' teeth he studied were bad, and
the worst teeth had the most fluoride in them. Lactating mothers in the
Copenhagen factory had even poisoned their own children; since fluoride
passed though their breast milk, children who had never been inside the
plant developed mottled teeth—evidence that mother and child had been
exposed to an industrial chemical.'

Roholm's conclusions on fluoride and teeth were blunt. "The once
general assumption that fluorine is necessary to the quality of the enamel
rests upon an insufficient foundation. Our present knowledge most
decidedly indicates that fluorine is not necessary to the quality of that
tissue, but that on the contrary the enamel organ is electively sensitive to
the deleterious effects of fluorine," he wrote
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(emphasis in original)." His medical recommendation: "Cessation of the
therapeutic use of fluorine compounds for children.” In other words, more
than sixty years ago the worlds leading fluoride scientist rejected the
notion that fluoride was needed for stronger teeth, agreeing with earlier
studies that found that fluoride weakened the enamel—and explicitly
warning against giving fluoride to children.

Roholm continued his investigation. He traveled to places where he
suspected that similar such fluoride intoxication had occurred, and he read
widely in the great libraries of Berlin and London. A clear picture emerged:
the scientist saw how fluorides chemical potency had long caused
problems in the natural world and that its usefulness to modern industry
was increasingly causing problems in human affairs.'® In Iceland he saw
grazing sheep that were emaciated and crippled, their teeth weakened, with
a disease called gaddur. Their forage had become contaminated with
fluoride spewed into the biosphere from deep inside the earth during vol-
canic eruptions. The disease especially injured young animals.' In the
United States, such natural fluoride had plagued the westward-sweeping
migrants in Texas, South Dakota, Arizona, and Colorado. These thirsty
pioneers had sunk wells deep into the desert but drew water that was
contaminated with fluoride. The poison produced an ugly tooth deformity
known as Colorado Brown Stain or Texas Teeth. (Today that deformity is
known by the medical term dental fluorosis and is an early indicator of
systemic fluoride poisoning. A more severe form of poisoning, produced
by earth-bound natural fluoride, known as crippling skeletal fluorosis, is
also widespread in much of the Third World, where lack of nutrition often
worsens the fluoride's effects.)

Roholm saw that in the industrial world fluoride had become a bedrock
for key manufacturing processes; 8o percent of the worlds supply of
fluorspar, the most commonly used fluoride mineral, was used in metal
smelting; steel, iron, beryllium, magnesium, lead, alu minum, copper,
gold, silver, and nickel all used it in production’ ( The word fluoride comes
from the Latin root fluor meaning "to flux or "to flow." Fluoride has the
essential property of reducing the temperature at which molten metal is
“fluxed” from superheated ore.) Brickworks, glass and enamel makers, and
superphosphate
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fertilizer manufacturers each used raw materials that included enormous
volumes of fluoride. And at DuPonts Kinetic Chemicals in New Jersey,
scientists were giving birth to a new global industry of ‘organic’ or
carbon-based fluoride products, engineering man-made fluoride and
carbon molecules to mass-produce a popular new refrigerant known as
Freon.

Roholm saw that what had long befallen the natural world was now
increasingly happening to human beings, and by their own hand.
Industry's growing appetite for fluoride presented a special threat to
workers and surrounding communities. The Dane studied case after case
in which factory fluoride hurt workers and contaminated surrounding
areas—and where angry lawsuits had been launched for compensation. In
Freiburg, Germany, for example, smelters had been compensating their
neighbors for smoke-damaged vegetation since 1855. In 1907 it was
finally confirmed that fluoride smoke from those smelters had poisoned
nearby cattle." Similar damage to plants and cattle was seen elsewhere in
Europe, near superphosphate fertilizer plants, brickworks, iron foundries,
chemical factories, and copper smelters.” But although the damage was
widespread, information about its chemical cause was less available. "The
toxicity of fluorine compounds is considerable and little known in
industry,” Roholm wrote.

Science was partly to blame, he suggested. The industrial revolution, for
example, had been fueled with coal, which had darkened the skies over
cities such as Pittsburgh, Glasgow, Manchester, and London. But air
pollution investigators had focused the blame for subsequent
environmental damage and human injury on sulfur compounds rather than
on the large quantities of fluoride frequently found in coal.”

Roholm suggested that even the centurys worst industrial air pollution
disaster to date, in Belgium's Meuse Valley—which killed sixty people and
injured several thousand in December 1930—had been caused by fluoride,
not sulfur. During the Meuse Valley incident thousands of panicked local
citizens had scrambled up hillsides to flee choking gases during three days
of horror. Roholm proposed that fluoride from the nearby factories had
been trapped by a temperature inversion, then dissolved in moisture and
carried by particles of soot deep into the victims lungs." Roholm thought
that disaster
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investigators had overlooked both the toxicity and the prevalence of
fluoride pollution from nearby zinc, steel, and phosphate plants. He
calculated that tens of thousands of pounds of the chemical were
spilled each day from the local factories, etching windows, crippling
cattle, damaging vegetation, and making citizen lawsuits in the Meuse
Valley “a well known phenomenon.™

Roholm singled out the new global aluminum industry. He studied
a lawsuit against a Swiss manufacturer in which it was alleged that
fluoride fallout during World War | had hurt cattle and vegetation.
Animal injury was again found near an Italian aluminum plant in
1935; the following year scientists found health problems inside a
Norwegian aluminum smelter, where workers suffered sudden gastric
pains and vomiting, bone changes, and symptoms resembling
bronchial asthma.' "A special position is occupied by aluminum
works," Roholm wrote, "inasmuch as the damaged vegetation
especially has caused secondary animal diseases.”® He advocated
government action: Factories giving off gaseous fluorine compounds
should be required to take measures for their effective removal from
chimney smoke.?

Roholm's monumental 364-page study, Fluorine Intoxication, was
published in 1937 and was quickly translated into English. It
contained references to 893 scientific articles on fluoride. The trust
and cooperation of the Danish cryolite industry was necessary to
make his study. Nevertheless, the book was a warning to corpora-
tions: they must pay attention to their factory conditions and to the
insidious—often misdiagnosed—effects of fluoride on workers.
Roholm had several clear recommendations for employers and
doctors, among them:

* Recognition of chronic fluorine intoxication as an
occupation disease rating for compensation.

» Prohibition against employment of females and young people
on work with fluorine compounds developing dust or vapor.

» Demand that industrial establishments should neutralize
waste products containing fluorine.*

» A prohibition against the presence of fluorine in patent
medicine may be necessary.'
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Pittsburgh 1935

IT WAS A May morning in Pittsburgh, and a watery spring sun struggled
through the smoky haze. Inside his office at the Mellon Institute, the
director, Ray Weidlein, put down his newspaper in satisfaction. Several
dailies had picked up a press release he had recently issued:

“New attack on Tooth Decay ... to be carried on at the Mellon Institute’
headlined a May 1, 1935, example in the Youngstown (OH) Telegram.
Mellon researchers had "found evidence that the presence of a factor in the
diet at a crucial period of tooth formation leads to the development of teeth
resistant to decay, the newspaper proclaimed. A Mellon scientist, Gerald J.
Cox, was to lead the hunt for the mysterious factor improving teeth, and
Pittsburgh's well-known Buhl Foundation would fund the research on
rodents.'

Since tooth decay was a major problem in the industrialized United
States, the story must have seemed liked good news to most readers, and
especially to dentists. But the headlines were certainly welcome good press
for Ray Weidlein. Several of the big industrial corporations who funded the
Mellon Institute's work had recently been dragged through the pages of the
nation's media with some very unflattering stories—and were increasingly
under attack from Congress and the courts. That spring Time magazine was
one of sev eral papers and magazines that had carried accounts of the
horrific events at Gauley Bridge in West Virginia, where several hundred
mostly black migrant miners had died from silicosis contracted while
drilling a tunnel for the Union Carbide Company during 1931-1932. News
of what would be America's worst industrial disaster to date had filtered
out from Appalachia slowly, but by 1935 the West Virginia deaths had
become a full-blown national scandal. Hundreds of lawsuits had been filed
against Union Carbide and its contractors. Reporters were daily
scrutinizing the often appalling rates of occupational illness in other
industries. And sympathetic citizen juries were regularly awarding millions
of dollars to injured workers, provoking a fullblown financial emergency
for several leading industrial corporations—and panic among their
insurers. In January Congress would hold hearings, and Gauley Bridge
would, for many Americans, come to symbolize a callous disregard by
powerful corporations for workers health.'
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Ray Weidlein and the Mellon Institute were in full crisis mode that
spring of 1935, helping Union Carbide and other top corporations
contain public outrage over the workplace carnage—and head off
draconian legislation for better pollution control inside factories. The
corporate strategy was clear: get dominion over basic science, wrestle
control of health information from labor groups, and in turn, reinvest
that medical expertise in the hands of industry-anointed specialists.
These steps were seen as the “anti-toxin for the agitation agamst
private enterprise, according to one of Weidlein's correspondents.”
The besieged corporations organized a lobbying group known as the
Air Hygiene Foundation because, as the group noted, "sound laws
must be based on sound facts"; and, perhaps more importantly,
because "half a billion dollars in damage suits have been filed against
employers in occupational
disease claims."*

Headquartered at the Mellon Institute, in 1937 the Air Hygiene
Foundation had a membership list sporting many of the best-known
names in industry, including Johns-Manville, Westinghouse, Mon
santo, U.S. Steel, Union Carbide, Alcoa, and DuPont. And for the
better part of the next thirty years the organization—Iater renamed the
Industrial Hygiene Foundation—would profoundly shape the public
debate over air pollution, goading members to voluntarily improve
work conditions inside their factories, thus avoiding legal mandates,
and sponsoring medical research that bolstered industry's medicolegal
position in the courtroom. Such research, much of it done at the
Mellon Institute, was important from both medical and legal
standpoints in the preparation of court cases," Ray Weidlein stated.*®

An example of the Foundation's success in influencing the contest
over air pollution and occupational hazards was the effort to "inves
tigate" asbestos. One of the Foundation's members,
Johns-Manville, was a top asbestos producer. The tiny fibers had been
linked to ill health in workers since 1918. But as late as 1967 Dr. Paul
Gross was using the Industrial Hygiene Foundation's laboratory
to conduct influential medical research, permitting Foundation
members to dispute the claim that asbestos fibers were uniquely
dangerous.  His  conclusions were  erroneous— reportedly
suspected as such even by his fellow Mellon scientists—yet
corporate profits and worker



38 CHAPTER THREE

pain were prolonged for a generation while the Mellon Institute continued
grinding out its industry-backed "research."" We can blame today's flood
of death and disease in ashestos workers—and the $54 billion in court
awards against industry—at least partly on the Air Hygiene Foundation
and the long-ago diligence of the Mellon Institute and its director, Dr. E. R.
Weidlein.*

If Ray Weidlein smiled over the press release heralding Cox’s dental
studies that May morning in 1935, it may have been because no newspaper
had spotted some important connections—between the tooth research at
the Mellon Institute and the corporations funding the Air Hygiene
Foundation lobby group, which was also run, of course, out of the Mellon
Institute. By the early 1930s a tidal wave of new information about the
health risk from low-level fluoride exposure was also filling medical
libraries. Several members of the Air Hygiene Foundation were paying
particularly close attention. As with silicosis and asbestos claims, big
corporations were potentially at risk for massive corporate legal
liability—for the harm caused to workers and communities by industrial
fluoride exposure.*

One Foundation member had particular reason to worry. Tall and
athletic, the chief scientist for the aluminum manufacturer Alcoa, Francis
Frary, had studied in Berlin, was fluent in several languages, and would
personally translate Kaj Roholm’s fluoride research.* Con ditions inside
Alcoas smelting plants were brutal, with ‘exposure to chemical agents
(especially fluorides and carcinogens and, to a lesser degree alumina dusts
and asbestos insulating materials)" a frequent hazard for workers,
according to the historian George David Smith. " The effects of fluoride
emissions was a particular concern of Frary's," Smith noted ** During the
1920s and 1930s, African American workers were imported from the Deep
South for the "killing potroom labor" inside one plant in the company town
of Alcoa, Tennessee. And at the Niagara Falls plant in upstate New York,
where Alcoa’s mostly immigrant workers were shipped in by train, a health
study would later confirm that crippled workers were the result of a fluo-
ride dust hazard that had existed at the plant for years.**

Francis Frary was a member of an elite fraternity of officials running
corporate research labs, a fraternity that would chart the nation's scientific
progress during the period between the two World Wars. Other members of
this close-knit group included Charles Ket-
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tering, director of research for General Motors, and the research
directors of U.S. Steel and DuPont." “Those people all knew each
other; it was a small, relatively select group who headed research labs,”
noted the historian Margaret Graham.*

Fluoride's threat to corporate America was laid out in an exhaus
tive review of the new medical information about fluoride's harmful
effects, published in 1933 by the U.S. Department of Agriculture. A
senior toxicologist, Floyd DeEds, warned of the growing risk from
industrial fluoride pollution. "Only recently, that is within the last ten
years," he stated, "has the serious nature of fluorine toxicity been
realized, particularly with regard to chronic intoxication [a medical
term for poisoning].” Like Kaj Roholm, the government scientist
singled out the aluminum
industry.*

DeEds also noted that in 1931 several researchers had, for the first
time, linked the ugly blotching or ‘mottling” seen on teeth in several
areas of the United States to naturally occurring fluoride in water
supplies.*” This new dental information appears to have rung an
alarm bell for industry. Quietly Alcoa scientists made their own
investigations. It was not just nature's fluoride that stained teeth, they
discovered; the company found tooth mottling in children living near
Alcoas big aluminum plant in Massena, New York. Crucially,
however, Alcoas chemists reported that there was no naturally
occurring fluoride in the local water.”® A potential source of the
fluoride staining children's teeth in Massena was obvious: there was
little or no pollution control on many early aluminum plants, and
elsewhere around the country the fluoride waste from these industries
was routinely dumped in
nearby rivers.*®

Mottled teeth in children had become a potential red flag, warning
citizens and workers of industrial fluoride pollution—and pointing
directly to a man-made hazard the media had not yet dis-covered.*
With public outrage over Gauley Bridge reaching a crescendo in
1935, several powerful industrial corporations now held their breath,
hoping to avoid a fresh epidemic of worker lawsuits that this time
were for fluoride exposure. The potential for litigation against
industry was mapped for all to see by blotchy marks on ‘hildren's
teeth, evidence of "neighborhood fluorisis™ in action.'

Alcoass research director, Francis Frary, took action. In September
1935 he approached Gerald Cox, a Mellon Institute researcher,
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at the American Chemical Society's Pittsburgh meeting. Frary now had a
suggestion that would ultimately transform the public perception of
fluoride.” Though Frary was preoccupied with the "killing" hazards facing
his Alcoa employees, and the aluminum industry faced lawsuits from
farmers whose cattle had been injured in the vicinity of the smelters, Frary
took it upon himself to make a generous suggestion to the Mellon
researcher. Had Cox ever considered that good teeth might be caused by
fluoride?

Cox understood that Frary was suggesting that he include fluoride in his
tooth-decay study. Although this suggestion flew in the face of the results
from the dental study at Johns Hopkins a decade earlier—which had
showed that fluoride hurt teeth—nevertheless the Alcoa man's proposal
was "the first time | ever gave fluorine a thought,” Cox later told historian
Donald McNeil >

The great makeover of fluoride's image had begun. By August 1936 the
Mellon researcher had given laboratory rats some fluoride and announced
that the chemical was the mystery "factor" protecting teeth. In 1937 Ray
Weidlein and Cox published details of their fluoride "discovery"” in the
scientific press. And the following year Cox declared in the Journal of the
American Medical Association that "the case [for fluoride] should be regarded
as proved.' Virtually overnight, the Mellon Institute rats had put a smiling
face on what had been a scientifically recognized environmental and
workplace poisons'

The Kettering Laboratory

FRANCIS FRAR Y WAS not the only industry scientist who had grown
interested in children's teeth during those Depression years. In April 1936
his colleague Charles Kettering, vice president and director of research at
General Motors, quietly held a meeting in GM's Detroit offices with a
delegation from the American Dental Association (ADA) and Captain C.
T. Messner of the U.S. Public Health Service." Kettering seemed an
unlikely candidate for an interest in teeth; he had become famous and
wealthy by inventing the electric starter for the automobile. But
Kettering's laboratory in Dayton, Ohio, was also the birthplace of two
industrial chemicals that would haunt the twentieth century. And like
Alcoa's Francis Frary, Kettering was in a unique position to see the health
risk that
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fluorides posed to American workers—and the potential liability
facing DuPont and General Motors.'

Fluoride and lead were twin pillars on which the great wealth of
both DuPont and General Motors was built. In 1921 Kettering's sci-
entists had discovered that lead added to gasoline increased engine
efficiency And in 1928 they patented the fluoride-based Freon gas,
which was much less toxic at room temperature than were earlier
refrigerants. But those twin pillars had shaky foundations. Tetra ethyl
lead (TEL) was so toxic that it killed several of DuPont's New Jersey
refinery workers, attracted a rash of ugly newspaper headlines,
and almost resulted in the lucrative product's being banned from the
market." Similarly, Freon sales quickly stalled following pro-tests
from the American Standards Association and the New York City Fire
Department, when it was discovered that when Freon was exposed to
flame, it decomposed into the nightmarish phosgene and hydrogen
fluoride gases.”® (Phosgene was the same poison gas that had been
used to monstrous effect in the trenches of World War 1.)

GM and DuPont moved quickly to protect their new products. They
hired a young scientist at the University of Cincinnati, Robert Arthur
Kehoe, to perform safety studies on lead at GM's in-house laboratory.
Kehoe's research—which asserted that lead was found naturally in
human blood and that there was a "threshold" level below which no ill
effect would be caused—helped to placate the U.S. Surgeon General
and "single-handedly spared the leaded gasoline industry from federal
regulation in the 1920s," according to the historian Lynne Snyder.*
"Kehoe's first contract had salvaged a billion dollar industry,” wrote
another  Kettering  scientist, Dr.  William  Ashe®  The
thirty-two-year-old was rewarded in 1925 with an appointment as the
medical director of the Ethyl Corporation, which marketed leaded
gasoline.®?

In 1930 Kehoe rode to the rescue again, performing toxicity stud
ies on Freon. That same year the Ethyl Corporation, DuPont, and the
Frigidaire Division of General Motors founded a laboratory at the
University of Cincinnati with a $130,000 donation. It was named the
Kettering Laboratory of Applied Physiology; a new building was
erected, and Kehoe was installed as director.

The dangers of using a potential poison gas in the home—and the
risk to firefighters in particular—may have seemed obvious,
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but Kehoe argued that a blaze would rapidly disperse any poison that might
be created, presenting little risk. ‘Thus even from a fire fighting point of
view . . . the decomposition of [Freon] is not to be regarded as of great
consequence, he stated.' (More than sixty years after his clash with New
York firefighters Kehoe's toxic shadow haunted them in the aftermath of
the World Trade Center terror attack.” Following the buildings collapse,
rescue workers feared that two enormous tanks of Freon gas that had once
fed the towers air-conditioning system would rupture and burn in the
still-smoldering rubble, spewing acid and poison over downtown
Manhattan." Although there have been numerous previous reports of
phosgene poisoning from Freon, mercifully the refrigerant never burned at
Ground Zero.")

Kehoe's assurances helped to win the day. A joint venture between GM
and DuPont, known as Kinetic Chemicals, quickly erected two massive
Freon manufacturing facilities at DuPonts plant in Deep-water, New
Jersey. Although Kettering scientists soon measured ~ high™ levels of
fluoride in DuPonts New Jersey workers, Freon sales soared from 1.2 to
18.7 million pounds between 1931 and 1943. Freon became the main
refrigerant in homes and industry and grossed an estimated $35 million in
revenue during this period.'

But new experiments soon discovered just how precarious DuPonts
exploitation of fluorides might be. The Kettering Laboratory found that
hydrofluoric acid—the raw material needed to make Freon and the same
gas produced when the refrigerant was burned—was toxic in very low
doses." The scientists did not report a level below which toxic effects were
not seen. The danger to workers who breathed the gas on a daily basis was
clear. The gas was stealthy. Even at a level that could not be detected by
smell, it caused “exceptional” injury, including lung hemorrhage, liver dam
-age, and 'striking evidences of kidney damage.” Animals died when
exposed to a dose of just 15.2 milligrams per cubic meter ( about 19 parts
per million).

That toxicity data was published in September 1935. Six months later
Charles Kettering met with the American Dental Association. The Freon
magnate quickly became a member of the ADAS three-person Advisory
Committee on Research in Dental Caries. That Committee, in turn,
shepherded publication of Dental
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Caries—a compendium of dental research from around the world that
included several references to Gerald Coxs work at the Mellon
Institute as well as that of other fluoride promoters. Neither Charles
Kettering s interests in selling industrial fluorides nor the potential
health risk from fluorides to U.S. workers were ever disclosed to
readers of Dental Caries. Nor were dentists told that the General
Motors vice president might have personally funded a portion of the
ADAS activities." In a letter dated March 16, 1937, the ADA's
chairman, P. C. Lowery, somewhat cryptically promised ‘Kett" that he
will "secure sufficient information” so that the General Motors vice
president could, in turn, "furnish the $25,000." In other words, the
millionaire industrialist with one of the greatest personal stakes in the
commercial exploitation of fluorides was quietly donating to the dental
organization that would shortly become one of the most aggressive
boosters of fluoride's use in dentistry.”

A third connection between industry and some of the earliest
attempts to link fluoride with dental health can be found in the actions
of Andrew W. Mellon, who was U.S. Treasury Secretary from 1921 to
1932. The silver-haired smelter and Pittsburgh banker was also a
founder of Alcoa and one of its biggest stockholders. In 1930 he
intervened in efforts to have the Public Health Service support
researchers at the University of Arizona who were then surveying
naturally occurring tooth mottling." (The U.S. Public Health Service
[PHS] was then a division of the Treasury Department.) Mellon's
economic interest was clear. Fluorides legal threat to industry could
now be seen, literally, in children's smiles. However, linking dental
mottling to naturally occurring fluoride, in areas far from industry,
helped to deflect attention from the bad teeth and the myriad other
health effects caused by industrial fluoride pollution." A young PHS
researcher named H. Trendley Dean was promptly "ordered" to study
fluoride. He soon confirmed that natural fluoride in water supplies
produced dental mottling.” But like the industry scientists before him,
Dean also developed "a hunch’ that fluoride prevented dental
cavities.”* (Following this hunch, Dean later found that natural fluoride
in the local water supplies apparently correlated with fewer cavities;
these findings, although much criticized for their scientific method,
eventually became a foundation for artificial water fluoridation.)'
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Dean departed from Washington in the fall of 1931 to study fluoride and
tooth decay throughout communities in the South and Midwest. His
departure planted a seed for the governments fluoride policies. Several
years later, another seed would take root. On September 29, 1939, Gerald
Cox, the researcher at the Mellon Institute, made his most radical
suggestion yet at a meeting of the American Water Works Association in
Johnstown, Pennsylvania. His suggestion took place at a historic moment.
The world stood on the precipice of another world war. German tanks had
just entered Poland. Aluminum aircraft and steel armor plate would be
critical in the coming conflict. Pittsburgh's great blast furnaces and alu-
minum pot lines, grown cold during the Depression, were being stoked
anew, throwing a fresh funereal smoke against the autumn sky. Workers
were already flooding war factories, eager for work. Cox proposed that
America should now consider adding fluoride to the public water supply.

Until then, health authorities had sought only to remove fluoride from
water; now, the Mellon man told the Water Works Association, "The
present trend toward complete removal of fluorine from water and food
may need some reversal.'

It would take a global conflagration, a nuclear bomb, and an Olympian
flip-flop by the Public Health Service for water fluori-dation to take
hold—yet Gerald Coxs 1935 rat study and Deans population
investigations would be the germ for a vaccine providing a marvelous new
immunity in the postwar years. Touted as a childhood protection against
dental cavities, water fluoridation would also secretly help to inoculate
American industry against a torrent of fresh lawsuits from workers and
communities poisoned by wartime industrial fluoride emissions.
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General Groves's Problem

On the edge of the marsh water, near the monumental K-25 factory at Oak
Ridge, Tennessee, stands a solitary blue heron, its head angling for prey.
"Danger. No Fishing Radiation," reads a sign. Across the pond, the gray
walls of the plant glitter in the late evening sun. The smokestacks are cold
now, the big machines silent and patient as the heron, waiting to be
dismantled and hauled away. Close your eyes and the ghosts return.
Mausoleum now, this half-mile-long steel colossus was once among the
biggest industrial buildings in the world. Here, in the spring and summer
of 1945 and throughout the cold war, tens of thousands of women and
men worked through the night in a cacophony of heat and smoke, their
backs bent to the purpose of a nation. Here, in the shade of Tennessee's
Black Oak Ridge, lay America's biggest wartime secret, where nature was
rendered in man's image more powerfully than ever before. Here, on the
banks of the Clinch River, exotic ore and minerals from the corners of the
globe were transfigured with an elemental genius by scientists, farm
laborers, and migrants from across the United States, punching time
clocks, sculpting the future, and enriching uranium for the Hiroshima
atomic bomb.

I T WAS A cold December morning in 1943 in northwest Washington,
DC, and Brigadier General Leslie C. Groves had another problem on his
desk. The portly, tough-talking engineer was in charge of the United
States biggest and best-kept wartime secret. He was the army's chief of the
Manhattan Project, and its staff was
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building an industrial infrastructure to manufacture the world's first atomic
bomb.

It was a gargantuan task. In complete secrecy Groves and the Army
Corps of Engineers were overseeing the work of tens of thousands of
laborers, scientists, and engineers who in just three years would create
factories and laboratories rivaling the size of the entire U.S. automobile
industry. The budget of the Manhattan Engineer District, as the project was
officially known, eventually would run to over $2 billion and would be
concealed almost entirely from the U.S. Congress.'

The General's days were a blur of covert action. There were secret
flights to mysterious giant new factories being carved from virgin sites in
Tennessee, New Mexico, and Washington State; huddled conferences in
the Manhattan Projects New York and Washing-ton, DC, offices; and
endless telephone calls, troubleshooting with top military lieutenants. The
United States was in a nuclear arms race with Germany, Groves believed.
Yet some of the key industrial processes needed to make the U.S. weapon
had not even reached pilot-plant stage. Much of the nations atomic
program, he knew, was still mired in laboratory development.

Groves had a new headache that December morning. There were
disturbing reports of workers and scientists being gassed and burned in the
bomb project's laboratories and factories. Colonel Stafford L. Warren,
chief of the Manhattan Project's Medical Section, needed help. He wanted
General Groves to use his authority to pry loose some secret information
from the army's Chemical Warfare Service. Warren wanted to know what
the military's poison-gas experts could tell the Manhattan Project about the
toxicity of fluoride.'

General Groves immediately agreed to help. Getting more information
about fluoride toxicity was vital. Despite the many uncertainties facing the
Manhattan Project that bleak winter of 1943, Groves was sure of one thing:
fluoride was going to be essential in making the United States' atomic
bomb. Manhattan Project scientists were planning to use a "gaseous
diffusion™ technology to refine uranium. In that process uranium is mixed
with elemental fluorine, forming a volatile gas called uranium hexafluoride,
which is then “enriched" by diffusing that gas through a fine barrier, or
membrane. The lighter molecules containing fissionable uranium
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needed for a nuclear explosion pass though the membrane more
quickly and are captured on the other side. But because only a handful
of the lighter molecules make it through the membrane each time,
many hundreds of tons of fluorine, and thousands of stages of
progressive enrichment, would be needed to produce enough uranium
for a single atomic bomb. By January 20, 1945 when the K-

25 gaseous diffusion plant on the banks of the Clinch River was loaded
with fluoride for the first time, the plant's fantastic appetite would
include a work force of 12,000, a hunger for electricity that rivaled the
city of New York, and a diet of some 33 tons of uranium hexafluoride
each month.*

The hunger for fluorine was one of the most closely guarded
military secrets of World War 1l. A special office of the Manhattan
Project in New York City, known as the Madison Square Area,
coordinated much of the fluoride work. Elemental fluorine was
designated simply ‘the gas or ‘fresh air.” Scientists at the University of
Chicago were advised in a secret 1942 memo that “all fluorides are to
be disguised . . . in that they give definite clues to the chemistry
involved.”

Dragooning fluoride into military service was also one of the cen-
tral technological challenges of the war, requiring the full resources of
academia and industry." While the idea behind gaseous diffusion was
simple, elemental fluorine and uranium hexafluoride were
extraordinarily corrosive and toxic: Fluorine was easily the Earth's
most reactive element, scientists knew, often combining violently with
other chemicals even at room temperature, vaporizing steel in a flash
of white heat, for example, and presenting bomb-program engineers
with extraordinary challenges and nightmarish hazards. So dangerous
was the pure element that industry had avoided fluorine before the war,
regarding it as "a laboratory curiosity."®

Wartime necessity became the mother of invention. Thousands of
researchers in crowded laboratories worked to enlist fluoride in the
fight against fascism. Scientists from Columbia, Princeton, Johns
Hopkins, Purdue, Ohio State, Penn State, Duke, the University of
Virginia, MIT, Cornell, and lowa State studied the chemical, along-
side engineers from some of the biggest industrial companies in
wartime America. The companies included DuPont, Chrysler,
Allis-Chalmers, Westinghouse, Standard Oil, the American
Telephone
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and Telegraph Company (AT&T), Mallinckrodt, Eastman Kodak, the
Electro Metallurgical Company, Linde Air Products, Hooker Chemical,
Union Carbide, and Harshaw Chemical.'

Columbia University scientists made an early technological
breakthrough. In December 1940 a tiny two-cubic-centimeter capsule of a
liquid, code-named "Joe's Stuff," was delivered to the campus in New York
City. Researchers handled it with care. Inside was virtually the entire
world's existing supply of a radical new chemical compound known as a
"fluorocarbon"—in which carbon atoms were bonded not with hydrogen,
as in conventional "hydrocarbon" oil, but entirely with fluorine atoms.*
The Columbia researchers soon confirmed that the liquid had Herculean
strengths. The fluoride atom was bound to the carbon atom so tightly that
even the hyperaggressive elemental fluorine gas was held at bay. The
discovery was crucial. Inside the Oak Ridge gaseous-diffusion plant, hun-
dreds of huge compressors and blowers would be needed to push the
uranium hexafluoride gas through the multiple "enrichment” stages. If
regular oils were used to grease these engines, however, the predatory
fluorine atom stripped the hydrogen from the hydrocarbon, destroying the
lubricant and the machinery."

The bomb-program scientists could now fight fire with fire. Fluoride,
bonded to carbon atoms in fluorocarbons, would protect the machinery
from the fluoride in the uranium hexafluoride gas. In other words, fluoride
would protect the machinery from fluoride's uniquely corrosive powers. A
crash research program at Columbia— led by a brilliant Russian immigrant,
Avristide V. Grosse—soon found a way of mass-producing the top-secret
compounds.*? By 1945 thousands of pounds of fluorocarbon oils and seals
were being delivered to Oak Ridge.”

DuPont mass-produced the fluorocarbons. Their prewar expertise in
manufacturing Freon was vital to the U.S. nuclear program. Thousands of
pounds of similar refrigerants were now needed to cool the K-25 diffusion
plant. DuPont's fluoride-based plastic called Teflon also gave the United
States a key wartime advantage. Japan's atomic scientists had struggled to
manufacture and handle small amounts of the corrosive uranium
hexafluoride. But Teflon—which had been first fabricated in a DuPont lab
in 1938—allowed U.S. companies to move enormous quantities of fluoride
around the country.'
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"The basic problem” in making the bomb, General Groves wrote,
"was to arrive at an industrial process that would produce kilograms of
a substance that had never been isolated before in greater than
sub-microscopic problems.™

Solving that problem required fluorine scientists. Without their
inventions, the United States atomic bomb “would have been impos-
sible,” noted the Manchester University scientist and historian Eric
Banks. Most historians have focused on the physics of the atomic
bomb, chronicling how the atom was split. The vast contribution of
chemical engineers to the Manhattan Project—and the radical debut of
a powerful chemical element onto the global stage—has largely been
ignored. "It is a striking omission, pointed out Banks. " American
fluorine chemists had a huge impact on the production of the bomb."

But exploiting fluoride was a double-edged sword, as the bomb
programs scientists soon discovered. On January 20, 1943, the senior
Manhattan Project doctor, Captain Hymer L. Friedell, paid a visit to the
sprawling New York campus of Columbia University, where a
small-scale gaseous diffusion plant had already been built. Almost a
thousand researchers would eventually work on bomb-related projects
at Columbia's War Research Laboratory.’® After his visit Captain
Friedell warned of possible health problems: "The primary potential
sources of difficulty may be present in the handling of uranium
compounds, as noted above, and the coincident use of fluorides which
are an integral part of the process."

His warning was accurate. A fluoride-gas release at Columbia
later that year produced "nausea, vomiting and some mental con-
fusion"; in 1944 another researcher, Christian Spelton, developed
pulmonary fibrosis after repeatedly fleeing clouds of uranium
hexa-fluoride gas.' Other health problems were also reported. Dr.
Homer Priest, a leading Columbia University fluoride scientist,
complained that his "teeth seemed to be deteriorating rapidly.” Dr.
Priest told a doctor that he bled more freely and that "there has been a
progressive increase in the degree of slowness of healing and of pain
in the period he has been doing this work."

The epidemic spread. At Princeton leaking fluoride gas left sci-
entists feeling ‘more easily fatigued.” There were multiple reports of
illness at lowa State and of fluoride acid burns at Purdue, where
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two researchers were badly gassed with carbonyl fluoride in 1944.%° Health
problems hit industry scientists too. At DuPont rather severe weakness’
was reported in 1943 by three chemists who had received "heavy
exposures to fluorine. ‘The symptoms were ascribed by them to the
oxyfluorides formed,  a report said'

Accounts of fluoride injury mushroomed as the laboratory work moved
into full-scale industrial production. At Oak Ridge in September 1944, 190
pounds of hexafluoride gas escaped into a room, drifted outdoors, and
formed a chemical cloud 20 yards by 20 yards." Nine workers were
exposed “for periods of twenty seconds to five minutes,” injuring ‘the
mouth, salivary organs, pharynx, skin, eyes and lungs." The news got
worse: that same year, 944, General Groves got shocking new reports of
multiple deaths in the nuclear program. Details of those fatalities and
fluorides role have remained hidden, often for a half-century or more.

The stories of the DuPont workers, who may have been fluorides first
wartime fatalities, have not been made public until now. (And they remain
anonymous: once-secret military documents describing the deaths do not
record their names.) On January 15, 1944, a laboratory assistant, a chemist,
and "a girl technician” producing the fluorinated plastic Teflon for the bomb
program were exposed to waste gases. Shortness of breath followed twelve
hours later and by the end of 36 hours, all three were in the hospital,”
Colonel Warren was informed.-* The chemist recovered but the other two
died terrible deaths, turning purple and unable to breathe." When the
twenty-three-year-old female "expired at the end of ten days," her
autopsied lungs resembled a victim of a World War | poison gas attack.
Colonel Warren's deputy, Captain John L. Ferry, suspected that the DuPont
fumes contained “certain oxyfluorides” and suggested the military
“investigate the possibilities of this material being used as a poisonous gas.

Although the army ordered up fresh toxicity studies, fearing " similar
compounds may be formed in some of the other fluoride manufacturing
operations,” DuPont dragged its feet, investigators suggested, perhaps
seeking to protect Teflons postwar commercial potential. The
manufacturer considers that we were buying a pack -aged product and is
not interested in our investigating the toxicity of the materials involved,”
reported Captain Ferry. "Several of the
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components thus far identified give good promise for commercial uses
other than that contemplated here,” explained a second army official.
(Subsequently there were additional reports of sickness associated with
Teflon. British scientists visiting a DuPont factory just after the war
confirmed that heated Teflon fumes were linked with "excessive
weakness, tiredness, nausea and sore throat.")"

A Philadelphia Story

THE SECRET DEATHS continued. Arnold Kramish is tormented by
injuries sustained in perhaps the worst fluoride accident of World War 1.
Sitting in a New York hotel eating breakfast one October 2001 morning,
pastry crumbs sprinkling his shirt, Kramish described how he still endures
“painful” fluoride skin eruptions on his legs— fifty-seven years after
surviving an explosion that killed two of his colleagues. In the 1970s he
sought medical help for the recurring sores. A Navy doctor explained to
him that fluoride “stalks you the rest of your life.”

He is stalked, too, by memories of the chemical "hell” that erupted in
South Philadelphia in September 1944. After the war Kramish became a
top nuclear scientist and government diplomat, well-versed in the ways of
government secrecy. But half a century after the fluoride accident, in a bid
to gain recognition for the victims, Kramish broke his silence and revealed
details of that disaster, including the names of the men who were killed and
why General Groves kept the deaths secret.?®

On the morning of September 2, 1944, twenty-one-year-old Private
Kramish and engineers Peter Bragg and Douglas Meigs reported for duty at
the sprawling Philadelphia Navy Yard. The Yard housed a super-secret
facility using hot liquid fluoride and pressurized steam to enrich uranium
for the atomic bomb.?® Kramish was one of ten volunteers who had arrived
to train on the new equipment. Just three days earlier, at the Manhattan
Project's vast construction site at Oak Ridge, Tennessee, Harvard
University president James Conant had gathered the men and asked for
volunteers. Conant warned them that their work in Philadelphia would be
“one of the more dangerous parts of the Project,  remembers Kramish.

James Conant was acutely aware of the dangers the men faced from
fluoride. The chemist was one of President Roosevelts top atomic
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advisers. He knew about the DuPont Teflon deaths. And he had seen the
secret army reports on fluoride toxicity that General Groves had requested
in December 1943.%° The reports explained that the military was carrying
out wartime human experiments with fluoride gases at the armys
Edgewood Arsenal in Maryland, searching for chemical warfare agents."
The army had received data about fluoride experiments on humans in
England that had produced powerful central-nervous-system effects.” And
there were reports from captured prisoners of war suggesting that the Nazis,
too, were investigating fluoride as a war gas.** Harvard's president was so
disturbed by the ‘extraordinary toxicity of certain fluoride
compounds, especially those used in the human experiments, that he issued
a secret warning to a senior U.S scientist about the atomic industrial
fluoride work. "As an organic chemist,” Conant wrote, "I think 1 should
point out to you . . . it is conceivable that similar effects would occur with
any fluorinated organic acid, although probably the compounds would be
less striking in their action. It is further conceivable that these compounds
could be formed in small amounts by the action of fluorine gas on the acids
or related compounds.'

That fall day at Oak Ridge, however, as he asked for volunteers, Conant
did not mention fluoride. All ten men raised their hands. “Any mildly
inquisitive guy was not going to opt out,” said Kramish.

At first the Philadelphia mission was more Keystone Kops than cloak
and dagger. When they arrived at the Thirtieth Street train station, a
military official in street clothes ordered them into \Wana-makers
department store to replace their uniforms with anonymous civilian garb.
But the Navy did not give them enough money, and all the men could find
were cheap Hawaiian shirts, says Kramish. He remembers ten men
furtively changing into their new ‘outfits’ in a nearby subway station,
emerging into the sunlight wearing brightly colored shirts and Gl boots.

Two days later Kramish, Bragg, and Meigs were at the Navy Yard,
working on the secret machinery. At lunch Kramish received a two-dollar
bill in his change. "Give it back," his friend told him, warning that it was an
omen of bad luck. Kramish pushed the bill into his pocket.

That afternoon, back at the plant, at 1:20 PM a massive explosion

suddenly tore at the machinery. Boiling steam and fluoride jetted
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onto Kramish's legs and back, clawing at his lungs and eyes. He fell
backward, temporarily blinded. A trained scuba diver, Private John
Hoffman ran into the smoking chaos holding his breath, pulling the injured
men from the room and slicing Kramish's clothes from his burned body.
This act of bravery would win Hoffman a Soldiers Medal, although the
award was kept secret. | pulled three guys out. Everybody was
shell-shocked, Hoffman told me. "Fluorine gas had gotten loose—it was
pretty pungent. | had to watch what the hell | was doing."*®

The afternoon detonation echoed across South Philadelphia. A giant
white plume of uranium hexafluoride gas drifted over the dockyard and
into the nearby battleship USS Wisconsin. Douglas Meigs and Peter
Bragg lay in their death throes. A priest attempted last rites on Kramish,
whose wife was told that he had been killed. A once secret report of the
disaster makes gruesome reading: twenty -six men had been exposed to
460 pounds of fluoride and uranium in a "huge chemical cloud.” Douglas
Meigs was ‘sprayed with live steam containing liquid, solid and gaseous
material in large quantities’; he died after sixteen minutes. Peter Bragg
expired an hour later with third-degree burns over most of his body. He
‘seemed in a great deal of pain, the report noted, and "became violent
shortly before death and resisted all attention."

The remaining men survived, although many had serious and
slow-healing wounds. Some experienced ‘intense pain in the scrotum,
penis, or about the anus, probably because of the hydrolysis of the
chemicals in these moist areas, the report notes. Survivors also suffered
unusual "nervous system" effects. One man was temporarily rendered
"almost incoherent.” This "altered mental state" was "more than could be
explained on a purely fear reaction basis," the report said. "In all
probability the injurious effects observed on the skin, eye, mucous
membranes of upper respiratory tract, esophagus, larynx and bronchi were
all directly caused by the action of the fluoride ion on the exposed tissues,"
concluded a military doctor."

Kramish reports that at a closed wartime inquiry, he learned that part of
his suffering had been unnecessary. The head of the Navy project, Dr.
Philip H. Abelson, had known how to treat fluoride burns, according to
Kramish. But fluoride and uranium were
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considered so secret that Abelson refused to give the medical facts to the
arriving doctors, telling them, "I'm not sure you guys are cleared,” Kramish
recalls. As a result, he adds, the doctors walked among the injured and
dying men that afternoon "guessing what the burns might be.” (Fifty years
after the accident, Kramish reports he cornered Abelson one lunchtime in
the Cosmos Club in Washington. Abelson refused to talk about the
accident, Kramish says. " It was clearly a trauma for him.")

The Philadelphia explosion traumatized the entire Manhattan Project.
In addition to the fluoride strewn over south Philadelphia, it was perhaps
the largest release of man-made radiation that had ever occurred. General
Groves feared that a nuclear fission accident had taken place. The military
quickly suppressed media coverage. The Philadelphia coroner was not
told the cause of the men's
death.*

That disaster night, roused by Groves, the Manhattan Project's top
doctor, Colonel Stafford Warren, drove through the darkness from Oak
Ridge, Tennessee. He arrived at the Philadelphia Navy Hospital in time to
seize the organs of the dead men, stuffing the heart and lungs of Meigs and
Bragg into his briefcase before returning home, he later told Kramish.
(Warren and Kramish became friends after the war.) Warren explained to
him that the organs "had become classified material,” Kramish recalled,
and that they were sent to the University of Rochester for examination.
“The deceased were buried without them," Kramish added.

Family members, such as Elizabeth Meigs, who was on her way to meet
her husband in Philadelphia for Labor Day, would never learn that fluoride
may have killed their relatives. General Groves kept silent about the
fatalities. In his book about the Manhattan Project, Now It Can Be Told,
Groves tells only that several persons " were injured™ in Philadelphia and
that the investigation "held up the work for a while." Groves's fear of
admitting the deaths, Kra-mish says, was "not only that the atomic bomb
project might be compromised, but that if project workers learned of the
true hazards of working with uranium, they might balk.™ Suppressing
toxicity information "would extend to fluoride," added Kramish. “Working
with it was dangerous.”

Arnold Kramish still has the two-dollar bill he received that lunchtime.

He keeps it wrapped in lead; it remains contaminated.
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Although fluoride played a nearly fatal part in Arnold Kramish's
wartime experiences, he believes that few people have any idea of the
chemical's wartime importance. It is not as exotic as the atom, he
says. For most historians, radiation is “all they want to talk about.’

The Fear Mounts

FEAR NOW GRIPPED wartime fluoride workers across the U.S.
atomic complex, and with good reason.*® Thousands of them were
entering an abominable work environment, beyond even Victorian
horror, with daily exposure to a witch's brew of fluoride chemicals
—including, for the first time in human history, the ferociously reac
tive elemental fluorine gas.*!

"When a jet of pure fluorine strikes most non-metallic materials,”
began one 1946 secret memo detailing occupational hazards, " the
surface of the material is instantly raised to an incandescent white heat.
Personnel may be severely burned by heat radiated from the surface
even when they are not directly exposed to fluorine at all....NO
PERSONAL PROTECTIVE EQUIPMENT HAS BEEN DEVISED TO DATE
WHICH WILL RELIABLY AFFORD EVEN TEMPORARY PROTECTION
AGAINST A HIGH PRESSURE JET OF PURE FLUORINE, emphasized
the memorandum.*

Incredibly, fluorine was not the most toxic gas to which workers
risked exposure. When excess fluorine was vented to the
atmosphere (a common procedure, as we shall see) a truly
venomous family of even deadlier
compounds—"oxyfluorides"—were formed. One of these
chemicals, oxygen fluoride, ‘a bi-product of fluorine disposal,” was
probably "the most toxic substance known,"” bomb program
researchers bluntly reported.*?

Another common workplace hazard was hydrogen fluoride acid
( HF), which had the fiendish property, if splashed on skin, of ini-
tially escaping detection but then slowly and painfully eating into a
victim's bones.** One especially fearsome compound called chlorine
trifluoride, which was used to "condition™ or clean machinery, was
so reactive that Allied intelligence agents suspected Hitlers SS had
also experimented with it, as an incendiary agent.* U.S. atomic
worker Joe Harding, who used chlorine trifluoride at the Paducah
gaseous diffusion plant in Kentucky, described the compound as a "
violent monster that makes [pure] fluorine look mild by its side.”
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Working with chlorine trifluoride was ‘more dangerous than handling TNT
while you was climbing a tree, said Harding.'

Fluoride posed another hazard. It dramatically boosted the tox-icity of
other cold war chemicals. The biological havoc wreaked by beryllium, for
example—a key metal that makes nuclear weapons more powerful—was at
least doubled by the synergistic presence of fluoride, bomb program
scientists found. By 1947 there had been nineteen or more deaths reported
in the nation's beryllium plants, with the carnage spreading rapidly. (When
newspaper reporters got wind of the fact that families living near the
beryllium plants were also getting sick, the Atomic Energy Commission
tried to suppress the story.)

Beryllium smelters were felled with an especially devastating one
-two punch, said the Manhattan Project scientist Robert Turner. Men
became ill with a foundry fever marked by shivering, high tempera tures,
and ‘profuse perspiration.” The knockout blow from fluoride fumes
followed sometimes days later, the scientist noted, with workers turning
purple, gasping for breath, and coughing up blood. Turner was critical of
other scientists. Investigators studying fluoride had shown “a disregard of
the fundamental principles of modern toxicology.” Discovering how
workers were being hurt required considering a range of factors, including
the size of the particles involved, ways the poison entered the body, and
awareness that the action of a compound is not equivalent to the sum of
the action of its component parts," he wrote" Turner described the
pathways by which tiny fume-sized particles of beryllium oxyfluoride
penetrated deep into lungs ‘with missile-like force.” When the molecules
arrived inside the alveoli, the atoms of fluorine and beryllium separated
"like a charge bursting." Both beryllium and fluoride were poisonous, the
scientist said, but it was the liberation of fluoride deep inside the lung that
produced the most catastrophic health problems, destroying tissue,
choking breath, and leaving permanent lung scarring."

Similarly, when uranium was converted into hexafluoride gas, that
poisonous metal also got a deadly new punch. This enhanced toxicity of
uranium presented nuclear planners with perhaps their most diabolical
quandary. Enormous quantities of uranium hexa-fluoride process gas
were required for even a single atomic bomb. But when the ‘hex  was
exposed to air, it rapidly formed a dense
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white cloud of HF gas and fume-sized particles of a "highly toxic"
compound known as uranyl fluoride or uranium oxyfluoride
( chemical symbol UOF;). The compound injured laboratory
animals in microscopic quantities, while even ‘a few milligrams’
ingested daily proved fatal, bomb program doctors reported.

Exposure to these two chemicals would be a daily fact of life in the
diffusion plants." In the hidden chambers of the massive K-25 plant,
where precious uranium for the Hiroshima atomic bomb was first
captured, "there will be a continuous escape of UO,F in the cold trap
rooms," officials warned. Those workers would be exposed "8 hours
per day regularly,” explained Medical Captain John Ferry in a secret
June 16, 1944 letter to an Oak Ridge contractor."

"Just Watch Anyone That Has a Tie On"

AS PREDICTED, WHITE fluoride smoke became a familiar sight and
smell to generations of workers in Americas gaseous diffusion plants.
‘I have never seen it that there wasnt a thick haze of process gas smoke
in the air,” said Joe Harding, remembering his almost thirty years
inside the gaseous diffusion plant at Paducah,

Kentucky.

"It does have a pungent odor,” confirmed another worker, Sam Vest,
who in 1970 followed his father and two uncles into the Oak Ridge
nuclear factories. In a 2001 interview in his home near Oak Ridge the
fifty-four-year-old Vest tugged on a never-ending cigarette, recalling
his own three decades at America's first gaseous diffusion plant. His
soft Tennessee drawl transported a visiting writer back inside the
cacophonous K-25 building and to the apprentice electrician's first
encounter with uranium hexafluoride gas. Vest watched one morning
as clouds of smoke belched from equipment he was replacing. He
asked a more experienced worker about the strange white fogs' "'l said,
"What is that stuff?" And he said, "That is process gas.' And | said,
“Should we be here? | don't see anybody with respirators on.™ The
older worker explained an Oak Ridge safety rule: "Just watch anyone
that has a tie on." He added, "And if he leaves hurriedly, you leave
behind him." "That was my first indoctrination," Vest said. "l was just a
kid."

Medical advice given to men who had been in a chemical release,
said Vest, was to 'go home and drink a six pack of beer." Vest
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remembered thinking, "I dont know anything about chemicals or uranium
hexafluoride or anything like that. But none of this looks on the level to me.
These men are standing in this fog with no respirators. | thought "My God,
what kind of a place is this?”

On another occasion Vest found himself high above the plant in the
“pipe gallery,” replacing electrical heaters. "We were wading though this
yellow powder," he recalled. "I asked [a colleague] Clyde, I said, "Clyde,
what is all this yellow lying around here?" And he said, That is product. |
said, What do you mean? And he said, "Well, that is UO F,. After it cools
down, it solidifies and that is enriched uranium." And | said, "Shouldn't we
have some kind of breathing apparatus or something? And he said, Hell no,
we work in this all the time. It wont hurt you."

Similar official safety reassurances, from the highest levels of the
United States government, were given to tens of thousands of fluoride
workers throughout the cold war. The assurances were false. Fluoride was
a state secret. Workers were neither told what chemicals they were
handling nor of the warned dangers. "The people hired by the contractors
were not, because of security, told of the hazards involved in their work,"
Colonel Stafford Warren wrote to a deputy, Dr. Fred Bryan, in September
24,1947.%°

Despite an early awareness that cancer and occupational injuries were
extraordinarily frequent at the gaseous diffusion plants, work ers could
never prove that such was the case. "All medico-legal and insurance
statistics which refer directly to process hazards" were classified "secret,"
an AEC document noted.®" In data that were declassified only in 1997, for
example, it was revealed that during the earliest months of the K-25 plants
operation, from June 1945 to October 1946, there were 392 “chemical
injuries” from uranium hexafluoride, 58 injuries from fluorine, 21 from
hydrogen fluoride, and six injuries from fluorocarbons.®

AreaC

WORKERS QUICKLY GREW suspicious at the endless medical testing.
Behind a barbed wire fence at a secret plant in downtown Cleveland, Ohio,
known as Area C, segregated young African Americans—who loaded a
chalky ‘green salt’ into furnaces—gave regular urine samples to
government doctors.
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"You had to be tested all the time,” said Allen Hurt, an employee of
the Harshaw Chemical Company, which ran the secret plant under
contract for the Manhattan Project. He was one of five former workers
who agreed to talk about his experiences.

The industrial complex on the Cuyahoga River was one of the
Manhattan Projects most important sites. Harshaw engineers had
invented a way to add extra fluoride molecules to uranium tetra
fluoridle—the ‘green salt’ the workers were handling—
manufacturing the vital hexafluoride ‘process’ gas needed for
uranium enrichment. (‘Hex means six and ‘tetra’ means four.) By
June 1944 the plant was capable of producing a ton of ‘hex each day
for shipment by truck to Oak Ridge for the K-25 gaseous diffusion
plant.

The government reassured the workers about the tests. In a 1948
visit to Cleveland, for example, a Manhattan Project senior doctor,
Bernard Wolf, gathered the workers together to tell them that all our
records indicate that no unusual hazard existed.” The truth was very
different. Secretly, on August 5,1947, the AECs W. E. Kelly had
informed Harshaw's senior manager, K. E. Long, that ‘the status of
health protection at Area C is unsatisfactory is several respects. He
cited in particular:

1. Contamination of the Area C plant, Harshaw plant
area and an unknown amount of contamination of the
surrounding neighborhood with uranium and fluoride
compounds.

2. Exposure of operating personnel to uranium and

fluorine compounds by direct contact and inhala-tion.**

Harshaw workers knew something was in the air. "The moment you
stepped out of the time clock office, there would be an odor, a burning
sensation,” recalled Henry Pointer. It would sting your face, you
would inhale it too.” Union organizer John L. Smith was sick one day
after repairing a pipe. It was the fumes—next thing | felt breathing
difficulty and started vomiting and went to the first aid and started
shitting in front of them at the same time,” he said. ( Although he never
knew what had poisoned him, Smiths symptoms were of acute
fluoride poisoning.)"
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There were fluoride fatalities at Harshaw as well. Young black women
made up about half of the Area C workforce. Twenty-two-year-old Gloria
Porter started at the Cleveland works in 1943, filling hydrogen fluoride
tanks. On October 9, 1945, she saw a man eaten alive by the fluoride acid
when a storage tank at Area C exploded." " I heard this rumble,” remembers
Porter, who had just finished her shift. "All of a sudden this cast iron
[storage tank] just burst open and the smoke, the fumes from the acid, you
just couldnt see nothing, and that stuff was rolling and the more it rolled
the further we would run."

A male worker helped Porter to scramble over the barbed wire fence that
surrounded Area C. As she stared back, a horrific image was seared in her
mind. She watched men struggling through a giant cloud of hydrofluoric
acid. ‘I saw all of them coming out with hunks of flesh just falling off of
them, and the stomach, and their arms, and | said "My God, I cant look at
that. That man cant live. He looked just liked bone, but he fell right then.’
Two men were Killed in the accident, and a good friend was badly burned,
recalls Porter, who left Area C the following year." "After the explosion, |
just wanted to get out,” she added

African Americans may have been hired for fluoride work in order to
conceal the chemical's toxic effects. "Most fair complexioned men could
not be employed in the production plant,” reported a once classified
wartime study of Harshaw fluoride workers.?® Acid fumes produced skin
that was dehydrated, roughened and irritated, the report noted. Some
workers had "hyperemia" or acute reddening of the face. When that report
was published, however, the black- and-white language of segregation had
grown less stark. The chemical sensitivity to the fluoride was now more
subtly described as "more severe in fair complexioned men."®

Harshaw veterans confirmed that only African Americans were
employed inside the heavily guarded Area C plant. Outside, white male
supervisors oversaw the big cylinders being hoisted onto trucks for the
journey to Oak Ridge, remembered a former worker, James Southern.
“Yeah, but they werent pulling,” interjected worker Henry Pointer, ‘the
labor people were all black.’

One young white laborer, John Fedor, who joined the company in 1939
with a tenth-grade education, was never permitted to enter the
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Area C complex. He had no idea that the plant was performing secret
war work for the government. "To work there you had to be cleared
and | was not cleared to go in,” he explained. Nevertheless Fedor grew
worried about fluoride exposure at Harshaw's big hydrogen fluoride
(HF) plant, which supplied Area C, and about the terrible” conditions
those workers endured. (He became a union organizer after the war.)
His Safety Committee invited state inspectors inside the HF plant.
Inside, fluoride levels as high as 18 parts per million were measured,
six times the permitted safety standard.”® "There were men walking
around with rags over their noses, there were no respirators, there
was no safety program,” Fedor remembered. Burns and acid
splashes were common. "The good Lord knows what it did to the
inside of a person's body. How many people may have suffered
fatalities over the years | have no idea, he added?'

Allen Hurt carries visible reminders of his years at Harshaw
Chemical. He pulled a trouser leg up to reveal fifty-year-old scars he
blamed on fluoride. ‘They didnt give you protection, he said. = It
would eat the clothes and it would do the same thing to your skin.”
Sickness has stalked former employees, survivors claim. By the time
the plant closed in 1952, an estimated 400 to 600 workers had been
employed at the Area C plant. Cancer and heart ailments have been
especially frequent among former workers, John L. Smith claims. The
people who worked there are dead. Those that ain't dead, there's five of
them in the nursing home." The remaining veterans smolder with
anger. Mostly, they wish they had been given the dignity of choosing
their wartime fate. "At least we should have been properly informed,"
said Smith. "What few is left is as pissed off as they can be.""

"Hazards to the local population could occur"

WHEN HE WAS shown several declassified documents describing
how fluoride and uranium were regularly vented from the Harshaw
smokestacks, union organizer John Fedor was suddenly concerned.
"I wonder about the immediate area," he remarked, "whether there
were illnesses caused by that, or whether it just dissipated when it
got in the air?"
Fedor is right to be concerned about the effects of fluoride on the

area around Harshaw. It was not, of course, just the atomic
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workers who were secretly at risk from fluoride. From the beginning of the
nation's nuclear program, officials worried about families living near bomb
factories. "Hazards to the local population could occur if large amounts of
fluorine or if fluorides were to be discharged in effluents,” wrote the
medical director Colonel Stafford Warren.”

Again, the fears proved accurate. Fluoride was secretly vented, and it
spilled across communities in New Jersey, Pennsylvania, Kentucky,
Tennessee, and Ohio.”* Those releases increased as the United States
expanded its cold war atomic arsenal and built two mammoth new gaseous
diffusion plants, at Paducah, Kentucky, and Portsmouth, Ohio.”

Environmentalists often cite Cleveland's Cuyahoga River—which burst
into flames in June 1969—as the lurid spectacle that helped bring about
the Clean Water Act. The shocking sight of a waterway ablaze
precipitated a moment of national clarity, focusing attention on the
dumping of chemical wastes into the environment. Less well remembered,
however, is a $9 million lawsuit brought in 1971 by the local Sierra Club
against the Harshaw Chemical Company for fluoride pollution, which, the
organization charged, had eaten and corroded the main Harvard Dennison
Bridge over the same Cuyahoga river.” That bridge had to be rebuilt.

The government had watched the situation in Cleveland nervously.
Following ‘complaints” in 1947, a team from the University of Rochesters
Atomic Energy Project was quietly dispatched to measure fluoride
pollution. The scientist Frank Smith secretly reported levels of 143 parts
per million of HF venting from the Harshaw smoke stacks. (By contrast, 3
parts per million is the stan dard considered safe today for workplace
exposure.) The results are on the low side,” Smith wrote, ‘since the
efficiency of the sampling procedure we used is not too good for
[elemental] fluorine and oxygen fluoride; if considerable quantities of
these two gases were present in the air, we probably missed a part of
them.””” The AEC was worried about lawsuits. Dr. Smith pointed to several
lower fluoride readings in his data. Those measurements, he said, might
prove ‘the most valuable . . . [as they] in no case exceed the level declared
legally permissible in Massachusetts, California and
Connecticut.”
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Storm clouds continued to gather over Cleveland. A July 1949 AEC
report warned that “although the complaints from civic organizations have
been concerned with general atmospheric pollution, and neither fluoride
nor uranium have been mentioned specifically, it is likely that as time
progresses, the extent of air pollution by fluorides will receive attention "’
The AEC ran more secret tests after a consultant, Philip Sadtler, was hired
in 1949 by the local community to investigate Cleveland air pollution.
While uranium releases were within permissible levels, they concluded
that the fluoride data, however, satisfied none of the criteria.™

Several of the former Area C workers confirmed that pollution was
rampant. Allen Hurt parked his car downwind from the plant whenever he
worked the night shift. "Overnight, fallout would come, and my black car
was full of gray dust, and | washed if off and | could see little fine pits
where it had ate into the paint. If it does that in metal, what would it do to
us?" he wondered. Hurt recalled that local residents complained: “They had
a problem with the people up on the hill, because it was coming up there
and bothering their homes."

Environmental damage around atomic bomb plants was often
widespread. At Oak Ridge, officials planned, in 1945, to dump 500 pounds
of fluorides each day into the nearby Poplar Creek; a decade later, airborne
fluoride emissions had scarred a fifty-square-mile area of wounded and
dying trees, officials stated, and posed a clear threat to grazing animals.
And in 1955, some 615,000 pounds of fluorine was "lost in the vent gases"
from a single in-house plant making uranium hexafluoride at Oak Ridge.*

Lawsuits alleging fluoride human injury and destruction of crops and
farm animals were sparked against DuPont's Chamber Works in New
Jersey and the Pennsylvania Salt Company's plants in the Pennsylvania
towns of Easton and Natrona." At a second gaseous diffusion plant in
Portsmouth, Ohio, which began operations in 1954, fluoride exposure was
immediately declared a “significant liability" for ‘both employees and the
general public," a document noted.??-At the AECs giant Feed Materials
Production Center in Fernald, Ohio, waste fluorides were ‘the biggest
single problem,” where some 15,000 pounds of fluorides were being
disposed of each month in the nearby Miami River, according to a pollution
expert,

Arthur Stern.®
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And as late as the mid-1980s, thirty years after it began operation, the
gaseous diffusion plant at Portsmouth, Ohio, was still dumping 15.6 tons
of fluorides each year into the atmosphere."”

Darkness hid fluoride releases at the K-25 plant in Tennessee,
according to former supervisor Sam Vest. "I could pull into the parking lot
at night and smell it. I could tell they were releasing fluo rine from the
fluorine plant. They waited until after dark to release it, because it was just
a horrendous cloud.” Some workers found a strange beauty in the
nighttime releases at Oak Ridge, Vest added. "Operators described it as
being just beautiful, to just stand there and watch crystals on a clear cold
night go up [into the air]."



General Groves's Solution

Dr. Harold Hodge and
the University of Rochester

The Manhattan Project had seen the danger from fluoride early. Before the
war private industry had contained the legal dangers from factory
pollution by forming the Air Hygiene Foundation at the Mellon Institute.
Also fearing lawsuits, in 1943 General Groves established the Manhattan
Projects Medical Section at the University of Rochester to strengthen the
governments interests, placing Dr. Harold C. Hodge in charge of a secret
unit studying fluoride and the other chemicals being used to make the
atomic bomb.

FROM HIs CORNER office window in the medical school at Strong Memorial
Hospital that summer of 1943 Dr. Harold Hodge could see construction
workers placing the finishing touches on a half million-dollar building at
the University of Rochester known as the Manhattan Annex.' The heavily
guarded structure, funded by the U.S. Army, would be home to the
Manhattan Project's Medical Section. Orders had been placed for hundreds
of experimental animals: Puerto Rican monkeys, dogs, mice, rabbits, and
guinea pigs. And an umbilical cord-like tunnel linking the military annex
with the university hospital was urgently being readied.

As the new Annex foundations were put down, so too was the keystone
laid for the postwar practice of toxicology in the United States—and for the
future career of the thirty-nine-year-old bioc hemist, Dr. Harold Hodge.
The Annex would soon house the largest
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medical laboratory in the nation, with a staff of several hundred scientists
testing the toxicity of the chemicals being used to build the atomic bomb.

Military pilots flew the exotic new compounds directly from the bomb
factories to Hodge's team at Rochester. "Harold would actually meet the
pilots under [cover of] dark to get the material to test,” said toxicologist
Judith MacGregor, who befriended Hodge at Rochester, where she was a
graduate student in the 1960s, and who was mesmerized by her mentor's
tales. ‘It was unbelievable.”

That spring of 1943, Hodge had been placed in charge of the bomb
programs Division of Pharmacology and Toxicology and given control of
a secret biomedical research unit known as ‘Program F to study fluoride
toxicity.' The Manhattan Project had “a whole section working on uranium
and a whole section working on fluoride,” explained Jack Hein, who
worked with Hodge at Rochester during the early cold war as a young
graduate student and remembers the scale of the fluoride studies. “The
toxicology studies were very comprehensive. They were looking for toxic
effects on the bone, the blood, and the nervous system. . . . Without the
Manhattan Project and the atomic bomb, we wouldn't know anywhere near
as much as we do about the physiological effects of fluoride,” Hein added .*
“His research suddenly blossomed into an immense program,” noted Paul
Morrow, a uranium expert who also joined Hodge at Rochester in 1947 and
who worked on some of the earliest experiments.

Hodge's war work germinated into a career as the nation's leading
expert on fluoride. Over more than half a century the tall, black-haired
researcher published several books and some three hundred scientific
papers. He was chairman of the National Research Council's Committee on
Toxicology and first president of the Society of Toxicology. And a
generation of Hodges Rochester colleagues and students—men such as
Herbert Stokinger, Paul Morrow, and Helmuth Schrenk—went on to
occupy leading positions in government agencies and universities after the
war.' He was unarguably the dean of American toxicology, stated a
former colleague and Rochester alumni, Ernest Newbrun, now a professor
emeritus at the University of California at San Francisco.

To several generations of colleagues, the soft-spoken scientist with the
slicked-back hair was a gentleman scholar and tutor, advising
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them to ‘play it straight,” and regularly, in his early seventies, trounc
ing graduate students at squash.' But Harold Hodge—grandfather,
soft-spoken friend, and “dean of American toxicology —shouldered
dark secrets for much of his professional life.

That summer of 1943, as Dr. Hodge stood at his office window, he
confronted a terrible dilemma. Speed was essential in beating the
Germans to full-scale production of the atomic bomb.' The fate of tens
of thousands of American workers lay in his hands. His laboratory's
evaluation of the toxicity of chemicals needed for the bomb, such as
fluorine, beryllium, and trichloroethylene, would fix work conditions
for the women and men inside the Manhattan Projects bomb factories,
help determine how quickly the plants could achieve full
production—and whether employers would be successfully sued for
damages if those workers claimed injury from chemical exposure.'
“The questions were many and the answers few, wrote Hodge. ‘There
was no time to wait for months, or even weeks, while the accepted
laboratory tests established the toxico-logical facts. Production had to
proceed with no delays."*

"People working in the atomic energy production plants were going
to be chronically exposed,” said Jack Hein. "We didnt know too much
about the toxicity of fluoride, other than the early studies saying a little
too much in the water causes damage to teeth,” he added."

General Leslie Groves understood the dangers of such pell-mell
production. He feared that personal injury lawsuits would be an
Achilles heel for the entire nuclear program. Leading insurers, such as
Aetna and Travelers, were providing health coverage for workers in the
new bomb factories.”? Successful claims for fluoride injury or for
neighborhood pollution might hemorrhage compensation payments,
create a public-relations disaster, risk jeopardizing the embryonic
nuclear industry—and threaten the United States' unprecedented new
military power."

The army moved quickly to protect itself. Its first weapon was
secrecy. The second weapon was seizing control of basic science. In
particular the crucial toxicity studies on bomb program chemicals
performed at the University of Rochester were sculpted and shaped
to defend the Manhattan Project from lawsuits." Those marching
orders—conscripting science and law for military service—were
drummed home in a July 30, 1945, memorandum titled "Purpose
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and Limitations of the Biological and Health Physics Research Pro -gram,”
written by the head of the Medical Section, Colonel Stafford Warren.
According to Warren, The Manhattan District, as a unit of the U.S. Army ...
has been given a directive to conduct certain operations which will be
useful in winning the war.” As such, ‘medico-legal aspects were accorded
a clear priority for scientists, he added, ‘including the necessary biological
research to strengthen the Governments interests. *®

Scientists soon delivered courtroom ammunition. "Much of the data
already collected is proving valuable from a medical legal point of view,"
noted a February 1946 memo to General Groves's deputy, Brigadier
General K. C. Nichols. "It is anticipated that further research will also serve
in this manner," the memo added.*®

Colonel Warren had chosen his top fluoride expert carefully. The son of
an Illinois schoolteacher, Harold Hodge was a biochemist whose specialty
was the study of bones and teeth. He had arrived at the University of
Rochester in 1931, where he was one of an elite cadre of men selected by
the Rockefeller Foundation as dental research fellows. The Rockefeller
Foundation was then funding basic research at selected dental schools in a
bid to lift the standards of dental care in the United States. Hodge was also
a pharmacologist and toxicologist who by 1937 had forged close links with
corporate America.' By the summer of 1943 some of those corporations
and institutions were taking a lead role in developing America's first
nuclear weapon. Eastman Kodak, a Rochester company where Hodge had
investigated chemical poisoning before the war, was now a leading
industrial contractor at Oak Ridge, Tennessee.’® Rockefeller interests were
also using fluoride to refine uranium at an undisclosed site in New Jersey
and funding their own biomedical research at the University of
Rochester.™

Harold Hodge's role as gatekeeper at the wartime crossroads of law and
medical science was spelled out in a 1944 letter introducing the Rochester
scientist to the DuPont company. The letter, stamped “confidential,” again
lays out a fundamental scientific bias in the Manhattan Districts medical
program—a bias against workers and communities, and in favor of
corporate legal interests.

"The Medical Section has been charged with the responsibility of
obtaining toxicological data which will insure the Districts being
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in a favorable position in case litigation develops from exposure to
the materials, Colonel Stafford Warren told Dr. John Foulger of
DuPonts Haskell Laboratory in a letter dated August 12, 1944.
Harold Hodge was to insure that information about the toxicity of
certain fluoride compounds was coordinated between the
government and its contractors, Warren explained. ‘It would be
desirable,” he told Foulger, to have the work on the toxicity of
fluorocarbons being done in your laboratory parallel the
investigations being made on similar compounds elsewhere. For that
reason it would be appreciated if Dr. Harold Hodge of the University
of Rochester could visit your laboratory in the near future and an
exchange of ideas be effected."?

Harold Hodge, Devil's Island,
and the Peach Crop Cases 21

Harold Hodge's diligence in defending the war industry can be seen
in a 1946 court challenge from farmers living near a DuPont fluoride
plant in New Jersey. Although not mentioned in any history of the
Manhattan Project, the lawsuits were regarded by the military as the
most serious legal threat to the U.S. nuclear program, requiring the
direct intervention of General Leslie Groves. A closing chapter in the
Manhattan Project, the aggressive use of secrecy, science, and public
relations by Groves and Hodge, and at least a half dozen federal
agencies battling the farmers, is an opening scene in the story of how
fluoride was handled by our government following World War II.

The gently rolling alluvial soil along the shore of the Delaware
estuary in Southern New Jersey is some of the most bountiful farm-
land in the United States. Its historic harvest of fruit and vegetables
won New Jersey the accolade of The Garden State. The orchards
downwind of the DuPont plant in Gloucester and Salem counties
were especially famous for their high-quality produce; their
peaches went directly to the Waldorf Astoria Hotel in New York.
Campbell's Soup bought up their tomatoes. But in the summer of
1943 the farmers began to report that their orchards were blighted
and that "something is burning up the peach crops around here."”

Poultry died after an all-night thunderstorm, they reported. Fields
were sometimes strewn with dead cattle, residents recalled, while
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workers who ate the produce they had picked vomited all night and into the
next day. ‘| remember our horses looked sick and were too stiff to work,”
Mildred Giordano, who was a teenager at the time, told reporter Joel
Griffiths. Some cows were so crippled that they could not stand up, and
grazed by crawling on their bellies. The injuries were confirmed in taped
interviews, shortly before he died, with the chemical consultant Philip
Sadtler of Sadtler Laboratories in Philadelphia. On behalf of the farmers'
crusading attorney, Counselor William C. Gotshalk of Camden, New
Jersey, Sadtler had measured blood fluoride levels in laborers as high as
310 parts per million. (Blood fluoride is normally well below i part per mil-
lion. These levels are potentially lethal doses)*

“Some of the farm workers were pretty weak, Sadtler noted. The New
Jersey farmers organized a Fluorine Committee. They patriotically waited
until the war was over, then sued DuPont and the Manhattan Project for
fluoride damage. Thirteen claimants asked for a total of $430,000 in
compensation.

Little wonder the farmers reported health problems. Conditions on the
other side of the DuPont fence were extraordinarily dangerous. More than a
thousand women and men were employed on Manhattan Project contracts
at the Chamber Works during