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INTRODUCTION

An over-supply of a trace element, whether or not the
element may be classed as an essential one, may be markedly
deleterious to the organism. The number of trace elements
which by natural means may be supplied to the body in harmful
amounts appoars to be quite small indeed. Fluorine has been
found to belong in this category; even milligram quantitles
of fluorine, daily jaining access by natural means to the
bodles of human belngs and othor animals, may bLring about
pathologlcal changes. Somo of the changes, such as those
occurring in bone, appear to be quite persistent, while other
changes, such as those in the enamel of teeth, appear to be
permanent.

As it became generally accepted that fluorine in drinke-
ing water is the prime etiological factor responsible for the
wlde-spread hypoplasia of human teocth, known as mottled enamel,
numerous investigators began to scek information which micht
make possible the prevention of this damage to teeth. Some
investigators sought information which would lead to a bettor

understanding of the chemical mechanisms through which fluorine

causes damage to the teeth. Otheor workers began to study the
toxicity of fluorine toward othoer tlssues of the body since
there appeared to be no proof that quantitites of fluorine
causing tooth damage could not at the same time damage other



tissues and organs, thus impairing one or more of the vital
processes of the body.

The obviously critical nature of the problem of removal
of fluorides from both public and private water supplies lent
early stimulus to the search for a practicel method for removal.
Without a workable method for such water treatment, the home
or mnlcipallity confronted with endemic fluorosis has only one
recourse-~-that of changing water suprlics; but the lack of
availability of sultadble sup;llies in many comrmnities renders
a practical method of removal impcrative.

Dangierous sources aof fluorine, other than water supplies,
were encountered ocarly. Thess include fruits of a wide variety,
which may carry residues of fluorine bearing insecticlides, and
dusts and gases formed in some mining and manufacturing indus-
tries. Fluorine contalning dusts and gases can readily entor
the lung, from whence the fluorine may be abasorbed. Thus the
alimentary tract ls not the only portal through which fluorine
may g&ln access to tho bodye.

The experimental work of this thesls was planned with the
purpose of contributing to the advancement toward two major
objoctives:

le Determination of the capacity of ingested fluorine

compounds to impair normal functions of the body, and

2. The developmont of a trestment for removing fluoride

from drinking watere.

T



In line with the first of these objoctives, answers to

the following questions were scught:

1.

2a

Se

S.

Ge

7e

Are the iron and copper fluorides utilized as

sources of iron and copper for hemoglobin farmation
in the rat?

Doos sodium fluoride cause a change in hemoglobin

in the rat during growth, reproductlion and lactation?
Do inorganic fluorides differ in toxicity on the
basis of the fluorine which they contain<

Would it be possible to alleviate the effects of
fluorine in thie diet by administering a substance
that would combine with fluorine and not be absorbed?
Are there factors in nutrlition that may operate to
cause variation in the retention of fluorine in the
skeletal structures of the body?

Does fluoride lmpair the regulation of blood sugar

in the rat, thus possibly contribtuting to inanition
obaerved after prolonged periods of fluorine ingestion?

Will organlic fluorides cause fluorine poisoning?

In pursult of the second main objective answers to the

following questiona were sought:

1.

2o

W1ll alum remove fluorine from water in a dependable
manner?
If so, what 1s the possibility of devising a con-

tinuous process of treatment which might be used on



a large scale for reroving fluorine from rmnicipal
vator supplies?

The albino rat, lus norve;;icus albinus, was used in all

of the anlumal investisations in ihe work of tils thesls.



HISTORICAL

Goneral Asrects of the Litorature

The llterature portinent to a study of the physiologlcal
effects of fluorine in animals is guite large and has been re-
vicwed in an able manner by several workers interecsted in the
problem. Roholm (33), in his monograph "Pluorine Intoxicatlion",
cited 893 reforences up to the yoar 1937. D. As. Greenwood (43),
in a later review on the same subject, cited 380 referencos
appearing during the seven year period between 1933 and 1939.
Other reviows on the subjoct include twse by McClure (63),

De Eds (31), and Plerce (79).

Roholm (83) reviews quite completely the carly putlica-
tions doaling wilth tho occurronce of fluorine in biolo. ical
matorials, tho distributlon of the eloment in inanimate nature,
its effects on blological mechanlisms-=-ospocially enzymo action,
and 1ts general effocts in both acute and chronic intoxlcation
of animalse.

Artlcleos on fluorine found in the literaturo before 1920
deal qulte generally with the more scadomic aspects of fluorine,
having to do frequently with the chemistry of the element, 1its
quantitative determination, lés distribution in the earth's

crust and in plant and animal tissues; however, occasional



articles are encountered as far back as 1867 dealling with

the toxic propertles of fluorine compounds toward aninals.

A number of sporadlc regorts of investi ations growing out

of cascs of acute fluorine poisoning are to be foun! between
1830 end 1920. Between 1910 snd 1920 a number of observations
were reported which were to have an important influence upon
the direction whieh future studies with fluorine should talke.
Durin; thies period = number of observatlons of inortid chan;os
involving; voncs and tecth and general well=being of live-stocit
in regions surrounding superpghosphate and aluminuwn manufacturing
plants in different countrics ol Europe were reported. In 1916
there appesred an important observation by DLlack and licKay (6)
dealin; with the occurrence in Colorado of a tooth defect,
mottlod enamel, of unknown etiology, but seemingly assocliated
with drinking water in affected arcas.

In 1925 Schulz and Lamb (92) and ilcCollwm, Simmonds,
Beckor and Bunting (65) almost simultaneously published their
experimental results of ‘ceding sodium fluoride to rats. The
observed offects upon the bones and teeth of rats bore marked
rosgeniblance to those observed in domestic animnla'in the aroas
surrovnding superphosphate and aluminum factories. A marked
stinmulus to further investigsation of physlolo;lcal effect of
fluorine was provided by the discovery by Smith, Lantz and
Smith (101l) in 1931, thet fluorine in water supplies 1is the

etiological factor of prime importence in the production of



mottled enamel.

Because of the existance of a number of good reviews of
the extenslve literature on fluorine, a complete revicw of the
literature dealing with the physiological cffects of fluorine
has not been undertaken for this thesis. The hilstorical work
of this thesls dealing with the physiological responses to
fluorides has been prepared with a number of objectives.

These are: flrst, to show briefly the physiological effects
that have becn observed in the rat; second, to compare findings
in rats with those in other animals; third, to compare findings
in animals with those in man. The chronic aspects of fluorine
poisoning will be dealt with principally.

Articles dealing witﬁ the removal of fluoridea from water
bogan to appear only after the discovery of the correlation
botween the consumption of fluo:'lde boaring waters and the

occurrence of mottled onamel.

Some Effects of Chronic Fluorine Poisoning
Upon Animals Including Man

Lffects upon growth, reproduction, and lactation.

A number of studies have been reported which deal with
growth in tho rat as influenced by sodium fluoride. Sollman,
Schettler and Wetzel (104) appear to be the first to make a
systomatlic study. They found that an intake of 8 mg. of NaF



per k5. of vody welsnt caused no depression of growth or food
consumption, while levels equal to or greater tihan 18 zi. per
Xge of body welght caused progressive impsirment of growth
accompanied with a decrease in food consumption. These in-
vestizators likowise found that rats, when ;iven a free cholce
between sodium fluorlde polsoned food and unpolsoned food, did
not discriminnte between the poisoned end unpoisoned food until
the fluorlde level corresponded to 0.£3 per cent sodium fluoride.

Schulz and Lamb (92) likewlise reported impalrment of the
growth of rats by sodium fluorice. Adding 0.025, 0.05, 0.10,
0.15 and 0«20 per cont sodiiua fluoride to thelr btasal ration,
these woriiers obseorved growth lupairment at the 0.05 per cent
lovel., Tlosge rats recoliving 0.25 per cent of Lhe compound in
the ratlon died betweon 8 and 14 weoiia without reacuing a
wolpht of 100 prarse wlithh purifiod basal rations tihe effect
upon growth was notod at lower levels of liaF. In a ruch lator
artlcle, Schulz (91) again stated that tiic throshold level of
sodium fluorlde for growth lmpalrient in tho rat is 0,05 por
conte Laub, hillips, illart and Bohstedt (64) reported that
20 mgse por kge of body welght 1s the aaxiuum lovel of fluorine
&8s sodium fluoride that can be tolerated LYy the rat without a
decrcase in growth ratee.

lie question of whether the decreusod growth rate in rats
is due to the decrease in food consumpltion alone or to a specific

fluoride effect has been attacked by MNcClure and Xitcliell (64)



and by Smith and Leverton (102). The former worxors resorted
that 0.,006235 per cent [luorine as sodlum fluoride caused a de=-
crease ln growth rate greater than would be expected as o re-
sult of tho reduced food consumptione. The latter investli_ators
found that the decreasesd growtih rate of the rats recelving 0.05
per cent or more of sodium fluoride was the result not only of
decreased food consumption but slso of a decreased efficiency
in utilization of feed consumed. Evuns snd Pulllips (37)
reported that the degree of bleacuilng of the rat incisor by
cryolito and sodium fluorlde was proportional to the depression
of growthe

ILnpalrmont of growth Ly fluorine has been ousorved in
other animals as welle Slagsvold (95) found poor lactation in
caltle in arcas close to a liorwegian aluminum factorye Roholm
(63) observed growtli inhivition due to feeding; fluorides to
rats, plgs, and calves. Kick (5%;)observed that 0.029 por cent
fluorine as sodiwn fluoride gave growth in pigs only slightly
leas than normal whoreas lovels as high as 0.097 por cent
fluorine depressed growth in proportion to the amount of
fluorine added. Ixecessive fluorlne feeding resulted In de-
creagsed food consumptlon and caused inefficient utilization.
The curtallment of food consumption was noted in suckling sows
receiving 0.029 per cent fluorine, excessive loss of welight
rosulting. wWith chicks, Kick did not note deloterious effects

upon prowth or othor functions until the lavel of 0,07 por cent
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fluorine vias reeched.

Centrollcd experinments upon growth in ilie humen Leing
cre totally lucklng; tub loss of weight Lias teen found by
KRoholrn (83) to be assoclated with ihe osteosclerotic symptors
of cryolite workers and, by thortt (93), with the saue
symptors in middle aged residents of mottled enaiel areas in
Indlne.

Ve Influence of fluoride upon rcproduction anc lectetion
in the rat lLas boan studied uty Schulz and Lamb (92), Schule
(v1), Ihillips, Lamb, Hart end Cohstedt (78), Tolle and
luynard (103), Kick (5%;), snd Siwlth and Leverton (102). All
of these workers found that sodium fluoride would impair re-
production if fed &t high onough levelse Tiere is quite good
aereconmonit Lotweon these vworkers as te tlie wpproximate level
at which sodium fluoride causes Iupalrment of reproduction.
Schiwlz and Lamb (02) reported occaslonal inpalrtent of repro-
ductlon at « level of 0.0C8 por cont sodium fluorido; howover,
in a later roport schulz (91) prosents ovidence that the lcvel
is much higher and that the threshold lovel of sodium fluoride
for lactatlon ls 0,05 per cent. Fhillips, Lawb, Hart and
Bohstedt (78) could not deotect any speclfic effect of fluorine
upon reproductive functions includin; fertility, gestation, and
parturition; thoy attriluted failure of lactation in the rat
to intakes of 30 mge. or more of fluorlne per kge. of body weight.

A level of 04045 per cent sodium fluoride was found by them to
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be sufliclently hizh to jrovide an intaxe of 30 ige or more
during the lactation period., They considered the resultant
efifects upon lactatlon and oestrus lo bLe tlie direct res.lt
of fluworine anorexia and insnition. No cumulative cffect of
fluorine from goneration to jeneration was observed by these
mene Kick (O2g) found no direct effect of fluoride upon the
roproductlion of rats aind considered impairiient of lactation
t0 be the result of decreased t'cod cunswuption. Si:ith and
Loverton (102) found no intoriorence with reproduction Ly a
lavol of 0.025 per cent sodium {luoride bLut Q.05 per cent
sodiwa fluworlde caused stunuing ol mothers with delajyed
preguancy una poor luactatione Tolle and liayneard (1luG) yo-
ported marked lupelrment of reproductlon Uy 0556 per cont sodium
fluoride in the ration of rats.

Data dealing with tle infiuvnce of fluorine with repro=-
duction and lactation In other animals are avallable.
Slagsvold {(09Y) fourki poor lactatlion (milk production) in
cattle. Kick (62g) found timl lovels as iigh ws 0.0U7 per
cent fluorine as sodium fluoride did not Impalir reproductlion
In the plg elther in terus of tLiie number of young vorn or in
terms of tlie woight of the youn; at bLirthe. Decreesed lacla-~
tion as Indicated by decreased weaning weigihts was attritvuted

to poor nutrition retier then to & specific effect of fluorine.
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Effects uoon bone and calcium and phosphorus metabolism.

The Influence of fluorine intoxicstion upon the bones
of rats has been studied by lcCollum, Sinuionds, ESecker and
Bunting (65), Ellis and Meynard (35), McClure and lNitchell
(64), Hauck, Steenbock and Parsons (46), Kick, ot al. (524),
Schulz (90,91), Smith and Lantz (99), Roholm (83), Evans and
Phillips (37) and kKcClure (63). McCollum and co-workers
noted the change in the situll and Jaw bones of rats on a
sodium fluoride supplemented diet. Ellis and laynard (35)
noted the ability of rat bones to taxe up increased quantities
of fluorine upon the incorporation of quantitles of fluoride
as small 88 8 to 12 parts per million in the ration and cone
sidered the bone fluoride a better criterion of fluorine
poisoning than the incisor offect. The increased fluorine
content of rat bones following fluoride foedlng has been
noted by a numbor of workers including Evans and Phillips (37),
Kick, et al. (52q), Roholm (83), MeClure (63) and Schulz (90).
Evans and Phillips (37) found that 4 parts per million of
fluorine 1ln the drlinkinyg water of the rat caused measurable
storage of the clemont and they used storage data to measure
toxicity.

A large number of workers also have studied the effect of
chronic fluorine Iintoxication upon ash, calcium, phosphorus,
magnesium and carbon dloxide contents of bones, and upon the

metabolism of calcium and phosphorus. McClure and Mitchell
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reported that 0.0106 and 0.0313 per cent levels of fluorine
as sodium fluoride did not change the per cent retention of
the ingested calcium, whereas & level of 0.0623 rer cent
fluorine lowered the retention of Injested calcium. Snith
and Lantz (99) reported that 0.10 per cent sodium fluoride,
in a ration otivrwise satisfactary, caused lower values than
normal for the ash content of Lones of rats. An increase in
the calclium to phosphorus ratio of the btone was observed to
result from an increase 1ln calcium content accompanied by a
decrease ln phosphorus content. Later, Lantz anl Smith (56)
roported that 0.10 per ceni of sodium fluoride in the diet

of rats caused them to retain rmuch less calcium and less
vhogphorus than normally. Hauck, Steenbock, and larsons

(46) found that on a diet low or moderate in calcium content
the ash content of the bones of rats was decreased absolutely
and percentagely by fluorine; but with a high-calcium,
rachitogenic dlet tho ash was definitely increased. In an-
other study, those suthors found that the effect of sodium
fluoride upon the teeth of ratc, whon the fluoride was in a
low calcium ration, was reduced by the administration of
vitamin D. Later, Schulz (91) reported findings which supported
those of Hauck, Steenbock, and Yarsons (46). Schulz reported
evlidence that rats on a ration containing a high percentage of
calcium and a moderate percentage of phosphorus withstood the

effects of large dose of fluorldes bettor tlan rats fed rations
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contalining other combinatlons of calcium end pheosghorus. With
a high-calcium, moderate phosphorus ration he observed a&n in-
crease in the amount of cslcium in the bones of rats. The
inclusion of cod=-liver oil in the diet or irradiation of the
animals with ultra-violet light appeared to inhibit some of
the niore severe symptoms of fluorosis due to feedin; fluorides
in & low calclum diet.

Work dealing wilth the offect of fluoride feeding ugon
rocovery f{rom ricliets in rats has recently appcarede. orgareidge
(69) roported that the dally feoding of sodium fluorlde by
mouth to rats caused a slowing up of the developmont of rickets
if given during the depletion periods. If civen during the
healing period the rate of lsallng wag decreasede. The Lones
wore exanined by x-ray and by ash determinations. No line
tosts or fluorine determinations were smde upon the Lonese.

Schulz (91) noted Aincreascd magnoesium and decroased
carbon-dioxide contonts in rat bones after feeding 0,025 peor
cont sodium fluoride in tho ratlon. Kick (524) obaerved the
sano clanges.

In othor animals likewlse the offects upon bone have boen
obsorveds Storage of rluorine has beon observed Ly & number
of workers. Oaud, Charnot, and Langlais (40) noted changes
in bono density in gsuinoa pi;gs end a decided increage in
fluorine in the total ash at autopsy after feeding sodium
fluoride at a level of 10 mgs. per kilogram of body welght



daily. Phillips, Hart, and Bohstedt (77) observed the storage
of fluorine in bones of cattle fed fluoride bearin; rock
phosphate. Roholm (83) noted increased fluorlde concentations
in boncs of piis, calves, and dogs and observed osteosclerotic
symptomns on lower levols of fluorine intake; but, at higher
lovels of fluorine, symptoms of osteomalacla occurred frequently.
Sosietlines toth osteormlacla and osteosclerosis eppesred in the
samo bonese. In wvorl witihh pl-s, Kicl and co-workors (523) noted
increascd fluorine content of bones rosulting from fluoride
foodinge Thio walls of tie formrs wvore tihiclkonede The mandiblos
vere thickened due to the increage of the medullary cavitys.
Asein, the magnesium content of the tone was observed to in-
croase while the carbon-dioxide decremsed, the amount of change
being in proportion to the level of fluoride fcde. The por-
contace ash at maturlty was unaffocted by the fluorire feecding.
Observatlons on bone changes in the human belng have been
nade in goveral instances in vhich the fluoride intoxication
seoms to be dofinitely involved. !Noller and Cudjonsson (€8)
noted anomallies in calcification in cryolite workers in whose
bodies ligamonts and tendons were ossificd and theo density of
the bonos markedly altored as revealed by x-ray examination.
Rol:wolm (83) noted tho secme changes with cryolite workers in
Denmark./'Thc same changesa wore notod Ly Shortt and co-worlers
(93) 1in ﬁﬁﬁbttled encriol arec in India, Tho chunges noted by

Shortt werce found in middle-agcd persons snd were associated



with long, uninterrupted periods of consumption of drinking
vieter containing ruch fluoride.

Kellner (49) has compared thc bone chianges in fluoride
fed dogs with those previously observed by Roholm (&3).
Kellner made histological comperisons with norral litter mate
contolse The feeding of fluoride to pupples resulted in a
disturbance of calcification which in mary respects resombled
rickets. Viiien older animals were fed fluoride over a longor
veriod of time the chan;es wore sclerotic in character. There
vag extensive deposition or foruatlon of coarse particles of
precipitated calclum salts called "Kalkikdrner". These cinnjes

wore strilinsly similar to those described by Rohiolm (23).

Lffects upon teethe

The reports of Schulz and Lamb (92) and of licCollum (65)
anxl! co=workors both describe the peculiar cffect of fluorine
as NaF upon the incisors of the rat. Their descriptions deal
with macroscopic aspects of the changes in nigmentation and in
shape of tho incisors. }acroscoplc and histologic aspects of
the tooth defect in the rat were studied by Kick, et al. (524),
and by Schour and Smith (88)e Schour and Silth found that the
cnamol formin; organ wes darmaged Ly the fluorine and that single
injections of fluoride resulted in a band of subnormally calci-

fiod onamel and dontlne, lizht in color, followed ty a band of

high calcificatione Sucoeeding injJoctions caused a ropetition
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of the phonomenon. The work of Kick includes 2 detailed
macroscopic and histolo;ical cstudy of the inclsor which pre-
sents the same ;eneral plcture &s does the wori: of Schour and
Sniithe Kick describes a "fluting™ of the surface of the
Incisor cdue to very smell quantities of fluorine.

The rat has proven to be & very useful enimel in the
study of the effect of fluoride upon tecth hecnuce the incisors
of this animnl row continuously from a persistent :mlne. The
viglble «ffect of fluoride wupon teeth iz brou ht sbout Juring
thie thme of derosltion of tie cnaicels Since this deprosition
ol ensuel takee place in the incisor throu hwout the 1life of
the ret the fluoride effect may anpear wionever fluoride i
fed and dlamppear when the feedln;: of the eleent is discone-
tinued.

Tho scensitlvity of tho rat Ilnclsor to fluorlde hesg been
atudied by severzl investigantorse. Kick (525) detected mottling
when as little as 0.0046 per cont sodium fluoride was adled to
thie ratione Schulz (91) detected ciwnzes in the inclsors with
as little as 0.0046 por cent soldium fluoride edded to the feed.
Doan, Scbrell, Drecoux and Tlvove (23) found that 2.5 parts per
ulllion ol sollum fluoride in drlinking woter coused strictlons
Just dotectibleo by the hand-lens. De Lds cnd Tiomas (32) found
that 12 parts por million of fluorine as sodium fluoride ccused
perceptible mottling of the rat incisor. Fvans and hillips (37)

fourxi the lsast notliceable incisor cffect to result from the



inclusion of 0.. 7 per cent or 7 parts per million of fluorine
in the ratione Ellis and Maynard (35) considered tne analysis
of bone for fluorine & nore scnsitive test for fluorine intoxi-
catlon than observations on the inclsors because he could detect
increrients of fluorine in bone when 8 to 12 parts per million
wore added to the Lasal dilet.

A comparlson of the storage in tooth and tone tissue in
relation to the degree of tooth defect has bteen made by lcClure
(63)e The least incisor change visible in cnlarged photogzraphs
appears to correspond with a fluorine content in btione of about
0.069 per cent fluorine on the dry, fat-free basis and with
about 0.040 per cont in tho incisor.

The tooth defect is known to take place under controlled
conditions with different domestic animals ingosting fluorides
in various forns. The changes obsorved in controlled experi-
monts appear to be identlcal with: thoso observed in animals
in Icelamd (83). Taylor (106) and Phillips (77) have renorted
extenslive wearing; of molars in cattle. Kick (52;) has demon-
strated tlie same in pigs.

The tooth dofect in the human being has now become widely
recognizedes Although the defect had been described much
earlier, the etiology was not known until 1931 vhen 8mith,
Lantz, and Smith (10l1) gave water from endeniic areas to rats
and obtained the ty pical fluoride effect upon the incisors.
Since that time the public~health aspects of the problem have
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been the object of rmuch vigorous work on the psrt of public
health officlals and experiment-station workers in a nunber

of different states and by investi_aters in other countries.

The threshold level for fluorine in drinkin: water, telow which

it could be consumed safely, was soucht by smith (95y), who
found that quantities larger than 0.9 part per million of
fluorine in drinkin;; water were capable of causing the tooth
defect. Quantities of fluorine botween one and two parts per
million caused mild changes in the toeth while threo parts
per itillion or more were associated with the nore scvero
typros of tho dofect.

Lany of the factors involved in the production of
mottled cnomel in man have boon studlied quite oxtensively by
He Te Doan and co=-workers in tho U. S. Public Health Service.
Dean (25) gives a comprehensive survey of the incidonce of
the defoct in the United States. Dean and Elvove (26, 27)
concluded that the critical level for fluoride in water lay
at onoe part por million.

Rocently, Dean, et ale. (28) have found the incidence of
dental carles less 1in poople living in mottled onariel areas
whero the water contains one part per million or more of

fluoride than in areas whore the fluoride content is low.

Changes in blood.

The fluorlde content of the blood has beon investigated



by a2 smell number of workerse. Gettler end Tllerbrook (41)
found the normal range of the fluoride content of tlood to
1lie between 0,00002 and 0.00C064 per cent. 1In five cases

of death from fluoride poisoning the same workers found
values ranging; between 0.00035 and 0.00155 por cent fluorine
in the blood. The fluoride content of tie tlood of normal
dogs was found 1n the same range as that for normal man, The
foeding of 18 to 32 mgse. of sodium fluoride per kilogram of
body welght per day caused no accumulation of fluoride in the
soft tlssues of the doge. Kraft and lMay (52b) found normal
human blood to contain 0.0001 per cent fluorine while with
hyperthyroid persons the blood contained between 0.00002 and
0.00008 per cont fluorine.

The level of calcium in the blood of rats was found by
Schulz (31) to be uninfluenced by 0.10 per cent KaF in the
retione The feodling of sodlum fluoride to dogs at levels
which caused typlcal, severe mottling of the teeth was found
by Greonwood, Hewltt, and Helson (44) not to influence the
serum calcium, inorganlc phosphorus, clotting time, or hemo-
£lobin concentration of the bloode.

The concentrations of a number of clinically important
oryanic constituonts of the blood were found by Greenwood,
Nelson and Kempf (45) to be unchanged in dogs fed fluorine
as compared with the values found in & normal control dog.

The fasting level of blood sugar and the total nitrogen, non-



protein nitrogen, protelin nltrogen, urea nitrogen, amino-

acld nitrogen, creatinine, croatine, and uric acid values

of the fluoride fed and the control were within the normal

range and almost identical. In the ;lucogse tolerance teosts

he tlood sugar values of two litter-rmto logs, onc & control

and tie other a fluoride-fed animal, recoilving 13.57 mge fluoride
per kilo of tody weisht, differed not more than 7 milligrems

per cont during the three-hour test.

Yu (111) iound that intraperitoncal injoctions of sodium
fluoride into rabuits caused hypcrglycomla w..lc¢hh was countor-
acted Uy Insuline lobllization of liver glycogen was considored
by ¥u to be the cause of the hyperglycouwin, since venous ULlood
contained uniformly less sugar tlhan arterial blood.

Roholm (83) founxl no siinificant clanges in the hemo-
globin values of the Llood of laborers polsoned by cryolite,
but Lhe obsorvations of sShortt (93) indicated a decreass in
homoglobine. Anemla was noted 1n fluoride polsoned aninals by

Slagsvold (954).

Lffect on enzyme activity.

In vitro experiments with enzyme-substrate mixtures
have shown that fluoride ion has an inhibiting influence upon
enzymes catalysing the hydrolysis of phosphatase and sulfate
esters and fatse. Rothschild (85) set up an expression for the
equilibrium constant for the assocletion of fluoride with

lipaso:



Kk = (free enzyme) (fluoride)
(enzyme-fluoride conyj:lex)

then:

x L 4
k' = 00 = X when 100 equals the total
enzyre concentration, x equals tho free enzyme, and y equals

the free fluoride.

y then equals 100 = x | jet
x

In a serles of dotermirations of enzyme activlity ilothschild

4 g 2.5 x 1074

found that k! varied between 1,53 x 10~
a8 tho total fluorine concentration ranged between 3.2 x 10~%
and 1 x 10™° mols per litor. At a concentration of S.2 x

2!.0"5 mols por liter the fluoride caused twenty-one per cent

inhiblition while at the concentration of 1 x 10™°

mols per
liter an inhibition of eighty per cont was observsd. Lipmann
(60) also found that the inhibition of lipase followed the
mass-action law.

The question of the effect of fluorine ingestion upon the
phosphatase concentration of difforent animal tissues has not
yet been definitely determined., Roholm (84) considered the
phosphatase values of blood plasma from cryolite-intoxicated

persons to be high but still within the range of normal values.



Phillips (75) found abnormally high values in cattle whereas
Smith (100) reported no significant deviations from the
normal values in the blood, bones and teeth of rats receiving
sodium fluoride from the time they were weaned until they were
nearly full grown.

Resplratory enzymes and some of the enzymes involved in
the dissimilation of glucose have been shown to be affected
by the fluoride ion. Lipmann (59) found that the resviration
of muscle was noticeably less sensitive to fluoride than was
the formation of lactic acid.

Denticke and Zens (34), using il/16.5 liaF, found that the
addition of fluoride to llver hash dld not cause accumulztion
of triosephosphate as it did in muscles. They adhered to the
belief that pyruvic acid, rather than laectic acid, 1s the
key substance in carbohydrate degradation in the liver.

Chang (14) found that fluoride inhibited only the
anaeroblc activity of the rabbit auricle and attributed it to
interference in the form tion of phosphopyruvic acid and from
phosphoglyceric acld. Sodium fluoride at a concentration of
1 to 3000, 1i/126, inhibited the tranasformation of phosphoe~
glyceric acid to phosphopyruvic acid.

Litzke (61) outlinod glycolysis in the liver as follows:
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Phosgphocreatin
& ‘\
glycogen i creatin
+ ! +
Hz PUg (chocked by) Hz P04
R ) fl?oride

v

phospho~ — lactic acid
pyruvic acid

Ostern (72) and his co-workers stated that in the
prcsence of }4/200 sodium fluoride the phosphorylation
of tho Corl oster was inhibited and that, under these con-
ditlons, the Cori estor from glycogen 1s converted to the
Embden estor. Tho schemes thiese worlers presented for
glycogon breakdown in liver and rmuscle are as follows:

In Livor In Muacle

51y%?gen + HaPO4 ¢ glyqﬁgen + Hz P04

Cori estor ;
b \\\‘§~aglucoae

Embden oster ——t— Hz P04

Cori oster
(glucose=l=mono=-
phgaphoric cater)
NaP Embden ester

(m/200) (glucose=G=nono=
phgéphoric ester)

hexoia diphosphate

lactic acid

Innes (48) found that the formation of creatin phos-
phate took place amerobically at the expense of inorganic

phosphate when sodium fluoride was present.



From recent wviork with cell-free tissue extrzcts to which
traces of succinic cclild were rdded, Colowick, Yalckar and
Cori (Z0) concluded that sodiun fluworide inhibits the trans-
formption of rhosphoglyceric ccid to pyruvic acide They
supported the view that < lucose, in order to be storecd as
glycogen, mist first be phosphorylated.

In & study based upon fecoding experiments, rhillips and
Hart (7€) founcd that tho addlitlion of lactate, ;lycercl or
lactlc rcld to the retion of rats lied no aemeliorating sction
unon the ceffect of fluorine. Theoy concluded therefrom thot
ciwonlc fluorine nolconin: involves rore than a .cchenlen
for cerbohydrate netebollsme They chlicracterized the node
of actlon of fluorine as systemic, involving a rather

genorel Inhitition of enzyme systomse.

The Toxicity of Fluorine in Its Different Forms

The wide variety of [luorldes used comaercially in such
a way as to provlde a venicle for fluoride intoxicatlon has
necessitated the study of the comparative toxicity of a variety
of fluorine compounds. The previous cltatlons have mentlioned
the use of a varlety of compounds in which the fluorine is in
inorganic combination. Smith and Levorton (102) have shown
that at high levels of feeding the toxicities of fluorine com-
pounds parallel closely their solubilities, whereas, at low
levels of feeding, tho levels of fluorine in the different



forms required to cause tooth defects is necarly independent
of solubility. Experiments by De Eds and Thomas (32), Xempf,
Graenwood, and lielson (51}, end uvans end Phlllips (27)
Indicete that alunminum fluoride may Le an exceptione

The spprreont differonce in toxicity of water Lorne and
iood torne iiaF, msntioned by Lawrenz (957), 1s not evident
when the conmpeaisons ure iade on the beals of fluorine ingested
in milligrams per kilo_ram of vouy welght (icClure, 63).

That the natwelly occuring fluorine in foods ray not
in some Instances be as toxic as sdded fluoride 1ls itndlicated
by theo study of Lee end kilson (58) who found that rats re-
celving as high cs 84447 parts per nillion In camnod mackerel
stored only a third as much of the cleiment as 11 control
aninals recetving tho samo amount of fluorine as CaFy or NaPF
eddoed to a basal diot.

Tho use of organic fluorldes cs refrigerants end their
thorapeutic usc in tho troatment of Lusedow'!s discase (Kraft
and May, 52p) raises the question of the toxicity of fluorine
in organic molecules. There might 2l so be raised the question
as to whether the action upon the thyroid glend might not be
due to the small quantities of fluoride liberated.
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Reriovel of Fluoride fromn Drinking vwater

Marked activity in the gearch for an efficlent and
practical methiod of revoving fluorides fram drinking water has
resulted in a large number of puvlications in the last eight
yearse The substances that have boen studied as remwoval agents
are quite varied end include aluminum compounds, bonc-mesl,
carbon, fused mixtures of salts, llme, magnesium compounds,
netallic oxlido gels, sand, super phospuate, titaniwn sulfate,
tri-calciun phosphate and zeolites. Tho substances vhich
have appeorod to show the rost promlise from tho practical
standpgoint aroc certain forms of calcium phosphate, magnesium
compounds, alum and lime. Findings in the fleld using
activated alumina and alum have indicated that the effectiveness
of these mateorlials as removal agents mey be modified Ly varia=-
tions in wator composition other than in fluorine concentration.

The use of Lone-meal and tricalcium phosphatec 1s moceting
with success in removing fluorine from water supplies of
schools and homes. Smith and Smith (98) first used tho tone
filter for reuwoving fluoride from water. The bone for these
filters was freed from fat and most of 1ts protein. It was
then boiled in 2 N sodium hydroxide until the product became
chalky white in colore. After washing with water and neutralizing
with acid the treated bone was ground to the proper size for

filter use. The fineness of the material had an influence upon



te ¢fficlency in removing fluoride gince the necesgoary Linme
cf contact increased and the extent of revoval decrersel as
vie zartliele slze increascde Tl CO=100 iiegih slze was Jound
Lo wciove the {luorinc coumsletely from a synthotlc watelr cone

taining peleiie Of the [luoride ion. Secause of the slow-

(44}

ness of Jiliration tirough the <~I=1U0 ..csi wmaterlsl, the
chicllest size for preactical use in {filters was tlic 40-00
imosh umteriale.

Time and rate of flow were feund to be facltors; Lubt il
nad little effoct betwson < nand 8. Above a pH of O the
cfficlency decreased rapldly as tlis pi '‘nercasede The romoval
pover of .bone nieal In natural waters wes found to Le sli htly
logs than in stenderd fluorlde sdutionse The mechanism of the
renoval of fluorlde Ly Lone is not jot clear tut apncarcl to
Galth end salth (93) to Lo one of partial reactlon followed
by formtion of solld volublions.

Jone nieal has since bLison ured succosslly Ly Clork and
ifann (13) 2n Now ilioxlco and by vialker, Finley snd ilarris {102)
in Alberta.

Soon after Smith and Smlth reported succeosgs from the use
of bone meel for fluoride ro.oval, additional reports of the
use of other calclwn phosphntes appearod. Feclntire and
Hammond (67) studied the remnoval properties of tolled suspen=-
sions of besic phosphates on agqueous golutlions of calclum or

sodium fluoride. They also studlied the propertiocs of baking



-20-

powders in combination with Ca(OH)o and Ng(OH)g. Starting
vith S pe.perie of fluoride in solutlon, one gram of tri-
calcium phosphate per liter was found to reduce the fluoride
content to 0.00 pe.p,me iIn 30 minutes. Calcined phosphate
with baking powder supplerented with calcium hydroxide ;ave
removal to less than one pe.peme GCold agltated suspensions
of besic calcium phosphate proved to Le inadeguate renoval
agents.

Adler, Klein, and Lindsay (1) obtalnecd effective re:xoval
of fluoride with tri-calcium phosphate in a contact filter
colurne They concluded that the fluoride content of the water
was an Insigniflcant factor In the fluoride capacity of the
calclium phosphate filter. The effect of pH was negli;i le
botween G«5 and 8.5. They assumed the rechanism of removal to
be an absorption mechanism but also considered the formaticn
of fluorapotite possible.

Regoneration of calcium phosphate or tone filters is
necessary. This was accomplished in the earlier work with
those matorlials by treatin; first with sodium hydroxide
solution followed by dilute hydrochloric acide. The aclid
always dissolved a rather definite fraction of the filter
material. Behrman and Gustafson (5) were able to prolong the
active life of the absorbent by neutralizing the sodium hydroxide
with carbon dioxide. The efficlency of the naterial appeared

not to be reduced by the use of carbon dioxide.



Elvove (36) reported studies dealing with the use of tri-
calclum phoaphate, magnealum hydroxide, end magnesium oxide as
a renoval agent for fluoride in drinking waters. The fluoride
solutions for study were prepared by adding 5 parts per million
of fluoride as sodium fluoride to distilled water. The sub-
stances to be tested wore added as finely divided solids to
the fluoride solutions, after which mixing was accomplished
by means of a current of air. After one-half hour of mixing
the solids were allowed to settle and the clear solution was
syphoned off and analysed. Elvove considered all three of the
above substonces to have good fluoride removing copacitles but
su;gested magnesium oxide as tho most feasibleo because of cost.

Vialker, Finley, and Harris (109), workin; on the problom
of fluoride reucvel from waters of Alberta, studied the
cffliciency of a varlety of substances as removal agents. For
most of thelr experiments these workers used wators from the
taps of the city.of Edmonton, the source of the water being
the llorth Saskatchewan River. To this was added sufficiont
sodlum fluoride to give a definite level, usually about 4 parts
per million of fluoride. The composition of the water in the
fall of 1937 was:

Constituent PeDeo
Total solids at 105° C
S04 o o o o o o ¢ o o

CI [ ] L ] L] . L L ] L ] L] L 3 L ]
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Total hardness . « «
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Only & limited number of naturally occurring waters
were used in their studlies. The substances tried as reroval
agents and found to have no value include titanium oxide,
titanium hydroxide, zinc oxide, copper hy.iroxide, manganese
dioxide, hydrated manganese dioxide, various silica gels,
bentonite, zirconium silicate, beryl, ilmenite, a limy sub-
soll, copper sulfide, flowers of sulfur, calcium oxalate,
calclum olecate, trimagnesium orthophosphete, barium carbonate,
barium sulfate, magnesium oxyclhiloride, chromiunm borate, port-
lend comont, porrmtlite, boracite, and limostonc. Low capacitiloes
for reuoval wore shown by baslc forric carbonate, nmagnesium
armonium phosphate, aluminum oxalateo, powered aluminum, and
various hydrated ferric oxides precipitated on asbostos.
They also reported ranoval of fluoridos with lig0, activated
alumina and tricalclium phosphate. Those workers reported
successful removal with aluminum phosphate and with defluorite
B, a calcium phesphate used in a fllter unit, which was
supplied by the National Aluminate Corporation of America.
The aluminum phosphate appeared to have somewhat beotter
removal capecity than defluorite £ in an experimental run with
prepared wvaters. Onec of the three natural f{luoride waters
studied contained 4.4 p.pem of fluoride and gave tnhe following

analysis:



Constituent Pepem
Total solids at 105° ¢ . « « 1128.
LOSS on ignition e o o o o @ 136.
804 e e o e © o o e o o o ¢ o 542.
cl L] [ ] * - * L] [ ] [ ] L ] L ] * [ L J 65'
Blcarbonate alkelinity . . . 325.
Carbonate alkalinity . . . . 56.
Total hAardness « o o o » ¢ o 22.
PO4 a8 P205 e o o o & e o e @ 005
p}[ [ ] [ L ] L [ [ [ ] [ ] L ] * L ] * * 8.55

These workers state that this water is representative of
the high fluoride Alberta waters, the pH being usually above
8«3 and the sodium bicerbonste content belng usually quite
Lighe Removal of fluoride from the sbove water Ly defluorite
B appecared satlsfactory since a sample tanken after 450 gallons
had passod the fllter was found to contain 0.2 parts per
rnilllon of fluoridoe.

Soruff (8), in 1934, published a report of expcrirents
using alurinum sulfate, bauxite, lime and activated clumina
as precipitants or absorbonts of fluoride from water.
Quantities of aluminum sulfate of from O.5 grains to 10 grains
per pallon were added to quantities of Illlnols waters to which
various known quantities of fluoride wore added to ;ive known
final concontrations of fluoride. The alum was added 1n solid
form, mixed for 30 minutes, and then allowed to settle for a
perlod of 18 to 24 hours before filterin; off the floc and
analysing for fluoride. In a series of experiments using
different initial pH values of water to be treated, Doruff
found that the optimum initial pH range for alum treetment

lay botween 6.25 and 7.5 with somo slight advantage shown for



a pH of 6,7 wien 5 grains per sallon were employed in the treat-
moente Irom iils oxperiments Doruff concluded thet wator cone
taining 5 perente of fluoride could be treated with 10 grains

of alum in a single dose or vith 5 and 3 grains respectively

In a double dosage treztment. Ilie found that cillorides and
sulfates in quantities as nigh as 10U0 pepens did not affect
fluoride removal with alume.

The enalysis of the water used by Boruff wes as follows:

Constituent PeDenle
Fo € o o o o e ¢ % 8 ® o e o o 0.7
5102 ¢ e o s o o o o o o * @ * e 1800
Ca ® 8 & 6 6 e 6 o 8 e o 8 e e @ 67.8
Iﬁg ® ¢ & ¢ * s ° & ¢ ° @ S o & o 29 L] 6
NH4 e ¢ e ¢ ° @ ¢ & o o & » o+ o 1.5
Na 8 & & s + * e & e ° s 2 s e @ 24 9
804 e e O o @ 06 & » o o o ¢ » o @ 23 L4 5
}‘03 L 4 [ ] [ L] [ ] ® L ] L] L] [ 3 L L [ [ ] [ ] 0. 6
Cl e & o & & o & & @ ° & e ¢ e » 27
002 ® & 6 o © e o & ° ¢ o ¢ o o o 3300

Boruff (&) stated thunt aluminum forms a soluble but
sligitly lonlzod salt with fluorides, and thet, in tho slightly
acid rang;o, tho alum floc is largely basic aluminum sulfate and
carrics in its constitutlon and adsorbed to it largo quantities
ol othor nezative ions; hovever, he belloved that 1t 1s e
quostlon as to vhietler the fluorides are reamoved as a bhaslc
alunminum {luoride complex or arc ::crely adsorbed on the sur-
face.

Boruff (8) found bauxite to be of little value but found
that activated alumina reamoved the fluoride from an original
level of 5 pepemedown to a value less than 2 p.peme in a con-

tact filter.



Another study on the uwse of eium was puvlishied in 1237
Uy Zorufl, lusgwell, und Upton (10). In thils stuly samples
of Unlvevslity of Illinols tap .aler were saturcted with SalPa,
Lo, and AloPFg, ragloetively, Jiluted te 4 pereme of {luoride
il treated witli J472 srzing 1112(504)3.18 11,00 e pil of the
water Lo Ue trceuted wees alijusted Lo Go7e Tl 1 0vals obe
Loined woro nou aufflclent o produce w safe wator, l.c., the
roslduel fluorlde was censilerauvly greater than one part ner
ulllione Do reactlon wes found to offoct greatly Lie coua-
pleteness of ronioval; wut softonin; with, zeollio was not
found vy tha: matorisally to beneflt fluoilde reiovale.

Iiichiols (71), in 1939, rerorted successiul usc oi alwa
a8 a rewoval ggent. dator contalning 248 pepente of Lluride
was Lirst softenod with lime after which il conlaincd le3 y.p.m;
of fluorido. AaAlum treatment witlh 10 gralns of clum por .;allon
reducod thio fluorido content to 0.5 parts per idlllion.

Intorest in the Loboratory ol lyslologlcal Caonistry at
Lovie Stute College in thie problem of re.wovel of fluoridoe lfrom
drlinking wvater datee from the discovery Uy Ostrem, licluon,
Groonwood, wmd wilhelm (73) thet Liw grovalence of uottled
cnmcl in Liwe wiclnlty of Anzeny, Iowa, was dus to an un-
usually ich level of fluoride in tle munlcinal water supply
of that city and In the wators from itany of tiie deep wolls

in that cormunity. In 1936, Nelson, Galll;an, Greenwood, and

Kempf (50) reported experiments using a contlinuous treatment



pilot plant in which trecated waters were obtained with fluoride
contents In the range of l1l.5 parts per million of fluoride,
the ori;inal water conteining approximately 8 pepeite of
fluoride.

Kraner (53), in 1934, reported that a contact filter
15 cme high, made of rivor sand passing a screen 60 meshes
to the inch, to which hed been added 2 per cent by weight of
powdered aluminum, removed the fluoride from a solution cone
taining 30 parts per million of sodium fluoride. The absence
of fluoride in the flltrate was dotermined by the zirconium-
alizarin colorimetric mothod.

McKeo and Johnston (G6G6), in 1934, reported renoval of
fluoride using activated carbon. The rethod required such
a low pH value that little practical utilization of the

method has Leon made.

The Determination of Fluorine

The analysis of water, foods, and animal tissues for
fluorine in amounts as low as one or less parts per million
prosented new problems in the determination of this element.
With the increasling roalization of the importance of the
problem of fluorine intoxication, numerous anslysts under=-
took to solve these problems. Of the several methods that
have been proposed for the above types of materials, the one

dovised by Willard and VWintor (110) in 1933 has been most



widely adopted, though usually in some modified form.

The development and modification of this important metiod
is of Interest. In their development of the method, Villard
and Winter made excellent use of information alreedy in the
literature. Willard and winter (110) credit W8hler with the
first use of SiF4 volatillzation in liverating fluorine from
insoluble compounds. Schrenk end Ode (87), in 1929, volatilized
fluorine as B Fz or HBF4 from HCl, Hp804, or HClO4 by evapora-
tion. Willard and tiinter (110) found it possible quantitatively
to distil fluorinc as HpS1Fg from a wide varloty of materials
by boiling the sample with aqueous solutions of HC1l04 or HoS04e
Deladrior (33), in 1903, precipitatod thorium as the hydrated
thorium fluoride and, after igniting, welghed the thorium in
the form of ThOg. Gooch and Kobayashi (42) described a con-
trol titration of fluorine with Th(NOz)4 in connection with a
gravimetric determination of fluorine as 1h Fqe VWlllard and
Winter found it possible to use Th(NOz)4 as a volumetric pre=-
cipitant in the titration of the fluorine solutions obtained
from their Hy8iFg dlstillatea. These workers successfully
employed as an indlcator a zirconlume-sodlum allizarin sulfonate
lake which was sugsested to them by the publications of DeBoer
(30) and Casares (12).

Soon after the Willard and Vinter met!:od appeared a
number of modifications were published. Armstrong (4), in the

samo yecar, showed that sodium alizarin sulfonate alone is capable
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of giving a more distinct end-point, ospecially with the
smaller quantitiecs of fluorine. In the same yesr Boruff

end Abbott (9) adapted the mpthod to the analysis of natural
and treated waters. Hoskins and Forris (47) in 1936, simpli-
Tled the tochnique of the titration by tho use of a buffer com=-
posed of chloroacetic acid »mlf noutralized with sodium hydrox-
ide. Armstrong (3), in 1936, ajecin .aodified thoe metnod by
titrating in an aqueous medlium, controllin; tic pl by uicens

ol the logitins mnd rorrls bulfore Dy tiwe wse ol weaker
thorium nitrate solutions and smnll sized titrating viaels,
Armstron; wags able to determinc fluorine in gquantities of

5 micrograms or less. Lator in 1936 Armstrong (2) pudblished

8 procedure docsi; ned to eliminate tho interforonces duec to
chlorides and perchlorates passing lnto the dlstillate; bhoth
chlorides and porchlorates were founl by him to ceause positive
errorse. Ho removod the chlorldes from a first distillate by
precipitation with silver porchlorate and then ro=distilled to
obtain a solution for titration. The disturbin; effect of
perchlorate was elimineated by adding to the distilling flask

a sultablo quantlity of sodium perchlorate which ho found to
decrease the volitilization of perchloric aclid; this vas
nocessary only when the quantity of {luorine to be detorminod
was loss than 5 microgreams, in which case the final ovaporation
of the distillate to a volume of 5 ml. instead of the usual

10 ml. caused the perchlorate concentration to be excessive.



In contrast with the findings of Churchill, Bridszes, and
Rowley (18), Armstrong found tbat phosphates wore not cdig=
tilled in quantities sufficicnt to interfere.

A serles of detalled studies of factors involved in the
recovery of fluorine by the Willard and winter retliod were
Suvlished Uy Dnhle and co=-worliers. In 1936, Danls (21)
describod a method for ashing such materlals cs e;onles,
lottuce, groen touztoecs, Tlour, liver, and egzs in prepara-
tlon for Uic determination of Ilworine, using Al(NOz)g to
orevont loas of fluorine durin;; tho ashilng procosce o
found ashln: temperatures as high as G650 degrecs to he safe.
Dahle anl Wichmann (22), in the same ycer, found that rocovery
of fluorine from aluminum solutions of different concentrations
is a decreasing logarithmic function of the concentration of
the aluninum, regardless of the form in whlich the aluminwum

is added. This relation was expresscd by then as follows:

log ——%3—- = k (Al)

where (Al) represcnts the concontration of the aluminum ion,

C the amount of fluorino recovered and C, the amount of
fluorine originally presonte In 1937 Dshle and Wichmann (23)
published a detalled study of the effect of input volume upon
the recovery of fluorine using HpS04, HClU4, and lipPO4e From
thls study they concluded: 1. Recovery per ml. of distillate
decreeses with increasing volume of liquid in the distilling
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flask. 2. That distillations carried out at hijher terpera-
tures gave increased recovery per mle of distillate. 3. That
these variations In racovery are greater when distillatlions are
made from perciiloric or phosphoric aclid than vwion nade from
sulfuric acide 4+ That the addition of scluble czalts of non-
volatile acids to the system 1n the distilling flask causes
a greater decrease in the recovery rate than would be expected
from the increase in volume caused by the presence of such
salts. 5. That the recovery of fluorine using perchloriec,
phosphoric, and sulfuric acids varios with tis anount of
distillate collected, aml tho relatlonship 1s logaritimic.
In some of their work, Dahle and his co-workors mude use of the
poroxidized titanium method for the determdnation of the
fluorine in the Willard and Wintor distlllates.

In 1938, Dahle, Wlcumann, and Bonnar (24) publisned
work which indicated that ciiloride and porchlorute ions, when
in the form of thelr aclds, dld not intorfere In Lho titration
of fluorine in smull quantlitles with thorium nitratoe; uwut when
presont as thelr sodium salts tioy exorcised a “salting~out"
influonce upon the alizerin sodium sulfonute--time cuusing
high results. They found thwt the distillation of perchiloric
acld is efflclently checked Ly protecting thie walls of the
Aistilling flask from super-neating by the use of officient
shields.

luch uso hag been made of the zirconium~alizarin lake in
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colorimetric determination of fluorine in waters. 1In 1933
Thonpson and Taylor (107) anplied the De Boor-Casares
colorimetric methol to the analysis ol sea water and found
it necessary to equalize the chloride concentration in the
stendard witu that in the unlmowvne. In 1935 Smdth snd Dulcher
(103) applied a similar nctiod to the deternination of the
slonont in potablo waters. These men modified tlie sbove
mothod of Thompson and Teylor by the use of guinalizerin in
laceo of sodiwa alizarin sulfoncte in the »reparation of the
color lake, a possibility wiilch had boon sug,oested earlior
by Willard and Winter 1ln presentlng tlieir volumetric metliod,
A nunber of workers have investl;ated the applicabllity
of tho Willard and “inter methiod to the analysis ol Ilnorganic
materisls, of ash frou plant anl animal tissues, and, in the
case of onanmel and dentine, of the unusihied muterial. Shuey
(94) roported thwt Ll p orchlorate distillution und subsuquent
thorliw nitrate titration gave gquantitative recovery of
fluorinoe from both water-soluble and Insoluble [luoridey;
vut, like Villard and Wintor, 1o was unable to got comwlote
recovory from plant ashe Chung, #hillllips, fert, wnd Johstedt
(153) published wori In 1934 widceh sioved that the siwll yuan-
titlos of carbun frequently romaining in tie ash of eniaal
tlssue caused Interiorence with the recovory of fluorine; but
when the ash was obtailned without carbon--~by repecated washing

and ignition with NayCOz at a temperature of G650° C--tho
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results wore rloscribed by them ns cxcellents Roynolds (&£1),
studying the deter iination of fluorine in »hoaphate ferti-
liszers, found the Willard anl Winter distillation method
viore accurato than elther tle SiFy volltilization method
or the fusion-acid extraction method for detemrmiining the
elament in aineral phosphates, cnleined phosphates or
nwsphateo fwrnace slagse

ZieClure (65) and Lee and iiitlson (58), in crltical studiles
of Lhe netabollism of {luwolrline, used nicro-adaptatlons of the
Willard and Winter wetiod fa tieir analyses of the tissucs
of rats. 1illson and Lee asiiod the Lissucs In tix osonce
of magnesiwn acotate to docrease the loss of fluorine in the
processe. Uihey did not attempt to procure complete asiiinge
Taoy ellmlnated the Interferonco of culorline Iy distilling in
the presence of silvor wiiich they addod in the oy of silver
porchlorate. Poudble digtlllatlion was anployed Ly thon to

olinmlnate Interference from phosphutes.

Other methods for fluorine.

sanciils (30) used a wodliflcation of tio Thomposon and
Tajylor (107) metiiod for tho Jetomilnstlon of fluorides in
natural waters. Petrey (74) lws eppliecd the spoctroscope to
the deterulnatlion of fluoride in watere. The apectroscople
rothod was used for the saune purpose by Churchill (17) and

by Ostrem, ielson, Greenviood, and Wwilhelm (73)e. CEolssvaln
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and Drea (7) applied spectroscopic methods to the quantitative
deternination of the fluorine in tones, teeth and other organs
in relation to flurode in drinking water. Langer (55) has
recently published an amperometric method for titration of
fluorine using the dropping mercury electrode.



INVESTIGATION OF PHYSIOLOGICAL RESIrONSES

Plan of Investigatlon

The effect of fluoride upon hemoglobin was to be in-
vestigated by studying the avallabllity of CuFo and FeFg
for hemoglobln rogeneration in the rat, and by following
homoglobin changes in normal and fluoride=-fed rata during
growth, reproduction amd lactation. Successful regencr:.ilion
of hemoglobin using Cul?2 and Fer as compared with Cu:so4 and
Fc:(:l:5 would appear to indlicate that any farmation of CuFy and
FeFz in tho uprocess of cooking with fluoride waters would not
likely Lmpalr hemoglobin regeneration in th® human beinge Tho
comparison of hemoglobin levels in normal anl fluoride fed
rats during the perilods of growth, reprodw tion and lactation=-
periods of high metabollc demands~=-should ;ive valuable evie
dence regarding the ability of fluoride to influence hemo-
globin forumtion.

The lnvestication of tho effect of alum upon tho toxicity
of fluoride was suggosted by results of a preliminary experi-
ment in wvhich aluminum fluoride was fed to rats at a high
‘level of fluorine without affecting tho incisors or impairing
growth or lactation. Flans were therefore made to study the

offect of alum on fluoride toxicity by feeding toxic levels
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of sodium fluoride, alone mnd with alum, comparing the in-
fluence upon growtih, rezrodiuc tion nund lactation with the
same processes in the normel rate It was also plammed to
compare further the toxiclty of alurniinum fluoride witl: some
other lnorganic fluorides.

Injection expecriments were also outlined for the pur-
pose of doternminin; whether or not alum decreased the toxicity
of injected sodium fluoride. Exporiments were planned for the
Intraperltoneal Injection of lethal doses of sodlum f{luoride
alone anl with alum, comparing the killing; time. Tho lothal
offect of Injocted alumlnum fluoride was also to Le investl-
gated.

Bocause of the quite deflfinite evidence in the litorature
not only that vones are altered in macroscopic and microscople
appearance by fluorine, tut also that they aro major placos
of storage for fluorine, 1t appeared important to Investigate
the interrelationship botween calciflcetion of rachltlc bones
of young rats and the rate of incorporation of fluorine into
bono. This study was to be made by feeding fluorlde and
vitanin D, separately aml tozether to rats rendered rachitlc
on an experimental ration.

The offects of organic fluoricdes upon the teoth of rats
was to be studled by incorporating difforent organic fluorides
into the ration of the rat and ovservin; the Inclsors dally to

detcrmine whether or not the macroscopic ovidence of fluorosis



appearcde. Records of _rowth anl revroduction were to e
recorded. The organic fluorikies to lLe used In the study
included p-fluorovenzolc acid, p-difluorodiphenyl, flucro-
benzene, *-fluoronaphthelene, p-fluorolodobenzene, and p=-fluoro-
bromotenzene.

The c¢Ifect of stompch fecdin, of fluoride was to be
studied by obtainin_ Llood su_ar curves cn rats, both fasted
and unfested, aftor adniinlstoring sodlum fluoride slone in
varylng stondardized cuantitles wnl with slucose. Oy neans
of such curves 1t wes thoyght that it :ight Le possible to
gceln Infariation as to thie extent to viilch homeostrtic
ziechanisms for carbohydrate control are Interfered with by
fluoride. fWhon, after a number of tlood su;ar curves were
obtalned, 1t appeared that hyperglycennia always occurred, with
or without accompanying the fluoride with lucoseo, and with
both fasted and unfasted animals, insulin injections wore

cilvene

liaterlals and Mothods

Rations.

Thoe basal ration used in the majority of tho foeding ex-
poriments in this study on fluorine was wade up of the follow~
ing ingredicnts in parts by volume: ground hulled oats 4 parts,
ground yellow corn 4 parts, ground wheat 1 part, alfalfa meal



1 part, tankage 0.5 part, linseed wweal 0.5 pavt, Lutberniill:
powder Uel pearte To sachr 100 pounds of tio above were added
Ce3b pound of bone meal ani 0.5 pound of sodium chloride. The
ingredients weére obtalned from a dealer in the cilty of Ames, -
Iowae

This ratlon was supplemonted bty Jdlfferent fluorine com-
pounds Ir 2 number of the feeding experlients. In the astudy
of the effect of feedlng sodlium fluoride upon the hewo_lobLin
levels in rats the Jinoly powered sodlwa fluerlde was addeid
ag tho supploment. In the stuly of the effect of alum upon
the toxicity of gsodium fluoride in the ratlon of the rct
sodlum fluoride slone cnd sodlum fluorile plus Ce e aluminum
sulfate were edded. In the comperison of the toxicity of
aluminuwi fluoride with other inorgenic fluerldes, alwuilnum
fluoride, cupric fluorlde, zinc fluoride cni crlcium sllico-
fluoride werc used as supplemenise. In anotlisr sct of oxperie-
ments organic fluorides were added to thls ratlon.

Nutritional anemfia in the rat was caused by fceding milk
specially collected by the Iowa State Colleg e Dairy in such a
way as to prevent contamination with coppor and iron tirouch
contact with metul of the usual mllk containers. Thls mllk
was fed alone, wlth copper sulfate and ferric chloride, and
with copper und ferric fluoridese.

The ration used in the study on recalcification of

rachitic tiblae was that of Steenbock and Black (105) consisting



of 76 parts of yellow corn, 20 parts of wheat gluten, 3 parts
of povidered calcium carbonate and 1 part of powdered sodium
chloride. The supplerents used with this diet included sodium
fluoride and Squibb's cod-liver oil diluted in corn oile. The
0il was adninistered separately by mouth T‘rom & graduanted
pipette.

The method of Incorrorating the solid suvpplerents into
the stock ratlion was as follows: The welghed quantity of the
finely powdered substance was first mixed thoroushly with
approximately 100 grems of the basal ratlon after which this
fecd-supplemont mixture was sdded to the remainder of the
welchod quantity of the basal ration. The same »rocedure vas
used in incorporating the sodium fluoride into the rachito-
genlc ration.

The 1ron and copper selts weore added to the nllk in
solutlon 1In distilled water,

The rations containing the liculd organic fluoridces were
mixed overy othor day beceusoe of thelr hijgh dogreco of volatilitye.
From the specific gravity of those compounds was calculeted
tho volumo of tho compound required for the quantity of basal
ration desired, and this volume of the liizuld was added to the
wolshed quantity of tho basal ratlon.

With the exception of the animals on the milk ratlions,
all of the rats were supplied with fluorine frce distilled

weter, ad libltum.
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Chenicals.

he copper end iron {luorides used in lemoglobin re;enera-
tion studios were the C. Pe products of Eimer and Amend wnile
the copper sulfatc and the ferric chloride used in the same
study were prepared from the C. P. quality salts.

The sodium fluoride used for the sodium fluoride supple-
ments was the C. Y product of the J. T. Baker Chemical Companye.
The sarie roduct was used in making up standard fluoride
solutionse.

The chemicals used in the study of the comparative
toxicity of aluminum fluoride wore Baker's anslysed, C. P.
aluminum fluoride, Eimer and Amend's C. P. cupric fluoride,
zinc fluoride and calcium silico fluoride.

Thoe thorium nitrate used in the titration of fluorine
vas the reagent grade of the Balker and Adamson Company, and
wo.s tho dodecahydrate. ‘Tho sodium allrzarin sulfate used as
the indlcator in the titration wes mde by llerck and Companye
The chloroacetic aclid wed in preparing the Hoskins-Ferris
buffer was the Baler and Adamson product, of reagent quality.

The organic fluorides were products of theo Lastman Kodak

Company.



Anslytical rmwvthadse

Henoglobin. The hemoglobin deter:inations were made
according to the method of Newcomer (70), nakin:; use of a
speclal colorlmeter contalning a Newcomer p»late, and cali-
brated to read directly the per cent of hemoglobin in the
saniple. The sanuples of Llood for tihls deteruinution were
telken from tho tall of the rat with a speclal dlluting
pipetle desligned for tihe instrumnt.

3lood sucar deteranatlione Thie Folin-Kaliwos (353)

methad for blood sugar, requiring 0410 rde sa:ples of Llood,
wan nodifled so Rt samplos of 04095 mle of bLlood could Le
useds Tie qunctity of dllute tungstic ceid, used in the
nothod as a deproteinizing agent for the blood, was reduced
fron 10 mle to & mmle This wes wmoesurcd into centrifugce tubes
of G nle capacliy and lhe deuproteintzetlion end centrifucstion
carricd out as usuale Four nmllliliters of the supernntent
snluticn were plpetted out for anslysis. Nxcent “or the
caulculation, the remainder of the metivnd was exacily ns
described by Folin end Melmros. The formula for the calcu=-

lation became:

Stendard Reading 100 nge glucose in
Trlmown Teeding~ g * (0:04) X == ® 100 mle Dlood

vliere 0.04 represents the glucose content of the standard

glucose solution used in meking the colorimetric comparison.



Fluorine in btoncs. The boncs to be used for ash and

fluorine determinations were carefully cleaned and then

dried in an electric oven for 6 hours at 105° C. These bones
were then extracted with alcohol and ether in a Soxhlet extractor
for a period of 24 hours for each solvent. After drying to
constant weight the bones were placed individually into weighed
crucibles and ashed in an electric rmffle. The determination

of fluorine in this ash was made according to the following
procedure based on the method of Willard and Winter (110) as
revised by Armstrong (2), loskins and Ferris (47), iicClure

(63), and Lee and liilson (68).

The entire ash from the tibla was transferred quantita-
tively to a 50 ml. Claissen flask alon; with three glass beads,
0.03 gme powdored silica, 7 mle of distilled wator, 7 mle. of
60 por cont percihiloric acid and 0.7 mle of 20 por cent silvor
perchlorate. Aftor closing the flask amd attaching the con-
densor, distillation was bogun by heating theo Claissen flask
gradually with a micro=burner untll the contents bolled and
the temporature rose to 140° (, at which time steam, from an
attachod generator, was passed into the solution in the
Claissen flask in a manner described by lloskins and Ferris (47).
The head of steam and the heating of the Clalssen flask viere so
controlled as to malintain the distillation temperature between
138° Co and 142° C, and to yield 180 ml. of distillate in 70
to 90 mlnutes. The distillate was collected in a 300 ml,



erlenmeyer containing 5 drops of 5 per cent sodium hycdroxide
and 1 drop of 1 per cent rhenolphthelein solutione Iore
sodlun hydroxide was added as reguired to mmintain an
alkaline recaction to the ghenolphthalein during the distilla-
tione The entire distillate was then concentrated by evapora-
tion to a volume of 10 mle. transferred quantitatively to a
100 ml. platinum dish and evaporated down to drynecss ovor a
steam tathe The residue was taken up with water and trans-
ferred to a 10 mle. volumetric flask, After remlerin; the
solutlon just acid to phenolphthalein, tho volums was mrde

up to 10 ml. One mle. aliquots, or less if the fluoride con-
cantration were quite high, wereo transferred into sach of six
vials 40 mme deep and having an inside diameter of 1l rmi. One
drop of 0.05 per cent solium allzerin sulfonate was then addod;
followod Ly O.l1lli and 0.01N hydrochloric aocid until the light
orange transition color of the lndicator wvias obtained. One
drop of tho lloskins=Ferris (47) buffer mixturc was added and
sufficlent distilled water introducted to fill the vials to

a depth of 25 mme The fluoride was then titrated with 0.10 U
thorium nitrate solution, using a Rehburg micro-burette (Lee
amd Nilson, 58). A recovery test for the distillation ylelded
71 micrograms from a total of 71.25 micrograms added to the

Claissen flask as sodium fluoride.



(o

Injection technicues.

A 5 ml. Becton-Dickinson syringe, accurately graduated
to one~-tenth ml. was used with a 26 gauge needle for the
injection., While inserting the needle into the peritoneal
cavlty the animal was held on 1ts back in the palm of the
left hand with tho fingers of that hand restraining the hind
lege The head was directed downward and backward between the
loft wrist and the body of the operatore The needle was then
inserted into tho lower right side of the abdominal cavity and
the injoction nnde. The solutions for intraperitoneal injec-
tions wore made up with a concentration such that 1 ml. was
required per 100 grams of body weight. When the fluoride and
alum wore injocted separatoly the two solutions were injected
from differont syringes, the second syringe being filled with
the dosirod amount of second solution so that it could be
attached to the needle &8s soon a8 tho {irst syringe wes
emptied.

Tho insulin solution used in some of the studies on
blood sugar changes was injected subcutaneously in the left
flank from a Becton-Dickinson tuberculin syringe. The insulin
solutlion was made by diluting 033 mle. of U-40 insulin to 50
mle in 0.9 per cent sodium chloride.

Administrations by stomach tube. The animals to be ad-

ministered the solutions by stomach tube were firat lightly
anosthetlized with chloroforn so that the stomach tube, made



of & =amrll cized ruvber cetheter, could be introduced into

tiie esophagus without resistance. Tlo tube was then pushed
slowly with e rotating motion until 1t had resched tie stomach.
The dosing solution was slowly forced into tire stomach from o
5 ml. Deckton-Dickinson syringe. The aninels were rocovering
from the 1ligit ancatlicaia before thic stomach tube coull be

roiovede
Care of animals.

rosdinge The feed vies kept before the anlimals at all
times except when blood susar deternminations were to be per-
formed on fasted animals. The rats fed upon milk rations and
upon the rachitogenlic dlet durlng; the assay period were kepnt
in individual compartments snd fed from Individual containers.
In othor instances the animnls were fed in grcups from a
coumon container.

llousinge The animals on :womoglobin rogoneration and those
on rocalclification experiments wore mpt in galvanized iron
wiro cagos separated into compartments for a single rat by
means of wire scroen partitions. <The othor animals were kept
in cages of wirse screen, sufficlently large to accomruodate

six adult animals,



Co_er an’ Iron Hluorides in Hemoglobin

Rezeneration
I'rocedure.

Rats 20 dgays of cge were rendered anoulc by feeding
cow's nilk collected in [lass to provent tie introduction of
acall quantlities of coppor or iron from the container. Tho
allk was fod In earthen=-ware mortars wilch were washed daily
and rinsed in cozpoer free dlatilled watere The hemoglobin
valucg vere detorulnod oy tho Nowconer methode

All rats were first rondsred distincly anemic by the
milk: ratlion, after wilch they woro separated inlto tiwoee
groupse OGroup 1 continued to rocelive the unsupplomented
millk dlet and soerved as a negative control, while group 2
rocolved 0.002 uge of copper «s Cuilq and 0¢85 mye of iron as
Felly, dally, end served ss a poslitlve control. Group 3 re=-
ceivod 0,002 mge of copper cg CuFg and 0.5 w1ge of iron ag

FeFz, dally.

Resultse.

The results of the experimont are prosentod in three
tables in which are shown tho timesg at wvhich the various
henioi;lobin determinations were mede, the ration received, the
individual hemoglobln velues, and the rean of the values ob=-

tained. Table 1 shows the results for tiie rats recelving milk
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only throughout the experiment.

Tahle 1. Heroglobin Regeneration.
Controlse. M1lk Onlye.

Megative

Hemo;:loblin Values Mean Hb
Date Ratlon @ RLS \.OR V@ Q Value
7"22 I:ill: 501 2.7 4.3 Sol 4.3
=3 n Sel 2e7 4.25 3.9 Je6
p“‘i " ::‘.S 3.0 4‘09 4. M 4.1
5)“15 " 5.75 hadnind 4.9 5-0 4.9
C-C1 " S5 34C 5.28 7.8 449
L=29 " S50 3450 G50 7.5 Sel2
:)"11 " :3.70 G.GO ".:OOO K:QS 404
10-8 " 3020 4-10 5.25 0.1 40'7
11-22 " CeGO 5.00 Ce 00 7.5 s .‘2:

The results thet vere obtained with the rats recelving

coprer sulfate anl ferric chloride su;plenents are shovn in

teble 2.

Table 2. Henoglobin Regeneration in Positive

Controls, Receiving Cus04 end FeCly.

Hemoplobin Values Lican Hb

Date Ration W3RC ge B¢ BS ¢ Values
7-22 Milk 4.1 5.4 4.5 Se6 4.4
7-29 " 4,35 2.8 4.12 4,3 4.25
6-7 0.002# 5.37 6l B46 9.9 750

nge Cu

0.5 nge

Fe dally
8«15 n 68 5.6 10.0 11.75 8¢5
£€-21 " 8.7 8¢S 11.2 13.4 10.4
8~29 " Te7 73 9.0 15.0 9.8
O-11 Cu & o Te7 £e25 11.0 11.0 3.5

doubled
10-8 " 155 14.5 13.75 12.0 13.4
11-22 " 14.75 10.5 12,0 12.5 12.4

#Supplerent begun 7=o0=on
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The results with the copper and iron supplements are

snown in Loauvle Se

Table 3. Hernolobin Regeneration in Rats
Receiving Copper and Iron Fluorides.

Hemoglobin Valueos Mean Hb

Date Rotion WoLC W PRV EfIC Ve Values
Vel Pet B8 i< 2.8 Se9 Lo “ed Cel
7‘20 i 305 ’.‘05 308 Eol :'9
=7 0,002 OeC 2438 8.0 728 S.8

e Cu &

0.5 botl 1Y

I'e doily
0"15 " 4-75 5.0 8.8 7009 G.C
0‘-21 " 8025 306 9.7 301
8-29 " £.7 JQG 9-3 9.2
J=11 Cu und Fe Fe7 Je't Je7 Je

doutled
10"8 " 1106 12.7 1204 1202
11"22 n 13-5 1405 15.0 1402

#¥Supplenont begun 7=ou=db
The me en hemoglobin values for the tiree groups of animals
ore plotted in ficure 1, with the time In deys ¢ tnie cheselssa

and with per cent heroglobin in the blood as the ordinante.

Interpretatlions of results.

An oxaninatlon of the hemoglobin values shcwn in tiwe

tables reveals that the animals were quite uniformly aneulc

b

at tho timec the copzer and iren cupplescents vere besun. The
mean hemoglobin values for groupe one, twe and three were .6,

4.25, el 3.9 por cent, respectively, on the day preceding the
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besinning of the supplementation. The highest individual hemo-
globin value among the animals of all three groups was 4.5 per
cent; the lowest value was 2.7 per cente. 8ince nori:sl values

for hemoglobin in rats 1s approximately 15 per cent, the above
values ray be conslidered to be rmch below norzal, thus indicating
severe nutritional anemia. Tho uniformly low hemoglobin values
observed ln tho group whlch recelved the unsupplenented milk
dict throushout the experimontal period indicated that the

basal niilk dlot did not becomo contaiilnated witih copper or

iron.

A comparison of the rates of hemoglobin regenoration in
the groups recelving copper and iron suppleirents revealed no
significant differonces. This evidence indicated that the
rats readily utilized coppor and iron when they were supplled

as fluorides.

The Influence of Feeding Sodium Fluorids
upon Homoglobin Levels 1in the Blood of Rats

rrocedure.

Forty-elight rats at the weaning ege of 28 days were used.
They wore dlstributed in eoight cages so that each cage con-
tained three males and threo females, The animals in four of
those cages were fed growing ration throughout the experiment,

while those in the remmining cages received the same ration



vith 0.05 per cent sodium fluoride. Tuls level of sodium
fluoride was expected to cause some impairment of growth and
of lactatione Records of growth snd of reproduction and lacta-
tion were kept along with the records of the lemoglobin values.
These latter values were determined at frequent intervals in
ell femalos and Iin one male from oach cage until the end of

the experimont when the henoglobin values were detornined in

£ll of the malese.
Resultis.

The results obtalned 1n thils experiment upon growth,
roproduction, lactation and homoglobin are presented in the
form of tables. The rnean values for the body weights of the
animals are shown in table 4. The values are shown separately
for tho mles and the females.

Table 4. Growth Records for Normal and Fluoride
Rats on llemoglobin studles,

LOIGLAL 0.055 NaF _
TIME  Avorage body Avorage body  Avorage body Average tody
voights {(cms) welights (gma) welights (gms) wolghts (uma)

MALES FEMALEY LALES FELALES
1-24 49.6 51.2 5l.4 S5l.3
1"'51 7106 68.6 64.9 5903
2-14 05.4 835 B82.0 737
2=21 1156.2 975 9760 84.8
2-28 121.0 101.8 102.7 91l.2
o=19 151l.4 120,56 13840 114.0

5-1 209.6 151.2 169.5 146.0




As was expected, the growth of the fluoride fed aninals was
inferior to that of the normal animals.

The hemoglobin valuses obtained in the normal and
fluoride fed females are shown in table 5, while those for
the males are shown in table 6.

The data obtained on reproduction, lactation and hemo-
globin are assembed In table 7. In this table are shown the
number of females in the control group and in the fluoride
group, the number of females that reproduced in each group,
the average weights of tho females at parturition and at
the end of lactatlon, the sizes of the litters, the weoily
averg;e vieights of the litters and tho hemoglobin values

in the females at parturition and at the end of lactation.

Discussion and interprectation of results.

Five of the fluoride fod females reproduced as compared
with ten of the normal females that reproduced during the
same period of time. The average weiyshts of the fluoride
fed femalos at parturition was 16 grams leass than the like
average for tho normal femrales. This difference was in accord
with the growth shown in table 4 and in figure 2, The average
welght of the normal fermles at the end of the lactation
periods was still eight grams greater than the corresponding
weilghts of the fluoride females. 'his difference is less than
at parturition but this reasonably accounted for by the fact

that the normal females performed much better in lactation.



Table 5.

Hemoglobin Values for Normal Females and for
Female Rats Receivinz 0,057 Sodium Fluoride.

Normal Rats on Stock Ration

Stock Ration Plus 0.05% HeP

Rat Hemoglobin Values at ¢ Rat Hemoglobln Values at

Ho. =2 2-106 o= 4°6  : No. o2 Bell =3 4=0
1 15.6 19.6 17.5 15.4 : 1 18,1 14.3 16.5 18.4
2 13.5 19.0 15,2 14.4 : 2 16.4 14.3 16.5 17.5
3 14.2 13.2 14.0 14.5 : 3 18.3 15.5 15.3 16.5
4 15.4 168 13.0 16.5 : 4 15.9 13.8 15.0 16.4
5 13.7 18.6 15.2 16.5 s 5 16.1 1l€.4 15.8 17.2
7 15.7 15.0 16.8 17.0 s 7 13.4 14.3 15.8 15.9
8 14.8 12.0 14.3 12.6 : 3] 16.4 18.0 12,6 17.4
9 15.2 16.5 16.2 21.0 s 9 1642 12.0 158 18.8
10 15.4 14,2 17.5 15.6 : 10 14.0 17.3 16.0 16.6
11 15.3 17.6 15.7 16.8 : 11 14.7 1S.4 16,0 17.4
12 16.7 18.5 15.2 17.5 : 12 15.5 12.3 15.1 13.6

¥ean : lean

Values 15,0 16.29 15.36 16.18 : Velues 15.26 18,70 15,25 16.65

-‘[9-



Table 6.

Hemoglobin Values far llormal lieles end for

'nle Rats Receiving 0.057 Sodium Fluoride.

Tormal Rets on Growinz Retion

Stock Retlon 2lus 0.052 aF

Rat Hemoglobin Velues &t : Ret Hemociobln Values ot

los 2% 2= o3 4= 5= : Yo. 22 2=16  5=3 £=6 5-11
1 13.5 16.8 13.0 14.9 17.8 : 1 20,0 15.1 16.5 18.4 17.6
2 16.2 17.2 13.2 19.0 16.6 : = 18,9 14.5 15.6 17.0 ---
S 17.2  15.5 16.1 l6.2 17.6 : & 14,6 17.5 15.8 1€.6 23.0
4 17.5 14.0C 16.7 19.7 186 : 4 15.0 15.6 £.6 17.0 16.1
5 ——— - -——- --=- 18.8 : 5 ——- -—— - -—- 17.6
6 - ——- -——- === 16,1 : © -—- ——— -—— ——- 19.1
7 —-——- -——- -——- -—= 17,5 : 7 - ——— —— ——- 17.2
8 —— ——— - --=  17.2 :
9 ——— - - --= 18,6

10 - -—- - -——-  17.2

Kean ¢ lMean

Values 16,2 16,0 14,75 17.3 17.6 : Valuos 17.1 15.6 15.87 17.25 18.43




Table 7.

as Influenced by 0.05% NaF.

Changes in Hemoglobin During Growth, Pregnancy and Lactation

No. YNoe. of Wte of  Vt., of Ko. : :

of females female female young : Average Vit. of Young ¢ Hemoglobin Values

rats repro- &t repro- at end 1in : (gm) : of ¥others

ducing duction of lac- litter :Birth wee.s : tat par-  end lac-
tation : st 2nd 3rd 4th :sturition tation

(Growing 153 190 7 6 11 22 36 353 17.8 15.0

ration 148 166 1C 5 12 20 31 40 1l.4 14.2

alone) 1€0 212 7 5.14 13 18 32 47 12.8 -
202 185 10 S.2 15 20 30 49 11.5 -
128 150 7 6.28 13 18 22 53 12,6 16.6
165 180 5 5.4 -- 20 26 48 13.0 17.0
173 169 8 4,25 11 14 (Mother died) 15.2
140 150 7 5.7 11 16 23 40 16.5 15.6
112 114 1l 3.0 (Young dead by lst wk) 17.0 17.0

12 10 148 120 6 5.0 11 19 25 40 16.4 15.4

Yeen Grow-

ing Retion 155 164 6e8 5426 11.8 18.5 25,6 49 14.6 15,5

(Growing 150 158 8 5.5 (all young dead 1lst wk) 14.0 14,0

ration plus 128 156 9 4,2 4 (young dead 2nd wk) 1lc.4 17.2

0.05% NaF) 190 lc2 9 S.1 = 18 «=- 26 12.0 11,7
100 145 8 375 3 (young zone 2nd wk) 1G.4 15.0

12 5 126 138 7 5.42 8 12 «-= 20 15.5 14.8

Yean Grow-

ing retion

0.05% MaF 139 156 Be2 4479 547 1548 == 23 14.8 14.5




The processes of ovulation, fertilization, and gestation
appeared not to be lmpaired since the numbers of live young
in the litters were good in botn groups. The fluoride group
produced an average of 8.2 young per litter wnereas the
normals produced an average of 6.8 young per litter. These
are values that may be considered within the range of normal
performance. The slzes of the young at birth likewise appeared
not to be affecteds The lower number of pregnancies in the
fluoride group was not expected in view of the findings of
Smith (LO2) that fluorine appeared to delay maturity and thus
to dolay pregnancy.

The lactatlon data of the two groups are markedly dif-
feroent. In only two of tho flve litters receiving tho
fluoride did the youn; survive the socond weck of lactation.
Those that did survive attained an average wolght of only &3
grams at the age of four woekse. This poor performance is in
marked contrast to that of the normal animals. Out of the ten
normal litters one litter of six young died before the third
week bocause of the death of the wother rat. Another litter
of one young died bef'ore the end of the first week. The young
in the other normal litters reached a normal weight of 49 grams
at the end of the lactation period.

The hemoglobin valuos of the fenales of both groups at
parturition were within the seme genercl range and the averages

of these values from the two groups differed by only 0.2 per



cent hemoglobine. The hemoglobin values obisined at the end
of lactation appear for the most part to be normal in toth
groups of females, one female In the fluoride group had 1l.7
per cent hemoglobin, a velue which 1s sormowhat low. The
other values 1n thils same group eppear to fall definitely
within tie normal range for hemoglobine

The values for !suiozlobin shicwn in tables 5 and 6
Indicate that J.05 por cent soldium {luoride, althourh it
nffects growtia percentibly, does not at tlo saue tine influence

homoglobin levels, eftlor in the fersnles or In the males.

Tho Effect of Alum upon the Toxicity
of NaF in the Ration of the Rat

Purpose.

The purpose of this invostigetion was to learn whether
or not the addition of alum to the ration of the rat would
allevliato in a moasuratle degros tho toxic effects of sodlium

fluoride In the same ration.
Procedure.

Ono group of rats congsisting of three nales and throe
feralcs was placed on each of slx different ratlons at the
age of 28 dayse. The slx ratlons wore as follows: number 1,

growing ration alone; number 2, growilng ration plus G.01l13



per cent fluorine as laF; number 3, growing ration plus 0.0113
per eent fluorine as NaF plus 04132 per cent Alg(S504)5+18 HoU;
number 4, yrowing ratlon plus 0.0115 per cent fluorine ac iiaF
plus 0.3992 per cent A12(SO4)5.18 Ho03; number &, growing ration
plus 0.0226 por cent fluorine as NeF; number 6, growlng ration
plus 0.,0220 per cent fluorine eg NaF plus 0.729 por cent
A12(304)3-18 HQO.

Records of growtih and reproduction vere kept. The
origlinal weisht of eachh littor wus recorded and at the end
of the lactation poriod of Z€ days thie woight of tho litlor
was ggeln detoriidned.s The appoarance of incisor teetli vias
observad rejularly end the descriptions of the inclsors wore
recordode.

Soccond and third generations were continued on the experi-

ment wien available,

Results and Interpretations.

Growthe Noticeable differences in growth of the rats
were obtained on the various experimental diets in this series.

The growth of first generation animals is summarized in table 8.



YL

Table 8. Average Welght Galns in Six lonths of Rats

on Alum-Fluoride Feeding Experiments.

Avorage 6 month's cain (grams)

Lot 1. Lot 2. Lot 3. Lot 4. Lot &, Lot G,

—?: Me f. Lle £ Iile Fq Ile L. Lle by IMle

178 208 141 189 142 185 145 227 104 142 152 217
combined combined combined combined combined combined

192 164 163 185 125 184

The growth of cnimals on the basal ration alone avergyged 192
grams for the first six :wonths of the experiment; but when
0.0113 per cent fluorine as NaF was incorporated in tnis dlet
the average growth in silx :onths was 164 granms or 28 grams less.
Vihen 0.132 per cont Alp(804)3.168 HpO was slso incorporated in
the ration troated to contain 0.0113 por cent fluorine as laF,
thie growth rate was not lmproved, whereas incorporeation of
0.3992 per cent alum into the same ratlion caused an apparent
response as rezards growth, increasing the averange vwcight
gain to 1356 prams over the six months period. vhen 00,0226
per cent fluorine as administered in the ration in tihe form
of llaF the average gain in velght decrcased to 125 grams,.
However, vhon tine alum was &dded at the level of 0,799 per
cent the growth obtained over a like period of time was 1864

grams.
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The growth curves (figure 2) for the first generation
of males of tne different groups show that the addition of
alum to the rations containing fluoride overcams the effect
of fluorlide upon growtihe Tiie use of U132 per cent alum
dld not noticeably appeur to lmprove growthe wmsut the use of
Ced99 per cent alum in conjuncvion with 0.0113 per centl
fluorine had & veneficlal effect. When Lhe level of fluorine
was douvled the benefit of alua wvus still noticcable.

The composlite growth curves for the first gencratlion
femalus in each lot have been prepared and are sihown in
figure 3. Theso curves show in general the same trends as
do the curves for the nales. Adding alum to the diet con-
taining {fluoride raised the position of the ysrowth curves
and lengthened the perlod of more rapid growthe This was
true with the females receiving 0.0113 per cent fluorine
with both the 0.132 per cent and 0.399 per cent alum supple=-
ments and llkewlse withi the females receiving 0.0226 per cent
fluorine accompanied by 0.799 per cent of alume The latter
groups of females grew very well. Lixamlnation of the curves
in flgure 4 reveals a rather marked irregularity in the growth
of the animals on 0.0113 per cent fluorine and 0.132 per cent
alume This irregularity began at the time that reproduction
and lactation began, and possibly was caused by the inabllity
of the females readily to meet the demands of lactation. It
should be noted that the animals on this level of fluoride
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elone did not show thls irregularity. This may be accounted
for since these females (on fluorine alone) failed so come
pletely in lactetion that no lactation period was sufficlently
long to cause a reduction in btody woight. The females re-
ceiving 0.,0113 per cent fluorine ss NaF and 0399 per cent
alun mainteined body weight well during lactation. Thils was
true in spite of tho fact thet they reered to weaning age
more litters than any of the other groups.

In fisure 4 are shown the second and third generation
coriposite growth curves of the animals on slum &nd fluoride.
The first set of curves ghow tho prowth record of the animals
recelving ration 4, the second set of curves show the growth
record on ration 6, while the third set of curves shows the
growth record on ration Z. The animals on rations 4 and 6
grow vory well in the socond and third gercrations. The
animels on ration 3 vhiich reocolved the czaume amount of luoride
ags those on ratlon ¢ did not g row &s woll as those on ratlon 4.

Ils was probably due to the different lovels of aluwm incor=-
porated into those two rationa, ugince the level of elwn in
ratlon 4 was three tlmes that Iln ration 3. The noarly equal
growth of the anlmals on ratlon 6 as compared to the growth
of those on ration 4, even titough the levels of fluorlde md
alum are doubled In ration 6, londs further ovidence that the
alum nud in some iannor rendered the fluorlide less deloterlous.

Tho somownat less favoravle growtli in the animals of lot 3



Table 9. Reproduction Data from Fluoriic-Alum Feeling Experiments.

Rsetion ikumber Averege Average Averege
Gencration of litter birth weaning
Supplenent Prognancics cize~-Tus. Wh.=£rse Whe=s18,
First lione 5 Ge25 S5.75 51
" 0.,0113% P 3 733 5.45 a1l del before woaning
" 0.0113% F 4 Se0 Se36 47
0.122% aAlun
" 0.0133% F 4 Ted 5.7 48
G389 3 Alun
" 0.0226% F 5 7460 38 a2ll dled before weaning
" 0.0226% F 8 GeB 5.56 45.1
0,799% Alunm
Second 0.0113% F S 6.8 5.2 40
" 0,0113% F 6 74 Se5 40.3

0.399% Alum

" 0.0226% F 6 Beb 4.3 45
03932 Alun
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cannot be explained upon the basis that alum may have had a
deleterious effect since both ration 4 and ration 6 contained
more alum than ration 3.

Reproduction and lactations The data on reproduction and

lactation are summarized in table 9 in which the gencrations,
ration mumbers, number of pregnancies, average litter size,
average blrth weights and average weaning weights of the young
are showne In thiese feeding experiments the addition of
fluoride alone to the ration linpaired lactation to the ex-
tent that no young remalilnod alive until tho weaning a;gc. The
addition of alum to the ration in all cases resulted in ime-
provement of lactation to the extont that young were weaned
successfully. When these young were reared on the same
rations, they likewise weaned young which were capable of
rapld growth when placed immediantely on the same ratione.

The fallure of lactation of the animals receiving 0.,0226

por cont fluoride in this exporiment was in good agreement
with tho lactatlon rosults obtained at the same fluoride
lovel in the study on hemoglobin.

Tooth changes. lloticeable differences were observed

between the teeth of tho aninals receiving growing ration and
of those receiving fluorides and between the teethh of those

receiving fluoride alone and of those receiving fluoride plus
elum. The animals on the stock ration appeared normeal in all

regpects throughout the duration of the experiment.
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The teeth of the stock lot of animals, males and femzles
alike, presented no visible evidence of the influence of
fluoride. When the ration was supplemented with 0.0113 por
cent fluoride as NaF the general appearance of the aninmnls
was not noticeably affected; but this level of fluoride caused
visible darage to the teeths At the end of the third week the
ovlidence of bleaching was unmistakadble. By the ond of the
fifth wook bleaching of the tecth in all animals was still
rore noticeable, although excess wcaring or lengthening had
not yot begune At tho sixth nmonth tlore was notliceable
wearing or lengthening of the uppor incisors with bleacliing
and woearing of the lower incisors as welle At 16 months the
two remaining females had bleached and badly broken inclsors
with tho lower incisors blotched and stalined. DBoth of the
remalning malcs had bleached and striated uppor and lower
inclsors. One male had noticeably lengthened uppor inclsors
while the upper incisors of the other were badly worn.

It was noted in thls expoeriment that during pregnancy
the incisors became nore severely affected, while partial
recovory occurred after these perlods. After one pregnancy
it was obsorved that the appearance of thie Inclsors of the
fermle was noticeably more abnormnul than those of the male.

When alum at the level of 0,132 per cent wes incorporated
in the ration containing 0.,0113 per cent fluorine the effect
of the fluorine upon the teeth was conslderably retarded. At



three weeks all animals vwere free from strlation or vlegching
vhile at the five week period only one, a2 female, showed
evidence of striation and bleachinge At nine weeks two females
shiowed slight bleaci:ing while the males and the other fennle
still presented a normnal sprearance. At six months slight
striations in both the upper and lower incisors of one of

the nnles could be detected, but none were noted in the other
two malese All females, howover, showed striations but no
lengtheoning or wearing at the end of six monthse At sixteen
months the one inle remeining elive sihwoved no acpporont ab-
noraclitiecs. Of the feusles, Liowever, nll threc si.owed
nottlcd éncisors. Cnly one of tiie tlwoe feranles showed a
longtiiening of the lIncilsorse.

Wien the alum supplerent wes increoased to 0,309 per cent
in tho ration containing 0.0113 per cent added fluorine, the
inhibition of the effects of {he fluorine appeared more decidede
At tho tlree and flve wecek periods the teeth of &1l animals,
both nnles and females, appeared normal, while at the ninth
weok the offect on the teeth of one fewunle was questionable,

At the slxth month two females, one pregnant at the tiwe,
shovwed some bleaching of the teethe The teeth of the reralning
femnle were normale At fowrteen months one of the two re-
maining mnles appeared entirely nomiel while the other apnecared
nornal except that one lower incisor showed sligit blecloning.

This latter anlmal was emeclated. At this tlme, one fencle, in



emacliated condition, showed striation and sli ht black staln
in lower incisors, another showod no sbnormalitles while the
third showod only a few sllght striations. The ono entirely
norsal female had not reproduced, whoreas the two femsales
showing slizht tooth defocts were those which had borne two
lltters of young each and had suckled them quite satlsfactorily.
In the aninmals receiving 0.0226 por cent fluorino = the
doleterlous effoct of fluorlne on the teeth became evident very
quiciily since at three weolis the striations and bleaclhiing in
all anlmals = Loth males and femnles -~ wes qulte notlceablle
In Loty upper end lower inclsorse AL flve weols comvlote
bleachin; with Leglnnlng lengthenin: of the inclsors was
noted in all anlimals. At nineo weeks notlceable lengthoning
of the upper incisors accompanied with wearing of the lowers
wns noted in 2ll anlmelse At four end onc=half months the
upper inclsors of one femele werc clipped to prevent their
plercing the cheeke Severe lengthening of incisors had oc=-
curred in all the other anlmals as woll, whilc a marked de=-
creage in food consuwnption accompanied the condition. The
lover incisors of one riale had to be clippod because they had
becorie so lengthened that they had bLegun to plerce the nasel
cavity. The upper Incisors in this sase animal hed deterlorated
to black stunps even with the fleshy surfece., At five months
all animals cppeered vory shaggy in aprearance and someviat

onnrclated. After twelve months only two fomales and one male
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remained alive. These animals all showed chalky, distorted and
tadly worn incisorse. The two females were very emacliated while
thie reralning mele was falrly normal in general appcarance.
~len the retion containing 0.0226 per cent fluorine as NaF

was supplemented with 0,799 rer cent alum, decided alleviation
of the symrptoms of fluorosis was observed.

The extent of rmottling 1n this group was decidedly less
than in thec rreceding one. At the fifth week the effects upon
tiic Leeth had Lejun to anpoar and the lower incisors of all
anluals were dictinctly hleachad. In the lator weeks of the
exporinent thils condition 1id not become more noticeable in
the :wmles. Ilo lenzthening or thickenlin;; of the lnclisors was
ougerved. o noticeahle woarins was observed. After 53 weeks
ono of tha thres innlog apnpsared normal whilo the other two
showed some loas 2f pigment tut no distortion of shape or
woaringe A_aln in the feimles 1t was quite apparent that at
eacl. pre_nancy there tegan a deterioration of the teeth which
progressod through lactetion until the young were weaned, after
which the condition of the teeth began to improve. Thus one
of the formnles, which woaned 2 group of § young, 9 weeks be=-
fore, stowod at the close of the experiment very nearly normal
Inclsors presenting slight loss of pigment in the left lower
Incisor but no chalky anpcarance nor malformation. The other
femcle rormeinlng at the end of 53 weeks showed visible sipgns

of mottlin: in all inclsors.



It sooms significant that the divergence of thc growth
curves of the rales receiving fluoride alone and of those
rocoiving fluoride plus alum beogan at aprroiiintoly the timo
when the 1ncisors of the fluoride fed rats approached maximum
dilstortion. Since such gross changes in tooth structure were
entirely avolded bty alum feedin; 1t secems nossidle Lat te
inferior growth of tho fluaride group may have been due in

part to impaired prehiension of food.

Comperison of Toxiclty of Alwainum

Mluoride vwith Otlier Inorgenic Fluorides.

Purpose of invoati;.ation.

Experiments to compure the fluoride toxicity of a
mumbor of inorganic fluoride compounds liad been »lanned and
sovoral fooding oxperimoiis to indicecte feeding levels lLad
been started vhon Smith and Lovorton (102) and Do Eds and
Thomas (32) published their papers dealing with the compara-
tive toxicitles of a mumber of inorgenic compounds.

In these preliminary oxperiments AIQFG, Cqu, CaSiFG and
ZuFg were fed et a level equivalent to 0,10 per cent fluorine.
It was very soon apparent that the toxiecitics of these four
compounds werc of threoc different orderss. Their influcnces

upon growth are shown in table 10.



Table 1lU. Growthi Records oi Animsls on Preliuilnary

Feeding Trials with AIQFG, Cules, ZHFZ, Curz.

Time f Ale 6‘:’ CaSiF 6* Zanﬁ Cqu*
Stert 45 45 45 46
lst wk. 76 54 60 68
2nd wk. 99 79 ™ i
3rd wke 107 g2 94 85
4th wie 147 94 39 -
Othh wke 170 Dead at Dead at -

34 days Sl days
8th wice 207 114
10th vik. 214 129
l2th wke 222 133

#at 0,108 F
Cbsorvetions ol the teecth of the aniucle In these pro=-

liminary oxgoriments revealed triet culcium fluoslilicate,
zinc f{luoride and cupric fluoride Lroughl eboul Lyplcel
fluoride uleaching of tlic lnclsors. wlitn CesiFg the tecth
wero markedly demaged in &0 days. With ZnFg the bleuching
was very sevore in 26 dayse. CuF2 caused Lleacliing in 14
days with chipping becoming noticeaule Ly the end of thLe
sixth weeke Somewhat surprisingly the aniials receiving

aluminum fluoride showed no apparent etrfects. Lecause tliose

preliminary fteedinyg experlments indicated that alwalnum fluoride

was of an oxtremely low order of toxlcity more concluslve exe-
periments were planmned in which growth, effect upon lncisors,

and storage of fluorine were to ve compared.
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Figure 5.

Growth of normal rats and rats

receiving A12F6 and Cqu.
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Procedure.

Three lots of 36 rats 28 days of age were placed on
experiments Lot 1 received growing ration alone and served
as a controle Lot 2 received 0.10 per cent fluorine as
AloFg while Lot 3 was gilven 04075 per cent fluorine as CuFye.
The animals were welghed regularly and examined for incisor
defects. At the close of the experiment bones of representa-
tive anlmals of the fluoride fed groups wore analysed for

fluorine.
Results.

Growthe The growth of the control animals and of the
fluorine fod animals 1s shown in figure 5. The growth of
the control rats, shown by the solid line, was quite ;ood,
reaching an average body woight of 200 grams in 4 1/2 months.
The growth of the aluminum fluoride animals, shown by the
brolken lino, was somewhat bettor than that of the control
animals since they attoined an average body welight of approx-
imately 215 grams in tho same length of time. Although the
CuFo rats unde rather steady growth, as shown by the dotted
line, this growth was inferior to that of both of the other
groupss At the close of the experiment these CuFp animals
averaged 30 grams less than the normals and 45 grams less than

the aluminum fluoride group.
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Tooth changies. The inclisors of the CuFp, animals showed

severe bleaching and lengthening of the teeth whereas the
incisors of the control rets and of the aluminum fluoride
animals showed no changese.

Storage of fluorine. The fluoride content of the tibilae

of six animals from the Cqu and AIQFG groups are shown in
table 1l. 1In this table are shown the weights of the extracted,
dried bones, the welghts of ash in the tones, the quantities

of fluorine in the vones in micrograms, the per cents of
fluorine in the ash and the per cents of fluorine in the

bones. The storage of fluorine in the CuFp tibiae averaged
2,640 micrograms whereas the storage of fluorine in the

AloFg tiblae averaged only 147 micrograms.

Tho difference in the per cents of fluorine in the two
sots of tiblao were oven more marked. The poercentages of
fluorine in Loms of the CuFp and AlgFg animals averaged 0.6)8
and 0.033, respectlvely. The comparison of the percentages
of fluorine in the ash show that the ash of the CuF, tiblae
contained 1l.14 per cent fluorine wherecs the ash of the A12F6
tibliaee contalned only 0.045 per cent fluorine.

Weight of bones. The tiblae of the CuFs animals vere

quite consistently lighter in weight than those of the Al Fg
groupe The weights of all but one of the AlgFg tiblae ex-
ceeded the weight of the heaviest CuF2 tibvia,

Welghts and percentages of ash. The differences in




Table ll. Comparison of Storsge of Fluorine from CuPy
es Compared with AloFg

CuF2 (0.075%F)
Wite of it. of ¥t. 0f Percont Percent

AlzPg (0.10%F)
¥te of Vite of Wwte of Percent Percent

Bone Ash F in Fin Fin : Zone Ash Fin Fin Fin
grams grems Ash (ugz) Ash Bone : granms grams  Ash (ug) Ash Bone
0.2852 0.1822 2,000 1.09 0.52 ; 0.4574 0.27E8 152.0 06,035 0.033
0.3479 0.,2202 2,510 1l.12 0.69 : 0.,4773 0.2243 171.7 0.06 0.036 &
063598 0.2391 2,736 1.13 0.76 : 0.42354 0.2708 142,0 0,052 0.033 ?
04037 0.2621 3,249 1.24 0.80 : 04963 Qe2543 134.0 0.052 0.025
0.3761 0.2358 2,660 l.12 0.70 : 0.3847 0.2243 136.0 0.06 0.035
0.3531 0,2239 2,572 1.15 0.72 § 04270 0.2750 150.0 0.055 0035
liean : Lean

0.3376  0.,2272 2,621 l.l4 0.698 0.4443 0.2642  147.4  0.056 0,033




quantity of esh did not exectly parallel the differences in
the woishts of tho bonecse Thore was a terdency for the per
cent of ash 1n the CuFgp boncs to ocxcced that of the Alolg

bones, &8s shown in table 12,

Table 12. Percentages of Ash in the Tibilae
of Rats Receiving CuFp and AlgFg.

CuFy : Al Fg
63409 ‘ 60.51
63429 : 59.56
66.78 : 66432
65417 H 51.24
62469 : 58,30
63.40 : 64.40
liean 64.20 ; 60,095

L{fects upon hemos:lobine. Ihon the expcriment vias dig-

contimied the hemoglobin valuos for all of the animals weore
determiined. Table 13 shows the avorage hemoglobin values for

all of the animals at the close of the feeding experinent.
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Table 13. Average lemoglobin Values of Normal

Rats and of AlyFg and CuF, Fed Rats.

Normal P OAlgFg (0,104 F) P CuFy (0.075% F)
Males Feranles :Males Females :Males Fernales
16.16 15.18 15.57 14.68 14.13 14.61
(12 (17 (15 (15 (14 (10
Rats) Rats) Rats) Rats) Rats) Rats)

Thosoc values did not reveal any differences in hemojlobin

lovels aftor a four ond onc-half months fooding perlode.

The LEffect of Alum upon Toxicity of laF in
Injoction Experiments

Procedure.

Healthy young rats between 31 and 33 days of age were
employed in all of those experiments. The a&nimals were marked
for identification and injected in series, tho time of injec-
tion being recorded to the nearest half minute. After injec-
tion the animals were kept under constant observation for six
hours. Those animals which apptared in good condition Ly the
end of six hours wore returned to cages for later observation.
Tiie approach of death could quite caslily be rocognized in the

aninals receiving sodium fluoricde slone at the level of 100 mgs.



ner kilogram of body welsht, eince desth was slways preceded
by definite spasms in the linmbse The ti.ie of deest!. wes talien
oe the time vhen the beat of the hecart ceased to be detectible
by palpation.

When the alum and fluoride were ;iven separately the
alum was administered from & second syringe, by replacing the
empty fluoride syringe with the alum syringe without removing
the needle from the body of the rat.

Rosults.

Twelve young rats, 31 days of age, egually divided as to
sex, were injected with a sodium fluoride solution equivalent
to 100 mge. of NaF per kilogram of body weight and the time re-

quired to cause death recorded. The results were as follows:

Tablo 14. Results of Injecting Fluoride Alone
at 100 mg. per Kilo. Intraporitoneally.

Age Vite Nal Timo
Sex in in per required Observat lons
days pgrams kilo to kill
m 31 52 100 mge 14 min,. Death occurred quite
m " 52 " 14 " abruptly. Paralysis
m " 50 n 16 ° of the hind legs was
m " 38 " 5 " noted soon after in-
m " 52 " b Jjection. Clonic
m " 44 " 15 " spasma occurred all
£ " 46 " 14 " over body just before
b o " 50 " 15 " death.
f " 49 " 1 5 "
f 1] 885 L] 17 "
f ] 55 1] 16 L
f 1] 4 3 n 15 "

Wean lapsed time from injection to time of death - 15 min.
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In the next serles of exzeriments alum alone was ine
Jjected into young normel animals 31 days of age at the
lovels of 1.598 and 0.799 gramns ver kilogram of body weight.
The results of thosoe expoeriments are shiown in lLable 15.

The higher level of alum, when injected alone, broucht
about death, but only after a :ean lapsed time of 132 minutes,
whereas the lower level of alum caused little apparcnt damage
to the animals. They appvared normanl 48 hours after injection.

In order to observe the effect of alum upon the toxicity
of Injected fluoride, exporlmonts wore porformed by following
the fluoride injection immediately Uy alum, by mixing the
alum with fluoride and injectiing, ond by mixing, noutrelizing
to lltrmug with sodium bDicarbonute, and thon injecting. A
nunmber of Injections wore performed in which aluminum fluoride
suspension was lnjoctod at a lovel equivalent to 200 mygse of
sodium fluoride. Table 16 contains the rosults obtained from

the firast series of injectlions using both alum and fluorido.
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Teble 15. Results of Injecting Alum Alone.

Agce Whe Alun Time
S5ex in in per required Obscrvatlions
days grans 1zilo to 13111 (inind
m 31 48 1.598 gm, 196 nin. The times of death
m " 48 " 133 " are correct to 15
n " 48 " 139 " minutes. Deatnh oc=-
b " 48 " 144 ¢ currod in a differ-
£ " 48 " l46 " ent fashion than
by " 45 " 168 " when due to ueF.
Indications of
paralysls werec ab=-
fiean lapsocd tlme from Injection gont. Animala showed
to doath: 152 " ovidence of local
pain In the abdomen
and noticeable bloat-
ing was observed.
n 93 49 0.799 gme did not <111l Animals aprarontly
| " 48 " " " " normuml after 48
m " 48 n " n " hours.
f 1" 50 1t 1" " 1
f i 49 " " 1t 1
r " 55 1t L n "

vihen lal® was siven intraporitoneally at a level of 100
mgse por kilogram of body welght young rats were killod within
an average tinie of 15 minmutese Upon cdministruation of the same
anount of godium fluorlde wlth alum at a lovol of 1.599 grams
per kilo the tilme requlired to kill was incrocasod 13 folde A 9
fold increase in the killing time was observed when Lie alum
was plven at a level one ialf as large as the above. iWlien the
higher levels of alum were injected with the fluoride the

clonic spasmg dld not appear vefore deathe The lower level of
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Table 16, Results of Injecting Sodium Fluoride
Followed by Alum.
Age Wte NaF Alunt Time
Sex in in per per required Observations
days grams kilo kilo to kill
m 31 49 100 mge 14598 gme 188 min. The killing time
m " 49 " " 145 " was increased
m " 45 " " 309 " 13.6 times by
by " 47 " " 166 " his lovel of
by " 52 " " I " alum as compared
by " 48 " " 120 " with tho sane
anount of
Mean: 208 " fluoride alone.
n oo 56 100 mge 04799 gme 150 mlne Timo to kill was
n " 56 " " 140 increased 9.6
m " 45 " " 145 " tlnes.
r " 6 3 L] " 120 (1]
f " 55 n " 180 "
£ " 44 n " 150 "
tean: 147 "

prevented.

alum did not cause death when administered alone.

Vthen this

level of alum was sdministered with fluoride, death was not

The lapse of time between injection and death,

toxicity of the fluoride.

injection gave the followin; results:

however, was 9 times as great as with codium fluoride alone.

This indicated that alum was in some way decreasing the

It scened possible that mixing the alum and sodium fluoride
beforo injection might alter the killing time still further.

An expcriment in which the solutions wviere mixed just before



Table 17 Results of ilixing Fluoride and Alunm

Irmediately Sefore Injoction.

Age  Wite TR Alum Time
Sex In in rer ner required Gtscrvations
days grams kilo kilo to kill
by o2 62 100 mge 00799 gm. 126 min. Death occurred,
L " 60 " " o7 " vreceded by
£ " 60 n " 153 " paralysis of
£ " 57 " " 120 " extrenities. o
iy " 42 n " 108 " clonic spasns
by " 45 " " 166 " apparent.
Mean: 129 "

Two serlies of oxveriments were conducted to learn the
effect when the alum=-fluoride solution was neutralized te
litrus before injoction. In one seorics of trials the alum
and fluoride solutions were nixed und allowed to stand 12 hours
aftor vhich the nixture wes neutralized to litims with sodium
bicarvonate.

The nixture after standling for 12 hours was noutralized

before injecilon and .ave the following results:



Table 18. Results of Injecting Fluoride and Alum

Twelve Hours After lixing.

Age Wite NaF Alum Time
Sex in in per per required Observations
days grams  kilo kilo to kill
by 32 54 100 mge 0.799 gme 109 mine. The animals were
£ " 52 " " 118 " stuporous within
ky " 62 " " g " a few minutes
by " 5 " " 93 " after the injoc-
by n 58 " " 115 " tion and rencined
by " 55 n " 8¢ " so till death.
Death occurred
with convulsions
with two of the
aninnls.
liean lapscd time between injection
and death: 101 nin.

Vhen the alum=fluoride mixture was neutralized 5§ minutes
after mixing and then injected the followin; results were
obtained:

Table 19. Results of Injecting Fluoride and Alum

Five lMinutes After Mixing.

Sex 1in in per per required Observations
days grams killo kilo to kill

f 32 54 100 mgge 0,799 gme 120 min. The animals bLe-

£ " g2 " " 118 " came stuporous

by " 62 " " 115 " soon after the

by " 55 " " 109 " injection.Some

b o " 58 " " 110 * showed convulsions

£ " 56 " " 105 " just before doath.
llean lapsed time betwocen injoction

and death: 113 min.




Experiments were next conducted to cormpare the toxicity
of AlpgFg with that of NaFe. Aluminum fluoride, very flnely
divided, was injected in the form of a solution-suspension
in amounts which, on the basis of the fluorine content, was
equivalent to two times the amount of sodium fluoride which

caused death in 15 minutes.

Table 20. Results of Injecting AloFg at a Level

Equivalent to 200 mgs. HaF.

Ao Wite Al 2456 Time T
Sex 1in in iiaF per required Obgervations

days grans kllo to kill

£ 33 83 200 mge. Did not kl1ll Dehavior of animals

by " 48 n weon " apparently normal.

r 1t 67 1" t 1t "

f " 59 fn 1" 1"t ”"

f " GO n " 3} "

f " 6 5 1] 1] " "

VWthon administered at a luvel equivalent to 200 mgs. lNaF
per kilogram of body welght the animals suffered no apparent
ill-effects.

Interpretation of results.

The results are summarized in table 21.
The higher level of alum was sufficient to ceuse doath in
a moan time of 152 mimutes which was ten times as longs as the

time required for 100 mg. of sodium fluoride to kill. The



Table 21, Swmarized Data on Alum=-Fluoride Injections

No. Age Vit. Har Alum Yean
Series in in per por Death Notes
Rats Days Grams #ilo (mz) ¥ilo (nz) Time (min.)
1 12 31 48,8 100 none 15.251'1.5
2 6 31 48.0 none 1.598 152131.5
3 6 33  £6.5 none 0.799 did not kill
4 6 31 4843 100 1.55¢ 208191 Alun end fluoride in-
Jected separately X
»
6 33 583 100 0.799 147130 " '
6 6 32 54.8 100 0.799 129+29.5 Mlxed before injected
7 6 32 &6 100 0.799 101£17 Kixed, neutralized after
12 nhours, injected
8 6 32 56 100 0.799 11317.5 ¥ixed, neutralized after

S minutes, injected
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lower level of alum did not k1ill when injected alone. VWhen
the larzer amount of alum was :;iven with the sodium fluoride
the time required to kill was not greatly different from that
required by the alum alone. The lower level of alum appeoared
to reduce the toxicity to a marked degreo.

A comparison of the results from serles 6, 7, and 8 in-
dicates that the time of death was not different whether or
not the alum-fluoride was lnjected immedlately after mixing,

5 minutes after mixing and neutralizing or 12 hours after

nixing end noutralizinge These results incdicated that the

alum recduced the toxiclity of the fluoride to a declded degree.
If the decrease in toxiclty was, as it seemed, due to adsorption
of the fluoride or to its chemical combination with alum, it
appeared that this combinatlion took place rapidly.

The difference in the toxicity of aluminum fluoride as
compared to sodium fluoride when injected, and to cupric
fluoride and other fluorides whon fed, indicated that the
alloviation of the toxic effects of fluorine by alum feedlng
might have boen the result of a chemlcal combination between
the aluniinum ion and the fluorlide lon. Tuais observatlon 1s
in nccord with the opinlion of Evans end Phillips (37) that the
toxicity of cryolite (NusalFs) is due to the Nal’ molety, and
not to the AlFs. This observation is also in agreement with
the findings of De Eds and Thomas (32) who found mottling of
the rat Iincisor took place at a level of 12 parts per million



of fluorine as sodium fluoride but not at 6 psrts per million,
whereas with NazAlFg the mottling effect could te noticed at a
level of 24.3 parts ver million of fluorine but not at 12 parts

rer nillion in the ration.

The Relatlionship Beotweon Recalcification
of Rachitic Tiblae end tho Incorporation of Fluorine

into These Bones.

Otject of study.

It seemod desirable to investigate tho effect of fluoride
upon the ash content of bones and upon tueir fluoride content
under the supor-iinposed condition of unealing ricikiotse Al-
though data on the effects of feedin; sodium fluorlide in a
rachitogenic dlet had been reuorted by lauck, Steonboclk, and
Parsons (46) and by Schulz (91), no data had beon observed
which doalt with the changes oncountered in the healing process
whon sodium fluoride 1is administored or with the changes in the
quantitics of fluorine iIncorporated in bLone during: the procces
of healinie As this work was nouarin;; completion and the
analyses for fluoride were about finished, the work of
llorg;aroldge (69) appeared, doaling with the problom of the
effect of fluorine upon the healin; process. lorgareidge (69)
studled the effect of sodium fluoride upon the appearance of

healing bones under x-ray examination and upon the ash content



of the tones. I!orgareidge did not use thhe line test and did

not analyse the tones for fluorine.

Experimental procedure.

Because all of the animrls had to be killed and the bones
taken for cnalysis on the same ey, thie experiment was run
twilco using 16 rats eachi tlres

Rats of weaning age were placel on the Steenbock and
Black (105) rachitogenic diet until they were distinctly
rachitic at the close of a 21 day depletion perlod. They were
then dlvided at random lnto four lots, and thelr body weights
wore recorded. The four lots were jiven the following ratlions:

ot 1. Rachitogenic dict plus 0.10 por cent sodium

fluoride plus a dally supplement of cod-liver
0ll as a cource of vitauin D sufficlent to
sive approximately 2 healinge.

Lot 2. Rachitogenic diet alone.

Lot 3. Raclhltogenic dlet plus tho saume vitamin D

suppleonent as Lot 1.

ot 4. Rechitogenlc dlet plus 0.1 por cent sodium

fluoride.

The feed and fluorine froc distilled water worec kept be-
fore tho anluals at all times. In the first experiment the
animals were sacrlificed at the close of the ninth day of the

healing period while in the second experiment they were
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sacerificed si the teglimning of the eleventh doye. Zody welypl.ts

vicre detoriincd just teforc tie aninmals were sacrliiced.
Tiviae for analysis were obtalined after Lillling the anlinls

with chloroform.

Results and intervretations.

Examlnetion of the beginuing and closin, btody weights

shows that the level of fluoride ad.ilnistered was insufficilent

to causeo a mariked loss in wolght during the relatively short

healing porilode Growth retardation due to fluorinoe did apzcar

cnd thls rotardation appecared not to ve sllevliated Ly tle
quantity of vitaumln D supplled.

Tii0 meoan wolglits of the tiblse worc nearly the some in
tho first threc lote of ucnlumlse A Jdlffcrence of oaly G0
mge oxlstod botween the mean valucs for lots 1 and &, wille
botweon lots 2 and 3 a difforunco of only l.4 nge was fouinde

Slignely moroe than a& tea por coat lncrease In Lie mean
woight of ush and & corrosponding Ilncrease in per cent ash
were observod when sodium fluorlde was added at a 0,10 por
cent lovel to tho basal ration supplouented with vitamin D.
This increase ln ash was not noted when the Influence of
sodiwn fluoride alone (lot 4) was compared with that of
vitamin D alone (lot 3).

The addition of sodium fluoride alone to the rachito-

genio ration (lot 4) incroased the fluoride content nearly



Table 22. The Influence of Rocalcification of Racl

——
 —

Wte Of Wte of TFluc

Lot Supplement Sody Vits. Line tidble ash Per cont tit:
Start End Test Srams DEMS ash ,lL

la 0¢1% NaF 60 62 2 0,037 0.0449 46426 11,
CeLeOs 55 54 2 041007 0.0456 45,40 11.

7 days 50 50 2 0.0936 0.0421 45,10 11.

50 53 2 0.0951 0.0416 43,70 11,

1b " 70 70 ] 0.1107 0.0459 41,46 15,
64 64 3 0.1127 0.04485 359463 16,

70 74 4 0.1321 0.0607 45.95 18,

54 47 3 0.0976 0.,0400 40,98 12,

‘ean 50.1 50 .60  0.,1049 0.0456 43.56 -
2a lione 60 62 0 0.0976 0.,0391 40,10 ) Y
65 66 o} 0.1065 0.0459 43,0 2.

46 42 1 0.0950 0.0384 40.44 3o

75 82 0 0.0843 0.0330 39.2 1.6

2b " 65 78 o} 0.1280 0,0423 35.43 1.0
56 74 0 0.127 0.0506 41.44 1.

52 58 0.5 0.1114¢ 0.0370 33.21 4.!

60 70 o} 0.1026 0.,0355 34.6 2.4

Mean D0eD  6Ded  Vedd 0.1060  0.0405 . popy
Ja CeLeOs 44 45 1 0.0986 0.0436 44,3 2.
58 58 1.5 0.0999 0,0391 39.1 Ll

57 57 1 0,082 0.,0305 34,6 —

52 56 1 0.0996 0.0390 39.2 2,

3b " 78 82 3 0.1200 0.0552 424,79 24!
62 67 2 0.1013 0.0383 37.79 1ol

55 58 3 - ——— ——- -

78 90 2 0.1164 0.,0375 32,49 2,

Yoon G0.6  64.1 1.0 0.1046  0.0404 — 38.61 e







of Recalcification of Rachitlc Tibiae upon tho Storage of Fluorine.

Fer cent
Wt. of Flucrine Blank on Fluorine Por cent fluorine
ash Por cent titrated reagents in titia fluorine in tibian
£ PENIS ash /u Sine 7u>gm. A ETle in titla ash
040449 46.26 11.35 1.026 102.2 0105 Je22%7
0.0456 45,40 11.97 l1.121 108.5 0.108 0e23
0.0421 45,10 11.096 l1.14 99.56 04105 0,23
0.041G 43.70 11.40 l.14 102.6 0.108 0.24%7
0.0459 41.46 15,77 1l.14 146.3 C.132 0e32
0.0446 59463 16.00 l.14 148.6 0.131 CedS
0.0607 45,956 18.81 lel4 1767 04133 )e29
0.0400 40,98 12.90 l.14 117.6 0.120 DeR9
0.0456 43.56 ~—- - 1250 Oullt (o270
0.0391 40,10 1.255 1.026 2.40 0.003 0,007
0.0459 43.0 2.2006 1.33 8.76 0.008 0,019
0.0384 40.44 3059 l.14 19.19 0.022 006
0.0330 39.2 1.957 l.14 8.17 0.010 0.025
0.0428 3343 1.026 1.026 0.000 0.000 0.000
0.0506 41.44 1.425 l.14 2.856 0.002 0,006
0.0370 3321 237 1.20 30637 0.027 0,082
0.0355 346 2.483 l.14 13.43 0.013 06037
0.0400 50e L7 ——- - 10.63 0,010 0028
00,0436 44.3 2.60 l.14 14.6 0.015 06033
0.0391 391 1.862 1.14 6.8 0.007 0.017
00,0305 3446 - —— ——— - ——
0.0390 39.2 2.28 l.14 1l.4 0.011 0.029
0.05562 42,79 2.28 l.14 1l.4 0.009 0,021
0.0383 3779 l.61 l.14 4.7 0,005 0.012
0.0375 532449 209 l.14 D65 0.008 0.025
T 0.,0404  38.01 ——— ——— TS 0.000 0.088







—— 14°8¢S SEC00 _91360°0 S4°0 ___0°C9 Q°6G usoy

90°0 88°¢¥ g9v0°0  090T°0 T A 04

»0°C 8C°*ve ¥0S0°0  6980°0 T 4] 0S

90°0 §4°9¢ c0¥0°0  OOTT*O 0 64 09

90°0 vacee c8¥C°0 CFTT*O g°0 ObL Ok n aP

S0°*C a* 6% C620°C  9660°0 o és 2s

vo°0 9°%C Gg0e0*0  2GB0°0 0 oS - 08

go*o 3°6g 16800 6660°0 gege 6S 8%

——- 0°2%  P880°0  ¥IRO°O 0 ¥9 29 Juf T°0 8
L

3 yses s3I Fwgas 18097,

BI3T3 3JU8D J94 yszu 8TQTY eut] quswoTddng 107

rongd JOo ‘I Jo *an

=001~

(penutiuon) *2z BTGB






=100~

Per cent

b o Fluorine Blank on Fluorine Per Cent fluorine

Per cent titrated reagents in tibia fluorine in tibia
ash U Erie U gme e EMe in tibla ash

r 4 VA

4 42,0 - —— ——— —— ——
1 39e2 0.039 l.14 62.7 0.062 0.16
1) 3446 0.,0475 l.14 78.856 0.089 0.26
2 39 .54 0.064 l.14 110.2 0.096 0.24
12 36455 0.0627 l.14 107.73 0.098 0.27
14 54.98 0.0467 l.14 T7.33 0.089 0426
2 43.58 0.063 1.14 108.30 0.10 0.23
2 SBeTL ——— - D236 0,09 0.24
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9 fold without appearing to increase the ash content of the
tibiae, The adwministration of vitamin D with 0,10 per cent
sodium fluoride augmented the fluoride in proportion with the

augnented ashe

Thie Effect of Sodium Fluoride upon Blood Sugar.

vurpoge of inveatlation.

3lood sugar detemainations upon dogs which had received
sodium fluoride in their food had shown no marked dilfferences.
VWien the work uson the blood sugar changses in rats was later
beling considered 1t sceomed deslrable to study the influence
of largo doses of fluoride ,iven by way of stomach tube. It
was thought that administration of the fluoride to fasted and
unfasted rats, both with and without ;lucose, might cause

clanges in blood sugar that would suygest posslible changes

to be sought in chronic fluoride polsoninge.

Procedure.

Normol rats of the male sex, rang;lng in age between 150
end 173 days and varying in welght between 279 end 378 grams,
were used for the blood suger investl ations. In the first
experiments the usual ;lucose tolerence curves vere obtained,
The rats were fasted 24 hours after which blood samples were

taken. They were then very lightly anesthetized with chloroform
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so that the stomach tube could be quickly inserted. Tae
calculated volume of gslucoso solution was ;lven througiy the
tube from an accurately graduated 5 ml. syringe. Followling
tie adrminlstration of the glucose, sawmples of blood in dupli-
cate vere obtained at the 15, 30, U0, and 120 minute periods
following tne administration.

The tvlood suger curves wore then deter:lnod for the
anisnls receiving zlucose plus fluoride end for bthoee recelving
flueride eslone, uslng tlhe suue teciinlque as timt used for the
cnlrels recedvin: [lucose zlones Visn glucose was ad.oinlstered
vith sedlum fluoride the two substances viere -iissolved to ether
in the celculeted queantitics in oneo golution.

Alfter the results were ctielined uporn fastin; reteg, detor=-
minatlons wvere mude In which j;lucose, codlur fluoride end sodium
fluorido rlus glucoso wore administered to unfasted rats. Some
of tlhic fastod and unfested ruts on fluoride slhiowed sjymptons of
polsoning. After hyperglycemic tendonciocs in the fluoride
polsoned, non fasted rats tecare apparent, bLlood sugar deter-
minations were made on other rats receivin; fluorlde and fasted
far 36 hours. One third of tleso were norual rauts on Llie
growling ratlon, one liird were rats whilch had ueen receiving
0,05 por cont sodlum rluoride, vihllc tie rersinii_ Lhlrd lad
veen receiving 0410 jexr cent sodlww fluoride. The fluoride

was fed as a part of the growing ration.
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Results and interpretations.

The results obtained on fasted rats are shown in table
23. The results obtained from unfasted rats are shown in
table 24. llean curves made by plotting the average valuos
fro blood sugar are shown in fijure 6. Sugar concentratlons
are expresgsed as mygs. per cent. Curve one siows the nornal
slucose tolerance curve. The shape of tils curve is qulte
as 1t should be, attainin; a maximun at the thirty-ninute
period and then fallln; steadlly to & normal valuo at tho
end of two hwouras Tuls curve Indlicatod that zccoptable
techinique had boon ugsed for handling the rats in these and
succeeding runs on blood gugar chango.

Curve 2 in figure 6 is tho composite curve obtalned for
the animals that received glucose und fluoride at the rate
of 68 mge of fluorine por kilogram of body woight. Curve 3
shows tho blood sugar changes that followoed the administration
of tho same amount of fluoride alone. The naxima in those
curvea appeared at the one-hour period. This was 30 minutes
lator than the time of the maxirmm in the normal curve. The
maximum blood sugar level of the sodium fluoride series and
the fluorlide-glucose serles was greater than the maximum for
glucose alone.

The second series of curves, shown in figure 7, were ob=-

tained from experiments planned to study the blood sugar
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Table 23. DLlood Sugar Changes in Fasted Rats Following; the Feeding of Glucose

Wte of Age of Fasting  Dosage per kilo Mzge % Gl

Run rat rat Sex time by Start 106 30 ¢

Yo (¢ms.) (days) (hours) stomach tube mine mine r

1 279 155 m 24 1.25 gme Glucose 129 164 166 1

2 230 183 m o 24 " " 130 166 173 1

3 232 153 m 24 " " 125 144 170 1

4 279 160 m 24 " Glucose & 7 124 154 1
68 rge F

) 377 158 n 24 n Glucose & 117 147 135 1
68 mGe I

6 334 165 m 24 " Glucose & 103 125 149 1
68 MBe Fe

7 NI H) 156 n 24 " Glucose & 1086 1356 133 1l
68 Xﬁg. F

8 311 165 Gl 24 n Glucose & 112 103 129 1l
o8 rge F

9 281 163 m 26 68 mge F 100 117 124 1l

10 375 163 m 24 " 109 133 139 R

11 304 165 m 24 " 94 103 ——— -

#Glucose, glucose plus fluoride and fluoride alone were adisinistered by stomach
Glucose administered at 1.25 gma. per kilo of body welpht.

Ne.Ds - NO Determination
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Feeding of Glucose Unly, Sodium Fluoride plus Glucose, and Sodium Fluoride Only.

Mge % Glucose in iBlood Observatlons
t 10 30 G0 90 120 at end
mine. mine rnin. mine riin, death Notes

164 166 142 132 107
166 173 149 15 139
144 170 170 142 143

124 154 140 131 NeDe lieDe (Died in 2 hrs. 21 nine. Hoart
(sample not taken.

147 1856 161 lieDe NeDe YeDe (Died in 1 hre 26 min. Heaxrt
(sample not takene

125 149 193 lieDe NeD. YeDe (DiOd in 1 hr. 44 nln.

. 1356 133 160 160 116 NeDo (Rat still alive after 48 hrs.

! 103 129 168 MeDo N.D. 139 &Died in 2 hrse. 33 mine. Last
sanple from heart.

D 117 124 163 HeDe NeDe 110 (Last sample from heart to 2 hrs.
(33 nine

) 133 139 NeDe 135 NeDe N.De.

i 103 —— ——— ——— ——— 126 (Last sample from heart at 70 min.

ilatered by stomach tube. Results are plotted in figsure 6.
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3lood Sugar Changes in Unfasted Rots Following Feeding

o ——

Woe OL 456 OL rastbing; Dosuge 101 <ilo Me o O.
Run rat rat Sox time oy Start 15 30
N0e (zms.) (days) (hours) stomach tube nine mine. 1
1 =32 165 m 0] 68 mgs. I 125 142 191 :
3! 337 1G8 0 n 115 120 145
) 285 168 0 " 135 147 158 1
4 311 170 m 0 " 127 139 1:c7
5 32 170 m 0 " 121 133 173 p
6 339 173 m 0 " 123 146 185 p
7 202 173 m 0 " 131 136 162
8 289 160 0 l.25 gne.Glucose 129 167 191
9 200 160 0 " 130 171 190
10 201l 160 n 0] Water alone 120 129 129
11 313 160 0 l.25 m.Glucose & 128 174 249 /
68 ge I
12 263 161 o " Glucose & 146 203 198 ¢
68 mg e F
15 c49 150 m 0 " Glucose & 123 133 170 p
68 mge F
14 369 150 m 0 " Glucosc & 128 -—— 141
68 mge I
15 S99 160 m 0 n Glucose & 106 169 168
54 mge P
16 340 160 m 0 " Glucose & 111 le2 207
34 mge F
7 3507 160 m 0] " Glucose & 127 169 169
227 gle F
18 o178 160 m 0] " Glucose & 121 149 165

227 gm. F

#Glucose, ;;lucoce and fluoride, fluoride alone, and water were adminlist ered by
administered at 1l.25 gms. per kilo.

N.D. = No Determination
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1llowing Feeding of Fluoride, and Glucose and Fluoride.®

Rﬁ.;ﬁ SLucoss i SloOd

Juserve L ions

15 GO 30 120 X3 and

mine mine. nin. mine min. death Notes

142 191 204 209 21C NeDe Dead 14 hours later

120 145 145 170 1385 I'eDe Died

147 158 NeDe Jo6 RPN N.Do Died at 120 minutes

139 157 196 203 110 NeDe 0.25 units given prior to 90 :ine.
semplae.

133 173 212 179 Dled ncxt 0.16 units insulin _iven Jjust he-

day fore 60 min. sample.

146 186 247 264 YeDo NeDe Last Snﬂlple from hoart.

136 162 190 148 1G6¢ 1G6C 0.10 units insulin after 40 min.

167 191 150 142 138 KeDe

171 190 148 135 155

129 129 119 124 121 LeDe Th:1s run iwade to deteorzine influ-
once of manipulative procedure

174 249 267 306 323 MeDe Animal did not die.

203 198 233 214 300 NeDe Animal did not die.

133 170 236 and 2081 NeDes Found dead 8 hrse. lator

-—= 141 176 181 237 eDe Found dead 8 hrs. after last sample

169 188 155 195 205  leDe 1 wke luter alive & apparently
normal.

162 207 175 202 NeDe NHeDa 1 wke lstor animal alive and normal

168 1G9 167 102 NeDe NeDe 1l wke later animel alive and normal

149 165 163 160 157 NeDe 1 wke later animal alive and normal

administ ered Ly stomach tubte. Glucose
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changos takin: place in unfested rats when varying amounts

of fluoride were administered with a constant level of
glucose. When 68 mgs. of fluorine per kilo were administered
with glucose the blood sugar concentration was found to rise
continuously during the two hour period, reaching a level at
two hours of 267 mgse. per cent. When the level of fluorine
was reduced to 34 mgs. of fluorine per kllogram the blood
sugar roseo gsomewhat more rapidly during the first 30 minutes
then fell teiporarily to 179 mgs. per cent after which it rose
aselin to 208 mgse It was still above 200 at the end of two
hourse. When the fluoride dosage was reduced to 22.7 m:s. of
fluorine por kilogram the blood sugar level rose leas abruptly,
reaching 157 mgse. per cont at 30 minutes and remaining botween
148 and 160 mgse per ceont during the renalinder of the two hour
period. ith tho water control the blood sugar valucs were
reasonably low with a low value of 113 and & high value of

127 mgs. per cent. The curve for the glucose control showed
the expected rise and fell agaln nearly to the starting level.
A comparlison of these curves indicates that fluoride in
quantitles as low as 22.7 mgse. of fluorine per kilo, when
administered in one dose, caused a prolonged hyperglyceniae.
This quantity of fluorine 1is nearly as large as the 30 mg.
quantity of fluorine belleved by Fhillips, Lamb, Hart, and
Bohstedt (78) to be capable of causing anorexia and inanition
when administered daily in the ratlion in the form of NaF.
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Some expceriments wvierc performed to study the nature of
the influences that might be causing the hyperglycemie in the
unfasted rats. The results are shown in figure 8. A seriles
of determinations was made using unfasted male rats. One
group of animals received 68 mgs. of fluorine and l.25 gnise.
of glucose per kilogram of body weight. A second grour re-
celved NafF alone at the level of €68 mgse. of fluorine per
kilogram of body weight. When it became apparent that NapP
alone was causing; marked hyperzlycemia, throe rore animals,
treated with NaF at the same level, were injected subcutaneously
with 1nsulin after the rise In blood sugar had begun. At the
timo of injoction of insulin the evidence of systemic fluorine
polsoning was presont with occasional light tremors occurring
in the misoculature of the back end limbs of the animals. The
insulin was injected in order to learn whether or not this
hormone would oppose the hyporglycemia cauced by NaF. That
the hyporglycomia was counteracted by insulin was shown by
the distinct decreases in blood sugar concentration following
its injoction.

A moderato but persistent hyperglycemis was observed in
trials with doses of fluorine as low as 22.7 mgs. per kilo of
body welght when administered in a single dose. Quantities
of fluorine only slightly leas than 22.7 mgs. per kilogram
are often ingested daily by rats receiving 0.10 per cent
sodium fluoride in their dlet. It seemed possible, therefore,
that the inanition so commonly observed at that level of
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feceding mi ht be due to 1mpaired ability on the tart of the
animals to maintain normal stores of carbohydrate. It also
appeared that impaired storage mizht be indicated by a cone
parison of the Llood sugar levels of normal tnd fluoride fed
aninnls after a rather long perlod of fastinge

An experliment to conpare the fasting levels of blood
sugar in normal cnd fluoride fed rats was therefore made.
Rats flive montlis old, timt had for four montiia Leen on tiwe
stock ratlion contalning 0.05 and 0.10 per cent adied sodliun
fluoride wore compared witi nomual anlinals of the same age
on the stocic ration without added fluorido. All animals wore
iept well suppllied withh thelr usual ration and water for 48
hours, after wnich all access to food was prevented for a
period of 36 hourse At the close of tils fasting period
thio vlood sugar levels were determined in the usual sanner.

Tno results obtainoed were ua follows:

Table 25. Blood Sugar Levels in liormal and
Fluoride~Fed Rats Following a 36 Hour Fast.

‘a8 [4) DUGSaT oan
Group Supplement Levels in mys. Por Cent Valuos
1 none 99 a7 97 89 95
2 0.05% NaPF 101 86 86 s7 a2

3 0.104 HaF 71 72 60 56 65
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The animals that had been on growing retion alone had
fasting blood-sugar levels which may be considered to be
within the rormal range. The lsvols found 1n the 0.05 rver
cent sodium fluoride group were quite uncvene. Cne value was
norrmal (101), two rather low (86 and 87), while the fourth was
57 rse per cente The velues cobtained by the anlrels on 0,10
per cent sodium fluoride vierc uniformly low, ranging between
56 and 72 mgse por cent.

T2 atove results appeared to sugpest thatl resistance
to decrcascd Llood sugar valucs followling & 56 hour fasting
period I1s decidedly less in enlinrls rocciving J.10 per cen
sodiun fluorlde as coupared witli aniowls recolving .o Jrowing
ration clonoc. That thls decrcased fasting level niight cone-
colvably bo due to an eflfect of {luoride upon carbohydrate
storage 1ls indicated Ly the studles of blood sugar chenjes
following tho adidnistration of sodium fluoride by stonmach
tube.

It 18 inown that tho food consumption lg decrcascd at
levols of Q.05 per cont NaF or highere An Indlcation thet
thls decrecagsed food consumption is the result of impalrmont
of metebollum ond appetite was provided by Sollman, Schettler
and Wotzel (104) and by Smith and Leverton (102). “he former
worikers found thet rats did not distingulsh vetween poisoned
end unpoisoned food until a level of 0«23 per cent sodiun

fluoride ves reached, while tho latter vorczors found that the
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Gecreased growil: rate of reots receiving 0.050 per ceat or niore
ol sollum lluoride in tie ration Jid nol xeguli cnlirely Irom
decreased consunmptlon of food but resulted from a decreased
efficlency in the utilization of the feed consumode Decroased
capacity or ablllty to store carbohylrate, and, =3 a result,
to moolllze carvohydrate from body stores during; fast, would
appear Lo be a possille cause for {le observations of the

Guove woliiers.

Some Llfects of Organic rluorides upon the Rat.

The studios on organliec fluorides to be described viore
for the purpose of Investlseting the nossibility that orgzenle
fluorino comnounds, with fluoride substituted for hydregen on
thie bonzene ring, might, upon galning acceas to the body, bring

about fluorosis similer to that Induced by inorganic fluorides.
rrocedure.

The egolid organlc comrounds were finely nulverized by
grinding and mixed in this state with the rogular growving
rations The compounds in the lliquid state vere added by
meang of a pipette to & weighed quantlity of tiie ration and
the moistened portions thoroughly mixed with the unmoistened
portion of the feeds The rations containing the solid com-
pounds were mixed in quantities of one kilo, whereas those
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containing the rore volatile liquids were mixed in quantities
that would be sufficient for a two day periode.

Of the various liquid fluorine compounds used, fluoro-
benzene was the most volatile; but feed contalning a sufficient
quantity to nrovide 0.10 per cent fluorine at the time of
mixing still posscagod & distinct odor of the compound after
standing four days in the feed cupe. There was a detectible
decrease in the intensity of the odor in three days. W%With the
other liquid substances, «-fluoronaphthalene, p-fluorobromo-
benzene, and p~fluoroiodobenzene, no noticeable decrease in
odor occurred within two days after mixing.

The animals used in these experiments wore young rats of
woanlng age, taken from the stocl: colony and welghing betwoen

45 and 55 grams vhen placed on exporimente.

Effocts upon growth.

Tho growth rocords are shown in figures 9 and 10, In
the first exporlments p, pt-difluorodiphonyl, = -fluoronaph-
thalene, p=-fluorobenzolc acid, and fluorobenzene were fed at
a level sufflclent to provide 0.10 per cent fluorine in the
ration at the time of mixinge. The growth of the animals on
fluorobonzene, p-fluorobenzoic acid, and p, p'-difluorodiphonyl
are shown in figuwe 9. The fluorobenzene caused no noticeable
effect upon growthe Growth on fluorobenzoic aclild was sube

normal in rate and irregular. The di-phenyl derivative caused
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such severe depression of growth that the feeding level was
decreased to 0,05 per cent fluorline to prevent death. Growth
on the latter level was stlll not i;pod, showing marked irregu=-
larity over a period of six months. The growth of the animals
fed *=fluoronaphthalene is shown in figure 10 by the sets of
curves mumbered 3 and 6o The set nmumbered 3 was obtained on
0.05 por cent fluorine as x-=fluoronaphthalene. The set of
curves nmumbered 6 was obtained on 0,10 per cent fluorine as
«=f{luoronaphthalene until the rats appcared to be near death,
whoreupon tho lovel of this compound was decreascd to 0.05
per cent fluorine. OCrowth was then rosumed, but at & sub-
normal rate. Growth curves for naphthalone, fed at a level
equivalent to the x-«fluoronaphthalene required to furnish
0.05 per cent fluorine, are shown as set 2 in figure 1O.
These curves indicate that naphthalone slowed up growth
only slightly for about tlree months, after which it ceaused
loss of welght; 1t appeared that tiep effect of tho fluorine
derivative upon growth might have been in part the result of
tho naphthalene moletye.

Experiments on‘g-fluoroiodobenzona and g-rluorobromo-
benzene ave growths represented in curves 4 end 5 in figure

12.

Effects upon the incisorse.

The effects of the organic fluorides upon the incisors



200

3
o

Body h/eig/n( tn Grams
2 5

& $wks,
L. A

Sel 1. Fluorobenzene
at 0.20% F°
Set 2. p-Fluoroben- A
zaie Acid atagyFf
Set3, ) /t'-ﬁﬁ/ua ro- |
diphengl,atasoy
Flror 7 da s, then

af a.05% F.

50
Time

Figure 9. Growth of rats fed fluorobenzene,
P, p'-difluorodiphenyl.

fluorodbenzoic and

-9TT~




Sel L. Voemal Curves,

5 8(~);9¢-2

200 Sct 2. Noygnenalene, &'v 9

Set 3. X~Fluoronaph the-
lene ato.os % F,d+g

Set+. p-Fluoroiodoben-
zene,010%F, S +¢

Set 5. f/.l-p/aorabramabcrr-
z@ne,0./03f, Jf?

Set 6. & ~Fluoronaph tha-

lone.0./0%F then
0050, F, &5 9.

170

Bodj Ld’ezigﬁl‘ in Rrams
-LT1T~

Time

Figure 10. Growth of normal rats and of rats receliving naphthalene,
X ~fluoronaphthalene, p-fluoriodobenzene, and p-fluoro-

bromobenzene,




=118~

are showvn in tsble 26. 5Soth the normal and fluoride animsls
vere examined regularly for inclsor changese. The pigmentation
of the fluoride fod animals was compared with that of the
normals, striations being sought by wwens of an ardinary hand
lons. Altorations in the shapes of the incisors were also
notod.

0f the organic fluorides fed in these experiments, only
three showed definitely the tendency to cause bleaching amd
striation. These were the naphthalene derivative, p-fluoro-
iodobonzeone and p-fluorobromobenzonos

rhotographs of the inclisors of thegso animals are shown
in Plates 1 end 2, 1In Plate 1 ore shiown photographs of the
normal incisors and tle striatod inclsors of an animal that
had rocoived the «-fluoronaphthalone for 49 days. In Plate 2
are shown the incisors of a rat that had beon fed the @-fluoro-
naphthalene ration for seven weeks and thon was returned to
the growing ration for three weeks. Typical longthening of
the incisors had taken place by this time. In this same
plate are the photographs of tle incisora of two other rats,
one of which had received p-fluoroiodobenzene, whereas the
other had received p-fluorobromobenzene. The rats on p-fluoro-
iodobenzene showed typical fluoride effects upon the incisors.
The influence of the p-fluorobronobenzone was much less marked
than that of either the p-fluorolodobenzene or the «-fluoro-
naphthalene. ‘hen the rats that had been on the last two



Table 26.

Incisor Effects Due to Different Organic rFluorides.

Compound fed

Per cent fluorine
in diet at mixing

Appearance of incisors

X =fluoro-
naphthalene

Naphthalene

p-fluorobenzoic
acid

‘gﬁg'-dirluoro-
iphenyl

fluorobenzene

~fluoroiodo-
enzene

0,01 #

0.05

0.01 for 14 days
then 0.05

equivalent to
fluoronaphtha-
lene at 0.05%
fluorine

0.10

010 for 17 days
0.05 thereafter

0.10 #

0.10 %

Died at 20 days without visible changes.

Bleaching unmistakable in lower incisors in 3
weeks. At 25 days the upper inclsors were be-
cinning to lengthen.

Loss of pigment in 10 days. After this time
striations and bleaching became more notice-
able. Gross changes in shape developed.
(See photogranh)

No deviations from the normal were noted.

Condition of the incisors appeared questionable
by the 36th daye Ko definite atnormalities were
visible throughout the remainder of the feeding
period.
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No definite abnormalities werse observed during
the feeding period of 5 months and 9 days.

The teeth appeared normal throughout the feeding
period of 6 months and 9 days.

Three out of four animals showed faint stria-
tions in 10 days. The striations became quite
noticeable in all animals in 47 days when they
were placed on growing ration. The condition
became more marked for a period of several
weeks. then improvement took nleca.






Naphthalene

p-fluorobenzoic
acid

gfg'-difluoro-
iphenyl

fluorobenzene

fluoroiodo~-
enzene

p-fluorobromo-
benzene

0,05

0.01 for 14 days
then 0,05

equivalent to
fluoronaphtha-
lene at 0.05%
fluorine

0.10

0.10 for 17 days
0.05 thereafter

0.10 #

0.10 #

0.10

Bleaching unmistakable in lower incisors in 3
weeks. At 25 deys the upper inclsors were be-
cinning to lengthen.

Loss of pigrment in 10 days. After this time
striations and bleaching became more notice-~
able. Gross changes in shape developed.
(See photogranh)

No deviations from the normal were noted.

Condition of the incisors appeared questionable
by the 36th day. Ko definite abnormalities were
visible throughout the rexainder of the feeding
period. .

Ko definite abnormalities were observed during
the feeding period of 5 months and 9 days.

The teeth appeared normal throughout the feeding
period of 6 months and 9 days.

Three out of four animals showed faint stria-
tions in 10 days. The striations became quite
noticeable in all animals in 47 days when they
were placed on growing ration. The condition
became more marked for a period of several
weeks, then improvement took plece.

Lose of pigment occurred in upper and lower in-
cisors in 10 days. Striations were noted in 4
weeks when the rats were changed to growing
ration at 7 weeks the condition began promptly
to improve.

# The volatility of these compounds being quite hizgh the loss by evaporation from the

feed cup must have been considerable.

this losse.

The feed was mixed every other day to minimize

=611~
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Plate 1.

The Appearance of the Inclsors of a hormal Rat
and of the Incisors of a Rat Fed 0.05 per cent Fluorine

oo «=-Fluocronupnthalene in &ic Sasal Baticne

Above: Tho control animal recelving
the busal ration. (49 days on expor-
iment.)

Jelow: Animal receiving 0,05 per cent
fluorine as «=fluoronaphtiimlene. (49
days on exporirsent.)
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Plate 2.

The Effect of Urganic Fluorides upon Teoth.

Left: The appoarance of the
inclilsors after 7 wecks Icod-
ing of x «fluoronaphthalene
at a lewvel of Q.0fF por cent
fluorine in the ration, fol-
lowed Ly J weeks on croving
ration.

Right: The appearance of
the inclisors after 7 weeoks
feeding of p-fluorolodo-
benzene followed by & woeks
on growing ration.

Left: Tho a.pearance of tho
Incisors ufter 7 vceis on p-
fluorobra.oleanene at G.10
rer cent fluorine in ration,
folloved .; T weels on growe
Ing ratioue.




compounds for seven weeks were placed upon growing ration
alone for three weeks, thelr incisors continued to get worse,
whereas, under tls same conditlons, tiie incisors of the
g—fluorobromobenzene rats showed definite improverient. This
improvement is shown by the photograph in Plate 2 in wvhich
the upper half of the lower incisor shows mottling, wlille
the lower helf of the incisor shows little evidence of the

effect of fluoride.

Dlscussion of rosults.

When it became ovident that K-fluoronaphthalene, p=fluoro-
lodobenzene and Effluorobromobonzono wereo causing changes in
the incisors typical of inorganic fluorides it apgearod that
the effect of these compounds might possibly have been due to
traces of water soluble inorganic fluorine compounds as im-
purities. llowever, when the compounds were extracted with
water the tliltratable fluorine 1n the water extracts wao s very
low. In making the extraction one ml. of the organic fluoride
was placed in a small erlenmeyer flask of 25 ml. capacity along
with 6 mls. of water. The flasks were then stouvpered and
shakon vigorously at frequent intervals for a period of 12
hours. Ono mle. allquots of the wator layer were moasurocd out
and titrated according to the micro-procedure. The calculated
per conts of water extractible fluoride added to the ration in
the organic fluorldes were exceedingly small, amounting to
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Ded x 107% rar the fluorone hthzlene, © % 107 for p=fluoro=
oromovenzenc, and none for the p-flucorolodobenzene.

The lowest percentage of fluoride capatle of producing
visible cliangos in the incisors under magnification has bteen
estinated by different investijators to be betwoen 0.0014 snd
240023 per cent fluorine as sodium fluoride.

A level of 0.0045 per cent {fluorine as sodium fluoride
has been found necessary to cause the least changes visible
to tho neked eye. This latter fisure is 83C times as great
as that accounted for Ly the fluorine obtalned LY wator ex-
traction of «=fluoronaphthalenc. OGinco the influence of
these conmrzounids upon the teeti wero cosily visible to the

eliod eye, Lt appeared that tlhie effects wero definitely not

due to watcr soluble Impuritics in tho organic compound.
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ILVDSTIGATION CF FLUJMRIDD JTICYVAL

e RS 13 b et i B AR ErUne
OO DALCIHEG WATOR

Plen of Investli;ation

The plen of this part of the study on fluorine included:
first, to lnvesti;ate the use of zlum in reaoving fluoride
from the high fluoride water from the tmnicipal water supply
of the cilty of Ankeny, Iowa, by means of cmall scele leboratory
exporiments; and second, 1f removel was cccomplislhied In the
preliminary expcriments, to investigate the applicability of
the treatment to a continuous process, using a pillot plant

attaclhiod to the water main.

Haterials and llethods
Chenlenls.

The cormorcial alum used in these experiuents was
cormorclal aluminum sulfate ordinarily used in wator troat-
mont. Tho potassium alum used in an early exporiment was the
Ce Pe product of Bekcr and Adamson. The aluminum sulfate and
&lunminum chloride used in some of the continuous treatment
studies were the C. Ps products of Baker and Adamson. The

Bentonite used in one set of experiments was obtained from Utah.
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The thorium nitrate used in the determination of fluorine
was that of Beker amd Adamson and was thelr reagent quality.
The sulfuric acid used in tho earlier distillations of fluorine
and the perchloric acid used in later dlstillations were tested
for fluorine by blank distillatlions and titrations. The
sodium hydroxide and hydrochiloric acid solutions were pre-
pared from C. I's products and fluoride free distillcd water.
The sodium alizarin sulfonate, from which the indicator
solution was made, was & product of L. llerck, Darmstadt, Germany.
The froedom from all but the most minute traces of fluorine in
all reagents used in the determlination of fluorine was ascer-

tained by running blank distlllations end titrations.

Apparatus.

A student type potentiometer and a quinhydrone electrode
woro used in determining pHe The apparatus was checked fre-
quently with a standard buffer solution to insuro proper
working ordere.

In tho small scale exgerinonts in the laboratory a five-
liter baloon flask was uscd as a container for the water bolng
troated. It was oqulipped wlith a mechanical stirrer of glass,
powered by an electric motor.

The glass percolators into which the mixed treated water
was transferred for settling were 46 cme. in depth and had an

inside dlameter of 10 cme. at the top.
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An onnlytical balance was used in weigshing the materials
used in the water treatment.

Pllot plant. The pllot rlant used in the continuous

treatment experiments was designed by Professor W. E. Galligan
of the Departnent of kEngineering at Iowa State College and was
obtained end installed through the courtesy of rrofessor We E.
Galligan and the Department of kngineering.

The construction of the pllot plant is shown schematically
In figure 1ll. It consisted of an aeration tank, three mixing
tanks of a capacity of ten gallons each, a flat Lottomed
gottling tank with a capacity of sixty gallons, and a sand and
gravel filter constructed in two equal perts so that either
one or both parts might bo used as desired. The stirrors in
the mixing tanks were of allemetal construction amd were
poworod wiith tolts from an electrlc motor.

Tho dosing apparatus was placed on a platform over the
first end socond mixing tankse The container used to hold
the alum solutlon was a battery jar of ten liters capacitye.
A siphon of glass tubing, floating on cork, was used to deliver
the alum solution to the first mixin, tenke ¥%hen added separately
from the alum solution, other solutions were introduced by
meang of an additional siphon from other containers.

The alum dosing solutions were prepared by dissolving
the required aniount of solid in 40 liters of water in a carboy
end stirring by rotation of the carboy until solution and



A

L Aeralion Tank. 2 Firs# Mizing Tonk. 3. Secana'/rrlrin]%nk.
4 Taird Mizzing Ton k. SSC{ZZI:TZY Tank. 6. Lrough Zofe(sz'ng
Tank. 7. Sond-gravel Filter. 8. Spreading Troughs. 9. OQuiles
Vulve 70 Fullcys for Mizing Tonk

S2irrers

Figure 11. The design of the continuous treatment pilot plant shown
diagrammatically.
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thorougch mixing was accomplishoed. The quantity of alum needed
in the dosing solution was depondent upon the rate of flow of
the siphone Thoe float which wes attached to the siphon was
for this rocson fixed so that it could be raised or lowered
to zsive the desired volume of dosing solution per minute.

The rate of dosage was checked frequently in all determina-
tions. The rate of flow of the water onterin; the plant wes
carefully measured by use of a wator meter and an ordinary
watche Aftor the rate of flow of water was controlled, and
the dosaing siphon was ready and clecked for rate of flow, the
outlet valve to mixing; tank number one was closed. At a rate
of flow of approximately one gallon per minute, slightly less
than two hours were required to fill the three mixing tanks,
tho sottling tank and the filter. As the level of the water
roso to tho top of the fllter a valve controlled by a float
permltted wator to flow through tho filter.

Vator.

The water usod in these removal studiecs was Ankeny City
wator which contalned aprroximately 8 parts per million of
fluorine. The fluorine content of this water 1is somewhat
higher than most of the other fluoride waters in the state
of Jowa., It compared quite well in a number of respects with
fluoride waters obtained in other parts of the United Statese.

The composition of the Ankony City water in the spring
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of the years 1933, 1934 and 1935 are shown in table 27. In

table 28 cro shown the amounts of some of the constituents

reported ln other fluoride containin; waters of lorth Anerica.
The high fluoride appears to be accompenied quite often

by considerable quantities of sulfates and total solids.

Table 27. The Composition of Ankeny City Water.

Constituont 1933 1934 1936
PeDeMe PeDelle PeDente

Total solids 180246 1867.2 1856.0
Volatile matter 170.0 183.0 -
S10p 19.0 8433 10.0
Ry05 44.5 4.0 7.0
Ca 2643 2643 24.0
Mg 4.5 11.5 13.0
Ne 560.0 766.,0 546.0
S04 750.0 880.0 8320
Cl 40.0 46.3 42.0
Totial Alkallnity 420.0 333.0 309.0
Feo 1.0 0.43 0.84

Total hardneoss 84.0 105.0 113.0
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Table 2. Tho Fluorine Contents and the
Total Solid, Sulfate anc Chloride Contents of Some

Fluorine-Contsining waters.

Observer Location Fluorine Solids Sulfates Chlorides
Delelle PeDellle Leellle Pellelle
Smith &
Snith (97) Arizona Sed 1988 360 670
n n 7.5 2016 500 016
n n Seb 3056 700 860
" " T3 1528 598 Sl4
n " 7.2 1304 500 278
" " 6.0 696 200 170
" " 12,0 836 200 290
. " 55 312 75 64
" " 5.0 4284 820 1540
" " 5.6 - 5560 1200
vialkor, Finlay
& Harris
(109) Alverta 4,4 1128 342 65
Author Ankeny, 8.0 1856 832 42

Iowa

Determination of fluoride 1ln wator.

For thoso detorminations of fluorine the method was esson-
tially that of Willard and Winter as adapted to wator analysis
by Boruff and Abbott. A 200 ml. quantity of water was nmoasured
into a 250 ml., distilling flask, made alkaline with NaOH and
concentrated by ovaporation to 50 ml. Glass Leads were em-
ployed to prevent bumping during the concentration. Following
this, 50 ml. of 1l:1 sulfuric acid were added and the distillation
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was carried out--keeping the boiling point during the distil-
lation at 135t 5° C. during the entire distillation by adding
fluorine free distilled water continually through a dropping
funnel attached to a tube wihlch reached below the surface of
the boiling mixture. After collecting 200 ml. of distillate
it was concentrated by ovaporation to 8 volume of 20 mle The
sodium slizarin sulfonate was then added and 0.1 N HCLl was
added until the solutlion was nearly neutral to the alizarin,
An equal volume of 95 per cent ethyl alcohol was then added
after which 0.0l N HC1l was used cautiously to discharge the
pink color of the indlicator. Two drops of the dilute acid
were then added 1in excess. The solution was then titrated
with 0.02 N thorium nitrate to the appearance of a pink color

in the solution.

Procedure and Resulta

Experiments with fluorlide removal using potassium alum and

aluninum sulfate in the laboratory.

Tho first oxperiments wero carried out in order to determine
whethor or not potassium elum, KpAlp(S04)4.24Ho0, would remove
appreciable amounts of fluorine without first adjusting the pH
of the water to be troated. A five liter guantity of water
was treated with three grams of potassium alum. The mixture

vas stirred for thirty minutes, after which a percolator was
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filled from the contents of the mixing vessel. Analyses

of the vwinter for fluoride content vere riade cfter the floc
had settlede The fluoride content of the water was found to
Lo 2.4 parts per million. iien the treatient vwas repeated
with ono and one~hslf and with sixX gram quantitics of the
alum, the fluoride contents of tho trected waters wero found
to Le 5493 cnd 1leS parts per uilllion, rospectively.

rhe potossium alum was thus found to romove fluoride from
tho wator, but, under tliic conditions of the experinents, the
rerioval of the element was not proportional directly to Lhe
slze of the alum dosage. It appeared posslble that the varia-
tions in efficlency were tho result of changes in pH brought
about by the acid llberated in the hydrolysis of the alum.

Because of the lower cost of counmercial alum it seemed
advisable to employ it in experiments to learn wnether or
not the efficiency of removal would differ when the initisl
pH was rendersd more aclde.

Exporlitents were perforred to cempare the extent of reroval
of fluorino employing two different pH values of tho water to
be treated. The oxpurimonts were portormed in two series. In
one serios tho 1lnitial pH was 7.88. In the other serles the
wator was first adjusted to a pH of 695 with HCl. In each
of these serles three different dossges of alum were employede.

The results are surmarized in table 29.



~133=-

Table 29. Fluoride Removal from Ankeny City
Water at Two pH Valuos, Using Aluminum Sulfate.

Dosage in Original Fluorine of Fluorine
grains/gal fluorine treated water removed
of PeDeme after 2.5 hrs. Pepele
A12(804)3018 1120 PeDelile
@‘7088 pH-G.QS 911-7088 pH-6.95
38.7 8.5 0.2 1.19 0e45 7.31 8405
19.35 8.5 0.2 375 3256 4,75 5.25
11.47 8¢5 0.2 650 5.85 2.00 2.65

Table 30. Change of Fluoride Content of VWeater with

Length of Timo Standing in Contact with the Settling Floc
from 38.7 gr./gale Alum

Time from Fluorine pH of Fluorine Fluorine

beginning in water vater removed rerioved

treatnent

(hI‘Bo) (popomo)_ (p.p.m.) (per cent)
0 7.5 7.15 --- ---
| 2 1.25 —-- 64265 8343
| 6 0.85 ——- 6.65 88.7
12 0.65 —— 6.85 91.3

24 0.40 6.78 7.10 94.7
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Fluoride removal was better in the experiments in which
the water was adjusted to a pH of 6.95 Uefore adding the alume
The total amounts of fluoride removed varied markedly with
the size of the dosage of alum, but at neither pH was thore a
linear relationship between the amounts of fluoride removed
and the sizo of the alum dosage. The ratlio of alum used to
fluoride removed increased in both series as tiie dosage of
alum was increased.

The Influonce of the longth of standing after treatment was
studied. A four liter quantity of wator which had an original
pll of Be4 was placed 1In a baloon flask and the pH adjusted to
715 with HCle Sufficlent alum to give a dosage of 38.7 grains
per gallon was added. After a 3O minute stirring period the
treated wator was transferred to the percolator where settling
of the floc bogan promptly. Samples of water for fluorine
determinations were siphoned off, flltered tlwrough paper and
analysed as before. Analyses were rande at 2, 6, 12 and 24
hours after the additlon of the alumes The results of these
oxperimonts aure summarized in table 30.

At first there was a rapid decrease in the fluoride cone-
tent of the treated wator; but, after the 2 hour period,
further decrcase in the fluorlide content of the water took
place rore and more slowly. Eighty per cent of the fluorine
had been removed by the end of the 2 hour period but an

additional 22 hours were required to remove an additional 1l
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per cent of the fluoride orlginally present. After thie sixth
hour the concentration of fluorine In tho watoer was a losa-
ritimic function of the length of timg In contact with theo
alum floce The logarithmic period bogan at approxizately

the time when tho Licavy floc had sctbled out.

Continuous treatmonts usin~ the »nilot nlant.

In order to study the problom of removal of fluorine
from water on & larger scale a pilot plant wes attached to
tho malns in one of tho schools in tuhid city of Ankeny, lovia.
Tihe plant consisted of tiree mixing; tanks, o sottling basin
and & sand and gravel fllter such as ls usually used In
flltoring water suppliese ‘The flow of water into tiye plant
was controlled by an adjustavle valve and a rogular water
nieter. The alum was addod to bthe mixlng tank ln solution by
means of a floating siphion dellvering at o conatant ratee.
otor driven stirrers woro uged in eacir of the mixling tanks.
The veolocity of stirring was docreasod ;oing from tunk ono to
tank threece. Tho rato of stirring is recorded in terms of the
veloclty in feot por second of a polnt two-thirds out on the
radiuse. Tho initlal appoarance of tlhie sauiples of treated
water as woll as thelr appearanco aftor 12 hours was recordede.
The date from the first five exporlments are shnown in table 31.

The results from these experiments showed that there was

decided reuwoval of fluorine by the continuous treatuent with
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Table 3l The Effect of Addition of A
Dosage of
Rate of Aln(S04) 3
Date Sanple flow in in grains pH pH Rat
gale.per per gale Dbefore after in
riin. of water 2/3
8/27/35 2 hr. 1 20 8 6.20 204
3 " 1 20 8 6407 "
4 " 1 20 8 6.17
5 1 20 8 6432
9/14/35 3 " 0.5 20 8 6.20 "
4 0.5 20 8 Ge27 "
6 " 05 ale] 8 Ge3l "
6 " 05 20 8 6436 "
10/12/35 6 " 0425 20 8 7432 .
7 " 0425 20 6 7.25 .
7 " 30 min. 025 20 8 735 .
7 "3s M 025 20 8 7.25
g " 0426 20 8 7430 "
10/26/35 3 "1z " 1 20 8 7.40 "
4 "13 " 1 20 8 7.35 "
5 "3 1 20 g 735 "
6 " 30 " 1 20 8 7.40 "
6 "13 " 1 20 8 7.40 "
3 "1z " 1 20 ) 740
11/30/25 2 " 24 " 1 Py 8 7.20 0.8
3 "1 " 1 20 8 7430 .
3 "14 " 1 20 8 735 .
3 "1 " 1 20 8 7435
untreated)
Ankeny )
City water) Normal pH 8

(1) Sediment shaken - analysis on suspension
(2) Sediment not shuken -~ analysis on supernatant liguid
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Addition of Alum to Anlkeny City watoer

pH Rate of stirring Appearance of treanted
after in foet per second Fluorine in pepelae vater
2/3 out on radius initial : tcr 12 hours
6620 24 1.2 0.6 2.06 (shaken)(1) cloudy slight sediment
6,07 : " : 273 : : notigeablo :
T 1

g:%g " n n g:gi " " " "

" " " 2.2 n i-ht [
g'gg " " ) 2.58 " clo%r 811&2 n
6 ¢ 31 n " n 2.68 n " " "

* " " " " " " "

636 2.38

" " " - " n " "
7032 " " n o o2 " " " "
7625 2.05
7 35 " n " 2 . 25 " " n 1"
7'25 1 " ) 2,47 ) " v )
7:30 " " " [2] . 19 1" " " "
7040 , " y 1.88 (not shaken)(2) cloudy rmch "
7 35 " " 1] lo 88 " ] 1] "t "
7 * 25 " n " 1.84 n " ) " "
" : 40 " " " 1.99 " " " " n
7.40 " " n 1.93 n 1] 1] " [}
7440 " " " 3468 (shaken)(1) n " "
7.20 0685 06425 0,213 1.656 (not shaken)(2) " n "
730 n " " 1.50 " n . 1" " "
7: 25 " " " 1.50 " " " ) "
735 " " " 1.60 " " n " "

. pH 8 7 to 10 pepenm.
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alume Valuecs as low as 2.02 2nd 205 pepeme of fluorine were
obtalined for the clear appearing effluents while sore of th
clowly c¢flfluents _nve, after 12 Dours =setiling, valucs ac low
68 leD ereiie 0f fluorinc. nen the selilment wes resusihended
Lefore analj sis the fluorine content wnz found bts be more than
twlice s 1l:hie It appeared that removal to less thon one aort
ver milllon misht be accomplished 1If o gedinont free efflucnt
could be obinlned. WWith this In mind, bentonlte, s naturclly
occurring, clay-like motericl, wes used In o gserles of cxiurle
mentse Beuntonlte, vwhen added to water In the pulvertizald stote,
foriis o leavy floc witlch scttles roldly. IY acoeared -~ossible
that 2 hentonlto floc In cortination will: tlie alwm flece =+t -ub
leln to lve ¢ owater nore nearly free fronm traces of

vy e

fliorine. "ivo cx orirents were can’ncted on Lhie laboratory
senle Lo test out thils posclillitye Tho wotir uned i tlcse
crperlnonts was shown Ly cnaljsis Lo contuln 7 oarts per
HGllllon ol flaorideese In Lhio firet ool ent o Jour liter
quaatlity ol water was treuted In a O llter Luloon flag.t with
Ce340 sruns or Sde7 graing per allon of coivaerclal clwua on

e sawo wolght of pulveorilzed ventonlte with:out odjusting the
plle Stirring was continued for thirty mimites after which the
treatod water was transferred to a percolators. Two liours after
tho boginning of the treatmunt a sanple was talzen for analysis.
In tis second experiment wlth the Uentonite, the clum wes added
and stlrred for twenty-five minutes at wihici tlme the Lentonite

was added wnd tlie stirring continued for five uminutes bvefore
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transferring to the percolator to settle. Other details wore
as in the prevliocus experiment. In the third experiment only
bentonite was addede In the fourth, tentonite was added and
stirred for thirty mimutes, after which alum was edded and the
stirring continued for two minutes. The fifth experiment
differed from the first one only in that the water was first
adjusted to a pH of 7 before starting the flocculation.

Table 32 shows the results obtained in this series of experi-
mentse The rerioval of fluoride in these experiments in the
laboratory were so poor that no attoupt vwas made to use bentonite
in continuous trecatment expcriments. The bentonite appeared
decidodly to inhibit the removal of fluoride by alun.

Since tho lovels of fluoride in the effluents obtained
in tho first five experinents were encouragingly near the
accepted level for safoty to the teoth, 1t was thought ad-
visable to porform additional continuous treatument experiments
enmploying C. Pe saluminum sulfate md aluminum chloride in
addltion to commercial alume It was planned to study the
clanges in the efficiency of removal when different conditions
of pH were caused by adding varying quantities of acid and
base 1n the process of the treatmente The results obtained
from these runs are gshown in table 33.

In table 33 the exporiments are classiflied under the
three kinds of.aluminum salts used. The varlious experiments
classificd under the differont aluminum salts are shown in the

order of the increasing pH values of the samples of effluent



Table 32. The Influence of Uentonite upon the

Rerioval of Fluorides Ly Alum Treatmente.

Fluoride Content  Appearance
Treatment of water of water
PaDellle
llone 7.0 clear
1. 38.7 grains/gallon of 4.9 cloudy, some
Alum and of BDontonite, sediment on
simultaneously. standing
2. 3.7 grains/sallon of 5.6 cloudy
Alwai, 25 mlne stirring.
38.7 grains/gallon
bontonite, 5 min. stir-
ringe.
3. 3847 grains/gallon of Ge3 cloudy
Lontonlite, 30 nln.
stirring
4. 38.7 grains/gallon of 6.9 cloudy
Bentonite, 30 mine
stirring. J38.7 grains
per _Callon Alum, 2 min.
stirring.
b« Same as 1 but with Ge6 clear

initial pH adjusted
to 7.

taken during the courso of each oxperiment.

The chomical or

chemicals used to modify pH are indicated in a separate colum.

Under the column showing fluoride content, the values numbered

1 ropresent the total fluoride content of the effluent (sediment

resuspended by shaking) whereas the values under 2 represent the

fluoride content of the effluent after settling had taken place.



Teble 33.

Flltretion, &end Fluorine Content of the Effluent.

Reletion of pH of Effluent to Floc Formation,

Alum
Compound pH of Grains Acid or P Appearance of Sample Appearance
Used in Effluent per Base Content as 12 hours of
Treatment Water Gallon Added DeDele collected settling Floc
Commer- 6.05 20 0.0213gm 1le 4.27 moderate moderate Fine, slow
cial +0.05 grains NaOH per 2. 1l.01 cloudy sediment settling
Alum =003 sallon
" 6.13 " 0.08ml 1. 2.61 " " "
+0.19 concCe Lo =w=w
-0.06 HCL
" 6.29 " " l. 2.47 nearly slizht moderately
+0.06 2¢ === clear sediment fine, slow
-0,06 settling
" 6435 " n l. 1.80 quite rmch moderately fine,
+0.15 2. 1.47 cloudy sediment moderate set-
-0.10 tling rate
n €.64 " " l. 2.07 quite ruch "
+0,.,08 2. 1.73 cloudy sediment
=-0.06
" 6.95 " " l. 1.74 s8lightly slight quite heavy,
+0.08 2 Ue92 cloudy sediment rapid settling
"go :)6 -
b 7.00 10 n l. 4.03 nearly moderate quite coarse,
+0.20 grains 2. 3.00 clear sediment  rapid settling
«0.14
n 729 20 n l. 2.19 quite little quite heavy,
+0.06 sreins e === clear sediment coarse, rapid
-0.,04 settling
" 7430 " " 1. 1.56 quite congider- quite heavy
+0.05 26 === cloudy able coarse

=0,10

aadimant






C. P.
Alunm

-0.06

695
+0.08

“Ce06

7.00
+0,20
-0014

7.29
+0.06
-0004

730
+0.05
-0.10

737
+0.,08
=0.13

7+56
+0.10
-0.10

7.58
+0,20
-0,18

E.11
+0.06
-0,16

4.57
+0.,13
-0.12

Se8%7
+0613
-0.11

5.87
+ 0406
"0.07

6.16

10
greins

20
grains

15
grains

10
grains

20
grains

40
grains

20
greins

o0
grains

0046@
NaOH per
gallon

Acid fol-
lowed by
base

009261!1
NaOH per
callon

none

0.08ml
conce.

H#CL per
sallon

0.065gm
NaOH per
callon

0.042

1.
2.

1.

2.

1.
2.

le
2.

1.
2.

1.
2.

1.
2.

1.
2.

1.
2.

1.

-—w e

l.74
0.92

0.97

1.7
1.67

2420
1.62

4.69

hedodd L |

slizhtly
cloudy

nearly
clear

quite
clear

quite
cloudy

trace of
cloudi~
ness

no de-~
tectible
cloudi-
ness

trace of
cloudi-
ness

clear

very
cloudy

moderute-

ly cloudy

quits
cloudy

very

DWW

slight
sediment

noderate
sediment

little
sediment

consider-~

able
sediment

trace of
sediment

trace of
sedinent

trace of
gsediment

slizht
sediment

mach
sediment

moderate
sediment

rmuch
sediment

verv

quite heavy,
rapid settling

quite coarse,
rapid settling

quite heavy,
coarse, rapid
settling

quite heavy
coarse

quite heavy

gulte coarse
end heavy

moderately
coarse

moderately
fine

falled to form

fine, but
aoundant

fine, not
abundant

verv fina

-0%1~






Ce Lo
Alum

Aluminum
Chlorlde

+0.06
-0.16

4,57
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Tho results obtained in the serics of experiments using
a constant dosage of coumercial alum are shown graphically
in figure 12. The solld line connects polnts on tho graph
which show tho fluoride contents of tiho samplcs viien the
sediment was resuspended by shaltinge. The fluoride content
is shown on the ordinate and tbe pH valucs are shown on the
abscissa. Thie broken line is drawn to connect points repre-
senting the fluoride contents end pil values for the offluents
from the separate experiments when the fluoride was determined
in the sottled effluent.

Effluonts corresponding to pll values less than 6 almost
without oxception wore markedly cloudy as collected and cone-
tained rmch sediment upon standinge The cause of the cloudi-
ness anperrcd to bo tho result of pin-point floc formation and
to a failure of tho sand fllter complotely to remove such a
floc., After these runs were completed a sharply decroased
quantity of floc was noticed in the settling tank.

Tho effluent from the experiment at a pH of 8.1l was
quite clear througnout the course of the experimont and gave
vory little sedlment upon standinge The effluents corresponding
to pH values between 6 and 8 pass through a minimun in total
fluoride content. The effluents within the rcgion of 2 parts
per million of total fluoride content were noticeably less
cloudy as received and gave much less sediment uzon standing

than did the more acid offluents.
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Figure 12, The variation of the
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The values for fluoride contents of the settled sanples
were usually measurably lower than those of the same samples
when shaken. Thils indicated that fluoride was quite generally
present in any floc that settled out of the effluent. The
quantity of fluoride in the floc was, howevcr, usually well
under one part per wmillion when the pl of the effluent was
greater than 6.3.

Figure 13 shows the results obtained with C. F. aluminum
chloride and C. Pe. aluminum sulfate with the data plotted as
in the preceding figure. The results sihown appeared qualita-
tivoly to follow thc same trends as the results with commercial
alume Asaln a measurable amount of fluoride appeared in the
sodlments, with nearly all of the fluoride present in the
orisinal water accounted for in the sodiment whon C. P
aluminum sulfato wea used at the lowest pH value.

lpure 14 shows a pli=fluoride contont curve for the
sodiment that settlod out of sauiples collocted from the sand
filtor in some of the exporimsnts mroviously described. The
values for tho fluoride contont of the sediment are obtainod
by difference between the fluoride content whon shakon and
after aettling, and are expressed in parts per million. A
rapid rise in the curve as the pH values fall below 6.4 co-
incides with the rise in the pH=fluoride content curve for
shaken samples, shown as the solid line. A remarkably high
content of fluoride in the sediment is obtained as the pH

approaches 4.5
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The fact that all of these waters heving a pl of 6 or
above tended to show marited cloudiness as received lot to
the belief that much fluoride may iaave combined with the alum
and thaet filtration wlth sand and gravel was not capable of
removing tho finely dlvided alum precipltate, tnus siving
effluents with hi;cnh fluoride.

The acid pH values apparently were cuite favorable to
tlie ccombinectlon or adsorption ol {luoride to bthec alun; there=-
foroe 1t seened sdvisable to experiment with a run conducted
In such & way that a pi in tho reglon of G«O cor less could
Le obtained 1n the early steges of mixing at which the fluoride
might combine more readily with the alum floc, and, in the
lator stagos of nmixing to increase the piH with sodium hydroxide
to a value of approximately 7.5 in order to favor the produc-
tion of a clear effluent.

Three experiments were made according to this plan. One
run was made with 20 grains, one with 15 gralns, and one with
10 grains por gallon of aluminum sulfate. Vith the 20 graln
dose of alum no addltional acid was found necessary to attein
the desired acld pH, and sufficlent sodium hydroxide was added
to the second mixing tank to raise the pH back to 7.5. The
fluoride content in the offluent from this run was found
slightly groater than 1 part per million. Vhen 15 grains per
gallon of alum was used & reduction of fluoride to 0.65 parts

por million was obtalned. @With 10 grains per sallon of alunm,
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additional acid was added in the dosing solution. Hydrochloric
acld was added in a guantity equivalent to 0.09 mle. of concen-
troted acld per gallone The effluent ottained from this run
contained a total fluoride content of 1.0 part per million.

The efficiency of the elum as s roemoval agent was increased

bty insuring a distinctly acid pH during the first stage in

the treetment and then insuring a pH of epproximetely 7.5 in
the effluent for favorable floc formation by edding sodium
hydroxide in the second nixing; tank.
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SUIGIARY

Study of Fhysiological Responses to Fluorides

The ¢cffects of a munber of fluorides upon rats have
beon studiede The avallability of corper and iron fluorides
for henoglobin rogencration have been investijated. Young
rats viere rendered severely anemlc on a milk diet aftor which
some of the rats wore ;lven o cupric and ferric fluoride
supplenent, some were _lven cupric sulfate and ferric
chloride, whtle others were continued on milk alone. The
rate of tho recovery of rats on the fluorides was compared
wlith the rate of recovery of the aninuls on cupric sulfate
and forric chloride.

The influence upon hemoglobin of sodlium fluoride in the
ration of the rat was studled Uy compering the lLiomo.lobin
values of norinal rats during growth, roproduction and lacta-
tion with tiwc values for rats rocolving a suprslement of 0.086
por cent sodium fluoride in the ratlon.

The effect of feedin; alum in the fluoride ratlons was
studied. Rats were fed sodium fluoride at concentrations of
0.025 and 0.050 per cent in the growing ratlion, whereas others
were fed the two different lecvels of fluorlides in rations to

which aluminum sulfate had been added. Growth, reproduction,
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lactation, and incisor changos of tlie rats fed Iluoridc clone
wvere conpered with the same chcnges In the animals recciving
the sodlun [luorlide and alumlmet sulfate.

A comparison of tho toxlicity of alwainum Tluoride with
that of some othor inorgunlc fluorides wos rmede. Rats vere
fod zinc fluoride, cupric fluoride, calcium fluosiliccte,
and aluialnum fluoride ot the level of 0,10 por cant fluorine
es fluoride In tle ratione Their cffects upgon growth and upon
the inclsors were cozpureds The storage of fluoride in the
tiblae of rats fed cuprlec fluorile wes conpared with the
storage in Ll senrie bones of rats that had recelved clumlinua
fluoride.

Tho toxlclity of sollum fluoride when injocted alone was
compared with the toxicity of the same compound whon injocted
with alume The effect of Injecting aluminum fluoride intra-
perltoneally was Invostisated also.

The rolotionshlp betweoen reccalcification of rachitic
tiblac and tho incorporation of fluoride into the tibloe was
studled. “oung rats weroc rendored rachiltic on & gtandard
raciitogenic diete The rets vere thon divided Into diffcrent
groups for feeding supplements. One group was given ¢ vitomin
D supplements A csecond group wes glven vitamin D plus sodium
fluoride at o level of 0,10 per coent in tho ratione A third
group vies fed e supplement of sodium fluoride alone at & level

of 0.0 per cent In the ration. The fourth groups was kept on
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the rachitogenic ration for a controle At the close of the
feeding period the animsls were sacrificed and tibiae taken
for line tests and for ash and fluoride deterniinations.

The effect of sodlium fluoride upon blood sugar levels
in the rat was studied by following the changes in blood
sugar concentrations in the rat after the administration of
sodlum {luoride alone, sodium fluoride and glucose, and glucose
alone to fasted and unfasted rats by ieans of the storach tube.
The lnfluonce of insulin upon the sodium fluoride poisoned rats
wes also invosti_ated.

When 1t was found that sodium fluoride caused hypergly~
comia when administered by stomach tube to unfasted and fasted
normal rats, fasting blood sugar levels were deter.:ined on
normal and fluoride fed rats that had been fasted for 36 hours.

Some effects of organic fluorides upon the rat wore
studied by incorporating a number of organic fluorides in the
ration of the rat and observing the appearance of tle incisors

and the effects upon growth.

Study of Fluoride Removal from Viater

The removal of fluoride f{rom Ankony City water was tried
using potassium alum at different lovels. The removal at two
initial pH values wos studied for three levels of aluminum
sulfate dosage. The change in fluoride content of treated

water was dotornmined at different intervals of time cof standing
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in contact with the floc from aluminum sulfate.

Reroval with alum was studled by using a continuous
treatment pllot plant consisting of three mixing taniis, a
gsettling tank and a filter of sand and gravel. The variation
of the fluoride content of the trecated water with the pH of
the effluent was studled. The pl of tho water during troat-
ment was modifled by adding hydrochloric acid with the alum
solution in the first mixing tank and by edding sodium
hydroxide to the soccond mixing tank, or by adding both the

hydrochloric acid and the sodium hydroxide.
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CONCLUSIONS

Physlological Responses to Fluorides

l. Both cupric and ferric fluorides were used readily
for hemoglobin regeneration in the rat.

2+ Sodium fluoride at a level of 0,05 per ¢ent did not
affect the lemoglobin levels of the rats during growth, re-
produc tion or lactetione.

3 The inclusion of sodium fluoride at a level of
0,0226 per cent fluorine es fluoride did not impair ropro-
duction from the standpoint of the average number of young
per litter but the same level impalred reproduction from the
standpoint of average birth weights.

4. Sodium fluoride at a level of 0,0226 per cont
fluoride impaired lactation so that no young were reared to
woaning age out of a total of 38 young borne.

S5« Thoe feeding of alum with 0.0226 por cent fluorine
as fluoride in tne ratlon overcame the effect of the fluoride
upon birth woight and restored lactatlion to & remarkable
extont.

6+ DBoth 0.0113 and 0.0226 per cent fluoride caused
typical strlatlon, bleaching and lengthening of the incisors
of the rats.



=155~

7. The feeding of alum along with the sodium fluoride
prevented to a remarkable extent the usual clanges in teeth
due to fluoride feeding.

8 Aluninum fluoride, if toxic at all, possesses an
extremely low order of toxiclty when fed to rats. This con-
clusion is supported by growth data, the lack of abllity of
this compound to damege the incisors and by tho fact that tue
fooding of aluminum fluoride at a level of 0.10 per cont
fluorine in the ratlion of the rat did not cause a marked in-
creagse of Lono fluorine whereas fecding of cupric fluoride
causcd a very maried storage of that element. Aluminum
fluoride, when injected intraperitoneally, was non-toxic.
Sodium fluoride was found less toxic when injected with alum
than when Injected alons.

9. The administration of sodium fluoride alon; with
vitamin D accelerated reocalcification as measured by ash
deterninations and by line tests.

10, Theo storage of fluorine in tho bones of the rat
wes Increased by the administration of vitamin D.

1l. Large quantities of sodium fluoride, when administered
by storiach tube, caused marked hyperglycemia whethor or not
glucoge wes edministored simultaneously.

12. The fluoride=~induced hyperglycemia was founl to be
counteracted in three seperate sxperimonts by insulin in-
Jections, even though typical fluoride tremors were evident

at the time of the insulin injection.
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13. The feeding of sodium fluoride at 0.10 per cent
in the ration of the rat caused markedly lowered btlood sugar
levels after 36 hours fast,

l4. The inanition of fluoride fed rats may be duc in
part to impairment of carbohydrate storage.

15. Foodlng of some organic fluorine compounds csused
typical mottling of the inclsors of the rat whereas the
feedin_; of other organic compounds falled to cause visitle
cianges in thoe inclsors.

l6. Alphei'luoronaphthalene, p=fluorobromobenzene, end
p=fluorolodobenzene caused mottling; at levels of 0.10 per
cent fluorine in the ration.

17. Mottling was not causod by p~fluorotenzoic acid,

P, p'=difluorodiphenyl or fluorotenzene.

Removal Studies

l. The ranoval of fluoride from water by the use of
commorcial alum has beeon demonstrated with Ankeny City water
which resembles a number of waters whose compositlons have
been reported Ly otler investisutors.

2+ The ramoval of fluoride Irom natural water lhas been
accomplished Ly the use of C.P. alum and C.Pe aluminum chloride.

3¢ The fluoride content of treuated water has been found

to vary in a definite manner with the pHl of the treated water.
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4. Thds varictlon of flucride content of treated water
wlth pil is found to occur with alum, Loth cormercial and Ce. P.,
end with C. Pe. cluminum chlorids.

S5 The optinrum pH of the effluent which resulted in
maxinum combination of fluoride with the floc did not coincide
vwith the optirmm pH for rapid foculation and fonnation of
clear filtrates.

6. The optimum pH of the effluent for the formation of
clear filtrates which later gave very little sediment w=us
found to be near 7.6; whereas, samplcs of effluents which
save low fluoride contents iIf flocs were allowed to settle
vere obtainod at pH values ranging from 4.5 to 7.5.

7. The efficleoncy of fluoride romoval by alum in the
contlinuous treatment exncrimonts was lIncrecased markedly by
Insuring an acid roaction of the water in the first mixing
tank to a pH of 6 followod by an alkalino reaction in the
second mixing tank corresponding to a pll of 7.5.

8. Romoval of fluoride to tho lovels of 0.65 and 1.00
parts per million was accomplished by the use of 15 and 10
grains per gallon of Alg(S04)s, rospectively. The pH in the
first mixing tank was 6 and in the second mixing tank was 7.5.

9. Tho use of bentonite in laboratory experiments, eoithor
alone or with alum, proved of no value; on the contrary, it

inhibited the rerioval actlon of the alum.
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