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Fluoride in Drinking Water

Introduction

Thi; report was developed in response to reqUest§ f;om withih the

" Health Department for a revieﬁ of thevavai1abTe literature re]atfng

to the.hea1th effectsiof fluoride. 1t is not the purpsse here to
review extensively information related to the quéstidn of the efficacy
of fluoride in preventing dental caries, though the subject wi1} be
touched upon. Particular emphasis has been placed upon those studies
which re]éte to health effects repprted to be associated with the

1-10 ppm fluoride level in drinking water. Such information should

be helpful to those who must decide whether fluoride 1éveis in excess

of 1.8 ppm in drinking water pose adverse health effects df a magnitude

sufficient to warrant fluoride reduction.

Fluoridation of public water supplies at the 0.8-1.2 pbm level is
widespread in the United States, a practice which has increased

continually since 1945 when it was first introduced in Grand Rapids,

Michigan. According to Sanders (1980), aﬁproximate]y'110 million
Americans drink watef that is naturally or artificially flyoridated.
The other_half of our population ddes not consume fluoridated wéter.
Approximate]y 73 million of the latter live in communities which have
chosen not to fluoridate and 37 miliion lack centralized water supplies
for fluoridation. A large body of information has developed on the
subject during_the years as fluoridation has beﬁome more widespread.
There are several scientific studies and many government reports on

the subject. The same boqy of scienfific information finds its
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expression repeatedly in many settfngs. Uhfortunate]y, while there

is a substantial body of scientific information not all parties agree
as to its interpretation and much additional basic research is sorely
needed to pin down the biological effects of fluoride and the levels
at which adverse health effects would be expected. Every effort

has been made in this feport to adhere to the ideal of presenting
only scientific informatioﬁ and discussion pertaining‘to it. The re-
port neces;arily strives within the constraints of time to c;ndense
information and to identify and critically evaluate several of the
studies which show or carry the implications of health effects in

man. This report is not comp1eté. The evaluation of the health
éffects of fluoride must cohtinue,as long as the spbstaﬁce {S»found
~in drinking water, tooth baste, mouth rinses, etc., and'LonEern exists

as to its safety.

This review is divided into sections cdvering not only dental effects
but skeletal system effects, kidney effects, Down's syndrome, muta-
genesis, DNA studies and cancer. There are important studies in

~all these areas and it is important to consider all the information

in reaching a general understéhding‘of the health effects of fluoride.

Health Effects

The World Health Organization (1970) has discussed at length certain
aspects of the health effects of fluoride. This volume has been
‘reviewed and an attempt made to identify, by subject-author(s) and
page numBer, key statements which address the question of health
effeéts observed at various fluoride concentrations. Many of these

!
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key statements are quoted in order to minimize ambiguity that might
be introduced by paraphrasing. While stateﬁents by the various
authors are not always consistgnt, one can gain ftom theseé statements
_an understanding of the effects on bone and teeth of fluoride at

various levels.

A summary relationship of concentrations or doses of flworide (F)
to biological effects as given in this volume is tabu]aééd’as follows:
A. Singh and S. S. Jolly, p. 225.

Concentration or Dose

of Fluoride Medium Effect
2 parts per 1,000 million Air Injury to ‘vegetation
1 ppm Water - Dental caries reduction
2 ppm or more . Water ° Mottled: enamel :
5 ppm . Urine ~ No osteosclerosis
8 ppm : Water 10% osteosclerosis
20-80 mg/day or more Water or air Crippling fluorosis
50 ppm Food or water Thyroid changes
100 ppm Food or water Growth retardation
More than 125 ppm Food or water Kidney changes
2.5-5.0 ¢ Acute dose Death

Dental Effects

Additional information relating to dental effects fo]]ows:

"Duripg the period of tooth formation, the ingestion qf -
amounts of waterborne fluoride as low as 1 ppm may produce
slight white spots-in the enamel surfaces in a few cases.

"S. M. Weidmann and J. A. Weatherell, p. 116,

"Moreover, an objectionable degree of mottling is observed
only when fluorides are consumed during the ages of about
0-12 years and at levels in excess of 2.0 ppm." N. C.
Leone, p. 274.

“These early (1916) American investigators found that when
water contained concentrations substantially greater than
2 ppm F, there often developed dental defects, ranging
from barely detectable white spots called dental mottling
at the lower levels to unsightly brown, stained, hypocal-
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cified or hybop]astic teeth at higﬁer‘1evels, i.e., 4-8
ppm F." N. C. Leone, p. 277.

“Dean and his colleagues (Dean, 1946) investigated the
threshold of dental fluorosis in the mid-western region

of the USA, and set the borderline limit for the appear-
ance of dental fluorosis in the vicinity of Chicago at
1.0-1.5 ppm fluoride. But in Japan, in an investigation
around the Kyoto District, it seems that the corresponding
‘borderline limit is 0.8-1.1 ppm." G. Minoguchi, p. 294.

“"The minimal threshold value at which a just perceptible
change appears in the developing enamel of the permanent
teeth was found to be 1.0-1.1 ppm for the people in the
USA living in the temperate zone. 1t is only after the
fluoride concentration in drinking water exceeds 1.4-1.6
ppm that the first signs of more serious dental fluorosis
appear: some of the teeth of a few members of the popu-
lation then show circumscribed spots, colored light-yellow
to brownish. When the fluoride content exceeds 2.0 ppm,
then brownish spots, varying from small to large in tize,
can be seen on numerous teeth in the great majority of
the members of the exposed community. When the fluoride
content is more than 7.5 ppm, the enamel loses its smooth-
‘ness: signs of serious dental hyperfluorosis appear, with
hypoplastic zones and an often quite dark discoloration
affecting extensive areas of the enamel of several teeth
in.the persons affected." P. Adler, p. 323. ‘

v

Dean (1936) provides an excellent chart and comment on extent of
mottling in relation to water fluoride level:

~"From the continuous use of water containing about 1 ppm,
it is probable that the very mildest forms of mottled
enamel may develop in about 10% of the group. In waters
containing 1.7 or 1.8 ppm, the incidence may be expected,

_ to rise to 40 or 50%, although the percentage distribution
of severity would be largely of the 'very mild' and 'mild’
types. At-2.5 ppm an incidence of about 75 to 80% might
be expected, with possibly 20 to 25% of all cases falling
intc the 'moderate' or a severer type. At 4 ppm the inci-
‘dence is, in general, in the neighborhood of 90% and as
a rule 35% or more of the children are generally classified
as 'moderate' or worse. In concentrations of 6 ppm or
higher an incidence of 100% is not unusual." 'p. 1272.

“From observations that I made in areas of relatively high
fluoride concentration (more than.4 ppm fluorine) there
is sufficient evidence to suggest that there is an apparent
tendency toward a higher incidence of gingivitis." p. 1271.

1
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According to Schlatter (1977):
~ “"The tissues which are most susceptible to the effects of
fluorides are the growing teeth. This takes place in man
during the first eight to ten years of life. Once the
ameloblasts have ceased to function, the teeth can no more
be affected by fluorides." p. 7. )
Sanders (1980), however, indicates that fluoridated watér is beneficial

to some extent in reducing tooth decay in older people.

One perceives therefore from a variety of sources that the incidence
and degree of dental fluorosis or mott]ing observed in populations

is related to the concentration of .fluoride in drinking’water, and

that significant mottling would be expeéted to develop in youths_after
several years of exposure to water containing more éhaniz ppm fluoride.

More substantial mottling would be expected consequent'fo exposure

at 4 ppm and up.

There are those who might debate whether mottling of teéth consti-

tutes an adverse health effect. The conclusion reached 1ikely would

be dependent upon the extent of mott]ing; Mottling certainiy can

be adverse to one's appearance and hence to one's psychological health

and happiness. Dental surveys .should be taken in those Vinginia>
cohmunitieS‘where drinking water éontains high natural fluoride 1eve1§

to determine if mottling is more widéspread than normal. Such information

could be helpful in determining whether to defluoridate the drinking water.

Skeletal Effects

Statements on this subject from the World Health Organization (1970)

are provided as follows with chapter author(s) and page numbers:
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"The precise dose of ingested fluoride or inhaled fluoride
which results in well recognized skeletal changes has not
been fully evaluated. However, certain broad conclusions
are possible at this stage. In fluoridation studies in
adults which envisage a daily intake of 0.5-2 mg of fluo-
ride, no evidence of storage, as defined in terms of ab-
normal density of bone, has ever been demonstrated. At
higher levels of ingestion--from 2 to 8 mg daily--when
signs of fluorosis appear in teeth mineralized during,
the ingestion period, certain other fa lors (climatic
conditions, malnutrition, age, storage, other constituents
of water and, possibly, individual variations in absorption)
may be involved. Under such conditions and over a number
of years, skeletal fluorosis may arise, characterized by
an increased density of bone and demonstrated in adults

"radiographically. The data put forward by McClure et al.
{1945), although no longer regarded as accurate, indicate
that the 1imit of total fluoride which may be ingested
daily without hazardous body storage is of the order of
4-5 mg daily. In areas of endemic fluorosis, levels of
~ingestion of fluoride from diet and water over 8 mg daily
are common, although in certain regions of India, changes
typical of skeletal fluorosis have been stated to occur
at estimated lower dosages. (Singh et al., 1962b)."

A. Singh and S. S. Jolly, p. 239. .

For the benefit of the reader the standard 70 kg man drinks approx-
imately 1.5 liters of water daily and consumes 0.7 liters via food
ingested (Kinsman, (1957)); 1 ppm fluoride water contains 1 mg

fluoride per Tliter.

. "The physiological effects of water-borne fluoride on the
skeleton are a resultant of the effects on the chemistry,
morphology, histopathology and x-ray density, and integrity
or structure of both the inorganic and the organic phase »
of bone. In addition, the interplay of bone remodelling,
fluoride deposition and mobilization may also influence
skeletal physiology or function following fluoride expo-
sure. It will be indicated that the various parameters
mentioned do not interfere with the normal physiology
of the skeleton in man ingesting water containing up to
4 ppm F and indeed up to 8 ppm F." 1. Zipkin, p. 185.

On the subject of skeletal fluorosis:

"The most obvious symptom of this condition is the patho-
logical growth of exostoses, the sites and forms of which
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are many and various. In man, these may occur after long
periods of fluoride ingestion at levels of 4-8 ppm or above
in water." S. M. Weidmann and J. A. Weatherell, p. 116.

"Geever et al (1958b) made autopsy studies of 99 bones from
37 persons who had resided 10 years or more in communities
where the drinking water contained 1-4 ppm of naturally
occurring or artificially added fluoride and 33 controls
“from areas where the drinking water contained less than
0.5 ppm fluoride. The microscopic examination showed no
significant difference between the fluoride-exposed group -
and the control group. It is, therefore, possible to con-
clude that the histopathological changes in endeﬂic fluo-
rosis occur only at higher levels of intake thanil1-4 ppm."
A. Singh and S. S. Jolly, p. 244. . ' '

Concerning crippling fluorosis: : o |
"This advanced stage of fluoride intoxication results from
the continuous exposure of an individual to 20-80 mg of
fluoride ion daily over a period of 10-20 years.| Such
heavy exposure is associated with a level of at.!east
10 ppm in the drinking water supply." A. Singh and S. S.
Jolly, p. 246., ’ e .
Crippling fluorosis is a serious illness often presenting the grim
picture of a bent posture accdmpanied by sevefe]y restricted bodily
movements.

'

"~ There is evidence that fluoride may bevﬁeneffcia1 in preventing os-
teoborosis. Osteoporosis;is defined by Dorland's Illustrated Medical
Dictionary, 25th ed., as "abnormal rarefaction of bone, seen most
commonly in the elderly. Depending upon the extent of deminerali-
zation of bone, it may be accompanied by paih, particularly of the
lower back, deformities, such asiloss of stature and patho]ogica] :

fractures."

Referring again to information in the World Health Organization (1970):

"During the work on this monogféph, new, well documented
reports have appeared, giving further support to the theory
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that a certain degree of fluoride saturation, or possibly
other fluoride influence on the skeleton, may provide

a partial protection against senile osteoporosis. Since
this condition is very widespread, particularly in aging
women, and often leads to serious fractures and to inva-
lidism, further knowledge of the role of fluorides in
skeletal biology is urgently needed.” Y. Ericsson, p. 14.

It is important to note that theileye1 of fluoride in drinking-water

that wou1a be expected to have a beneficial effect where this con-

dition is concerned would be higher than that which is'conéidefed
optimal denta11y. This is.supported by the following statemént:

"Actually, the accrued evidence points to a beneficial
effect of fluorides on adult bone (Leone et al., 1955)

and several clinical studies in which 20-60 mg of fluoride
has been administered daily in the control of various bone
and calcium-loss conditions bear eut this concept (Leone,
unpublished data; Purves, 1962; Rich, 1961; Rich & Ensinck,
1961)." N. C. Leone, p. 275. . .

"Recognizable roentgenographic bone changes attributed to
high fluoride intake, have been identified and described
by a number of authors, but such changes have never been
observed in otherwise healthy subjects consuming a natural
water supply containing less than 4 ppm fluoride (Azar
et al., 1961; Roholm, 1937). The bone findings described
in association with an elevated fluoride intake are in-
creased bone density and coarsened trabeculation of a de-
gree that may be desirable in our aging popu]at1on
N. C. Leone, p. 275. .

"Actually, this x-ray study (Leone et al., 1955) provided
evidence, later supported by other studies (Leone et al.,
1960; Stevenson and Watson, 1960) that the described 'fluo-
ride bone effect' is in fact both beneficial and desirable
in adult bone since it counteracts the osteoporotic changes
of the aged and the effects of calcium loss.disease (Leone.

et al., 1955; Rich, 1961; Rich and Ensinch, 1961; McClure,
McCann and teone, 1958)." N. C. Leone, p. 280.

"A radiographic study of the hands and wrists of 2005
children, 7-14 years of age, residing in 3.5-5.5 ppm
fluoride areas failed to demonstrate abnormal bone
growth or developmental effects (McCauley and McClure,
1954)." N. C. Leone, p. 283.

"According to epidemiological population studies, no im-
pairment of or effect on the general health status could
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be detected among persons residing for an average of 37
years in areas where the water supply contains fluoride
at the level of 8 ppm, and no systemic abnormalities or
abnormal laboratory findings were observed that might be
associated with ingestion of fluorides (Leone'et al. 1954,
1955)." N. C. Leone, p. 280.

"Prolonged high fluoride uptakes up to 8 ppm do not affect
morbidity or mortality (Leone et al., 1954; Geevér et al.,
1958a, lagan, 1957; Knizhnikov, 1958)." N. C. Leone, p. 280.

"In summary, it is evident that except for dental changes,
long exposure to fluorides at what might be regarded as
"high levels', i.e., 2-8 ppm F, does not produce Earmfu]
or otherwise abnormal effects in man but does in fact have
an effect on adult bone that is beneficial and most sig-
nificant to those persons in the postmenopausal or older
age groups." N. C. Leone, p. 284. . . |

Although the investigations cited thus far from the World Health Or-

ganization (1970) appear to give fluoride at }eve]é‘Coﬂmon]y ingested
. . . . A4 . . l .
a good rating except in relation to the question of dental mottling,

this same document discusses the work of Hirata in the Kyoto District

of Japan and reported that: )

"He examined 270 shcoolchildren afflicted with dental fluo-
rosis in areas where the drinking water contained 1.0-5.0
ppm fluorine*, and then divided them into three groups,
mild, moderate and severe, according to the degree of dental
fluorosis, without reference to the concentration of fluorine
in the drinking water. Plood analyses were made in these.
patients. No changes were determined in the miid group,
but-in the moderate group a decrease (less than 600Q/mm?)
in white blood corpuscles was seen in 21.8% and a decrease
(less than 3000/mm?) in the neutrophil number was seen
in 32.7%. In the severe group, 47.2% showed a decrease
in white blood corpuscles and 41.2% a decrease in neutro-
phil number. However, such abnormalities were not found
in pupils beyond the age of puberty. X-ray examinations
were made of the bones of the arms and hands of 29 children
who showed moderate or severe dental fluorosis and accom-
panying neutrocytopenia. Abnormal signs, such as hyper-
trophy of the cortex of bones, shadow increase in the

*This author uses the term fluorine, but from reading elsewhere in
~this text it appears he is referring to fluoride ion.

'
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ossification centre of carpal bones, and serrating changes

in the metaphyseal cartilage of the radius and ulna, were
demonstrated. Thus, abnormal blood and x-ray findings were
not observed in persons with mild dental fluorosis. However,
the investigation was mainly conducted during 1947:49, when
nourishment and other factors were less satisfactory in
Japan. The results of Hirata's investigation emphasize

that effects on the whole body should be considered, and

the addition of fluoride to water to prevent tooth decay
carried out with great care.

"A few years later, Hamamoto (1957) discovered that 58
persons out of the 517 residents in one district in Okayama
Prefecture, where 0.1-13.0 ppm fluorine was found in the
wells, had reduced mobility in several joints. He esti-
mated the content of fluorine in the drinking water and
- examined roentgenograms of the bones, and reported that
21 out of 33 persons who had drunk water containing over
5.0 ppm fluorine for over 10 years showed osteosclerosis~
Tike symptoms, as did 2 of 97 children under 10 years
of age. . S
"From the above observations, it appears that in the Central
District of Japan, .in communities where water with a fluo-
rine concentration of over 5.0 ppm was continuously used
as drinking water for over 10 years, there was a risk
of contracting osteosclerosis." G. Minoguchi, p. 295.
The weight of evidence as presented by the above investigators indicates
that fluoride in drinking water at concentrations of up to 4 ppm would
not be expected to have harmful or beneficial effects on the skeleton,
although Singh and Jolly, p. 239, do indicate that ingestion of 2

to 8 mg a day over a number of years may lead to skeletal f1uo§osis.

In the rango'4j8 ppm it appeﬁfs that a certain fraction of the exposed
population would be affected by skeletal fluorosis. Based upon the
concepts conveyed regarding fluoride and dsteoporosis, some pécple
possibly would be benefited by the increased bone density resulting
from f]ﬁoride exposure. According to Jowsey et al (1979) in a con-

cluding statement from a review article on fluoride and osteoporosis:
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“The preponderence of evidenhce suggests that administration
of fluoride and calcium is an effective and relatively
safe form of treatment for osteoporosis and would result
in addition to the skeleton of a measurable amount of
mechanically sound mineralized bone, thus reversing the
osteoporotic process and preventing further fractures."

p. 121. '

The claim that fluoridé is benéficia] in osteopofdsis is dubiou5y'
however. Marx (]978).in writing on behalf of the Ad Hoc Comhittee,‘
Strategy workshop for Osteoporosis, National Institutes of Hea1thl
advises that f]udridenmay not be beneficial in this condition and that
its use outside the inyestigétioﬁal'settfng is not recommended.

¢

Currently, dental prophylaxis is the only use of fluoride approved

by the Food ahd-Drug Administration. Marx indicates that it is unJ

'known whether fluoride increases bone strength and cites evidence

indicating that high fluoride administration may actually decrease

bone strength and may lead to amn increased incidence of bone micro-

fractures and macrofractures.

It is fmportant to keep in mind the wofkiof Hirata in Japan wﬁo repor--
tedly observed in children decréased 1e;éis‘of white'blood corpuscles
and neutrophils and abnormal skeletal x-rays which correlated with
the extent of dental fluorosis where fluoride was present in the
drinking water at 1-5 ppm. While adverse nutritional or other factors
may have played a contributing role, it is quite possible that éimilar
poor nutritional conditions may exist in areas of Virginia where
fluoride is present in fhg drinking‘water at 1-5 ppm. Inadéquaté'
nutrition is known to be a broblem in certain areas of the state.
urthermore, within almost every aréa, for varioQé reasons; theré
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are those individuals who are poor and undernourished. One might

add, also, that inadequate nutrition is not limited to the poor.

Kidney

Schlatter (1977) reviewed several studies on the effect of fiuoride
upon the kidney. According to this review acute fluoride exposure

is nephrotoxic in hdmans and in animals. In rats lOOIppm fluoride

in drinking water is nephrotoxic to a certain fraction of those
exposed. Levels below 50 ppm gave no evidence of kidney damage in
the reported study. Rats exposed to 20 ppm (equivalent to about 2 |
mg/kg body weight daily) for 6 months displayed no adverse macro-
scopic or histological éffect of the kidney. In yet andtheﬁ’study'

no effect on kidney, liver or adrenal gland was observed in rats

administered 0.02, 0.2 and 2 mg/kg body wéight daily for 210 days.

However, in one study, an oral dose of 3.5 mg/kg body weight admin-
istered daily for 6 weeks resulted in some necrosis'of the tubuli -
and liver cell degeneration. The reviewer indicates that epidemio-
logical studies showed no prevalance ofbkidnéy‘disease among indi-

viduals living in areas where the water supply contained high levels

of fluoride. : ' .

g

The World Health Organization (1970) indicates that:

"No renal pathology ascribed to fluoride has been found

in experimental animals maintained for protracted periods
on diets or drinking water containing 50 ppm fluoride

or less. The borderline water concentration at which
some individuals of certain species (but not all) exhibit
changes is about 100 ppm..." Hodge and Taves, p. 251.

The view that Tow level exposure to fluoride exerts no adverse effects
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upon the kidney has been challenged in.the 1itératufe, however. Burg-
stahler (1977).described the results of tﬁo animal studiés which in-" -
dicated an adverse effect of low level f]uﬁride upon the kidney. - One

. of these, a study by Suliivan (1969), as discussed by Burgstahier,
showed an average 48% reduction in the activity of the enzyme succinic
dehydrogenase of the kidney of golden hamsters wﬁen>these animal§
consumed drinking water containing 1 ppm sodium f]uoride as compared

to animals drinking fluoride free water. The second study)ﬂMbnocha

et al (1975), conducted on squirrel monkeys, revealed that such animals
exposed to fluoride at the 1 ppm énd partich]ar]y at the 5 ppm level

in the drinking water over a period of 18 honths exhibited cytochémica1>
changes in the kidney. According to Manocha et al:

“In these animals, the glomeruli showed an increase in the
activity of acid phosphatase and the enzymes belonging to
the citric acid cycle and the pentose shunt, whereas lactate
dehydrogenease, a representative of the anaerobic glycolytic
pathway, remained unchanged or only slightly changed. These
observations suggest that fluoride in concentrations as low
as 5 ppm interferes to some extent with the intracellular
metabolism of the-excretory system." p. 343.

"Qur cytochemical investigations on the nervous system, liver
and kidney after prolonged periods (up to 14 months) of fluo-
ride intake via the animals drinking water, revealed that the
nervous system was not affected at all by the intake of fluo-
ride in concentrations as high as 5 ppm. The liver showed
no significant changes, but the kidneys of the animals drinking
water containing 5 ppm fluoride showed certain cytochemical
characteristics which may be interpreted in terms of delet-
erious metabolic effects in the kidneys, which excrete most
of the fluorides from the organism." p. 347.

In reference to the above two studies Burgstahlér says:
“Thus,it is no longer possible to claim that 'it has never
been demonstrated that pathological changes in the kidney

can be produced by fluoride levels of less than 100 parts
per million' in the drinking water or diet." p. 306.
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In discussing the effects of fluoride upon the kidney, it seems
appropriate at this point to indicate that whereas Lhe‘kidney ful -
fills the important task of removing toxic substances, such as fluoride,
from the system, thére‘is fhe consequent danger of fluoridevintdxi—
cation in those individuals with impaired renal function who ingest
fluoride. Johnson et al (1979) advises:

"The available evidence suggests that some patients with

long-term renal failure are being affected by drinking
water with as little as 2 ppm fluoride." P 290.

It is evident from th1s statement and from 1nformat10n whlch 1ead
to i1t that f]uorldated water poses an enhanced threat to those among

the populace who have impaired kidney function.

Down's Syndromel(Mongolism)
Studies have béen reported which indicate the possibility that Down's
syndrome is related to fluoride in the drinking water. The entire

question of Down's syndrome and fluoride exposure -has been reviewed

by Taves (1979). A summary»gf information prgsented by Taves is given

as follows: Taves Cites three studies of Rapaport covering the period
1956-1963 in which this investigator reported a dose-re]ated‘association‘
between fluoride and the incidence of Dan's syndrome where fluoride levels
in the drinking water ranged 0.1 to 2.6 ppm. The reported increase

in Down's syndrome at the higher concentration level was nearly three--
fold. These studies have been criticized on the basis of somewhat

low percentage ascertainment of birth data and on the basis of whether

the preferred methods of treating data and expressing results were used.

Taves cites a short-term epidemiological étudy by Needleman et al
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in 1974 which concluded that an increase in Down's syndrome in excess

of 20% could be ruled out.

Thrée case finding studies in Brifain covering different fluoride
concentrations in the water did not show an association with the
incfdence of Down'~ syndrome. Taves indicates thaﬁ heavy drinking
of tea (contains f]uoride)iin England may have obscured the resu]tsf
He notes, though, that the absolute rates of Down's syndrome were- -

T

the same as in a Massachusetts study.

Taves also cites two studies by Eéickson iﬁ 1976 which reported no
association between fluoride‘and DoWn's.Syndrome. Theré are separate
criticisms of these two studies. The first study is criticized for
having low asgertainﬁent of birth data. The second study had good
ascertainment but revealed an 18% higher crude rate for Down's Syn-
drome. Though this 18% wés not statistica]]y signjficant.by itself,
Taves indicates that such findings cannot be used to rule out a
poténtia] effect.: Tavés included c0mmebt‘on a study by Burgstahler
in 1977 which claimed that tﬁe Erickson study confirms the work of
Rapaport to the extent that younger mothers were found to.be most
affected in giving birth to individuals with Down's syndrome from
fluoride expdsure. However, Taves indicates this argument is based

upon selective use of the data.

Taves' concluding statement on the question of fluoride and Down's
syndrome is given as follows:

"In conclusion, the case for the claim that fluoridation
lTeads to increased Mongolism is based on questionable and
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selected data and the case against the claim is based on
studies with short-term exposure, -and on data which cannot
rule out an ‘increase for Tong-term exposure, particularly
in young mothers. Further study would, therefore, secm
to be in order on large populations with life-time ex-
posure." p. 302.
~Since it appears that a serious question remains concerning a possible
causative relationship between fluoride ingestion and Down's syndrome,
one would think that, in view of the widespread human exposure, efforts
directed toward obtaining definitive results should have begn under-

taken or certainly should be in progress. . -

Mutagenesis _ ' *

In reviewing the toxic effects of chemical substances, stud?es coverfng
the potential mutagenic effects are ceftainiy of great impo%tance in
the overall consideration: The implications of mutagenic e%fects
particularly in reiation to cancer and other pronounced or subtle
health effectg are generally recognized. L
Information on mutagenesis_has been reviewed by Waldbott et al (1978)

and by Taves (1979). Tt is from these two seurces that the other

studies discussed below were identified and are commnented upon.

- 3

Waldbott et al (1978) cite pub]ished work by Mohamed and associates
showing that concentrations of hydrogen fluoride too low to cause
visible tissue injury cause chromosomal alterations (this term being
used loosely to cover all sorts of observable chromosomal changes,
though there are §Eecific terms for the different types of changes)
in certain plants. This reference also ciﬁes publications showing

that hydrogen fluoride increases genetic damage in Drosophila melano-
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gaste;_(fruit_f]y)._

Jagiello and Lin (1974) investigated the mutagenic potential of sodium
fluoride on the female mamnalian germ cell (oocyte) of the cow, ewe
and mouse. In these studies a number of mutagenic type observations

in vitro study) in

were made upon exposure df the isolated oocyte (
sodium fluoride containing medium. Also effects on mouse oocytes weré
assessed when thevmice were administered sodium fluoride ViE.SQDCUf

taneous injection of thevmaxfmally tolerable dose, 5 ug/gm bbdy weight

(in vivo study). In the in vitro study mutagenic effects were observed .

in all three sbecies of animal. In the cow oocyte for example clumping -
of chromosomes at meiosis was observed at the lowest sodium fluoride
concentration employed, 0.0I‘mg/mT, equivalent to 4.5 ppm fluoride.
As stated in this paper:

"As a screening tool for inducing and detecting assessable
in vitro meiotic abnormalities in oocytes, it would appear
from these data that those of the ewe and cow are more sen-
sitive than those of the mouse. Some of the types of abnor-
malities seen in all three species have been considered
significant to the development of abnormal progeny, seen
as abortuses and viable offspring in human populations.”

p. 234.
Jagiello and Lin stated furthermore that sodium fluoride can be a
potent meiotic mutagen in the particular in vitro studies reported

in this paper. With regard to the in vivo mouse study they indicate

—_—

that the data suggest only a minor adverse effect on cocyte meiotic

maturation. Thé authors endeavor to suggest reasons why fluoride

did not have a;pronounced effect in vivo, but the actual reason is

unknown.
The metabolic fate of fluoride in the whole animal may have prevented
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its reaching the oocyte in sufficient concentration to mimic the in
vitro effect. If fluoride causes mutagenic effects in vitrc, then

relatively minor findings iﬂ_vivo,in:the mouse wou1d not'prec1ude

damage to other types of cells, or damage to oocytes at higher fluoride

concentrations or prolonged exposure to lower levels. It should be

noted that the cow and ewe were not studied i

vivo and oocytes from

these species as indicated above were found to be more susceptible.

to the adverse in vitro effects of fluoride. A ' —

Leonard et al (1977) observed leucocytes in cows Suffering from
fluorosis. These studies did not reveal a statistically signifi-
cant differencg in tota} chromosomal and chromatid aberrations;
however, although the chromatidvaberration rate was the same as in
the control anima1S the chromosomal aberration rate was over twice
that of the control. The authors, however, did not consider the
observed overall aberration rate incfease to be significant. The
authors did qua]ify the conclusions ﬁomewhat_by saying that lympho-
cytes bearing cﬁromosoﬁa] aberrations may have been eliminated from
the host system. In addition to their own studies, these investigators .
brief]y'revieéed other literature on fluoride mutagenesis cove}ing
both positive and negative studies. With reference to the cited

studies,these authors wrote:

"These data suggest‘that inorganic fluor compounds repre-
sent a potential genetic hazard to mammals." p. 240.

Waldbott et al (1978) also reviewed the work of Mohamed and Chandlier
(1977) on mutagenic studies in mouse bone marrow cells and sperma-

tocytes when sodium fluoride was administered in the drinking water

-18-~



at varying concentration. This study showed statistically signifi-
cant increases in chromosomal aberrations in both types of cells even

at drinking water levels as low as 1 ppm sodium fluoride.

'.It musﬁ be noted that this latter study was published in the. pro-
ceedings of a subcommittee of the U. S. House of Rebresentatives anq
has not been published in the scientific literature. Hencé, it has
-not successfully met peér reviewi The National Dental Institute,
Martin et al (1979),'conducted a study very similar to that of Mohamed
and Chandler with apparent effort to esfab]jsh‘the validity of the
findings of these investigators and reported no statistically signif-
icant effect of f]uofide in causing chromosomal aberrations in mouse

bone marrow cells or spermatocytes.

Taves (1979) has reviewed the findings of a number of fluoride muta-
genic studies. Taves cites the Mohamed and Chandler study referenced
above as indicating a mutagenic effect of fluoride. However, he does
present criticisms of this work. With regard to the plant mutagenic
work of Mohamed and associates, Taves cites an unpublished study by
Temple and.Weinstein which: .
"...confirmed the increased frequency of bridge sand frag-
ments of chromosomes in onion root tips when grown in 10 2
M fluoride, but did not confirm the observation of ball
metaphase." p. 304. )
Taves goes on to say that:
"While Mohémed (1977) did not cite confirming studies of
his earlier work in plants, there are at least four which
are purported to confirm it." p. 304.

In one such study the investigators:

",..found that the percentage of chromosomal aberrations
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in the roots approximately doubled with the 1078 M (0.02
ppin) NaF solution and doubled again at 10 2 M." p. 304.

This study in ~"''ition to another which employed high fluoride con-
centration and work in two unpublished theses are cited by Taves as

purported by others to confirm Mohamed's work in plants.

Taves cites other studies showing mutagenic effects of fluoride.

He also includes some discussfon on studies indicating. an antimuta-
genic or protective effect of fluoride when known mutagenic. substan-
ces are administered. Flouride levels employed in such studies are

generally high.

Gerdes et al (1971) studied the effect of atmospheric hydrogen

fluoride (HF) on four genetic strains of Drosophila melanogaster.

When exposed to atmospheres contaihing 0, 1.3, 2.9, 4.2 and 5.5
ppm HF for 6 weeks, there was observed a concéntration-dependent
decrease in survival oT fruit flies from among all four strains.
The 5.5 ppm level qu Tethal to all flies after only 3 days of ex-
posure. At ].3'ppm Hf the percgnt survival ;e1ative to cohtro]s

ranged, depending upon strain, from approximately 58% to 75%. The

e a

data in this study clearly show genetic strain differences in sur-
vival at the 1.3; 2.9 and 4.2 ppm HF. The authors advise that:
"Mthough this study was not designed to evaluate the
reasons for differential responses of the populations
tested, the data clearly show genetic relationships with
ability to tolerate a specific pollutant." p. 115,
In a second study, Gerdes et al (1971a) investigated fecundity, hatch-

ability and fértiTity of Drosophila melanogaster on exposure to atmo-

spheres containing 0, 1.3 and 2.9 ppm HF. The effect of HF upon
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fecundity of fema]es tatched from eggs of parents exposed to HF con-
céutrations studied. According to the authors of this Study:

"The inverse relationship observed between the treatment
duration of the parents and the fecundity of their female
offspring suggests that exposure of Drosophila to lTow HF
concentrations can cause genetic damage and that this
genetic damage is accumulative as the exposure period is
increased." p. 122.

This study by Gerdes et al is discussed in the National| Research Council

(1977) Review on the Effects of Fluoride.

The weight of evidence from these studies on-mutagenic effects of
fluoride inditates that the substance is mutagenic at low concentra-

tions, i.e., at concentrations humans may be exposed tq particularly
|

in afeas'where high natural fluoride levels are found.

Deoxyribonucleic Acid (DNA) Studies

In important animal studies relating to mutagenesis and cancer, it
has been shown that fluoride interferes with DNA excision-fepair and

DNA, RNA and protein synthesis.

Klein et é] (1976) investigated the influence of sodium fluoride on
DNA excision-repair capabilities of irradiated mouse'spleén cell
homogenates. In these studies mouse spleen was homogenized to dis-
berse sp]eeh cells in Hanks medium, and irradiafed with ultraviolet'
or gamma radiation causing DNA damage. The capability of such cells
to restore the'damaged ONA via action of the cells' own DNA excision-
repair‘enzymes was studied with and without sodium fluoride added

to the homogenate. The authors indicate that DNA restoration can

be monitored by the rate of incorporation of tritiated thymidine
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;(a DNA precursor) into DNA. These investigétors,reborted definite.
fluoride-concentration-dependent inhibitfon of enzyme catalyzed DHA
restoration. To be specific, sodium-fluoride in the reaction medium
at a concentration of 5 x 1075 M (0.95 ppm fluoride) inhibited DNA
excision-repair to the observed extent of about 50% relative to the
control. A slight inhibitory effect was observed at the only lower
concentration studied, 1 x 10°° M (0.19 ppm fluoride). These adverse
effects oﬁ DNA restoration were substantiated in this same paperbby
a second line of evidence where, based on djffusién velocity sfﬁdies
of DNA, sodium fluoride at the 5 x 103 M concentration was observed
to reduce the lengthening of the DNA molecule during the period of

restoration.

In an earlier paper Klein et al (1974) conducted in vivo experiments

in which DNA excision-repair and DNA, RNA and protein syntheses were
studied using Swiss mice. When the mice ingested fluoride from drinking
water in a daily amount of 0.4 ug fluoride/g body weight a slight
increase in DNA.repafr'was observed throughoﬁt.the 12 weeks of study.
(According to calculations by Armstrong (1977) based upon the volume
of water consumed daily by such mice, the above figure of 0.4 jig/9
would arisé from drinking water containing an estimated 2.5 ppm fluo-
ride. QOur éalcu1ations, however, yield an estimate of 4 ppm.) When
the mice ingested 3.5 ug -fluoride/g body weight daily (estimated 21
ppm fluoride in drihking.water by Armstrong'(1977), but estimated

by this author to be 35 ppm), there was observed a strong increase in
DNA repair up to the Bth week of study. However, after the 10th week

there was a nearly total inhibition of DNA repair. These influences
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’qppn DNA restoration were confirmed by- DNA sedimentation profiles.
w{th regard té DNA and RNA synthesis, both levels of fluoride con-
sumption resulted 4n concentration-related decreases (about 40% de-
.héreéée or more in the case of those consuming 0.4 ug/g)bafter TO_weeks
of exposure of the mice to this drinking water. With regard to pro-
tein synthesis there'were more modest cOncentratioﬁ re1ated decreases

in protein synthesis after 8 weeks.

These studies have been characterized by Armstrong (1977) as inter-
esting scientifically, but criticized és not related to’human exposures
from fluoridated water. With regard to the first experiment, Armstrong
argues thqt the 0.95 ppm fluoride level in the homogena%e waS muc h
higher thén the level spleen cells would be exposed to @ithin an ‘indi-
vidual consuming water cOntaihiné 1 ppm fluoride. However, his own
paper shows that in oﬁe community where the drinking wa%erchntained
2.5 ppm, residents' blood contained an average 0.16 ppm fluoride and
in another commqnity whére 5.4 ppm was in the water, blood fluoride
levels aveﬁbgéd 0:26 ppm. These va]uesmafe extremely ﬁjose to or
exceed the 0.19 ppm fluoride level employed in the above study at
which a gﬁa]] fluoride concentration dependent inhibitoryleffect on
DNA excision-repair was obsérved. It should be noted that in contrast
to information reported by Armstrong, Taves and Guy (1979) cite work
showing somewhat lower plasma fluoride levels in b]ood bank samples
taken within dreas where drinking water fluoride levels were 2.1 and
5.6 ppm. Howéver, these same investigators also cite stﬁdies in rats

showing plasma levels nearly identical to those reported by Armstrong

in humans at comparable fluoride levels in drinking water. Even if
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hdman fluoride blood levels are more accurately described by Taves

. N ! ’
and Guy, the concerns over effects on DNA processes are not alleviated.

— ——

In the 1974 Klein et al paper, spleén cells studied from.micé con-
suming water cOntaining approximatelyl4.0 ppm‘f]uoride exhibited
enhanced DNA repair rates for the enfire 12 weeks of study. These
resu]ts thus affirm an effect of fluoride on the complex biochemical
processes whereby defectivé DNA is repaired. - This observed pertu-
bation even though manifest as an increased repair rate may not be
desirable. It is hot known, for instance; that with chemically™
induced increased DNA exision-repair, the ffde]iﬁy of repair is.
fully preserved. Any pertubation-of this complex system must be
viewed, a priori, as caﬁse for concern. Cells taken from animals
consuming‘watef containihg an estfmated 35 ppm fluoride exhibited
marked alterations.in DNA repair ranging from a stfong increase during
the early weeks of exposure to nearly total inhibition of DNA repair
at 10-12 weeksuexposure. Onevmight ask whether é decline in DNA
repair rate would have been similarly observed in those animals
consuming 4 ppm -had fhé study been extended.” These findings plus
the inhibition of DNA, RNA and protein synthesis in mice after only
8-12 weeks of’Eonsumption of water containing 4 ppm fluoride must

be viewed as cause for‘concern for those persons consuming watler

which contains 4 ppm fluoride, or even 1 ppm.

To pursue the matter further, while it is true that average blood
fluoride Tevels of persons consuming water fluoridated at 1 ppm
would not likely be within the very range of 0.19 to 0.95 ppm in-

vestigated by Klein et al (1976), there is still cause for concern
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for-the following reasons; In referring to average blood fluoride
levels little consideration is given to individuals who, for one or
“more of a variety of reaﬁons, may have fluoride levels well above

. the average. In addition it can be assumed from this study that
levels below 0.19 ppm wou}d have an effect on DNA repafr since tﬁe
phenomenon was concentration dependent. Humans drinkiné fluoridated
water are ]ikeTy to bé exposéd for many years. Arguments such as

|

these suggest that fluoride levels in the blood of a centain fraction

pertubation of DNA repair is manifest and that at some ﬁoint in time
such pertubations may have serious consequence. Furthermore, out
of 110 million people drinking fluoridated Water, even é small fraction

affected translates into a large number of persons.

There is yet another argument that should be presented.g The phenon-
menon of DNA repair is important to every cell of the body. Though
- spleen cells would not be expected to be exposed to anything like
0.95 ppm flyoride "in mést persons cdnsequent to ingestion of drinking
water containing 1 ppm as Armstrong afgues, what can be said, for
example, of the level of exposure of stomach epithelial cells upon
ingestion of. fluoridated water? Granted, water entering the stomach
would be diluted by the stomach contents, but the concentration of
fluoride would be expected to be considerably higher than that of
the blood; A'fufther example could be the exposure of the various

cells of the excretory system to Urinelcontaining high fluoride levels

Taves (1979a) provides a graph showing that fluoride levels in human
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urine are very close to fluoride Tevels in ihe water consumed. For
examp]é, the graph'shows a urine fluoride concentration of about 1.8

~ ppm when the drinking water_contained-Z.O ppm, and about 0.9 ppm when

~ the drinkihg water contained 1 ppm. Persons consuming water containing

4 ppm could be expected to have enhanced risk.

In a study by Tausch et al (1977);>the English language éummary indi-
cates ‘that DNA synthesis and DNA excision-repair were -investigated

in the Tymphocytes of thejperiphera]vbiood of'ﬁlhatients underéging
fluoride treatment for osteoporosis. Ihesé patients receiVéd 11.3 mg
fluoride daily (as'sodium fluoride) in the first week and 22.6 mg
fluoride during the subsequent period of treatment of 15 to |37 weeks.
No significant effect wés-observed in 5 of these patients; however,
one patient showed signiflicantly inhibited DNAirepair in lymphocytes
up to the ninth weék, an effect which_disappeared during thé subse-
quent period of treatment. This study involving a mereo 6 patients
must be viewed as incomplete and inconclusive, but inhibitiqﬁ of DNA
repair for nine‘weéks auration in one of six patients is cause for
concern, particularly when viewed in light of findings in the énimai

2

studies discussed.

1t goes Without'sbying that DNA excision-repair and DNA, RNA and pro-
tein synthesis are biochemica] phenomena essential to the maintenance
of the integrity of -the living cell. Furthermore, pertubations in
these phenomena and'mutagenic effects are viewed by modern scientists
as central to the cancer question. That this is true is supported

by the following statements taken from the Occypationa]ISafety and
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Health Administration (1980), a newly released and widely publicized

OSHA "cancer policy" statement; With reference to cancer under the

topic Nature of the Disease and citing as the source of information
-»Statmnents by several outstanding cancer scientists the following

quotation is found:

"Much of this evidence supports the theory that cancer
originates from cells which have been transformed, fre-
quently by changes in or damage to the DNA or other genetic
material, Although such damage to DNA may frequently be
repaired, permanent cell transformation may result if-the
repair mechanisms are ineffective, or if the damage is
repaired incorrectly. There is increasing evidence that
at least some cancers may originate from a single trans-

- formed cell." p. 16. :

Also cited in the same OSHA "cancer policy" statement are Schneiderman
et al of the National Cancer Institute:

"First, cancer appears often to be a disease of DNA damage

or misrepair, or incomplete repair and there is evidence

that Targe numbers of molecules of an offending agent are

not needed to cause DNA damage." p. 23.
By way of emphasizing the importénce of all these considerations,
~suppose the oneAjndividuh1 showing inhibited DNA repair in the Tausch
et al study'cited above had been exposedmtb a DNA damaging agent and
damage to DNA occurred during the nine week interval that DNA excision
repair was compromised, wouldn't this individual be expected to have

enhanced vulnerability during that time to cancer or, for that matter,

~any other DNA-related malady?

The above animal studies indicate that consumption of fluoridated
drinking water.may lead to fluoride concentrations in the body very
close to those concentrations'where alterations in DNA excision repair

and the other parameters discussed are beginning to be seen. There
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appears to‘be virtually no margin of safety bf the Aature generally
sought after or required for‘eprsures tb toxﬁc substances. Since the
studies cited here on DNA excision repair are very important, the work
Ashould be pursued in greater depth in order to assess re]iabi]ity of
the findings and to broaden theASCOpe of understanding. For now the

studies must be taken seriously.

More pharmacokinetic studies are needed to determine, for in%tance,
blood fluoride levels as a function of rate of fluoride consumption
and duration of -exposure, remembering that Unliké‘the studies in
animals exposed for weeks, humans are Being eprsed for a lifetime.
Individual dr1nk1ng habits and quantities of f]uorlde consumfd in
foods, now be1ng w1de1y cpoked and processed in fluor]dated water,
are quite variable and would be expected to play major roles in de-
termining whether an individuals' exposure exceeds or is below the
level at which DNA excision repair might be affected. Individual
levels of fluoride exposure also ré]ate to the constancy of supply
of fluoride in drinkfng water. Are we certa{n‘there are nof;pulses
of high fluoridc concentration in fluoridated or natural water

supp]iés? - ‘ R

Further significant evidence of adverse influences of fluoride upon
nucleic acids is provided by the work of Chang (1968)tho studied

the effects of sodium fluﬁfide‘upod the development of root structdres
of corn seeds (;gg_ﬁgli) grown in a water medium containing sodium
fluoride at concentrations ranging from zerd to2 x 103 M. A fluo-

ride concentration-dependent inhibition of root growth was observed.
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At a sodium fluoride concentration ova:x 102 h (38 ppm fluoride),
the inhibitiorn was approximately 75% as ca]chlated from root mass
developed relative to that of the control; at 1 x 10°% M (19 ppm)
_inhibition was apprbximately 56%.and at 5 x 10ff M (9.5 ppm fluoride)
inhibitién was about 25%. Additional results from this study shbwed :
that fluoride at these same concentrations modifiéd nucleotide ratios;
and further fhan RNA'Structure was modified, incorporating relatively
less cytosine and characterized by an increased ratio of cyposfne

to thymine. Such phenomena at the molecular ievel invdlving nucelic
acids may provide ah explanation for the mutagenic and carcinogenit

effects attributed by some investigétors to fluoride.

Cancer .

‘Animal Studies. ,

Few animal studies have appeared in the literature assessing the
possible carcinogenicity of fluoride. Those studies which have been
*undertaken are genera]]y;viewed as inconclusive. Neverthe1ess, some
of these studies should be mentioned. AS discussed by Schlatter
(1977), Taylor in 1954 reported that 1 ppm fluoride administered

in the drinking water of experimental mice was followed byfan increase
in the incidence of mammary tumors. Studies by’Kanis and Schroeder

in 1969, however, emp]oying‘lO ppm fluoride, did not confirm this

finding in mice.

Taylor and Taylor (196%) studied the influence of sodium fluoride
‘on the growth of mouse tumors inoculated into eggs and other mice.

These investigators observed an increase in growth rate of such
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tumors in these experimental systems. A 1e&el of sodium fluoride
as ]ow‘és 1 ppm in the drinking watéer of the experimental mice was
bbserved to enhance the tumor growth'rate. Criticisms of this study |
are that no dose responsé relationship was observed and that improper

controls may have been used.

Herskowtz and Norton (1963), in studies involving two strains of

Drosophila melanogaster, reported results showing that the %résence
of fluoride at 19 ppm (the Towest Tevel studied) up to about 57 ppm
in the larval nutrient medium resulted at the higher concentration
level in a §ery high percentage of adplt_organisms developing melan-
otic tumors. A nearly linear dose response effgct over the{entire
concentration }ange Wwas bbserved Qith tumors occurring in a%qut 90
percent of flies at the higher dosage. According to Taves (1979),
citing Burton in 1977, melanotic tumors are like or resemble granu-
lomas rather than neoplastic tumors. Such tumors would, however,

raise a cancer concern. .

- K

Due to the lack of conclusive animal cahcer data, the U. S. National
Cancer Institqté is initiating a much belated study on sodium f]uoride
in mice and rats. The study will involve a large nuﬁber of animals
of both sexes. Current]y, prechronic studies are in progress which
are designed to determine dosage levels and other factors prerequisite
to a successful long terﬁ study. This long term study is not expected

to begin until autumn of 1980 and will last 2-2% years.
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Human Studies

Taves (1979) c{tes the 1963 work of Okamura and Matsuhisa as_indi—
cating a correlation between stomach cancer and flucride present in
_rice and "miso" of the diet. kluoride levels in these foods is high.
Taves a]go cites Hirayéma in 1977 as reporting that stowach cancér rates
in Japan were associated with intéke of tea and fish, foods high in .,

fluoride content.

Yiamouyiannis and Burk (1977) reported ;he results of an ep{aemiological
study covering cancer mortality in)the ten largest fluoridated cities'
in the United States as compared with ten of the largest non-f]uorfdated
'Unitedetapes cities. These investigators reported the finding that
between 1952 and 1969 there was no statistically signfficant increase

in cancer death rate in the 0-24 and 25-44 yearlage groups. However,
for the 45-64 age group a statistically signiffcant increase (p<.02)

in cancer death rate of 15/100,000 population was found in the fluo-
}idated cities.'.Simi1anTy, in the 65+ ége group a statistically
significant {p<.05) increase in cancer déath rate of 35/100,000 pop-
ulation was observed. These investigators noted that such changes

could not Be.attributed to race or sex compositions of the bopulations
under study. _This particular study was the culmination of.earlier
studies of Yiamouyiannis and Burk appearing in the Congressional

Record (De]any~(]975,'1975a)).

In response to-this earlier work appearing in the Congressional Record,
studies of similar data were conducted by Hoover et al (1976) of the

U. S. National Cancer Institute, Doll and Kinlen (1977) of the Uni-
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versity of Oxford and Otdham and Newel] (197?) of tﬁe Royal StatisLica]
Society. These studies did not show a sfgnif{cant increase in cancer
incidence or mortality in the fluoridated cities. The Hdover study
did show a statistically significant increase in stomach cancervin
the male population from among the several cancer sites under stUdy.
This, however, appears to have been dismissed as a chance variation.
- In commenting on this aspect of the Hoover siudy, Taves (1979) says:
"A linkage between stomach cancer with fluoride would not
be unreasonable because fluoride exists primarily as hydro=’
fluoric acid, a highly penetrating and irritating chemical,
in the acid stomach." p. 311. L !
It should be -noted also that data in'tﬁe epidemio]ogica] study by
Erickson (1978) indicated an 8.8% excess death rate of cancer of
the digestive éystem in fluoridated versus non-fluoridated ckties,
even after the raw data was corrected for age, race and sex differ-
ences within the populations. After yet additional corrective parameters
were applied, this difference in digestive system cancer rate disap-
. peared; however, the additional corrective factors employed are ques-

tionable, .

The above studies are claimed to refute the original findings of
Yiamouyiannis énd Burk abpearing in the Congressiona]jRecord, thch
had been based on crude mortality data not corrected for age, sex
or racial makeup of the populations under study.. However, Yiamoy-
iannis and Burk (1977) thén published the findings presented above
whicﬁ took into acaount these variables and which showed increases

in cancer mortality for the 45-64 and 65+ age groups. An elucidation

of the reasons for the difference in the findings among these inves-
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tigators came out forcefu]ly in_both the.Nationa1 Cancer Program

(1977) and the;proceedings of a November, 1978 hearing in the Court

of Common Pleas of Allegheny County, Pennsylvania, Judge John P.
_,F]aherty~presiding. In the Taeter instance, p]ainfiffs sought action
‘to halt fluoridation of water supplies in the tounty. Several 1eading'
authorities on both sides of the fluoridation issue testified on many.
subjects relating to fhe health effects of fluoride during this court
proceeding. To be brief, the result of this court case was_that Judge
Flaherty (1978) entered an injunction against the fluoridation of

the public water supply of the area in quesfion-'

“In short, this court was compe1]1ng]y convinced of the.
evwdence in favor of p]alnt1ffs "

Flaherty (1979) in cpmment1ng on the ruling in his ~ourt indicated:
"In my view, the evidence is quite convincing that the
addition of sodium fluoride to the public water supply
at one part per million is extremely deleterious to the
human body, and, a review of the evidence will disclose
that there was no convincing evidence to the contrary.”
" From a review of the evidence presented in this case, (Winner et al
(1978) counsel for the plaintiff), it became evident that the Hoover
et al (1976), Doll and Kinlen (1977) and Oldham and Newell (1977)
studies had all included a common error which explained pdrt of the
discrepancy between these studies and that of Yiamouyiannis and Burk

(1977), and that the remainder of the differences could be explained

in terms of differences in concepts used in computing the results.

A lengthy and .complex discussion would be required at this point to
compare the methods used by Yiamouyiannis and Burk and the other in-

vestigators. Having reviewed all four of the above studies plus others
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(Taves (1977) and Crickson (1978)), as well as some of the testiany
presenfed in the Naéiona] Cancer Program (1977), Winner et al (1978)
and the Water Authority's summary (1978), it‘aphéars that Yiamouyiannis
and Burk have correct]y approached the problem and that their findings
stand unsuccessfully refuted. The defense made by Yiamouyiannis and
Burk of their own work in these p]aceslof debate is intellectually
persuasive as is their criticism of the calculations and methods used
by the other investigators. The arguments presented by those who--
oppose the'Yiamouyiannis and Burk.study, in'tryingbto expléin away

é corre]atibn‘between.fluoridation and {ncreased>éancer mortality,
leveled printipal]y at the claimed unorthodox approach taken by
Yiamouyiannis and Burk, are simply not convinciﬁg. Though the
correlation réported by Y%amouyiannis and Burk is, iﬁ.terms,of per-
centages, a relatively smal]bone, i.e., 4-5% excess cancer deaths,
(this is by no means small in terms of the absolute numbers of excess
cancer deaths) and likely woulp tax the capabilities of any méthod

of epidemiology at detection; where the health of many individuals
out of 110 million Americans is potentially concerned arguments dis-
proving the finding must be extremely persuasive if our concerns:

are to be allayed. This conditionvhas not been met. It must be em-
phasized, however,’that t he éutlors of those epidemiological studies which
do not show the correlation between fluoridation and cancer maintain

the position that their findings are accurate.

The author of this Eeport must confess to not being a statistician

or epidemiologist, but much of the reasoning employed in these studies,
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part1cu1ar1y 1n the areas where there is- controversy, is of a nature
whwch can be comprehended and evaluated by scientists in general,

and also by lay persons. Copies of the pub]lcat1ons containing the
-'ﬁetﬁods and reasoning employed by the various investigators are present
in the Bureau of Toxic Substances Information. Interested parties

are encouraged to review the studies and relevant'testimony cited

here in order that each might reach his own interpretation of the

conclusions drawn from the data.

The correlation found between fludridatfon_qnd'increases in cancer
morta]ity does not prove that fluoridation is a cause of cancer, as
some otherfyet undefined parameter could explain away the correlation.
However, until some alternative reliable explanation for the dif-
ferences notedebetween the fluoridated and non-fluoridated cities

~can be offered, these findings must be viewed with respect;

_Dental Caries Reduction

It is not tpe purpose d% this report to;review-evidence on the effec-
tiveness of fluoride in preVenting dental caries. Such an in-depth
study, however, should be undertaken for the benefit of the Health
Department. Many studies have been cited showing the dental benefits
of fluoride. Adler (1970) in reviewing the subject of fluoride and
dental health, cites studies by Dean indicating the clear finding

of dental caries reduction as the fluoride content of drinking water
increases, up.to about 1 ppm.' Litt}e further benefit was observed

at levels beyond 1 ppm. Adler cites additional studies showing not

only improved dental caries experience with fluoridation but decreased
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loss of teeth as well. According to this review dental caries may
be reddced'50-60%.r Fluoride appears Lo be most effective in dental
caries reduction when administered during childhood up to about the

12th year of age.

The National Institutes of Health, Division of Dental lealth (1971),
‘has summarized several studies showing a reduction of as much as 2/3
in dental caries by fluoridation. These studies also reveal decreased

o

tooth loss with fluoridation.

Thus, much evidence affirms these posit}ve dental effects with fluori-
dationf In view of these findings, it on]d be unconscionable to deny.
such benefits to the pubiic on the basis of'falée claims of harm |
attributed to fluoride. %hese weighty considerations demand -the best
efforts on the par£ of health scientists to determine the biological

effects of fluoride.

Summary |

A number of studieg reiating to the health effects of fluoride have
been presented in.this report. On the question of dental fluorosis
or mottling o{ teeth it appears that 2 ppm fluoride in drinkin%‘water
represents a level above which significant mottling would be expécted.
It is suggested that in those population afe&s where drinking water
contains more than 2 ppm'f]uoride, dental surveys be conducted to

determine whether in fact dental fluorosis is a problem.

Where the skeletal system is concerned the weight of evidence indi-

‘cates that fluoride in drinking water at concentrations up to 4 ppm
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would not be eXpected to have harmful effects on the skeleton. Above
this level fiﬁdings vary; howe&er, in the range 4-8 ppm certain fractions
of exbosed populations exhibft;adverse skeletal effects. Levels above
.10 ppm ingested over peribds of 10-20 years is associated with the

development of skeletal fluorosis, a painful and debilitating condition.

Beyond the dental and ske]eta] effects of fluoride a dfstinct body
of information exists indicating that fluoride exerts aJverSg_meta-
bolic effects a low Tevels on several‘ljfé fo}ms inc]uding.ﬁan.

~ Furthermore, these metabolic effects carry impiications|f0r and
support those studies showing adverse health effects in man. Ffor

: ‘ |
example, the Yiamouyiannis and Burk study reveals incre@sed cancer

, | _
mortality in f]uoridatéd cities. Though this study has been challenged
by many other studies, fhe low percentage increase (4-5%) in cancer
mortality (actually representing a 1arge number of indiJidua]'persons)
is consistent with what would be expected‘from evidence that fluoride
at low levels ihhibits-DNA excision—repair, inhibits DNA, RNA and‘
protein synthesis, exhibits mutagenic type effects in several studies,
modifies plant RNA structure accompanied by'alterations of cytosine

to thymine'base ratios, induces melanotic tumors in Drosogh%]i » has
given evidence of causing and promoting tumor growth in rats and has
been implicated as a cauSe of stomach cancer in man. Although this
body of evidence_does‘not definitively establish that fluoride is-

a cause of increased cancer mortality, the evidence is sufficiently
persuasive that.health officials should be concerned about the in-

gestion of fluoridated water at the 1 ppm level, and certaih]y above

this level.



Enhancing the concern would be the experimental evidence that fluoride
in drinking water at the 5 ppm 1evei and Tower fosters cytochemical
changes in the kidney. Furthermore, where the kidney'is'concerned

persons with impaired kidney function may suffer from acute fluoride

toxicity when consuming water containing as little as 2 ppm fluoride.

The finding of Hirata in Japan of a decrease in white blood corpuscles
and neutrophils in children of prepuberty age, which was correlateable

with the extent of dental mottling obServed.where the drinking water

contained 1-5 ppn fluoride, is a serious and important finding.

There is the added question of Down's syndrome to be reckoned with.
Work has been cited showing a dose re]atedvassoéiation between fluo-
ride and the incidqnce of.Down's syndrome where fluoride levels in
the drinking water ranged from 0.1 to 2.6 ppm. Though this work has
been seriously criticized, the fact remains that no study satisfac-
torily refutes the findings.,'The possibility of a fluoride-related

increased incidepce of Down's syndrome remains.

Additional important health effects not discussed previously iq ﬁhis
report because of difficulty of evé]uation are the reports of allergies
and other adverse conditions observed by a physician in his private
medical.practiée (Waldbott et al (1978)). These are important health
matters and this volume shou]d be taken into consideration by health
officials who are reviewing fluoride. In reference to the use of
fluoride tablets, Qhere the intended combi ned daily dose of fluoride

from drinking water and from the tablets is about 1 mg, the Physicians
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Desk Reference (1979) indicates (luoride may cause a variety of
symptoms sucH as skin efuptions, eczema; gastric.distress, headache,
weakness, etc. in hypersensftiye.individua]s. Out of 110 million
_.peréohs gonsuming water containing fluoride ,there may be many ex-
periencing such symptoms who have no idea that fluoride in the drinking

water may be the cause.

The weight of all the studies leads this writer to the}opinion that
fluoride should be reduced in those.drinking'wateré of the”State where
it is naturally high, particularly if‘therg_js evidence of dental

fluorosis.

|

Where fluoridation itself is concerned, it must be recoénized that

the practice is wide}y endorsed and implemented in the United States.
The 1ist of endorsements by professional associations.is so lengthy
that it would take exceséive space to reproduce here. :A few notable
examples are: American Association for the Advancement of Science,
American Dentai-A;socihEion; American Medical Association, American
Pharmaceut%cé] Association, American Public Health Association, etc.
It should, be noted that late in 1979 the American Public Health Asso-
ciation (1980) adopted a resolution urging national health organi-
zations to Ho]d annual meetings or conventions only in fluoridated
comnunities, recognizing as appropriate Such_economic sanctions in
promoting fluoridation. These many endorsements of fluoridation attest
to the magniphde bf confidence such organizations have that'f1uori- |

dation of drinking water is a wholesome practice.
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Nevertheless, numeréus communities in the Unﬁted States have not
accepted fluoridation in view of the adverse health effects cited
against this practiée. These»acts or-.decisions aﬁtest to the mag-
nitude of concern of those who on.thé other hand believe fluoridation
may be dangerous or who are convinced that sufficient doubt as to

its safety remains.

With regard to fluoridation, this writer is of the opinion that the
evidence of adverse health effects is of such magnitude and human
“beings so varied in their individual constitution, state of health

at any moment, eatfng and drinking habits, etc., that it is inappro-
priate to say that fluoridation is a totally healthful and safe
practice for all. ‘Widespread eprsure to f]uor%de coupled with an
inadequate data base substantiating it to be safe is a cause of great‘
concern.  The public consumes fluoride from drinking water, tooth
paste, mouth washes, etc. with little or no advice as to how much
fluoride is enough or too much. The evidence as cited herein indi-
cates some adverse health or metabolic effect% rfght at or Qery close
tb the 1 ppm level, with no margin of safety respecting such effects
established of the nature generally Sought for toxic substances.

It is possible that many individuals out of the Targe number consuming
fluoridated water are suffering in varying degrees health detriment

attributable to this recognized toxic substance.

In summarizing compTex information there is the risk of being con-
sidered incomplete. Nevertheless, this report represents an effo.t

to bring to the attention of Virginia State Health Department per-

-40-



i

sonnel information on the cOnLroVersy that continues. The evaluation
of fluoridation and the health effects of fluoride is incomplete and
should be ongoing; hence, the Bureau of Toxic Substdnces Information

. will continue to review the fluoride literature.
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