'I"r | |~.'L.[.i:l-;: T

University of Tennessee, Knoxville

TEHHEEE‘:E-E - Trace: Tennessee Research and Creative
SR Exchange

Bulletins AgResearch

11-1-1937

Cryolite Spray Residues and Human Health

University of Tennessee Agricultural Experiment Station
S. Marcovitch
G.A. Shuey

W. W, Stanley

Follow this and additional works at: http://trace.tennessee.edu/utk agbulletin

Recommended Citation

University of Tennessee Agricultural Experiment Station; Marcovitch, S.; Shuey, G. A.; and Stanley, W. W,, "Cryolite Spray Residues
and Human Health" (1937). Bulletins.
http://trace.tennessee.edu/utk_agbulletin/525

The publications in this collection represent the historical publishing record of the UT Agricultural Experiment Station and do not necessarily reflect
current scientific knowledge or recommendations. Current information about UT Ag Research can be found at the UT Ag Research website.

This Bulletin is brought to you for free and open access by the AgResearch at Trace: Tennessee Research and Creative Exchange. It has been accepted
for inclusion in Bulletins by an authorized administrator of Trace: Tennessee Research and Creative Exchange. For more information, please contact
trace@utk.edu.


http://trace.tennessee.edu?utm_source=trace.tennessee.edu%2Futk_agbulletin%2F525&utm_medium=PDF&utm_campaign=PDFCoverPages
http://trace.tennessee.edu?utm_source=trace.tennessee.edu%2Futk_agbulletin%2F525&utm_medium=PDF&utm_campaign=PDFCoverPages
http://trace.tennessee.edu/utk_agbulletin?utm_source=trace.tennessee.edu%2Futk_agbulletin%2F525&utm_medium=PDF&utm_campaign=PDFCoverPages
http://trace.tennessee.edu/utk_agresearch?utm_source=trace.tennessee.edu%2Futk_agbulletin%2F525&utm_medium=PDF&utm_campaign=PDFCoverPages
http://trace.tennessee.edu/utk_agbulletin?utm_source=trace.tennessee.edu%2Futk_agbulletin%2F525&utm_medium=PDF&utm_campaign=PDFCoverPages
http://agresearch.tennessee.edu/
mailto:trace@utk.edu

JAN 1§ 1938

LIBRARY
THE UNIVERSITY OF TENNESSEE
\GRICULTURAL EXPERIMENT STATION

NOVEMBER, 1937

(RYOLITE SPRAY RESIDUES AND
HUMAN HEALTH

By

S. MarcovitcH, G. A. SHUEY, aAND W. W. STANLEY

KNOXVILLE, TENNESSEE



CONTENTS

Tntroductiony = bi-cs it Pt i

Fitepatbure e st telnuiais

Occurrence of fluorine ...

Experimental i3
Methodsut i id it vo i hn an 5
The rat, a suitable test animal ... H
Toxicity of fluorides in powdered form. ... ... ]
Toxicity of fluorides in solution. .. ... . 9
T ooy s 1n o thon peel T
Effect of phosphates on toxicity of fluorine. ... 10
Toxicity:of \phosphate rock i oS e —1
Quantities of water consumed at various temperatures......... 10

Fluorine in food products and beverages. ... 1

Effect of fluorine on plants .. . o —— 18

Effect of fluorine on soil eestaemeneneseass i S -

Comparative toxicity of lead, arsenic, and fluorine ... >

Non-poisonous substitutes for arsenicals ... i:')

2

Fluorine in nutrition of plants and animals........mme

Fluorine content of bones and teeth
Mode of action of fluorine .........................
Fluorine content: of InSects i

Fxcretion st H s el

Summaryi s £ ais daliehieha s e Ta

Literature cited o i b




(RYOLITE SPRAY RESIDUES AND
HUMAN HEALTH

By

S. MarcovitcH, G. A. SHUEY, AND W. W. STANLEY!
INTRODUCTION

o BT BRI P SRS OB A bR BB oV e RdRbileE erFi bt ns
sjeet appears to have been made.’ A few writers have called atten-
“to it, but have sought to play on the fears of the public. The
i monograph on “Fluorine Intoxication,” by Roholm (1937),
wils primarily of fluorine as a cause of osteosclerosis. The work
uls yith the enormous doses required to produce this phenomenon
wiigh the breathing of fluorine dusts, but contains no experimental
it'adon the ingestion of very small amounts, such as occur in spray
ides,

 The Royal Commission, in a 2-volume report, presents the only
“iment that discusses arsenical poisoning with any degree of
“-’”f‘ghness. As a result of its studies, a tolerance of .01 grain of
e per gallon of beer or pound of foodstuffs was decreed. This
«r Wlerance, put into force in 1903, is the basis for our present
;-fmﬂcg on fruits. But the document in question touches only upon
E sbject of dissolved arsenic in beer, which is a liquid, and hence
" 10light on our present residue situation, which has to do with
;itba:;l Dowders, .In the .absence of definite studies related to the
o c(mf\’egetable mdus.trles, the report of the Royal Commission is
R “_Smg t}}an enlightening. The Food and Drug Administra-
i, tfnlze§ this fact so well that it has recently appointed a com-
k. 'eview the research program on the toxicity of lead and

.‘..ln 1933 the same toler:

et o 4 ance of .01 grain per pound was arbitrarily

e Uorine, severa] compounds of which have recently been
et id proposed as arsenical substitutes for the control of

Iy quI‘ldes in water supplies, in amounts equivalent to
sz g

g ¢ ﬁuoripez .are believed to be the cause of the mottled
b 6th (Smith, 1981). In the absence of more definite in-

"-’-’!‘.ahon
0 ol Yo . . .
\“ the toxicity of fluorine as a spray residue, it was as-

T, Flop,

% e
:f‘yzncg o fz:dilx‘{ N{acLeod, Evelyn Utley, and Dorothy Baker rendered valuable
Tﬁ,d““minatioi 3 aboratory animals; and H. V. Churchhill aided in making
B 0SS of S )
“lin, anderwése noted, “p.p.m.” or

10t t0 fuprider. parts per million” in this bulletin refers
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sumed by the Secretary of Agriculture that fluorine could not be
more poisonous than arsenic.

This study is an attempt to gather definite experimental data
on the toxicity of fluorine in drinking-water, as compared with st
of cryolite in spray residues, and the bearing of such' data on the
present tolerance of .01 grain of fluorine per pound of foodstuffs,

LITERATURE

McClure (1933) and DeEds (1933) both have reviewed the
literature on fluorine. Such references as bear on the subject will
be discussed, however, in their appropriate places.

OCCURRENCE OF FLUORINE

Prof. V. M. Goldschmidt, in a recent address, in which he gave
estimates of the relative abundance of the chemical elements in the
earth’s crust, placed fluorine seventeenth, as shown in the follow:
ing table:

Grams per ton

1. Oxygen ... 494,000
2. Silicon . 276,000
3. Aluminum 88,000
4. Iron . 51,000
B Calciumi bt S o S 36,300
65 - Soditims he s R e 28,300
Voo e ST mijie SEE Rt 21,000
8. Titanium i 6,300
O Potassium: so it Bl o e 2,590
105 Manganese o S U EEEE 930
1SS Phosphorust i S e 786
12. Sulfur & 500
135 @hlorine IR I 480
14. Strontium 420
15 Barilim i e e R 390
16. Rubidium .. 310
17 TIIOrIiNe - dbessas (oa s SO 270
ead St ais R 16
ATSONIC oo N bk el Eai s UGS 5

The proportion of fluorine to calcium in the carth’s Crust
roughly, the same as that found in the bones of vertebrates. o
The principal fluorine-bearing minerals are fluorspars cry: u; ¥
apatite. Chemical analyses show an average of .03 percfeln o
present in soils (Steinkoenig, 1919). Two Arizona S°‘lsat -
respectively, 843 and 855 p.p.m. of fluorine. One soil samplé

i g a\'eﬁ.ﬁé
ville had 178 p.p.m. of fluorine. The arsenic content of soils
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iy about parts per million (Young, 19385). In sea water, fluorine
jenages 1-1.4 mg. per liter, while arsenic averages only .02 mg.
Jiperal springs, especially hot springs, often carry much fluorine.
The fluozine in sea water in contact with phosphates is believed to be
¢ origin of the fluorine in phosphate rock and fossil bones (Jacob,
1433).

Being present in the soil, flourine is taken up by plants in an
it which is found to average 2 or more parts per million. Arsenic
serages .05 part per million in plants. Thus, fluorine is about 50
ines as abundant as arsenic in both soils and plants. Similar pro-
jtions may be found to exist in man and animals.

EXPERIMENTAL

METHODS

Three fluorine compounds were used in this investigation; namely,
ofim fluoride, cryolite, and calcium fluoride. The cryolite used was
i ymthetic commercial product composed of very finely divided
priicles suitable for insecticide purposes. The sodium and calcium
furides were Baker’s C. P. products. The rats used were 28 days old,
ra‘ésed o diet B of Sherman and Campbell (composed of 2; whole
teat, % whole-milk powder, and salt amounting to 2 percent of the
tieat), After the 28th day, whole rice, because of its somewhat lower
tiual fluorine content, was substituted for the wheat. The animals
e weighed each week, the incisors were examined, and the presence
® ahFence of striations was noted. According to Sebrell (1933) and
“uiates, the tooth changes in rats given water from a mottled-
dmel area were no different from those produced by a synthetic
:'.nkmg-water to which was added sodium fluoride. These changes
'i“ _Cha}racterized by the appearance of brown striations on the
fncisors, “Mottling” and “striations” will therefore be considered
“Wlonymous in this bulletin.
mp{i:‘;ge was no difficulty in seeing the striations when diets were
»fﬂtrationzoﬁ}fammg 1.4 p.p.m. or mqre of fluorine. Below these con-
T e strlatl(.)ns became faint, and a hand-lens examination
berfon, t(;l‘s of the live rats was foun(.i inadequate. It was decided,
:"defab’in()cm]ake an al‘ltopsy of t%1e animals and examine each tooth
oA ular, magnifying 12 diameters, with the aid qf a daylight
Vet loye) Procedure enabled us to note effects of fluorine at much

S than those recorded by Smith and Leverton (1934).

THE RAT, A SUITABLE TEST ANIMAL

Si :
e ;2;;3321‘;116 has a specific affinity for teeth, thgre is a much
Bt regery themesf thap that of growth. The growing incisors of the
' megng b S‘? Vfbs in 80 days, and show the presence of fluorine
striations, or so-called bleached areas, that are very
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definite. Normally, the incisor teeth of a rat.are orange-coloed
When high concentrations of fluorine (14 p.p.m. or more) are fed, the
orange color alternates with fine white lines, producing a striated
effect. With the smaller concentrations, the striations become faint
and difficult to detect. They are readily seen, however, under g
microscope with a daylight lamp, or in photographs made with a blue
filter.

Smith and Leverton (1934), because they were unable to note
effects on the teeth of rats unless the fluorine-bearing waters were
concentrated 10 times, concluded that fluorine is 10 times more toxic
to the teeth of human beings than to rat incisors, which grow af a
more rapid rate. DeEds (1934) also suggested that “human subjects
appear to be more susceptible to fluorine poisoning than do rats,” for
he found that it required 24.5 p.p.m. of fluorine as cryolite to produce
bleaching in the teeth of rats.

On the other hand, nutrition workers are agreed that the ratis
the most suitable animal for nutrition studies. Sherman (1936)
remarks that the nutrition of the rat is closely similar to that of the
human being, and that “the opportunity for nutritional improvement
is similar on the whole in the two species.” Roholm (1937) makes th‘e
following statement: “The rat is particularly suitable as an exper:
mental animal, since its incisors grow from persistent pulp. In the
case of a rat which receives adequate food with the addition of NaF,
the pigment which gives the incisors their normal color disappea_rs-
Horizontal band-like strips of milky-white enamel alternate with
bands of normal enamel.” He says further: “It is typical that the
changes are first recognizable on the lower incisors which grow
quickest.”

The rat is very sensitive to poisons, and, in t 1
is known to be even more susceptible than a human being. When ?b
the conditions are made comparable—by the use of a diet cqoked W‘lt
fluorine-bearing water, in place of the customary raw diet in fee«.inllli
rats—and a good binocular is employed, it is possible, with a daylig

he case of arsenit,

er

lamp or a camera with a blue filter, to detect from 1 to 2 Ili?rl:ts :n
million of fluorine in a water supply when used for dlln. g :

re given €ls&

cooking purposes. (The proportions used in cooking
where). It is evident that enamel-forming cells are acted upe )
fluorine, whether they are present in a rat or a human beTng"mter
the way is open for a scientific study of the effect of fluorine n o
when employed either for drinking or cooking, in comparison
fluoride insecticides used as powders.

n by

TOXICITY OF FLUORIDES IN POWDERED FORM

incorporated n

In order to get a fair basis of comparison, V\{:h yolite
the diet apples that had been heavily sprayed W;lyzed £or fluoriné

peel was removed, dried, and powdered, and then an
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tiis powdered apple peel was mixed with the Sherman B diet in the
joportion giving 15 p.p.m. of fluorine in the total diet. At the end
4 six weeks the teeth became striated, and no difference in the
saacter of the teeth could be observed from the cryolite fed with
yile peel and cryolite powder incorporated in the diet. Since the
Liter method is less time-consuming and apparently suitable for the
pmose in hand, the powdered fluorides were mixed with the diet to
ermine their toxicity.

From 4 to 7 parts per million of fluorine in the form of cryolite
joduced border-line cases.

Fig. I—Eff
Wiationg on ﬂ.:mts of

&2 ppm,
C\Dip'p'm' of fluorine in the drinking-water. Striations visible.

various levels of fluoride in the diet upon the production of
e teeth o!’ albino rats.
- of fluorine as sodium fluoride in the drinking-water. No striations.

forine, ]e‘ta°f beans and dried milk. Beans cooked in water containing 1 p.p.m. of

iationg, t also received 2 p.p.m. of flourine in the drinking-water. Note definite
(] 4

: PDm. of fluorine in the form of cryolite. No striations.

) .

‘hen tyolite was used

*‘:h g, of fluorine

e (table 9y

e per i,

alcium fluoy

at the rate of 4 parts of fluorine per million,
per kilogram of body weight, no striations were
Two percent bone meal, equivalent to 9.6 parts of
n of diet, failed to show any striations on the teeth.
"fpmducingf : ide,‘ at. 15 pgrts of fluorine per million, is capable
WWever 1o aln striations (Smith and Leverton, 1934). At 7 p.p.m.,
110 striations were visible. Smith (1935) makes the follow-
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R—

TasLe 1—The effects of graded levels of fluorides, when dissolyed iy
the drinking-water, upon the production of striations o
the lower incisors of albino rats.

Fluorine in drink Source Diet Results in more than 50 pereent
of the animals
p.p.m
é N,aF Basal No ‘striations
» 2 » 2
3 » » 2 »”»
4 2 o Striations faint
7 2 i 7 distinct
11 CaF. ” » »
1031 CaF; +
1% CaHPO, % No striations
20 CaFs +
19% CaHPO, & it i

TasLe 2—The effects of graded levels of powdered fhuorides whes
added to the basal diet.

Fluorine in diet Source Diet Results in more than 50 percent
of the animals
p.p.m. ot
2 Cryolite Basal No striations
1 ” s " »
5 ) 9 5 2
7 3 & B vins
11 it % Striations faint
14 d o 2 dist}fwt
11 NaF £2) ” y
7 CaF2 7 No striations

TaBLE 3—The effects on the lower incisors of albino 1ats, of’coolulﬂﬁ
beans and bran, or rice, in the diet to dryness, 'Z w:ini
containing graded levels of sodium fluoride, and W%

sodium fluoride in the drinking-water.

A i more than 8
Fluorine in Estimated residue Fluorine Resulzst“;fmﬁne ani
cooking-water of fluorine in diet in drink perce!
///
D.p.m. p.p.m. p.p.m. Sy
No striations
0 22 ; Striations distint®
4 »
2 4.5 2
oxicty &

the comparative

int of the I
the Standpo » Sm]ﬂllﬂd

ing observation: “Our study on rats of
fluorine compounds has shown that from (
damaging effect upon the teeth all are equally POI?OnouS‘ ase i
Leverton (1934) say: “The amount of Auorine required to:o8 Jubility
damage to the rat incisors was so small that differe

nees in SO
/



CRYOLITE SPRAY RESIDUES 9

i the compound were not a factor.” With our technic we were able
o observe effects of smaller amounts, close to limiting values. Dif-
foence in solubility is thus found to be a very important factor, and
womts for the fact that calcium fluoride is worthless as an in-

seticide.
TOXICITY OF FLUORIDES IN SOLUTION

Although it is well known that materials in solution are more
iilc than the powdered forms, it seemed desirable to get as exact
iia as possible in the case of fluorides, since mottling of teeth is
aised by solutions of fluorides. Faint striations were produced in
Apercent of the animals by sodium fluoride given in the drinking-
nier at the rate of 4 parts of fluorine per million (table 1). As the
uinals drank about 10 or 11 ce. of water, this is equivalent to .4 mg.
#kilogram of body weight. According to these figures, a 30-pound
i will require only 6 mg. of fluorine, in water used for drinking
iy, to produce mottling.

TOXICITY OF FLUORIDES IN SOLUTION USED FOR BOTH
DRINKING AND COOKING

The toxicity of fluorine will naturally depend upon the amount
“ted. In the case of fluorides occurring in water supplies which
e used for hoth drinking and cooking, the latter use must be taken
0 Ctlmsideration in order to determine the total effect of the fluorine.
gy liets of pats ordinarily are not cooked, but in our work a cooked
::ét of beans or rice was fed so that the fluorine added in cooking
;‘%ht ble evaluated. A solution of sodium fluoride containing 1 part
‘?agzz‘;ﬂ}? per million was used. This is the smallest amount found
M0 g :man teeth. F1ve_z-hundred grams of beans or rice, to which
i a.n Oh thf. aboYe SOluthI.l was added, were cooked to dryness in
nkng thom. .ThlS proportion was used in all of the cooked diets.

US raises the fluorine content of the diet to 2.38 p.p.m.

75‘9?211111? ?triations were produced by the bean diet, cooked in
s gy lm'?lg 1 part per million of fluorine as sodium fluoride, with
e (tablén; ion of ﬂuo.rlne as sodium fluoride used in the drinking-
e ot and). ; On a rice diet cooked with 1 p.p.m. of fluorine in
e dr;n i With 1 part pe? n.lillion of fluorine as sodium fluoride
i3 Gt d'g:cWater, the striations were produced in 1 animal out
& g 1‘; of 50 percent bran and 50 percent beans, with 1/6
et g ,d of the ‘ammals showed striations with no fluorine
i g ¢ diet. Thus it would appear that water with 1 or 2 p.p.m.

€n used for both drinking and cooking, is potent in

 0tine, wi,
“etting ;
thangeg In the incisor teeth of albino rats.
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EFFECT OF PHOSPHATES ON TOXICITY OF FLUORINE

Fluorides are classed as calcium precipitants, and are thought t
deprive the animal organism of necessary calcium. Dean (1934), of
the U. S. Public Health Service, acting on this assumption, fed §
percent calcium carbonate, but was unable to note any counteracting
effect on the toxicity of sodium fluoride in the drinking-water.

One of the authors found that phosphates had a marked influence
in nullifying the effect of sodium fluoride used in watering plans,
while sodium salts increased the toxicity (Fig. 2). Loew (1905) also
noted that the toxicity of sodium fluoride to plants is reduced when
the soil is rich in calcium and phosphorus. With these results in
mind, we added 2 percent dicalcium phosphate to the basal diet, con-
taining 40 p.p.m. of fluorine as calcium fluoride. The effect was
markedly beneficial, the striations being faint or indeterminate,
whereas only 15 p.p.m. will produce definite striations without the
phosphates. It appears that calcium fluoride and dicalcium phosphate
may form an adsorption complex, or an apatite, or a highly insoluble
fluophosphate. Possibly a common ion effect is involved. No such
effect was detected with 15 p.p.m. as sodium fluoride. In Arizona,
certain alkali soils are known to be unfit for plant growth. Breazeale
(1926) has shown that the alkali salts prevent the ionization and
absorption of phosphates. No doubt the alkaline drinking-waters of
the West produce a synergistic effect by hindering the absorption of
phosphates.

TOXICITY OF PHOSPHATE ROCK

Kick (1985) and coworkers found that 1 percent or moré Of‘
phosphate rock added to the ration of pigs, caused a degeneratl.on 0 1
the epithelium of the convoluted tubules and a fibrosis o.f the h@zi' I‘
No such effect was noted with sodium fluoride or calcium ﬁum]': 9; |
The toxicity of phosphate rock is further emphasized by t}fe e : |
MecClure and Mitchell (1931), who report that “there Were mdlcatlgn =
that rock phosphate exerted a greater detrimental eﬁect_ than ;in' |
thetic mixtures of tricalcium phosphate and calcium fluoride c'm']tyo
ing like percentages of fluorine.” All these reports of the tomtarious
phosphate rock would indicate that there may be sonqe dele ]:n .
agent present in the rock in addition to the fluorine. It is We ercent-
that phosphate rock is high in silica, containing from 2 to 10.11?ca .
In the presence of acid in the stomach of an animal, the Sl]h more
fluorine might form a fluosilicate, which is known to be muc
toxic than the simple fluorides.

T VARIOUS TEMPERATURES
in
e of mottled enamel

s to be most Pre¥ e?n
Southwest, notably

QUANTITIES OF WATER CONSUMED A

Denver, Colorado, reported the first cas
the United States, in 1916. The trouble seem
and most severe in the arid states of the
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Tass, western Kansas, and Arizona. -More recently, well waters
fum various communities in Illinois have shown from 1 to 2 parts
et million of fluorine, and a few waters up to 3 or 4 p.p.m. These
witers were high in minerals, averaging 1500 p.p.m. Mottled enamel
i the milder type is present in these communities, many of which
e public water supplies. Joilet, Illinois, for example, with a
wpulation of 42,993, has 1.4 p.p.m. of fluorine in its water supply.
The vaters of the Eastern States are practically free of fluorine, and,
ning a few exceptional cases, mottled teeth are unknown in the
fast. Outside of the United States, important endemic areas occur
i Argentina, North Africa, and Italy. It is of interest to mote that
lie communities in which mottled enamel is endemic obtain their
nifer from wells and are located either in volcanic regions or regions
ithot or dry climates. The latter conditions necessitate the intake
iflrge quantities of water for effective dissipation of heat.

According to Smith (1930), “southern Arizona has a mild winter
tinate, but the summers are hot.” It is so situated that it receives a
uximum of sunshine and a minimum of rainfall and has an exception-
Uy low relative humidity, which may reach below 5 percent. A
tximum of 127° F, has been recorded for the State and a minimum
310 inches of rainfall for a whole year. During the summer
unths, temperatures of from 100° F. to 110° F. are recorded for
Iy consecutive weeks. Smith also remarks: “The low humidity
ilich prevails in Arizona enhances evaporation to such an extent
Ut from 76 o 121 inches of water evaporate annually. This is from
029 times the amount of water which falls as rain.” This increased
“iloration dries up water supplies and concentrates the salts to such
‘f &tent as to make the water unsuitable for irrigation. Paucity
_Water is the striking characteristic of deserts. There is not enough -
:‘”“ t? Iroduce leaching, and hence the soil becomes laden with salts,
:frludmg fluorides. Tn such regions the shallow wells contain a large
;:::ifdil:age of dissolved minerals, and mottled enamel shows a higher
ii:ionsce'. The }Nater requirements of plants under semi-arid con-

are practically double those in humid regions.

f'ﬁml)‘ivnitier Is ingested in greater amounts than all other substances
Ry ’0;0 that the severity of mottled enamel will depend_ on the
;ETErton (19Water c‘onsumed in drinking and cooking. Smith and
N, 5y 34) estimate a daily intake of from 4 to 8 glasses of
Meage, bu(;g;)cal bhenomena are often governed, howeve'r, not by
zdflﬂbte,d B y the ext'remes encountered. Ca_reful studles. would
g isy S0w that with the lower cochntratlons of fluorine, the
ey plusm:;;duced by the larger quantities of water consumgd in
e fe greater quantity of cooked food consumed in winter.

Yt g, met;b tbe body for water is determined largely by environ-
2 olism, Under the same environmental conditions, some

& much more than others, and children more than adults,

4

r‘ﬂple W
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The rate of water loss is governed by temperature, relative humidity,
winds, rate of metabolism, and clothing (Rowntree, 1922). As much
as 300 percent more water may be lost from the skin when the relative
humidity is decreased from 69 to 31 percent. Hard work in hot
weather may increase the water loss to 276 grams each hour, Flack
and Hill (1919) record the loss of 10 liters of water from the hody }
during a ride at a temperature of 113° F. in southern California. They ‘
also note: “In a dry atmosphere, such as the stokehole of a steamer
in the tropics, the men are kept cool by sweating. The amount of
drink required may be enormous, that is, 15 pints of water a day.
Sweat may vary from an insensible perspiration to as much as 1
liter an hour.”

The fluid intake and output in India is commonly as much as 13
liters each day (Hunt, 1912). Vernon Bailey (1923) says: “In June,
1889, the section foreman at Tacha, Arizona, a station on the Southern
Pacific Railroad between Maricopa and Yuma, told me that four
gallons of water to a man was the least amount on which he could
keep his crew at work 10 hours a day along the railroad in hot
weather . . . . In the Death Valley country in the scorching heat of
June, 1891, a gallon canteen of warm water would keep me comfort-
able all day in the saddle, while others less accustomed to the desert
could barely survive on twice that amount of water.” Actual records
of water consumption by children in Arizona show that from 8 to 4
pints a day were ingested during the summer months. On hot days
this was increased to 5 pints. Adults working in fields consumed
from 1% to 2 gallons of water.

It is thus apparent that under hot, dry climatic conditions, 13
times as much water may be ingested as in cool regions. This means
that with a water supply containing 1 p.p.m. of fluorine, 4 glassﬁs of
water a day in a eool climate would supply 1 mg., but in a hot climate
up to 13 mg. might be swallowed. As shown elsewhere, 6 mg. of
fluorine must be ingested each day to produce mottling.

5 : by
During periods of high water consumption (5 pints a day.)'.
ter containing

children, 2% mg. of fluorine is ingested from a Wa
1 p.p.m. of fluorine. When to this are added the amounts concentratt r
through cooking, 6 mg. or more will be ingested daily from & Wa,ﬁe
supply with as little as 1 p.p.m. of fluorine. We also obtained soer.
experimental data along this line by keeping rats at differcuiis
atures. tand
The white rat does not perspire, and therefore does not stion
high temperatures well. Nevertheless, the Watef' consutzp i
averaged more at 100° F. than at 88° F., as shown 1 tableIt.is of
70° F., the water and food consumption both were increased-t LA
interest to note the large amount of water which evaP:’ra 9265 E
70° F. only 2.7 cc. evaporated from the dishes, but at 100° -
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Tuie 4—Food and water consumed by albino rats at different
room temperatures.

Relative Evaporation Food Water
Temperature humidity from cups consumed consumed
F Percent ces gm. cc.
(] 71 2.7 13.7 16.6
80 6.54 10.8 13.3
# 7.0 8.5 11.0
)] 38 20.5 8.3 16.5
10 (with fan) 39 35.0 9.5 10.5

auporated, or nearly as much as the animals drank. With a small
fmin the cabinet the evaporation increased to 85 cc.

Inanother evaporation test, from a 50-cc. beaker, 5 cc. disappeared
02 hours at 78° F., while 28 cec. evaporated at 110° F. When a
U, beaker was used, 10 cc. disappeared at 78° F. and 45 cc. at
W°F. These figures indicate that in warm climates, where tempera-
ires of 110° F. are reached, the salt content of a water bucket may
tieentrate almost 100 percent upon standing for 24 hours. Often a
Eusit of salt is visible around the sides of a water bucket.

.IThe factor of evaporation is of special importance on the Great
Yins, for the prevailing wind velocities are higher there than in
iy 9the1‘ section of the United States. These velocities may average
u l'ngh as 18 miles per hour. This rate of air movement produces
“il evaporation, intensifies drouth caused by rainfall deficiencies
d high temperatures, and promotes dust blowing.

,,,It s possible, therefore, that in the southwestern part of the
i»mtE_d States, where mottled teeth are endemic, the high evaporation
“‘e I the summer months is an important factor in concentrating
‘;i“n?a‘;ffine ?n the water supplies. This fact, coupled with lack of
i 0 dllut_e the salt, is sufficient to explain the prevalence of
o cOllc.en’cratmns of fluorides in the water supplies in arid climates
1€glons with hot summers.

®in

FLUORINE 1N FOOD PRODUCTS AND BEVERAGES

fi‘ﬁdiyrogf Dresent method of analysis (Willard and Winter, 1933),
TWorkeyg c(lsgshow various amf)unts of fluorine. H. V. Churchill and
s e 37) ff)und by t.hls method that phosphates are some-
B a1 1 01\1761" into the distillate and tend to give higher values
Mgt inuta Y present. When a doublejdistillatlon was used, the
ow §, tablerference app.eared to be: eliminated, and the values
i we 5 were obtained for various food products.

te gy ere found ‘to contain .2 p.p.m. of fluorine. One lot of

Southern Illinois that had not been sprayed with cryolite
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TaBLE S—Fluorine content of various foods and products,

D.p.m.
SN} 6 S600006006000906606a6060004 0 .20
Cabbage ...ccceoceinanas .59
Spinach . ...... .95
Yeast tablets . . 2.00
Rice (whole) . 1.00
@ Abnonoonas 1.00
‘Wheat (Idaho) .30
‘Wheat (Tennessee) ....ceceveerennnecaonnns .30
Wheat (Fulcaster, Tennessee) .............. .90
‘Wheat (Ceres, North Dakota) .............. 1.00
Wheat (Turkey, Arizona) . ............... 2.00
Brant(Tennessee) sttt et el .30
‘Wheat germ, commercial (a) .........o0une 1.70
Wheat germ, commercial (b) . 4.00
Corntgermiiicn s draitee g

Cottonseed meal ....... 5
Prepared baby food contai
| B LG8 6556600686 00 006008080800 0

DA {0 D T ) SB0BG00. 566080 000000a06 000
Mackerel (with bones) ........coeveuvueees
ST 38 e O B e ol B 8000000 0600050380030 600
Salmont(canned) i e e e lelae le s s o le
Bone meal ..... «..oiunnnn
Baking powder (phosphate)
Teakettle scale (Arizona).
Tea (English Breakfast) ..
Tea (gunpowder) ... ......
Tea [((Oolong) s aile sl
Whole-milk powder ................coceoen

showed a natural fluorine content of 1.4 p.p.m., which is equal to the

tolerance. ;

Certain brands of baking powder contain up to 500 p.p.m. Bak.mg
powders made from phosphate rock may contain .5 percent ﬂuorm.&
Dr. E. W. Schwartze calculates that the daily intake of flourine will
approximate from 4.45 to 35.55 mg. if the powders contain .5 percent
fluorine. In terms of NaF, this would represent an extreme range 0
from 7.7 to 78.1 mg. per man, or .13 to 1.3 mg. per kilogram of body
weight (Sollman, 1921).

Our own analysis showed a well-known brand of phos
powder to contain 228 p.p.m. of fluorine. A recipe for ma b
calls for 4 teaspoonfuls of baking powder to 2 cups of ﬂ?ur. tano
in this way, biscuits will contain about 10 p.p.m. of ﬁuorl}le; ye -
one is known to have suffered mottled enamel from bakmg‘-Pf‘:o
biscuits. An exclusive diet of such biscuits by children from |
years of age might produce tooth changes—but there is, of cours®
no real danger from this source.

Cottonseed meal was found to contain 12 p.p.m. of
fed to rats, in a diet consisting of % cottonseed mea
powder, it produced no noticeable effect on the teeth. o

Of all the tissues of the body, bones contain by fa} animsls
fluorine, ranging from 300 to 700 p.p.m. The bones of mariné

phate baking
king biscuits

fluorine. WhE!
] and % mi

e most
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qaitain 10 times as much fluorine as those of land animals, while
issil bones may contain up to 3.48 percent (Jacob, 1933). Bone
sl finds extensive use as a mineral supplement for animal feeding
ud in baby foods, since the calcium is in a readily available form.
A question naturally arises as to the injurious effect of the fluorine
i bone meal, especially in prepared baby foods, some of which were
fnd to contain 2 percent bone meal, or 12 p.p.m. of fluorine. When
el alone to rats, the baby food, consisting mostly of cooked cereal
lis 2 percent bone meal, produced definite striations in one animal.
When % baby food was fed with %2 milk powder, no visible striations
rsulted.

In actual practice, prepared baby foods are fed along with milk
ud other foods, so that the danger of producing mottling is small
i non-existent.

Stearns and Jeans (1934) tested the utilization of several calcium
dlis for children and found the calcium and phosphate retention of
ke meal to be equal to that of equivalent quantities of milk, and
ure dependable than other sources. Tisdall and coworkers (1930)
iilized 2 percent bone meal in a cereal mixture for hospital children

Wimprove the calcium and iron content of the diet. This mixture
¥is composed of—

Wiheati mea] il un 15 percent
Oatmeal 18 s
Corn meal 10 2
Wheat germ 15 7
Bone meal ) 2
Dried brewer’s yeast ... 1 s
Alfalfa 1 ]

“115 15 the basis of some of the baby foods on the market, containing,
s It does, appreciable amounts of many elements that are known to
*&ssential for normal nutrition.

Under naty
Hima]s,
ad hoj]
i flugr

ral conditions, bones are consumed by man and
According to Stefansson, Eskimos subsist largely on raw
‘ed fish, which because of the bones, contains large amounts
b k;:)le- Just how much fish Eskimo children eat is not knovy’n.
sty cavlm however, that they gnaw bones and cartilage, which
3afies\an§mm- (Mellanby, 1934). Eskimos are free from dental
19) 1o 'ghelr tee‘th are among the best in the world. McCollum
durge ;’1 i that “when lion cubs are .fed liver, fat and bone of a
b estmn“c that thgy can eat a considerable amount, they grow
oy )'Ounggt}?nd beautiful animals . . . . In the wild state, while st%ll
Rlong ggpe €y eat and e'hew soft bones.” Bone meal fed to pigs in
e iy t‘a.ted to contain 5 p.p.m. of fluorine caused a marked in-
Strength of the bones (Forbes, 1921).
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Morrison (1936) recommends the use of a mineral supplement for
farm animals where the calcium content of the ration is low, and also
“a phosphorus supplement which is entirely safe, such as steamed
bone meal.” Bone meal is also recommended for range cattle in Texas
(Schmidt, 1926).

Hart and Elvehjem (1936) report 740 p.p.m. of fluorine in
Menhaden fish meal. Large amounts such as this may be expected
because of the high content of fluorine in sea water. A group of
heifers fed a ration containing 5 percent white fish meal made from
cod and haddock, produced calves of generally better health and vigor
than a group fed linseed meal. Fish meal was especially valuable in
supplying iodine (Monroe, 1937).

A sample of the fish meal used by Monroe was found to contain
233 p.p.m. of fluorine. The animals were thus given about 10 p.pam.
of fluorine in their diet, upon which they thrived. Other samples of
fish meal contained up to 203 p.p.m. of fluorine.

When the milk supply is scanty, other sources of calcium, such as
leafy vegetables and bones, are made use of in human food. The
calcium requirements have been extensively investigated by Sherman
(1934), from whom we quote as follows:

“Bone constitutes another important source of dietary calcium
in China. Thus, Hoh, Williams and Pease (1934) have prepared the
dish well known in China as ‘sweet-sour spare-ribs,’ made by breaki.ng
the rib bones into relatively small pieces and cooking them (with
more or less of the accompanying meat) in sweetened vinegar, a.nd on
analysis have found that a single serving of such a dish supplies &
much calcium as the American estimate of a day’s need.”

Sherman says further: ‘“Bones are, in fact, much more laxgely
and widely utilized as human food than the people of westemn Europe
and their descendants in the United States seem to realize. Neatly
all other peoples are much more accustomed to eat the soft ends ﬂl{d
porous interiors of the large bones of their prey, or of such flomeSt‘;
animals as they may use for food,—while the bones of birds .3!11
small game are often munched entire, just as we eat the bits of brittle
toast. Studies of the food habits of the peoples of both th‘e Neau.'.ﬁlln
Far East, of Eskimos, of American Indians, and of native Aﬁ"c‘;
races have shown that all these peoples malke large use of boneslie;
food. The more carnivorous of these peoples have abundant supphilé
of these bones (relative to their total food supplies, ab least), ‘:he\'
others in addition to the bones of such meat, game, and ﬁSh asto o
can obtain, also make a much larger use than we are Wllll.ﬂg e
of the green-leaf foods which contain relatively more calcium
do the other plant products commonly used as food.” et

In this connection, mention may be made of the natural f)ccuro‘ ic
of relatively large quantities of benzoic acid in cranberrleS,e d .
acid in spinach, and barium in Brazil nuts. All of these ar
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wions agents. However, in the quantities in which these chemical
abstances occur in foods, either naturally or added, they appear to
e harmless when a mixed diet is employed; and there is no reason
i discard good and useful foods because of them.

The widespread use of canned fish, salmon, sardines, salt pork,
ud phosphate baking powders, and the fact that mottled enamel is
lealized according to the water supply, only serve to emphasize the
uich greater effective toxicity of fluorine in solution.

Among the beverages, tea was found to be especially rich in
furine.  Reid (1936) reports one Chinese tea to contain 175.78 mg.
if fluorine per 100 grams of dry substance. Our own analyses
iowed one one tea to contain 67 and another 80 p.p.m. of fluorine—
liese teas being of the gunpowder type. When the animals were
gien an 8 percent infusion of the tea containing 67 p.p.m. as their
uly source of drinking-water, they showed definite striations. This
mild he equivalent to about 5 parts per million in the drinking-water.

The striations closely approximated in character those produced
i the addition of 5 p.p.m. of fluorine in the drinking-water. This
ajeriment, together with the ome on bone meal, indicates that the
‘:I?ect of fluorine occurring naturally in foods is similar to that of
died flourine in the drinking-water or in the diet.

EFFECT OF FLUORINE ON PLANTS

; The more-or-less insoluble compounds, such as cryolite and calcium
‘ride, ave not injurious to plant foliage (Marcovitch, 1934). The
f?.luh]e fluorides, such as sodium fluoride, will injure plants when ap-
. t the leaves or roots. This fluorine injury appears to be in-
‘I;OTEd by th(? bresence of other sodium salts, as shown by the
PTs :;g eXperiment: A so'lution of sodium flouride, 1 part to 2800
é‘f‘arbonwtater’ caused 10 fo.ha;ge injury Wh.en used as a spray. Sodium
76reuse?1?c (1-1000) hkew.lsg caused no injury. But when the two
¥ ?Eether, severe injury followed. The balance between ions
ganism may be expressed as follows:

Ca -+ Mg+ H
Na -+ K - OH

W‘ :
:3ﬁ0n12}f1 th1§ formula as a guide, there was produced in the combi-
L sodium fluoride and sodium bicarbonate an increase in the

{enom; ;

‘5-9ntl?:::r’f V?nch caused the injury. In the presence of other mono-

 foliage

“entration 1-60,000.
1 ang

fatered

eagller Set‘Of experiments, bean seedlings in sand were
“orige (1~2005n Orning for two weeks with a solution of sodium
Hantg e ), With no visible effect on the plants. When these

S0 watered with a solution of potassium bicarbonate

injury was produced with sodium fluoride in the -
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Fig. 2—Effects of sodium fluoride and alkali on the growth of bean seedlings.
(Photo. Aug., 1935).

Left—Bean seedling in sand, watered with a solution of potassium bicarbonate
1-300, showing approximately normal growth.

Right—Bean seedling watered with sodium fluoride 1-2000. y

Center—Bean seedling stunted when watered with a combination of 80‘}1“‘
fluoride 1-2000 and potassium bicarbonate 1-300, showing the effect of monovalent ions.

(1-300) in the late afternoon, the combination produced a severe stunt-
ing of the plants. The potassium bicarbonate (1-300) alone did 1ot
affect the plants.

A solution of NaF (1-1000) used for watering bean seedlings
causes severe stunting. When these seedlings were watered with N
(1-1000) in the morning and again with a complete nutrient ill_the
late afternoon, the stunting effect almost disappeared. C?lcmm
chloride (1-1600) plus NaHSO, (1-1500) also appeared to detoxify the
fluorine. Why the complete nutrient should act as an antidote 18 11°
dicated by the work of Bartholomew (1935). He believes that fluormé
is precipitated in the roots as calcium fluophosphate, or apatite. 'Ijhe
presence of phosphate and calcium in the complete nutrient surpl
the necessary elements for the formation of apatite. :

No doubt the presence of phosphates in soil prevents any igm
absorption of fluorine that may be present. C. A. Mooers used :;3:
amounts of Na,SiF; on spring oats, soybeans, and other crops
Cumberland loam soil, under controlled conditions, t0 m’te,ﬂ.le and
of fluorine. As much as 250 pounds per acre produced no mjm:y’e' It
even showed an increased yield over the contro Auoxt®

s with no i
appears that plants tolerate fluorine much better than they do &
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PhFiz- 3—Bean seedlings, showing how phosphates antagonize fluorine toxicity.
ofo, Sept., 1935). . !

. Left—Stunted w);vhen watered with sodium fluoride 1-2000 and sodium chloride
S0, in the morning. ]
Fnter—Watered same as left, but also late in afternoon with magnesium sulfate
W, ealeium chloride 1-800, and potassium chloride 1-800. : :
ight—Watered in morning with sodium fluoride 1-2000 and sodmrp chloride
. and in afternoon with magnesium sulphate 1-800, caleium chloride 1-1600,
ium chloride 1-800, and dicalcium phosphate 1-800; showing effect of phosphate
* fagonizing fluorine by the probable formation of insoluble apatite.

inthe Jatter i injurious to seedlings growing in a solution of 1 part
22 million,

EFFECT OF FLUORINE ON SOIL

3 T}}e tontinued use of arsenic for the control of insect pests, in
;‘“Y.lnstances, results in soil poisoning. On the sandy soils of South
ffmlma: for example, dusting with calcium arsenate for the control
".the. boll weevil hags made the soil unfit for cowpeas. A similar
“-Hatmn s becoming increasingly evident in the Pacific Northwest
ds;!ther sections of the country (Vandecaveye, Horner, and Keaton,

The frugpi
(1835), Appli
TETQ Made to

ne in the soil was given special attention by MacIntire
cations of 1500 pounds of barium fluosilicate per acre
e of SO_il in lysimeters, and the exchange' effects and_ ultimate
Mthed, e“ﬂUO.rlne Were determined. The following conclusions were
Ry, hIt'ls therefore indicated that during the 3 years subse-
e Caleiue Single incorporation of BaSiFg the abundanf:e of replaf:e-
i “ldumn;i i fﬂhe unlimed soil had induced an extensive formation

uoride.” “The ultimate fate of added fluorine—forma-
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tion of calcium fluoride—would be the same for additions of sodiun
silicofluoride, cryolite, and other fluorine compounds. It is therefore
apparent that no deleterious effect is to be expected from the amounts
of fluorine that are used as sprays and dusts, and that no cumulative
effect could result from their continued use.” “The repressive effect
that supplemental calcium salts exert upon CaF, solubility in the
soil are considered to obviate any cumulative toxic effect from in-
crements derived from dusts and sprays of fluorine materials and
from CaF, introduced by additions of phosphatic fertilizers.”

COMPARATIVE TOXICITY OF LEAD, ARSENIC, AND FLUORINE

Since regulatory authorities have established the same tolerance
for arsenic and fluorine, namely, .01 grain per pound, the natural
assumption is that these elements are equally toxic. This is very
far from the truth, as is shown by the figures in table 6, on the
minimum lethal dose.

TABLE 6—Acufe toxicity of various substances.

Compound Minimum lethal dose
Potassium arsenite .............. 5 meg. per kg. (Sollman, 1922)
Calcium arsenite ................ gl 2u ol (K hn 1 929)
CalcimEaYSeN atie sl oo loraisiete s ls ot Bl el St > (Kuhn, 1929)
SodIUIM U 0L e S Ao 200 * ” ” (Marcovitch, 1928)
Barium O Iae St et sttt oo /(0 ARl (T T 1929)
Lead arsenate ....... ..ceooceoosons 500 > » 2 (Kuhn, 1929) " 1057)
(B e BT s S 0 O o a5 E OB DB GG 0 00 13,500 »? > (mot fatal, Marcovitch, 195

Using two soluble salts, we see that on an acute-toxicity bfms:
KAsO, is 40 times as toxic to dogs as NaF. Muehlberger v.mtes:
T have been unable to kill dogs with cryolite at any dose as h1'gh F
500 mg. per Kgm.” In our own work we fed cryolite to rats in th€
proportion of 13,500 mg. per kilogram of body weight without fata}lte)é
The cryolite was mixed with the food so that the mixture contail X
15 percent cryolite, and this was consumed within 20 h(.)ul's' .F(;rm
person weighing 60 kilograms, 13,500 mg. per kilogram 18 equlVi}EIe
to 1% pounds of cryolite. It may be confidently asserted, therel':iel
that eryolite cannot cause the death of a human being. 'NO f.atahlomé
resulting from it have ever been recorded. In this con_nectlon, ltds By
be mentioned that for insects, cryolite has a median Jethal ]1055 k.
.05-.07 mg. per gram of insect weight, while lead arsenate ?wrﬁ
M. L. D. of .09 meg. per gram (Shepard and Carter, 19833 Bat o
and Richardson, 1936). Cryolite has, therefore, an acute tomfcata]itv
great as lead arsenate to insects, but is not likely to causy) ement.s
to man or animals. In this respect, cryolite satisfies the re-qul:mm s
for an ideal insecticide by having a high factor of safety for M
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poholm (1987) also concludes that “only a part of the fluorine con-
wt of cryolite is toxic to mammals in contrast to insects,” and
{(ryolite and calcium fluoride have a much lower toxicity than sodium
fuoride and the possibility of acute intoxication is without practical
interest.”

Fig. &—Male rat which had received 13,500 mgs. of cryolite per kilogram of
body weight.

 This dose was consumed within 20 hours without fatality, and is equivalent to
1% pounds for an adult person. No fatalities have ever been reported for cryolite,
which has, therefore, a high factor of safety for mammals.

0f more importance to us from the spray-residue standpoint is
lie minimum chronic toxicity.

Sollman (1921) made an extended study of arsenic on rats, and
“me of his figures are shown in table 7.

TaBLE 7—Chronic toxicity of various compounds.

Minimum dose in
Compound

mg. per kg. per day p.p.m in diet p.p.b.! in diet
Arenie trioxide
daobood -00005 .0007 olf
“:3 L o .0007 .0098 9.8
ol s .40 5.60 5,600
Sodiug ﬂ RNOOCNE 1.00 (affects teeth) 14.00 14,000
uoride. .. ,....| 155.00 (affects growth) 210.00 210,000

.= parts per billion,

Fr.om the figures in table 7 it appears that arsenic is 20,000 times
(;)(;(lc as‘ cryolite; while if we employ the growth factor, arsenic
000 times as toxic as sodium fluoride.

the d;filre 7 also e?nphasizes the great difference in toxicity between
50 ent arsenicals. Talbert (1983) fed .4 mg. per kilogram of
ASZO?) ias lead'arsenate without ill effects to rats; yet .00005 of
i Se‘?er:l tS}(I)lutlon w.ill affect growth. This represents a difference
o, ousand times. We know also that the insoluble BaSO, is

» Whereas the soluble BaCl, is very toxic.

8t
is3
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At Knoxville there is about .1 p.p.m. of fluorine in the water
supply, which is probably close to the average for all localities, The
fluorine in the waters at St. David, Arizona, runs from 3.8 to 7.2 p.pum,
These figures are about 50 times the average fluorine content of
potable water and represent nearly the upper limits of the presence
of fluorine, although in a few localities from 14 to 18 p.p.m. have been
found. It is true that 7.2 p.p.m. is not a very large figure; but few
waters in the United States will test more than that, while the
majority will probably test around .1 or .2 p.p.m. or less.

A recent report of arsenical poisoning gives us a direct compari-
son of toxicity to humans when arsenic occurs in a water supply.
At Madoe, Ontario, Wyllie (1937) reports several deaths from the
use of an arsenical water supply which was found to contain .7 grain
of arsenic per imperial gallon, or approximately 9.8 p.p.m. The scale
from the household kettle, which had been used for a considerable
time, yielded 4000 parts of arsenic as As,0, per million parts of scale
or .4 percent. Note should be made of the fact that the arsenic was
present in very fine particles, in suspension, and not in solution, which
might have made it more toxic than it would otherwise have been.

In Arizona and elsewhere, water supplies are known to contain
10 parts, or more, of fluorine per million; yet, even when used for both
drinking and cooking, the water produces no discernible symptoms
in adults. Such fluorine-bearing waters may be used during the
entire adult life of an individual with little or no effect on health
In order to cause fatalities, the water would have to contain from
300 to 500 p.p.m. of fluorine. The experience in Ontario demonstr.ates
beyond the shadow of a doubt that arsenic is from 30 to 50 times
more toxic than fluorine to human beings and that the two canno
classed together.

The same conclusions may be reached on biological grounds.
Persons who have given thought to man’s environment marvel at 'the
fitness which has been acquired through the process of ada'ptatlt.m};
Man has literally learned, through countless generations, to live W,lt
arsenic and fluorine, and has become adapted to them in PTOP"rtw.n
to his contacts. Fluorine is about 50 times as abundant as arsen;f
in the earth’s crust, in soils, in plants, and in animals. It. is I:easzr'
able to conclude, therefore, that man’s tolerance of fluorine 15 P
haps 50 times as great.

t be

NON-POISONOUS SUBSTITUTES FOR ARSENICALS- :

Because of their alleged mon-poisomous character orgalt"ltcuti
secticides are being advocated to some extent as arsenical SUb‘s:n A
In this class fall pyrethrum, derris, and tobacco: Pyl'ethu:)f qur-
only a limited use, for it deteriorates rapidly in the pll*esence g
light. Moreover, a large number of workers handling PYl‘d o be
substances in the manufacture of fly sprays have been foo
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sbject to dermatitis. From 6 to 8 milligrams of pyrethrin per
flogram of body weight is sufficient to cause death when injected
amavenously (Swartz, 1934). Derris also is unstable, but somewhat
lss so than pyrethrum. “The organic stomach poisons, rotenone!
ud the like, are practically all fugitive, temperamental, unstable,
Jmost impossible to standardize, subject to serious deterioration
vith age and climatic influences.” (Metcalf, 1937).

Recent work has shown that derris cannot be classed as a non-
wisonous material and in some respects is almost as poisonous as
wsenic,. Ambrose and Hoag (1936) give the minimum lethal dose
o demis for rats as 100 mg. per kilogram of body weight. Their
‘speriments . . . indicate that rotenone may under certain circum-
stances be distinetly toxic to warm blooded animals and must there-
fire be considered as potentially toxic to man.” Why nicotine should
b classed as non-poisonous is a mystery, since its poisonous
taracter is well known. Recent workers have found that the use
if tobaceo in smoking affects the circulation. A drop of nicotine will
il a dog.

ILUORINE IN THE NUTRITION OF PLANTS AND ANIMALS

Fluorine is found in milk, in the yolk of eggs, and in new-born
aimals, Maze (1914) found fluorine to be essential to the growth
ol om.  Hutton and Daniels (1925) report: “The addition to milk
of t}wse unusual mineral substances present in milk in low concen-
‘Tatlloﬂ, namely, manganese, fluorine, and aluminum together with
uiim silicate, has resulted in the production of 5 generations of
umal young.” When they fed rats exclusively on milk, the animals
ieldom reproduced. Steinkoenig (1919) points out that fluorine is an
égent of formation and consolidation of the skeletons of all animals.
:--Gautier regards fluorine as the agent which fixes phosphorus in
e cell to form an organic nitrogenous compound. . . . The constant
:gcdllllTence of'ﬁuorine in the living tissue of both animal and plant
l 1ts association with phosphorus is a strong indication that it
Yays an mportant role in the life of the cell.”

i :‘slu}?'nges are constituents of the teeth and bones, probably exist-
tr calcilg Ly ln§oluble ﬂuophosphates. The bon_es ac_t as storehou'ses
actationu‘;ni) which el.ement.mlght be t9o easily dissipated during

Somel ones consllsted simply of calcium phosphate.
wrs Workers believe that the hardness qf teeth is in a measure
2 €Ssentie lpresence of fluophosphates, and they regard fluorine as
gt gy : elemen.t. Rece'ntly, Sharpl'es and McCollum, in an at-
Mssible n§Wer thl‘s question, fed a diet as nearly fluorine-free as

- With a diet containing as little as 1 part of fluorine to

10000,000 gy
gpalts of the ration, growth was normal, and they conclude,

The actipe . s
active Principle of derris,
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therefore, that fluorine is not essential in nutrition, at least ahoye 5
minimum of 1 part in 10,000,000.

In the case of boron, Eaton (1935) found grape leaves showing
boron-deficiency symptoms when supplied with solutions having .03
p.p.m. of boron derived from impurities. When the solutions con-
tained 5 p.p.m. of boron, the leaves showed injury. From the above
figures it appears that boron and fluorine may be similar, as far as
their presence in small quantities is concerned. Until we can obtain
a nutrient solution or diet below 1 part of fluorine in 20,000,000, we
cannot generalize as to the role of fluorine in nutrition.

Elements that are essential to the health of the animal are re-
tained when the minimum threshold value is reached. Some of our
work appears to support this view. The control animals on rice and
milk received approximately .6 p.p.m. of fluorine in their diets, or .2
mg. over a period of 5 weeks. With the bones analyzing 36 p.pam.
of fluorine, it appears that all of the fluorine was stored and practically
none excreted. Similar evidence may be gleaned from the work of
Sharples and McCollum (1933). On their low fluorine diet of .1
p.p.m., the animals ingested about 1/40 mg. of fluorine and the bones
analyzed 6 p.p.m., which appears to account for all of the fluorine.

FLUORINE CONTENT OF BONES AND TEETH

In the higher animals, fluorine is present in all the tissues, but
occurs in the largest amounts in the bones and teeth, Additions of
fluorine to the diet result in increased deposition of fluorine in bones
and teeth. Increased fluorine content of the bones also takes place
during the growth of the animal.

The effect of very small additions of fluorine to the diet are not
always clearly evident so far as striations on the teeth are co‘ncer'IlEd.
Ellis and Maynard (1936) suggest that analysis for fluorine 1 8
more sensitive measure than enamel pigment. They fed sodiun
fuoride and bone meal to white rats at a level of 8 to 14 ppm.
teeth of the controls averaged 81 p.p.m. Sodium Auoride (8 ppm)
in the diet gave 228 p.p.m. of fluorine, while bone meal (8 ppm.) B¢
220 p.p.m. of fluorine. They conclude that sodium fluoride ant? b°':e
meal are equally effective in causing these changes. According ¥
Ellis and Maynard (1936), “the fluorine content of the bonesfa:m
teeth increases with age during growth.” A series of .teeth trent
rats 29 to 98 days old showed no regular increase in fluorine C?ﬂ a
In fact, the animals 98 days old had only 16 p.p.m. of fluorit =
shown in table 8. 2 S

Our own work (table 8) included still smaller quantltlesntrols
those employed by Ellis and Maynard. The teeth of the Coo
averaged 36 p.p.m. This is considerably less than the figuré Ir‘]liatioﬂ
by Ellis and Maynard and is probably due to the double distt
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aployed in our work to eliminate phosphate interference (Churchill,

187),

.]‘)Cryolite at 4 p.p.m. shows no important differences from the
aifols, except in the case of one animal, which showed 105 p.p.m.
i fluoride at 1 p.p.m. in the drinking-water likewise shows no
urked difference, but at 4 p.p.m. the teeth showed up to 273 p.p.m.
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-Comparison of sodium fluoride in drinking-water and cryolite in diet,
lorine content of teeth.

u the )
~:ﬂ‘llty» fluorine in the drinking-water at 4 p.p.m. is more toxic than
L"inkine at the same level. At 14 p.p.m. of sodium fluoride in the
tig"’;a_tel‘, the teeth analyzed 1531 p.p.m. at the end of 12 weeks.
rinko Interest to note that whereas 1 p.p.m. of sodium fluoride in
s inEaVe 34 p.p.m., the same amount used for both drinking and
B ICTeased the fluorine content of the teeth to 121. ;
X, 100ptes :nd McCollum (1983) found the bones of rats to contain
bt diei 00 p.p.m., depending on the diet fed. On a very low
fomg, (1 p.p.m.), only from 6 to 25 p.p.m. of fluorine was

e

.'A')k]

In
g %1;1‘ Work, the control rats with no fluorine supplement showed

Yhm ip-p.m. of fluorine in the bones (table 9). Sodium fluoride
"1 the drink gave 80 and 95 p.p.m.; cryolite 4 p.p.m. gave



26

BULLETIN No. 162

TasLE 8—Fluorine content of teeth as influenced by various fluory,

additions to diet over a period of 5 to 10 weeks,

1Control :

104 and 131.3; and cryolite 7 p.p.m. gave 224 an
fluorine. The rice-and-milk diet contained appr
fluorine, and appears to have been nearly all
With the cryolite at 4 p.p.m. in the diet, only

Fluorine
in diet Source | 5 weeks 6 weeks 8 weeks | 10 weeks Notes
D.p.m. D.p.m P.p.m. p.p.m. p.p.m.
ST e Controll|seeeee.- 27 51 37 Average 36
4 Cryolite 48 B s B AS 6 o000 32 e aes Sty
7 2% 68 96 95
o5 194 S0p0080LE
7 NaF GO0000604 bonnasoooi|l Ea o0 0000 220
11 Cryolite | 323 sl e g o h 247
Fluorine
in drink
1 NaF BohodsD G 34
2 7 65 U s sonsponas 48
3 i I S b0 i o quons 68
113
4 o 127 o 259 273
5 R N /T PRI (55 /o o s
6 et R 274 B R toan0 ok o0 65000
11 et IR RS S R s 56 o1 [
14 e S s |l ko oo v | b s 60 b 1531 9
483
JOam s —
Fluorine
in drink
plus cooking
Lo
1 NaF St S N R SRR P i 00 01000
2 2 BBOGLEBHaoh e 30 a0 e 148 1 1| sulamstsimes oo R
....| Beans substi
2 2 380 tutedf"’ﬂ.a!
and cooked 1
water with 1
p.p.m. O
fluorine

d 2541 p.p.m.zf
oximately -6 p.pa

deposited in the b?nﬁ
27 percent

was refall
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Bone meal as commonly fed to stock or humans contains from
10 500 pp-m. of fluorine. According to the fluorine values found
ir aurselves and Ellis and Maynard (1986) and Sharples and Mec-
C'ollum (1933), low fluorine supplements are not appreciably cumu-
uive and do not materially alter the range normally found in
wnirol animals.

Inview of the fact that the teeth show the first effects of diets
applemented with fluorine, the fluorine content of the teeth is of the
st interest and importance.

Bllis and Maynard, using sodium fluoride and bone meal 8 p.p.m.
i the diet, found no differences between the two supplements in the
furine content of the bones and teeth. However, we employed still
ber levels, such as 4 p.p.m. of fluorine as cryolite, and the fluorine
uifent of the teeth was not greatly different from that of the controls.
lise low levels do mnot appear to be effective in causing tooth
danges, This was confirmed by the microscopic pigment observa-
fions,

l8ie 9—Fluorine content of bones as affected by fluorine additions
in the diet.

Tharine supplement Time on ration Fluorine content
Days p.p.m.
%e and milk, no fluorine. . ...... 35 36.0
65.0
ity 4 el R e e 35 1020
131.3
i T rarial s R 35 224.0
254.1
Sim fuoride, 9 p.p.m. (in drink) 35 80.0
95.0

MODE OF ACTION OF FLUORINE

firmzltlil:ndes are cla.ssed as caleium precipitants because of the
Tffalciu; of the relat.lvely insoluble calecium ﬁour.ide in the presence
il salts, galcmm fluophosphate, however, is much less soluble
{ th fo:m ﬁ}lorlde, and \'vher.'e phosphates are present the likelihood
53'3rine.fe(;natl'on of ape‘a.t{te 1s.suggested. Just why the teeth of
Sy (19343111111?1;5 exhibit a ringed appearance is _not kn.own, but
it gty )hth}nks the explanation may be the 1nterm1tter.1t,.or ;
R ik & habit of the rat. Or it may possibly be the variation
ate of growth of the teeth.

B ms’eal:ll';nmpal inorganic constituents of bone are calcium, phos-
2 s (;irbon. According to a theory advanced by Howland

» these substances diffuse into the interstitial spaces; and
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ST .

if for any cause the carbon dioxide tension falls below normal, there
is an increase in alkalinity—a condition that favors the DPrecipitation
of calcium salts. The variation in hydrogen-ion concentration might
thus explain the striated, or mottled, appearance of the teeth,

Kick (1935) and coworkers report that the teeth of fluorinefed
animals showed increased amounts of magnesium and decreasel
amounts of carbonates. Morgulis (1981), in examining the bones if
marine fishes, also found decreased percentages of carbonates. The
bones of marine animals are known to be much higher in fluorin
than those of the higher vertebrates on land. It is thus possible that
the normal apatite, or calcium fluophosphate, in teeth is replaced by
a magnesium fluophosphate.

FLUORINE CONTENT OF INSECTS

It is known that insects are susceptible to fluorine poisoning,
and the question arises as to possible causes. So far as we are awar,
our analyses of insects for fluorine are the first ever made. We found
that the larvae of the Colorado potato beetle, Leptinotarsa decemlinedls,
have less than 1 part of fluorine per million of body weight. Ifis
likely that other insects contain even smaller amounts. Mammak,
on the other hand, show from 40 to 50 parts of fluorine per million ot
body weight. It thus appears that, compared with higher animals,
insects have small amounts of fluorine.

The calcium and phosphorus contents are also small in compar
son with those of mammals, as shown in table 10.

TaBLE 10—Calcium and phosphorus contents of potato-beetle larvae.

Number Ash Calcium (Ca) Phosphorus (F)
£ Live Percent of
9 weight Percent Percent| t|  live
beetles Weight| of live |Weight|Percent| of live | Weight Perceﬂ weight
weight of ash |weight| | ofash | ——
gm. egm. gm. S
3 13.5 0192
1000 | 107.6 | 1.535 | 1.43 |0.0455 | 2.96 | 0.042 [ 0.206 :

; 1
Potato-beetle larvae contain only .042 peI“CEnt'calcluirle:-ﬂ‘;f 5
percent phosphorus, whereas mammals tend to give VaduMac )
percent calcium and .75 percent phosphorus (Sherman o ater storé
1925; Sherman and Quinn, 1926). Here again, nfluch g.rethe calciu®
are shown to exist in the higher animals than in lnSeCtsT’his fact m&Y
and phosphorus being located principally in the bones. nce 0
be advanced as a plausible reason for the grea
mammals to fluorine.

ter yesista
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EXCRETION

Ingested fluorine is excreted largely by the way of the kidney.
[rine examined from 3 individual humans showed 1.8, 1.9 and .6
jarts per million of fluorine. Assuming that these figures represent
ulf of the total excretion, it is probable that the diet contained ap-
posimately 1 to 2 parts per million of natural fluorine.

With increased doses of fluorine, about % to % of the fluorine
i etained, the remainder being excreted, largely through the urine.
lin cessation of ingestion of fluorine, the retained fluorine
iiminishes and is excreted (Roholm, 1937).

Kick and coworkers (1935) found that “approximately 30 per-
wt of the fluorine ingested as ‘untreated’ rock phosphate, sodium
fusilicate, and sodium fluoride was retained in the body. In the
wse of caleium fluoride less than 2 percent of the ingested fluorine
ws absorbed and this was excreted quantitatively in the urine.”

PREVENTION OF MOTTLED ENAMEL BY MEANS
OF PHOSPHATES

Tiom the wide distribution of apatite, Ca;,F5(PO,)g, it is but
utnal to infer that fluorine has a strong affinity for phosphates. As
uyatite has a very low solubility (1.5 p.p.m. of fluorine), it may
be f‘ormed by the addition of tricalcium phosphate to a solution of
deium fluoride. One hundred cec. of a saturated solution of CaF,
(1593 ppm. of fluorine) was reduced to only 3.14 p.p.m. following
lie addition of 1 gram of dicalcium phosphate, as shown in table 11.
When % gram of disodium phosphate was added to this mixture, in
et to produce a common ion effect, only 1.40 p.p.m. of fluorine was
esent in solution.
| Ading upon the above evidence that apatite or an adsorption
‘E;I;ple:x was f?m}ed, we prepared and fed a saturated solution of
i Zoll?yttche drlnklng-water, to which was added 1 percent CaHfTO‘i,
. \valtlo-n then being filtered. The animals showed no striat%ons
e \vi:}t S0 treated, whereas only 11' p.p.m. of 'CaFZ in thc? drinking-
Mide of t°‘1_1t P}_losphates produced distinct striations. With a good
i 1tlca1c1um phosphate, it may bc.s possible to reduce the
“Sphaten .ent bfslow 1 ppm. A commerFlal concern manufacturing
“0rine-fl-se 18 §a1d .to be engaged now in developing a relatively
Py froe tricalcium phosphate to be used for the removal of
imDOrtanCeIY}W&‘ter' These resx.ﬂts would seem to be of considerable
f“Z‘Water a:n(;)ti 1t may bg practicable to remqve fluorine from drink-
i 0 away with mottled enamel smqply by adding a form
al‘lmina, hasve .Dhosphate. More' recently defluorite, or activated
tturg] s, glven good results in the removal of fluorides from

ers (Swope and Hess, 1937). Elvove (1937) reports that
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magnesium oxide is both effective and economical for the removal
of fluorides in solution. |

TABLE 11—Determination of fluorine in solutions and their remoyd

by phosphates.

Material Fluorine content per ce.
mg. p.p.m.
CaF, saturated solution ... .01993 19.93
CalN- CaHIP O Rl 5 .003141 3.141
CaB --Cat (PO} st i, RIS .00221 221
CaF, % saturated -+ Ca,(PO,), ... .001876 1.876
CaF, 4- CaHPO, - Na,H, (PO}, .. 2001407 1.407
CaF, 14 saturated + CaCO, ...... .008377 3.317
CaF, saturated 4 CaCO, ......... .005812 5.812
Apatite (Ca;(PO,), CLF) ....... .001501 1.501
Cal, -LiCaH ((BO4)s & ioiilss s .007973 7.7973
Raw rock phosphate,
water solubility of .......... .001219 1.219

FINDINGS OF THE ROYAL COMMISSION

We will briefly summarize the Report of the Royal Commission
(1900) appointed to inquire into arsenical poisoning, since their find-
ings are the basis of the present arsenical tolerance, which to some
extent probably influenced the tolerance of fluorine.

During the latter part of 1900, in Manchester, England, ﬂ}e“
occurred exceptional sickness and 70 deaths, resulting from the drmlf'
ing of beer which had become contaminated with arsenic. This arserie
was introduced into the brewing sugars by way of a highly arsenical
sulfuric acid, which showed an arsenic content of 1.5 percent. Th;
quantities of arsenic detected in these sugars ranged fronfl .56 to 9.
grains per pound, while the quantities of arsenic found in the beer
ranged from less than % to 8 grains per gallon.

Several physicians studied these cases of poisoning an i
to determine the range of toxicity by having the beers analyzed. ver‘
E. S. Reynolds testified that even in susceptible persons he illlleia E
noticed that .01 grain of arsenic produced any symptoms. L i
Thompson, chemist, testified that more than .01 grain of ar;mm
represented a contamination. In view of arsenical con’caxTuna’clont 5
the burning of coal, an arsenic-free beer is imgosmble; 1;1““ o
brewers could without difficulty produce a beer w1th'1ess ¥ 3id;”
grain to the gallon. In answer to the question “I's 15 'chos;h 4t
which have led you to suggest the limit of .01 of a graln?. Mr'f arsemic
son replied, “Yes, and one other—that the smallest quantity % ntly of
which has been in beer to which injurious effects haYe been rlg;f i
wrongly attributed was, I think, double the quantity. ’I,‘,he;h otto
think from that point of view I would be on the safe side. 5

d attempted
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Tetmer, chemist, testified that .01 grain per gallon of beer, calculated
juek to malt, would come to .01 grain per pound of malt. Since the
oumittee’s method of analysis for arsenic was accurate within .01
iin per gallon, and for the reasons stated, the Committee suggested
it the above limit should be fixed. The tolerance is therefore .01
min per gallon of liquids and .01 grain per pound of solid food.
Yany of the beer drinkers consumed a half gallon of beer daily, and
wary drinkers up to nearly 8 gallons. Note should be made of the
it that the arsenic in the beer was present as As,0, in solution—
J{m which is known to be nearly 100 times more toxic than the rela-
iy insoluble arsenates used in spraying. The British tolerance,
ierer, gives full recognition to the fact that dissolved arsenic in
ker is very toxie:

.01 of a grain per gallon of liquid
(.001 of a grain per pound of liquid)*
or
.01 of a grain per pound of food (solid).

The potency of chemicals in solution is strongly reflected in the
f?tt that mottled enamel is also caused by a water solution of a
;semical, namely, fluorine. When one takes into account the fact that
krisnot used for cooking, while potable waters bearing fluorides are
f?lployed for boiling, stewing, baking, and preparing beverages, the
fnference between parts per million for liquids and parts per million
“rslids becomes even more pronounced.

FLUOROSIS—A WATER-BORNE DISEASE

\Im:fhe influence of water in our daily lives is little appreciated.
1 §ﬁrst home was by the waterside. Like the beaver, he needs a
i‘ientlfl.ll supply of water, drinking liberally several times a day or
;;:kmg of 'beverages such as tea, coffee, or fruit juices. The
i fse (;ma}ntlty required daily by the human bods.r is about 3 quarts.
ni e?lved from the food eaten; from fruit juices; from boiled
Fge’r asmln tea, coffee, and soup; from a well; or from a city tap.
e e‘;unts. of water are consumed in cooking than in drinking.
: Cereafr or rice calls for 8% cups of VYater to % cup of rice. A cup
i the Iesse(}cmres 3 cups of w?ter, and is boiled for an hour. Some
g i melfder meat;, require from 3 to 5 hours’ simmering and
we e ahe them et.hble. Drlfad fruits when stewed require much
. :f Ome-canning of fruits anfl vegetables likewise calls for-
mwater = Water, .Even bre:a\d requires ?‘lmost half of its weight
U Wareq Drepare it .for baking. Water is also added when foods
B over. During sickness and convalescence it is a common

y Brit
tish gallon equals 10 pounds,
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practice to use fluid diets, composed largely of broths, soup, and fruit.
juice drinks, which are made with quantities of water. In many homes
it is the custom to keep a teakettle of water simmering on the stoye
in order always to have a ready supply of hot water. In some cases
the salts in the water precipitate out to such an extent as to neces
sitate frequent removal of the scale to prevent clogging of the neck
of the kettle. We obtained a sample of such scale from a district in
Arizona where the fluorine in the drinking-water was 8 p.p.m. This
scale yielded 8072 p.p.m. of fluorine, and emphasizes the fact that
fluorine may become many times more concentrated than it was in
the original water. To see if any effect on the teeth could be obtained,
we fed this scale to rats at the rate of 15 p.p.m. of fluorine, Within
a few weeks the teeth showed very definite striations.

One part of fluorine per million of water could easily be con-
centrated in a teakettle to 8 p.p.m. If this same water were used in
cooking beans, the fluorine would concentrate 8% times more by
evaporation. The beans would thus have fluorine added, in the process
of cooking and boiling, to the extent of 10 to 11 parts per million,
from a water supply showing only 1 p.p.m. Since the boiling point
of water is lower at the higher altitudes of Arizona than at sea level
a still larger concentration of fluorine might result. Thus, Brovn
and Picard (1936), in their table showing increased boiling times .f"r
different altitudes in Arizona, recommend 50 percent longer boiling
at Tucson (elevation 2423 feet) than at sea level. For the higher
elevations, from 200 to 250 percent increased boiling time is advisel

An analogous situation, showing how a toxic material like boron
in a water supply may become concentrated, is discussed by Eatt
in his bulletin on “Boron in Soils and Irrigation Waters”: “Transpie
tion by the plant and evaporation from the soil both serve th increase
the concentration of the soil solution above the concentration of th;
water applied. It is the concentration of salt in the soil sol.utlon ant
not the concentration in the irrigation water which de’cerm%nes ph.m
reactions. The concentration of the different salts in the soil solution
may exceed by many times that in the water applied.”

Heller (1930) has shown that a material like common sa | i
chloride) when given to rats in a 1 percent solution to drink, lsft‘;"w’
while 2 percent of the weight of the grain ration is regularly1 ;0 iy
rats in the standard diets without any ill effect. Dean an.d colﬂa e
tors (1934) also found that “Five hundred p.p.m. of sodluf’n_ O‘;h“
in the drinking water produced a relatively greater toxicity
500 p.p.m. of sodium fluoride in the diet.” sl

It is of interest to note that Smith (1931) observe<_i that mDavidv
enamel is not found among domesticated animals In s}f’ s
Arizona. In this region, mottled enamel is severe among t‘i .
population, as the waters have 3.8 p.p.m. or more of ﬂuorlfnﬁ.uorine,
also serves to emphasize the fact that fairly large amounts 0

salt (sodium
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s in the water supply, may be innocuous when the water is used
ir drinking only, as is the case with animals. Recently, mottled
qunel has been observed among cattle in Texas (Dean, 1935).

Dean (1936), of the United States Public Health Service, makes
Jissimificant statement: “In the light of present knowledge, mottled
amel is a water-borne disease associated with the ingestion of
uic amounts of fluoride present in the water used for drinking and
wking during the period of tooth calcification.” The importance
¢ using fluorine-hearing water for cooking is given no consideration
iy Smith, in Arizona, except in Technical Bulletin No. 61, in which
i following statement occurs: “The use of fluorine-containing
wter for cooking purposes is not safe if the concentration of fluorine
iligh, Mottled enamel of the permanent teeth has been observed
adiildren who have used water containing 12 parts per million of
furine for cooking and other household purposes, but not for
{rinking.”

Recently, Smith and Smith (1985) reported true mottling of the
aprary teeth of artificially fed children in a fluorine-water area.
lley maintain that this must have been brought about during
dinatal calcification when the children were receiving milk foods
Fgared with fluorine-containing water.

McKay (1932), who has had wide experience with mottled enamel
ud was the first to associate the enamel defect with water, also
“ions the importance of cooking as follows: “Upon the assump-
i of % gallon water intake per day, a person in an area supplied
Tih Water containing 1 p.p.m. fluorine would receive 1.89 mg. per
. Let us not fail to include also what would be received through
"dﬁ toked in the same water.” Following is an excerpt from a
‘;:Ttle tommunication of Dr. McKay: “The defect of the teeth
X foncears mo.ttled ename] is not produced in so far as my knowledge
[Uitemed in any other way than by the ingestion during the years

¥ eizzngof.alciﬁcati_on of water containing one or two parts per
tlng perioéne. .Thls small do.sa;ge must necessarily contm}le over
g L of time reckoned in months, and I cannot conceive that
. 8en individual ig likely to receive enough fluorine in constant

Uage fy, :
i_‘arf:l”ﬁom fluorine-sprayed fruit to produce this defect of the

A
GE LIMT OF SUSCEPTIBILITY TO MOTTLED ENAMEL

b ﬁl‘;};:;gelss a definite age limit to the .production of mottled enamel
bl 11 -S After the teth are calcified they are no longer sus-
% el wh;’e}lms’that fluorine exerts its action on the enamel-form-
- a’nd Kc disappear after the tooth is formed. According to
timgy dem‘tl’onfeld (table 12), authorities on the chronology of
tton, the first evidence of calcification in the incisors is
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from 8 to 4 months after birth, excepting the superior lateral, whig
begins its calcification at the age of one year. The crowns of al fi
incisors are completed during the fourth and fifth years, erupting
several years later. The bhicuspids and first molars complete thei
calcification of the crowns by the seventh year, and the second molars
by the eighth year. There is thus a definite age limit within which
humans may develop mottled enamel, when toxic amounts of fluorine
used for both drinking and cooking must be ingested.

TaBLE 12—Chronology of the huwman dentition (permanent)
(Logan and Kronfeld)

First evidence Crown

Tooth of calcification completed

Centraltincisoriei i 3 -4 mos. 4 -5 ym.

Lateral incisor ...... 18yrs 4 -5y,
Cuspidigass e 4 -5 mos. 6 =T yrs,

Upper First bicuspid ... 114-1%, yrs. 5 -6 yrs.
jaw Second bicuspid . . . 2 -21/ yrs. 6 -7 yrs
Birstimolari o titiniiee o At birth 214-8 yrs.
Second@molarsis SRR 214-3 yrs. 7 -8 yms.
Thirdismol aribeis e 7T -9 yrs. 13 -16 yrs.

Central’ incisor:in i Ll 8 -4 mos. 4 -5 yrs.

Lateral incisor ...... 3 -4 mos. 4 -5 ym.

Cuspidiit el 4 -5 mos. 6 -Tym

Lower First bicuspid ... 184-2 yrs. 5 -6 yrs
jaw Second bicuspid .. X 214-21% yrs. 6 -7 yrs.
First molar........... At birth 2%4-8 yrs.
Secondimolar’.i o i ais 214-3 yrs. 7 -8 GY'S'
Thirdemolan it oe Wl 8 -10 yrs. 12 -16 yrs.

FOOD OF CHILDREN

We have discussed the numerous ways in which water may be

consumed in daily life. We will now consider the food of children
During the first year of a baby’s life, the food generally c(‘msu?ll
is milk, either alone or modified by water. Boiled water 1S E(llve‘:
between meals. For the first 2 years of life, raw sprayed foodt?;'
not enter the diet. On the other hand, when a water Supply "0‘;‘ aing
ing fluorides is employed, large quantities are consumed, even ¥

the first 2 years of life, through drinking and cooked foodls- e
; 5 1y inca able 0
Children up to 8 or 4 years are still largely % the core &0

raw apples; and when attempts are made to eat them, i
stem and calyx ends, which contain most of the spray e me,dBS
usually discarded. Generally the apples are peeled, or cqnsu_s ot
apple sauce. For the first 8 years of life, when the child rlesidﬂﬁ
susceptible, it does not come into contact with ﬁuorinc? spray o

to an appreciable extent. On the other hand, to ayoid larii. ing 0
of fluorine in a mottled-enamel area, other methods than

- e amouﬂt 0
cooking a child’s food should be practiced. A minimumt
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surine will be concentrated if the food is baked, parboiled, steamed,
e fried.
INCIDENCE OF MOTTLED ENAMEL

The incidence of mottled enamel and the percentage distribution
fifs severity have been studied by Dean (1936). Waters with fluorine
o amomnts not exceding 1 p.p.m. are of no public-health significance.
lean observes: “From the continuous use of water containing about
{part per million, it is probable that the very mildest forms of mottled
amel may develop in about 10 percent of the group.”

Formerly it was believed that children who drank water contain-
a4 little as 1 p.p.m. of fluorine would, without exception, have
witled teeth. According' to Dean, however, there are 90 percent
wssible exceptions with a water supply containing 1 p.p.m. of fluorine.
Jen further states: “In waters containing 1.7 or 1.8 parts per
uilion, the incidence may be expected to rise to 40 or 50 percent,
ihough the percentage distribution of severity would be largely
ithe ‘very mild’ and ‘mild’ types.” It is noteworthy that even with
{arts per million the incidence is only 90 percent—and some children
wape mottled enamel altogether. A probable explanation is that
tme families do less cooking than others, and consequently swallow
s fluorine, This tendy to support the data obtained in our work
‘h .rats, which indicates that 8 or 4 p.p.m. of fluorine, added in the
fking-water only, is required to produce faint striations. When
iiater supply contained 4 parts of fluorine per million, about 60
#eent of the children showed moderate to severe mottling. In

fheg . 4 s c
“56 tases, probably more cooking was practiced, resulting in greater
“neentration,

THE PROBLEM OF THE INSECT MENACE

A sﬂin}tmles told by explorers who were completely deprived of
b ft::)lds and vegetables, we get some appreciation of the value of
o S(i We have fresh fruits and vegetables throughout the
s 1 z vantage that our parents could hardly have dreamed of.
gt cen Ma(.ie possible by the development of transportation,
s ofon" and' insect coytrol. The i‘u‘ll benefits of the recent dis-
e iy g VI(;:‘amms and minerals in fruits and vegetables, and their
:"Supp]e le’f, thus lfef:onfxe capable of realization. But even our
e devzi Which nutritionists are agreed is most essential for the
o fugy ﬂ_OPment of the young, is continually in danger of pollu-
les, -
:fmfseswwl;i;ple not directly concerned realize the constant and re-
iy inseal’;e Fhat the agriculturist must wage against }}o?des of
W by = h‘c S in order to arrest their remarkable productivity. To
18 efforts to preserve our food supply, the farmer looks
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to the entomologist. Long before the pink apple flowers make fhei
appearance, a battle has been fought against the San Jose scale by
means of oil sprays. With the resumption of growth in the sprigg,
the tree is beset by lice, caterpillars, weevils, worms, and other pess
too numerous to mention. The entomologist, by studying the habits
of insects and devising spray practices, helps the farmer to cope yifh
all these destructive competitors. Spraying adds to the cost of apples
so that only a small proportion of the people of our country get enough
apples to eat.

Certain agencies, posing as confidential consumers’ guides, objet
to spraying on the ground that it involves danger of poisoning. Lead
and arsenic especially are condemned, as well as “other poisonous
insecticides which leave dangerous residues,” such as “fluosilicates,
fluorides, zine compounds, mercury, magnesium, manganese, selenium
compounds . . ..”

Such statements, when made without qualification, are misleading.
Mercury is not used on edible portions of plants. Magnesium is an
important element naturally present in many foods, to the extent of
several thousand parts per million. According to Sollman, magnesim
is not sufficiently absorbed by the alimentary tract to cause foxie
effects. The traces found on plants in added form would be much
too small to note. Manganese is an essential element, and, according
to Sollman, manganese salts administered by mouth produce 10
noticeable effects. Zinc is another essential element, and the same
authority states that no systemic effects are produced undfar
therapeutic conditions. As to fluorides and fluosilicates, this bullein
points out that the danger from eating fluorine-sprayed apples &
negligible. :

One point must be clearly understood, so far as spray res]d'ues
are concerned, and that is that the only clear-cut evidence against

ed tree
Fig. 6—Work of the codling moth on an apple from an “?:p;{'?yw. Wiley, &
Such an apple does not have a palate appeal. According et adultera®™
offering of apples for sale that are infected by insect life is &
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simte amounts of lead, arsenic, or flourine has come through the
jgestion of these elements in liquid form. When lead pipes are
wed for water-carrying, or arsenical beer is swallowed, or fluorine-
jaring water is used for drinking and cooking, then small amounts
s (efinitely harmful. There is an erroneous tendency, when the
ause of light fevers and stomach disorders is unknown, to attribute
iem to spray residue.

On the other hand, H. W. Wiley, author of the Pure Food Law,
i lis book on “Foods and Their Adulteration,” calls attention to
s fom of adulteration consisting of worms in apples. He says:
The chief forms of debasement . . . consist in offering apples which
w infected by insect life.” The advantage in having fruit to eat
mpears to be more than sufficient to counterbalance the trouble and
mense of modern spray and washing practices. This view is ex-
nessed by Schuette (1933) in these words: “Obviously a malformed,
wrred or ‘inhabited’ piece of fruit or vegetable does not carry the
iles or palate appeal of one without these blemishes, when all other
ffors are equal. And so, it seems, it is a situation that cannot be
mided because of a fear of eating and being poisoned—rather it is
e of poisoning that one may eat.” Insecticides are essential if we
et have an adequate supply of good fruit at reasonable prices,
ad restrictions on their use should be no more severe than is neces-
Iy to protect human health.

AlE CRYOLITE-SPRAYED FRUITS INJURIOUS TO HEALTH?

.Aceording to the Food and Drug Act of 1906, an article of food is
“sidered adulterated if it contains any added poisonous or other
Eleterioug ingredient which may render such article injurious to
j*alth- The question we are concerned with, therefore, is whether
:ﬂﬁds. Which have been sprayed or dusted with fluorine salts, such as
:Z?&t% n order to protect them against insects, are injurious to
r From experimental work described in the foregoing pages, it
;“B:I‘Sfthat 4 pp.m. in the total diet, or .4 mg. of fluorine per kilo-
ﬂimalo ll)?‘Ody weight, is not injurious to ‘?he teeth or health of the
Analys'e - ;)1‘ a 3.0-pound child this is equivalent to 6 mg. per day.
erage 1-0 .CTYOhte-sprayed apples show that if they are not washed,
k @mectezldues of 6 parts per million, or 2.5 mg. per pound, may
'Tﬁildren ed. : One appl.e might contain nearly 1 mg. of fluorine.
2 Stemare In the habit of throwing away the core and the caly.x
telilg at:n(ﬁ, Where most of the residues are located. But even if.
iy . a I of the apple, and an allowance of % mg. for sprayed
&) nighy ﬁe €ry were made, a total of only 1% mg. of fluorine per

I the ce consumed on spl:ayfzd frl%its and vegetables.
sy gse O.f a benzoic acid investigation, the Referee Board of

g scientific experts, with Ira Remsen (1909) as chairman,
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used 300 grams of benzoated food per day for each subject. This
amount represents about 20 percent of the total diet, In actua)
practice, sprayed food would constitute much less than 20 percen of
the diet. Still, if we assume that 20 percent of the diet is sprayed
with fluorine, we have 20 parts per million, which would not be in.
jurious to health. As a matter of fact, such a quantity would nof b
likely to occur under practical conditions. Oranges contain 2 parts
per million of fluorine. One lot of oranges dusted with cryolite wher
they were small had no detectable amounts of added fluorine in the
juice or rind. To prohibit the use of cryolite on oranges because of
imaginary danger is absurd. The only possible conclusion we cn
draw is that the spray residues on fruits and vegetables sprayed
with cryolite have no deleterious or poisonous effect and are not in-
jurious to health.

CONCLUSION

In this study we have attempted to gather such scientific data
and information as would furnish us with an answer to the question:
Do fruits and vegetables which have been sprayed with cryolite con-
tain any added poisonous or deleterious ingredient that may render
such foods injurious to health? Our work with white rats, whith
were found to be as susceptible to mottled enamel as human beings
indicates that in the case of most of the animals a daily dose of 4 1&
of fluorine (as cryolite) per kilogram of body weight, or 4 parts per
million in the total diet, will not produce striations on the teeth.
Assuming that 20 percent of the diet is sprayed, apples with from bto
10 p.p.m. of fluorine will not be injurious. A child weighing 30 pounds
requires about 6 mg. of fluorine daily to produce a mild case of mottled
teeth, whereas in practice a possible average total of only 1% mg
of fluorine may be ingested from sprayed fruits and vegetables. ]

One part of dissolved fluorine per million in a water supply
at least 10 times as toxic as the relatively insoluble powdered form
occurring as spray residue. This is due in part to the fac
is used for cooking, which concentrates the fluorine.
tolerance of .01 grain of arsenic per gallon of beer recog
greater toxicity of liquids, even though beer is not used for 00 , hg

In addition, the high temperatures of the summer mm;ter'
especially in arid states, necessitate a vast consumption of : s 10
ranging from 7 to 13 liters, or more, per day. Assuming 'ﬂ inore
percent of our food may be sprayed, the consumption of water 18 i
than 30 times as great as that of sprayed focd. Under such c'wo
tions it is easily possible to swallow enough fluorine *o causi(lelion o
mottling when using a water supply containing 1 part DEL r_n Health
fluorine. The situation is aptly stated by Dean, of the Pubhcmo
Service, as follows: “In the light of present knowledge,  tost
enamel is a water-borne disease associated with the ingestion 0

+ that water
The Briish
nizes the
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somts of fluoride present in the water used for drinking and cook-
g during the period of tooth calcification.”

Puctical experience points in the same direction. People have
e consuming foods containing from 1 to 12 parts of fluorine per
Jlion for countless generations; yet no one is known to have
ofered from tooth mottling except when the fluorine was ingested
o the water supply. Marine foods, such as salmon and sardines,
aifain from 4.5 to 7.8 p.p.m. of fluorine. People have always eaten
ies and bone meal (containing 450 p.p.m. or more) without harm
sihave benefited by the calcium and phosphorus supplied. Eskimos,
sho subsist largely on fish, have excellent teeth.

Our studies indicate that the present tolerance of .01 grain per
umnd of foodstuffs, or 1.4 p.p.m., is not based on fact, but was ap-
1lied arbitrarily, and should be raised.

From the data obtained, it is concluded that in cryolite we have
e long-sought-for arsenical substitute—a material that is reasonably
ule to human health in the quantities used for spraying fruits and
igetables, is an effective insecticide, is harmless to foliage, and
smomical in price.

SUMMARY

Certain fluorine compounds are now in use as arsenical substi-
:L:tes for the control of insect pests. A study was made of the toxicity
;i aylite in the amounts occurring as spray residues on fruits, and
Ut relation of these residues to human health.

The white rat was used in evaluating the toxicity of cryolite and
iiher fluorine compounds. The incisors were removed and examined
‘_Wthla binocular microscope, with the aid of a daylight lamp. In the
fi'e"fous work of Smith (1935) the amount of fluorine swallowed in
:‘:K’k"_‘g was not taken into account. Starting with water which
:intzlimed 1 ppm. of fluorine, and cooking the grain to drymess, we
-;:flned a product with 2.8 p.p.m. of added fluorine. When such
kv:}’; ‘0':‘; alS(.) used for drinking, and the above technic was followed,
“ buonne clos:,e. to 1 p.p.m. coul(il be detected.. The rat is thus
Mody t'o © as sensitive as human beings to fluorine, so far as the

tlion of striations on the teeth is concerned.

1iet,‘:;1heerll the fluorine compounds were used as powders in the whole

A O;W;st l.evels that' p.roduced striations in some o? the anin{als,

horige, 1, 110!:1ne per million, were as follows: Cryolite, 7; sodium
Ye: T; caleium fluoride, 15. '

fﬁ’ia‘t‘i:en Water was used for drinking only, sodium fluoride produced
'S at 4 parts of fluorine per million.

W
fEScrib}ézn the water was used for both drinking and cooking, as
above, sodium fluoride in a concentration of 1 to 2 parts of
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fluorine per million produced faint striations. At 2 parts per millio
the effect was more pronounced. '

The average daily water intake of the white rat is about 10 ¢,
at a temperature of 78° F. This may be increased to 27 cc. at 98° F,
The average intake of water for human beings is from 4 to 8 glasses
a day in cool weather. This may be increased to from 7 to 13 lifers
or more per day in hot, dry climates.

All foods and beverages examined contained more or less fluorine,
ranging up to 7.5 p.p.m., or more. Phosphate baking powders
analyzed 282 p.p.m.; sardines with bones, 7.3 b.p.m.; tea, 67-80 p.pm,
Baby foods containing 2 percent bone meal showed 12 parts per
million of fluorine.

The studies on acute toxicity show that for potassium arsenite
5 mg. per kilogram of body weight is the minimum lethal dose for
dogs, while sodium fluoride has an M. L. D. of 200 mg. per kilogram.
An acute dose of cryolite appears to be incapable of causing death,
as 13,500 mg. per kilogram was fed without fatality.

On a chronic basis, the smallest amount of fluorine as cryolite
that will affect teeth is .7 mg. per kilogram, while arsenic trioxide wil
interfere with growth in amounts as small as .00005-.0015 mg. per
kilogram. "Fluorides are therefore at least several hundred times
safer than arsenic. This is also indicated by the fact that 9.8 ppa.
of arsenic in a water supply caused death in a few months, while the
same amount of fluorine produces no visible effect on adults.

The teeth of control animals with no fluorine additions averageq
36 p.p.m. of fluorine. Four p.p.m. of fluorine added in the form o
cryolite showed no important difference, while the same amount i
the drinking-water as sodium fluoride raised the fluorine content i
273 p.p.m. One p.p.m. of fluorine in the drinking-water showed
p-p.-m. in the teeth, while the same water used also in preparing &
cooked diet showed 121 p.p.m. in the teeth.

On plants, monovalent salts increased the toxicit'y' of sod;:;
fluoride used in the water supply, while phosphate ffartlhzers an
onized the effect of a 1-1000 solution of sodium fluoride.

4 ith the
Fluorides act as calcium precipitants in the body, ;mil:n %
probable formation of apatite or a fluophosphate of calcl
magnesium.

Tricalcium phosphate, when placed in a dilute solution of .calﬂill’:
fluoride containing 20 p.p.m. of fluorine, is capable of reducmfn 5
fluorine content to 1.5 p.p.m., or below. This may offer ahslre 2
practical means of removing fluorine from drinking-water Whe
other m=thods are available.

The British tolerance on arsenic is .01 grain per POULT #
stuffs, or .01 grain per gallon of beer, thus clearly recogniz

und of food-
g the
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qater toxicity of a liquid poison. A similar recognition for fluorine
«uld prevent the confusion that now exists, and raise the tolerance
.1 grain per pound of foodstuffs.

Fluorosis is a water-borne disease, endemic in hot, arid climates,
e well water is used. In summer, large quantities of water are
pqired for cooling the skin by evaporation. Large amounts of
furine-bearing water are also used in cooking, which concentrates
fesalts. A sample of teakettle scale from Arizona was found to
5 8072 parts of fluorine per million, and when fed to rats at the
ute of 15 p.p.m. produced tooth striations.

Results of our investigation indicate that in practice, fluorine-
gyed fruits or vegetables cannot be injurious to health. The
yesent tolerance of .01 grain of fluorine per pound of foodstuffs was
“emined upon arbitrarily because of the lack of a factual basis.
lith the information now available, there seems to be sufficient
mund for contesting the validity of the present tolerance on fluorine,
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