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CHAPTER I 

INIRODUCTIOH 

Fluoroaio has bean defined as "ehztmlo poisoning with fluorine", 

by the Aissrloan Illustrated Hedical Qiotionary* A more suitable 

definlti.on might bet any eondition resulting from the prolonged ingestion 

of fluorine abore normal leyels of intahs in sufficient aisounts to be 

harmful to the animal. 

lEhe problem of animals ingesting ahnormally increased lerels of 

fluoirine Is of considerable iiqportanoe in liTestock; prodiictian* The 

problem arose through the feeding of raw rock phosphate containing 

3 to U per cant fluorine* Fluorine,idxen fed in large amounts, caused 

cattle to lose their aK>etite, gain poorly or lose weight. teeth 

of young cattle may become mottled and pitted* 

Many countries including the Itoited States haws reported chronic 

fluoroais in cattle and sheep grasing in the vicinity of certain industrial 

plants. Aluminum reduction woz^, brick plants, fertilizer plants 

and other types of industrial plants using a fluorine containing material 

in -their processing opwrations have bMn reported to emit Huozine 

eonqpounds. 

Ihere have been many «(perimente conducted to determine the 

de-trimental effects of excess levels of fluorine on laboratory animals* 

However, there has been comparatively little research done to seek out 

alleviators or antidotes that will protect animals for extaidad periocto 

from excessi-ve levels of fluorine. 

https://definlti.on
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The purpose of l^ese experiments was to study the effectiveness 

of al\uninum sulfate hydrate in reducing the harmful effects of excessive 

amounts of fluorine being ingested by cattle and sheep. Various phases 

of these experiments included the effects ont 

1. Feed consumption. 

2. Weight gains. 

3. The ability of cattle to digest crude fiber, crude protein, 

ether extract, and nitrogen-free extract. 

U* Metabolic balance of fluorine, calcium, phosphorus, and 

nitrogen in cattle. 

5. Reproduction and performance of calves and laidMi. 

6» Storage of fluorine in the bones. 

7. Teeth. 

The experiment with cattle is in progxwss at this tine and 

experiments with sheep have been compiLeted. 



CHAPTER II 

REVIER GF LITERATURE 

According to Roholm (1937) the detrimental effects of excessive 

amomts of fluorine wwre reeogniaed before this element was isolated in 

1886 by Moissan. Since that tins many studies have been conduoted to 

determine some of the effects of fluorine on man and animals. However^ 

many of these studies have been under field ocmditions and not in well 

controlled experiosnts* Excellent reviews of most of these studies 

have beam px^sented by Uitchell and Edman (1952)» Schmidt and Rand (1952)« 

Roholm (1937), md McClure (1933). 

Fluorine studies with animals have been made primarily with rats, 

swine, sheep and cattle, with a few reports of studies on dogs, rabbits 

and horses* Al^ough there have been controlled feeding eaqpexlments 

with cattle fed various levels of fluorine materials, very few studies 

have been reported on materials that may alleviate fluorosis in cattle 

or sheep* 

Agate et (19U9), in a survey of the Fort WilUams ersa of 

Scotland, reported aasriked chronic fluorosis in cattle and sheep, with 

sympt<»s of excessive tootii wear, lowered gain in weight, reduced milk 

production, and general poor health* A sample of herbage, idiieh these 

animals had been consuming, contained sixty-one ppm fltiorine (m a dry 

weight basis* 

Uaynard (1951) stated that harmful effects of practical importance 

in livestock feeding arise from the oontinuoue ingestion of comparatively 
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minute amounts of fluorine in water or In rations supplemented with 

mineral phosphates high in fluorine. He further states that although 

injuries to the bones and teeth are the initial or most evident effects 

of fluorine, higher intakes or long ccmtintied feeding interferes with 

feed consumption, growth and milk production. 

Agate et (19U9), Bauer et al. (19li5)» Blakemore et al. (19h&), 

Ifajumdar et (19U3) and McClure et al. (1933) reported symptoms 

correlated with fluorosis such as dryness and stiffness of hide, poor 

oondition of the hair coat, elongated hooves, diarrhea, anorexia, decreased 

wei^t gain, emaciation and cachexla. According to Schmidt and Rand (1952), 

none of these symptoms are unique in fluorosis, and the validity of them 

as Indexes of fluorosis should be checked by correlation with teeth and 

bone involvement as well as confirmation throu^ laboratory analysis 

for fluorine in feed, drinking water, urine and bones. 

Sharpless (1936) reported that aluminum chloride was foiuid to 

inhibit, to a large extent, Idie toado effects of fluorine in rats. Salts 

of lauthanum, cerium, thorium and boron, idiich form insoluble or cc»q2lex 

fluorides, were found to give either no protection, or as in the case of 

lauthanum, only slight protection. 

In these studies Sharpless used levels of 0*025 per cent and 

0.1 per cent sodium fluoride and 0,5 par cent and 2.0 per cent aluminum 

chloride in ̂ e diet. Ihe group fed 0.1 per cent sodiiim fluoride grew 

at approximately two-thirds the normal rate, but by adding 0.056 per 

cent aluminum chloride to their diet, normal growth was obtained. Also, 

rats fed the diet containing 0.1 per cent sodium fluoride had incisors 
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with a rough md often pitted surface, and sections of the enaynel were 

often ohlpped* However, rats fed this amm diet with 0*5 per cent 

aluioinum chloride had incisors with a smooth sturface, but thejr were 

bleached and^lowers wore down rapidly. It was assumed that altiminum 

is not absorbed by the rat. therefore, the protective action most take 

place in the intestinal tract, probably by the formation of a slightly 

dissociated con^jound of aluminum and fluorine. 

Sharpless also reported that 1.0 per cent calcium carbonate 

gave some protection, and 2.0 per cent caused normal growth in rats 

receiving 0.1 per c«it sodium fluoride. TWo per cent calcitua carbonate 

gave no significant protection to the incisors. The addition of 1.0 

per cent calcium chloride caused a lower rate of growth than was obtained 

from sodium fluoride alone, 

Marcovitch and Stanley (19U2) reported that aluminum sulfate and 

hydrated lime azw capable of aaving animals from a lethal dose of sodium 

fluoride. Boric acid also had some value as an antidote Uirough the 

formation of a fluoroborate. The aluminum sulfate forms cryolite, 

which is found to be much less toxic. 

liajuffldar and Ray (19U6) reportsdthat the addition of calcium or 

phosphorus salts, in amounts sufficient to bring the quantity of and 

the ratio between the two mineirala to optimum levels, helped in protect 

ing the animals for long periods against fluorine intoxication. A 

large positive balance of fluorine was observed in all animals given 

high quantities of the element. The estimation of net retention of 
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duorine gave no indication of the condition of the animal. Hoirever« the 

poorer the condition of an animal^ the greater the quantity of fluorine 

excreted in the urine. These workers concluded that urinary output of 

fluorine is a good index of the intensity of fluorine intoxication. 

Uajvuadar and Ray further state that the addition of aluminum 

sulfate in ttie ration of animals receiving sodium fluoride was very 

effective in preventing fluorosis as indicated by metabolism trials. 

Venkataramanan and KrishnaswanQT (19U8} reported that while some 

favorable results were obtained with ealcixim salts and vitamin 

the best ameliorating effects were obtained with aluminum salts. In 

this study teeth markings^ bone storage of fluorine and weight gains in 

the albino rat wore used as the criteria for measurement of the effective 

ness of the aluminum salts. 

Hobbs (1950) reported that the amount of fluorine stored in 

tiie bone of the albino rat is directly proportional to the level of 

fluorine fed for a four and six week feeding period. This work indicated 

that four conqwunds Al2(SO|^)2.l8 HgO,sublimed AlCl^, XHlOlO (an 
aluminum compound containing 72.5^ AlgO^), and A1 (OH) {02^^0^)2 reduced 
absorption of fluorine, as measured by bone storage, when added to 

rations at levels of 0.5» 1.0, and 2.0 per ca:it. In these tests it was 

found that once fluorine is deposited in the bone AI2(30^)2.18 HgO, 

Ald^ (sublimed) or defluoroj^os did not increase ramoval of fluorine 

from the bone. The rate of fluorine tiirnover corresponded closely with 

the calcium and phosphorus rate of turnover. The lack of solubility of 

https://AI2(30^)2.18
https://Al2(SO|^)2.l8
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Al^O^^XH^O and amberlite md the solubility of the other alusdnua salts 
suggested the possibility that the alleviation effect may conceivably 

be tied up with the solubility of the resultant aluminum ion concentration* 

Becker et (1950) reported on rats fed various levels of 

fluorine with the addition of aluminum sulfate (iSHgO), aluminum chloride 

and aliunina to test their mitigating effect on chronic fluorosis. The 

fluorine content of the confined ash of their tibia and femur bones 

was used as an index of the degree of fluorine toxicosis* Their 

finding indicated that when these compounds were fed to supply equiva» 

lent quantities of aluminum, the chloride and the sulfate were of equal 

value for the alleviation of chronic fluorosis* On the same basis the 

alumina was less effective* When aluminum sulfate was fed at 0*53 

per cent of the diet, tiie amount of fluorine in the bone ash showed a 

U5 par cent reduction* At lower levels of supplementation the 

aluminum sulfate was less effective. 

Wadhwani (1952) observed that in monkeys vitamin 0 played an 

lii;>ortant ameloratic role in fluorine poisoning* In monkeys placed on 

a normal diet and receiving 10 mg* fluorine as sodium fluoride per kg* 

of body wei^ per day for six months, the daily admLnistratiwi of 

20 mg* of vitamin G to eaoh animal prevented fluorosis of the bones, as 

revealed tqr X-ray. 

Griffith (1953) reported on lamlM fed various levels of fluorine 

with alleviators* Alleviators used were aluminum sulfate hydrate and 

aluminum chloride hydrate added to a ration containing 100 ppm fluorine 

as sodium fluoride* The levels of these alleviators were 0*1 per cent 



and 0,$ per oant alusdnua sulJTate hsrdrata and 0.1 per Oint aluadnum 

chloride hydrate. 

It waa Imported that the addition of Idieee alleviatora had no 

naterial effect on feed conenmption or ivelght gains* Itetabolism 

trials Indicated thezv vere no i^preoiable effects in calcium, 

phosphorus or nitrogen balance studies or on the digestibility- of 

crude fiber, crude protein, ether extract and nitrogen-free extract* 

It ems noted that the laaiM receiving alleviators excreted only about 

me-half as much urinary fluorine but three to four times as much fecal 

fluorine as lanbs on the same level of fluorine with no alleviator 

added. Upon sacrifioing these laabs Griffith reported that comparing 

lots at 100 ppn fluorine added with and tdthout alleviators decreases 

in bone etorage of 15 per cent, 35 por cent ®id 30 per cent for the 

0.1 per cent aluminum sulfate hydrate, 0*5 per cent aluminum solfate 

hydrate, and 0.1 per cent aluminum chloride hydrate groups respectlTsly 

were obtained* 



CHAPTER III 

EXPERIMENTAL PROCEDURE 

Cattle 

The cattle used In this experliaent were grade Hereford heifezv 

purchased as jrearllngs In Texas In the soioaer of 19^0• These anlioals 

were tested for tuberculosis and brucellosis before shipping and found 

negative for both. Prophylactic Brucella vaccine was administered to 

all animals after arrival. All animals were tattooed axid later hip 

branded to insxure positive identification. These animals were fed for 

approximately two weeks pre-^perimental period in order to get them on 

feed and accustom them to individual feeding facilitiea. During this 

pre-experimental period the animals were fed two pounds of a concentrate 

mixture containing three parts ground yellow corn and one part cottonseed 

meal. Chopped mixed hay was fed and the amotmt gradually increased until 

the heifers were eating approximately thirteen pounds of hay at the time 

the experinent began. The initial experimental weight was aiproximately 

6Ul pounds. 

The heifers were allotted <xi basis of type grads> weight and 

condition into ton lots of three aiiimals each. The animals were assigned 

to individual stanchions which were marked with the respective brand 

and lot number of each heifer. The animals ware assigned to the 

stanchions in the bam by randomization in order to reduce ths chanees 

of position effects. 
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The concentrate lalxturef consisting of three parts of number tiro 

ground yelloir corn and one part forty-one per cent grade cottonseed 

meal, was mixed every two weeks* Fluorine In the form of sodium 

fluoride was added to the mixture to increase Ihe fluorine content of 

the total ration to the desired levels* Feed consiuoption was observed 

closely and when there was any appreciable change in feed consunqption 

the fluorine added was adjusted accordingly* <lhe levels of fluorine 

added are shown in Table I* The sodium fluoride to be added to the 

concentrate mixture for each lot was weighed in the nutrition labora 

tory and put in a Jar marked with the respective lot nuniber. The sodium 

fluoride added to each batch of feed was first pre-mixed with a small 

amount of grain in a ten quart pyramid type laboratoary pre«4iiixer prior 

to mixing with the bulk of the concentrate* Aliuninum sulfate hydrate 

(A12(S0|^)2*18H20) was added in the amounts as shown in Table I* The 
percentage added was based on total consumption and mel^ods of weighing 

and mixing were the same as described for sodium fluoride. After 

thorough mixing the ccsicentrate waa drawn out of the mixer into tubs. 

The mixer was cleaned to prevent contamination of subsequent batches* 

The tubs containing concentrate for each lot were taken to a weighing 

table and weighed into paper bags* Fach bag was marked with the 

appropriate lot nuniber and contained the quantity for one day's feeding 

for one animal. The bags for each lot wore then stored In separate 

marked containers. At the time of feeding the bam man would take three 

bags from each container and place them by the stanchions merlwd with 

lot nuaA)ers corresponding to the numbers marked on the bags* 
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TABLE I 

PLAN OF CATTLE BXPERIMENT 

Treatment 

ppm F added Per ccmt Per cent NaF Number Av, initial 
Lot in of vt. (lbs,) 
number total ration animals 

2aA 0 0 0 3 6U7 

20B 0 o.S% 0 3 653 

2U 20 0 O.OOUli 3 665 

21B 20 0.$% O.OOUU 3 628 

22A 30 0 0.0066 3 653 

22B 30 0.556 0,0066 gb 65U 

23A Uo 0 0,0088 3 660 

23B ItO 0,536 0,0088 3 651 

2Uk So 0 0,0110 3 656 

2UB 50 0,556 0,0110 3 655 

AlgCSOi^)^ has I8H2O attached# 

^Cne animal in this lot mas sacrificed 23 months after the 
experiment began. 
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Cbod quality loixad hay containing at least fifty per cent alfalfa 

was fsd ad lib. Tha bay was chopped to promote uniform consmqjtion and 

to facilitate easier weighing and feeding. The hay for each animal was 

weighed out into a burlap bag or large tub and i^aced in the stanchion 

before the animals were brought in the bam. The amount of hay fed was 

always two to tiiree pounds in excess of consumption in order to promote 

maximum roughage eonsuoptifxi. The amount of hay offered was adjusted 

iriien necessary aa determined from the feed records. 

Bay samplea were taken as the hey was fed to nmke a coi^slte 

sasq^ for analysis each month. A grain saaijle was takfim ir<m each 

batch after mixing and composite sai^le for a three month period secured 

for analysis. Bach sample was analysed for fluorine, moisture, crude 

protein, e^ier extract, crude fiber, nitrogenofree eoEtract and ash. 

Results of these analyses for the thz*ee year period are shown belowt 

Per cmt 

Moisture Crude Protein Ethmr Extract Crude Fiber Nitrogen«free Ash 

extract 

Hay 

7.8 9.5 1.5 36.0 39.5 5.9 

Grain 

9.0 17.7 U.8 U.9 57.5 3.3 

The animals were fed onoe dally, in the evening. After the 

animals were fastened in the stanohions tha grain was poured in with 
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the hay* Animals remained in the stanchions all night and were turned 

out into dry lots in the morning with access to salt and water. After 

turning the cattle out refused portions of feed were recovered, weighed and 

recorded for the Individual animals* For comfort of ths animals this 

procedure was reversed during summer months* Ihey were brought in the 

bam and fed in the morning and remained in the bam until evening irtien 

they were turned out in dry lots. 

These heifers -arero bred as yearlings and therefore brought 

calves in the spring of 195l» 1952 and 1953* After calving the cow 

and calf were kept in a separate lot for two or three days. Ihe cow 

was then returned to the bam for feeding and the calves nursed twice 

daily. The 1951 calves did not receive any feed in addition to their 

dams milk. However, the 1952 and 1953 calves were fed hay and a limited 

amount of concentrate. 

The calves were weaned in November of each year* At this tias 

they were approximately five months old. All the calves were 

slaughtered in 1951 and 1952 but none in 1953* 

All animals were weighed periodically. From the time of eruption 

of the cwnter pair of incisors the teeth (including molars and premolars) 

were examined for signs of the effects of fluorine at each weighing. 

Color photograibs were also taken of the incisor teeth at this time* 

ihe cattle were turned aa pasture in the spring of 1953* 

They were on pasturn from Uaroh 3, 1953 to September U, 1953* The 

purpose of this was to check tooth wear under pasture oondltions and 

also to provide more standai*d summer conditions Ibr breeding and management. 
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At the tiins the cattle irent on pasture they had been bam-fed and kept 

in dry lots exclusively for two and one-half years* 

During this pasture jdiase the animals were brought into the bam 

in the morning aid fed concentrate. Hie concentrate mixture was reduced 

to two pounds during this period. same quantities of sodium fluoride 

and aluminum sulfate were added to this mixture as had been added to 

their previous rations of four pounds* Hius, the percentags of the 

additives in the two pounds of concentrate was doubled as oompared to 

tiiat of the four pounds of concentrate* No attempt was made to estimate 

the amount of grass consumed* Ihs rate of addition of sodiim fluoride 

and aluminum sulfate hydrate was the same throughout the pasture period 

as i^n the animals were taken off hay feeding* At this time the 

animals weare consuming eighteen to nineteen pounds of hay daily* 

The cattle were left in the bam two to three hours in the 

morning to allow sufficient time for all animals to consume their 

concentrate. 

Metabolism trials were run on these cattle in the spring of 

1952* Trials were also attempted in the spring of 195U* Considerable 

difficulty was encountered in getting the animals to consume normal 

amounts of feed while in the metabolism stalls* Oom{d.ete cooperation 

of tho animals in tho 1952 test was not obtained* However, the data 

collected do give some interesting comparisons* 

The equipment and methods of collection used for this trial 

wars described by Hobbs et al. (1950a). 
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Seven day TOinposite urine somplea were collected for analysia* 

Ten per cent aliquots were taken daily to make seven day ocmtposite urine 

samples* All samples were corrected to a standard specific gravity of 

l.OliO, All urine samples were analyzed for fluorine, calcium, phosphorus, 

and nitrogen. 

Fecal aliquots were collected over a seven day period, using 

three per cent of the daily excretion for these aliquots and these 

in turn being used to form the seven day composite sanqple. Ihese samples 

were analyzed far fluorine, calcium, phosphorus, nitrogen, ether 

extract, crude fiber, ash and moisture. 

Bone samites of all the calves from animals in these lots 

were taken for fluorine analysis irtien they were sacrificed,slaughtered 

or died. The right metacarpal was always secured, and when possible the 

mandible and right ninth and tenth ribs were taken. 

Rib resections were made on all cattle in these lots in July 

Ihe twelfth rib on the left side was chosen for these resections 

because of ease of accessibility to the operator, and because of the 

location of the incision there would be less chance of contamination 

wlMn the animal waa lying dosn* 

The animals were placed in a squeeze chute for the operation. 

Approximately one to one and one-half ounces of chloral hydrate waa 

administered orally for mild sedation. An area was clipped from 

approximately the seventh rib anteriorly to the mid-point of the 

paralumbar fossa, and from the spine ventrally approximately twenty inches. 

This area waa then scrubbed and an area approximately fifteen inches 

square was shaved. After sc2*ubbing again antiseptic solutions were 

applied to the shaved and clipped area. 
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Approximately five to ten c.c. of two per cent procaine solution 

was deposited behind the eleventh, twelfth and thirteenth ribs, three to 

five Inches below the costo-vertebral articulation, in an effort to 

block the inter-costal nerves, the site of incision was then infiltrated 

with the two per cent procaine solution. This was followed by deposition 

of two to three c«c, down to the periosteum in six to ten locations on 

the twelfth rib. 

The primary incision was begun, dorsally, eight to ton inches 

from the costo-vertebral articulation, following the curviture of 

the rib, ventrally, six to sevwi inches. The secondary incisicm, 

through the muscle and periosteum to the bone, was five to six inches 

long. The periosteum was then stripped from Ihe rib with the fingers. 

Obstetrical wire was then passed between the rib and the periosteum and 

a three to four inch section of the rib was removed. The muscle layers 

and the periosteum were sutured simultaneously with one continuous 

stitch using number three or four gut. The skin was then sutured with 

umbilical tape, Tising oatbress type sutures. These sutures were removed 

twelve to fouzi^een da^ after the operation. 

This procedure is somewhat similar to one described b/ 

Frank (19UU) for a resection of the fifth rib. 

The method used for the detensination of fluorine in the various 

samples was a alight modification of the perchloric acid distillation 

and thorium nitrate titration method as described by Willard and 

Winter (1933)• These modifications varied with ths samples since the 
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materials included feedSf urines feces, and bones* The fluorine content 

of feeds and feces was reported in ppm fluorine on an air-dry basis* 

Urine samples were reported in ppm fluorine on a volume basis* Bone 

analysis were reported in ppm fluorine on an ash basis* 

Calcium and phosphorus determinatiCMis on feeds^ feces, and urine 

were made according to the Association of Official Agricxiltural 

Chemista (19^0) standards or sli^t modifications of these methods* 

Phosphorus was actually analyzed as P20^ but in all tables it has 

been converted to phosphorus* 

Proximate analyses of feeds and feces were detezmiined by 

Association of Official Agricultural Chemists (1950) standard methods 

or slight modifications. These analyses included ash, moisture, 

crude protein, ether extract, crude fiber, and nitrogen-free extract 

which provided a basis for determining the digestibility of crude 

protein, crude fiber, ether extract, and nitrogen-free extract* 

Sheep 

Thirty-six western crossbred ewe lasdbs, eight to twelve months 

of age and averaging approximately eigjtity pounds in weight were used 

in this study* Wether laidss fjrom the same source were used for individual 

feeding and metabolism studies by (Griffith (1953)* The lasdMi were 

carried through a pre-experimental period in an effort to rid them of 

internal parasites and gat them on feed. During this period the daily 

ration of chopped hay and ground yellow com was increased until the 
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animala urere consuming approxLiaataly on« and one-half pounds of hay and 

ona-half pound of concentrate per head per day at the time the experiment 

began* 

"Oiese lambs ?rere allotted on the basis of weight, grade and 

condition into six lota with six animals per lot* Each animal was 

identified with a numbered ear tag and a paint brand. The first digit 

of the brand indicated lot number and the second the animal nunher, 

e*g«, brand twenty-three on an animal indicated that it was in lot two 

and animal number three within that lot* These paint brands were 

renewed frequently as, throu^ m>naal wear, they woiild become rather 

Indiatingulshable. 

Each group was placed in a dry lot with free access to water and 

salt. 

Bie rations consisted of chopped hay containing at least fifty 

per cait alfalfa fed lib, and one-half pound of number two ground 

yellow com. The levels of fluorine and aluminum sulfate hydrate 

added are shown in Table XI* The methods of calculating these additives 

and mixing the concentrates were the same as described for cattle. The 

ewes were group fed the grain and chopped hay once a dsy. Refused 

portions were collected, weired, and recorded by lots daily. 

These animals were weired, their teeth examined, and color 

Ihotographs made of the incisors. 

These ewes lambed in 19^1 and 1952; however, bone samples were 

obtained only from the 1952 lambs. 
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TABUB 11 

PLAN OF SHEEP EXPERIMENT 

Treatmfflit 

Lot ppm F Per cent Per cent Nunflber Av, initial Initial Wt. 
No, added Alp(SOi)2 in NaF of Wt. (lbs.) range(lbs.) 

added total ration animals 

I 0 0 0 6 79.2 70-79 

II 25 0 .0055 6 81.2 68- 9k 

III $0 0 .0110 6 62.2 73- 95 

I? 50 0*2% .0110 6 81.3 71 - 9U 

V 100 0 .0220 6 81.0 67 - 96 

VI 100 0,h% .0220 8U.2 73- lOU 

®Only U anisjals in this lot. 



20 

This experiment waa started at the University of Tennessee Middle 

Tennessee Experiment Station at Columbia, Tfflinessee, in Deoemiber, 19U9* 

In June 19^1 the ewes were brought to the fCnoxville Station where they 

were continued on test until the experiment was teminated in December 

1952. 

fhiese animals were slaughtered in the University meats laboratory. 

All ewes were autopsied and bone samples were taicen from the ri^^t 

metacarpal, mandible, and right ninth rib. Fluorine determinations were 

made on these samples. 

Many procedures, such as methods of sampling hay and grain, feed 

adjustments, etc., not discussed In this section have been covered 

under t^e section on cattle. 

-^r 



CHAPTER 17 

RESULTS AND DISGUSSIOM 

Cattle 

Feed ConsuTiption 

At the tlae the eocperlraent waa started the animals were consuming 

two pounds of concentrate mixture and approximately thirteen pounds of 

hay per day. Six months later their consumption of hay had increased 

to approximately sixteen pounds. The ctmcentrate mixture was increased 

to -three pounds at this time. One month later the concentrate was 

increased to four pounds per day. This increase in concentrate resulted 

in a temporary reduction in hay consumption of approximately one and one* 

half pounds. 

The concentrate remained at toe four pound level until -the 

animals were put on pasture in the spring of 1953 iriwn it was re(hieed -tio 

two pounds. This was done -to insure comfOLete consvuaption of toe coiusen* 

trate wito alleviators -while the animals were on pasture. IBien the 

animals wez<e taken off pasture in the fall they were returned to the 

ad lib, hay and four poimd concentra-be ration. This ration was continued. 

Table III shows the average daily feed consultation by years 

and the overall average daily consunption for the -three year period. It 

can be noted from this table that -the avera^ daily conaunption of hay was 

slightly higher in the groups receiving aluminum sulfate hydrate, 
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TABLE in 

AVERAGE DAIIJ FEED CONSUMPTICai OF CATTLE FED VARIOUS LEVELS 
OF FLUORINE AND ALUMINUM SULFATE 

1951 1952 1953 1951-1953 
Lot 
Number Hay Cone. Hay Cone. Hay Cone. Hay Cone. 

20A 15.17 3.U 15.U8 3.98 18.92 2.68 16.06 3.27 

20B 15.Uo 3.11 15.81 3.96 18.80 2.Ud 16.26 3.20 

21A lU.30 3.11 lii.87 3.97 18.33 2.70 15.36 3.27 

21B 1U.5U 3.10 15.35 3.97 18.U3 2.39 15.66 3.17 

22A 13.92 3.11 15.16 3.95 18.68 2.65 15.39 3.25 

22B* 15.86 3.10 16.11 3.99 18.96 2.U0 16,60 3.18 

23A 15.81 3.10 16.12 3.99 18.96 2.60 16.50 3.2U 

23B IU.19 3.05 15.22 3.97 18.68 2.U5 15.52 3.18 

2U 13.66 3.11 lL.12 3.99 17.ii3 2.60 Hi.70 3.25 

2liB 15.53 3.10 16.23 3.99 19.lit 2,U0 16.60 3.22 

a 
Only 2 animals in this lot. 
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except in the case of lot 23B where the reverse was true* This table 

also shows that the groups receiving no aluniinura sulfate hydrate in 

their ration consuned slightly laore grain than did the groups receiving 

this compound in their ration. There were no significant differences 

between lots in feed consumption. 

The average flTxorlne oontmt of the hay fed these animals was 

U.6 ppm (range 2 to 9 ppm F), and the ccxicentrat© for the control 

ration contained an average of 2h»^ ppna (range 7 to 6? ppm F) (one 

sample of 6$ ppm was apparently out of line). 

Hie average daily ingestion of fluorine and aluminum sulfate 

hydrate of these animals is shown in Table XVII, These figures are 

reported in milligrams of fluorine and aluminum sulfate hydrate per 

kilogram of body wei^t* Odder the conditions of this experiment 

these data would indicate that the level of fluozdne and/or the 

additicm of aluminum sulfate hydrate to the raticma had no effect on 

feed consumption, 

Wei^t Gains 

the average initial weight of th» individual lots ranged from 

628 pounds to 69\\ pounds. There was considerable vaid.ation within some 

lots. Table I shows the average beginning weight and Table IV shows the 

average daily gain by years and the overall average daily gain. There 

were no statistically significant differences in the average daily gains 

between lots. 

this would indicate that, \mder the conditions of this expeiriment, 

the addition of sodium fluoride and/or aluminum sulfate had no appreciable 
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TABLE IV 

AVERACaS DAILT GAINS OF CATTIE FED VARIOUS LEVELS 
OF FLUORINE AND ALUMINUM SULFAT® 

Treatment 
ppaa F Bsr o«it 

Lot 
No. 

added Alo(SOi,)4 
added 

1951 
(377 dAFB) 

1952 
(368 days) 

1953 
(3U2 days) 

1951-1953 
(1087 days) 

2aA 0 0 .62 .38 .U2 .U8 

20B 0 0.5 .56 .39 .31 .U2 

2U 20 0 .50 .36 .14^ .U3 

21B 20 0.5 •Itl .38 .Uo •Uo 

22A 30 0 .33 •21 .35 

22B® 30 0.5 M .38 .37 .39 

23A Uo 0 .55 .58 .20 .U5 

23B Uo 0.5 .50 .27 .28 .35 

2UA $0 0 .U8 .U8 .28 .Ul 

2UB 50 0,5 .76 .26 .U9 .51 

Only 2 anliaals in this lot. 
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affoct on irelght gains for the period studied. 

Digestibility 

Metabolism toials mre run on the cattle in the spring of 19^2. 

At ̂ is time the animals had been on experiment approximately eighteen 

months. A summary of the average percentage apparent digestibility 

for crude protein, crude fiber, ether extract, mid nltrogen«>free extract 

for these cattle is shown in Tabls V. Ttore was some variatian in the 

apparmt digestibility figures for the various nutrients. 

Balance Studies 

Fluorine Balance. The average daily fluorine balance for all 

animals siibjected to, and collected frora, metabolism trials is shown in 

Table VI. In general the milligrams of fluorine ingested followed the 

amount of fluorine added to the ration. DLfferenoes that do occur 

might logically be attributed to small numbers of animals, variation in 

feed consumption, sai^ling errors, and chemical deteniiination exvors. 

In general the fluorine excreted in the urine increased as the 

level of fluorine increased whore c<^)aring non-alleviator (A) groups 

and alleviator (B) groups separately. The urinary fluorine was 

appreciably reduced and the fecal fluorine was increased in lots irtwre 

aluminum sulfate hydrate was added, when compared to lote on correspond-

ing levsls of fluorine intake without the addition of this compound. 

This might tend to substantiate postulations by ̂ tarpless (1936), 

Majumdar and Ray (19li6) and Griffith (1953) that the aluminum sulfate 

l^rdrate "ties up" the fluorine in the gastro-intestinal tract. 
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TABIE V 

AVERAGE APPARENT DIGESTION CCEFFICIEKTS FOR CATTLE FED 
VARIOUS LEVELS OF FLUORINE AND ALUMINUM SULFATE 

Treatawnt Bsroentag* apparwnt digestibillt/ 

Pixn F Per emt NvoMber 
Dry Crodo Ether Crude Nitrogen^ 

No. added anlnals natter protein extract liber free ext 

20A 0 0 2 63.1) 65.5 1)7.6 51.1) 7l).0 

20B 0 0.5 2 63.6 63.6 56.3 50.6 7l).7 

21A 20 0 3 6U.2 62.5 1)7.5 5i).l) 73.3 

21B 20 0.5 2 62.8 58.1) 1)9«1) 52.8 72.3 

22A 30 0 I 6U.2 62.865.1) 56.5 71.2 

22B 30 0.5 3 62.2 61.6 55.0 52.6 72.0 

23A ItO 0 3 62.9 62.U 51).l 58.2 73.7 

23B 1)0 20.5 65.1 61.U 59.0 59.0 7U.1 

2U 50 0 2 66.2 61.7 50.8 58.2 75.2 

2UB 50 0.5 3 6U.5 614.7 56.6 51).9 7U.6 
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Table XVIII gives the figures for individual animals. These 

figures will demonstrate the variation in these results and explain 

some of the irregularities that are shown in Table VI. 

the reduoticms In the percentage fluorine retained in some of 

the lots receiving aluminum sulfate hydrate, might tend to explain 

the cojrresponding reductions in btxie deposition in these alleviator 

groups as presented in Table IX. 

Calcium, Phosphorus and Nitrogen Balances. Balancesof these 

minerals, for the animals run, are presonted in Table VII. As in 

the case of digestibility of nutrients these figures vary considerably 

and do not seem to follow any definite pattern with reference to the 

different rations. There was apparently no appreciable difference. 

Reproduction 

Cows in these lots calved in 1951* 1952, and 1953* Table VIII 

shows a yearly and overall sunmiary of^number of calves bom, average 

birth weight, average daily gain, and overall number of calves weaned. 

There were no significant differences between lots in birth weights or 

average daily gains. It appears also, that the nuoiber of calves bom 

or raised in the various lots was not influenced by the rations the 

animals were on. 

The calf crop in 1951 vas 69 per cent, in 1952 86 per cent, and 

in 1953 111 per omt- based on the nuadaer of calves bom. As previously 

stated these cattle were turned out on pasture in the spring of 1952, in 

an effort to Increase the rate of conception. 

J 
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TABLE VII 

mmOE DAILT BALANCE OF CALCHW, PHOSPHORUS AND NITROGEN 
FOR CATTIE FED VARIOUS LEVELS OF FLUORIHB AND 

ALUMINUM SULFATE 

Lot 
No. 

TreatmeitS 

Per cent 

ppm F 
added awed 

N^oilMr 
of 

anisjals® Caloiua 

Qram 

Phosphorus Nitroget 

2QA 0 0 2 •1.7 -.9 1.5 

20B 0 0.5 2 -2.1 •li.6 1.0 

21A 20 0 3 •1.6 -5.8 -6.5 

21B 20 0.5 2 2.6 .3 U.7 

22A 30 0 I -2.8 .9 1U«2 

22B 30 0.5 3 -5.8 - .1 U.6 

23A UO 0 3 -6.8 1.6 -5.2 

23B Uo 0.5 2 —2.2 -13.0 - .U 

2UA 50 0 2 •U -10.6 

2UB $0 0.5 3 -1.0 -7.5 .u 

*Each anlBial vaa on oolleoti(xi test period for 7 days. 
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At th« present tine (April, *11 the cows hare not ealred* 

The niudMr of calves already bom (l6) and Vm nnsiber of cows found by 

rectal palpatiim to be pregnant (11), leaves only two animals either 

without a calf or not pregnant* One of these two animals aboz*ted some 

months ago. Considering that only one animal in the entire group failed 

to conceive, the nuaber of calves bom In 195U should be twenty-eight. 

This would give a calf crop of 96 per cent calves bom (including the 

aborted fetus aa a calf born). 

Fluorine Content of Bones 

Since these animals are being continued on experiment, <diemical 

analysis for fluorine storage in the bone is limited to one analysis 

from each animal. The source of this analysis is the rib resections 

made in 1953. At this time the animals had been on the various rations 

for approximately 38 months. Results of these analyses are shown in 

Table IX. 

As shown in this table, the fluorine content of Ihe left twelfth 

rib, was significantly reduced by the addition of 0.^ per cent 

aluminum svtlfate hy<h'ate to ratlona that had 30, UO aund $0 ppo fluorine 

added (lots 22B, 23B and 2UB, respectively) when compared to rib 

analyses from animals fed comparable levels of fluorine with no aCLuminum 

sulfate hydrate added (lots 22A, 23A, and 2UA, respectively). This 

reduction in fluorine storage was also evident at the 20 ppa level in 

the group receiving aluminun sulfate hydrate (lot 21B) when compared 

to the group receiving the sauae level of fliiorine without aluminum 

sulfate hydrate (lot 21A). However, the amount of reduction in this 

case was not significant, as measured by the "t test* described by 

&iedecor (19$0). 
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It can ba noted that the average fluorine oontflnit of the ribs in 

lot 2UB ($0 pp« F #0.5$ *3L2(SO|j)2 added) is allghtly lower than the 
average fluorine eontwrit of the ribs in lot 22A (30 pp» F added). Aleoy 

the average for lot 23B (1»0 ppm F # 0.5$ KL^iSO^)^ added) approximates 
the analysis of lot 21A (20 ppn F added). 

The 1951 and 1952 calves were slaughtered and bone samples taken. 

The 1953 calves were not slaughtered at weaning tiauj therefore, there 

are no analyses reported for that year. Samples from the netacarpal and 

mandible were obtained from the 1951 calves, but only ftom the metacarpal 

in 1952. 

The metacax-pal s«iid.e was taken f^m the medial projdmal quarter 

of the right metacarpal. The mandible sample was obtained from the 

angle of the right mandible* 

The 1951 calves received no feed in addition to tixeir dams 

milk. Tha 1952 calves were fed hay lib, and a limited amount of 

concentrate similar to the mixture fed the cows (no fluoirine added). 

The results of the average analyses of thess bones are shown in 

Table X« Since there was a remarkable difference in analyses betsrean 

years, these reaulte are shown separately* the calves slaughtered in 

1951 awraged 55 days older than the 1952 calves* 

Because of the small numbers and within lot variation so great, 

these datMSi would be difficult to interpret. It would appear from these 

analyses that the addition of fluorine and/or aluminum aulfate hydrate 

to the rations of ttasse cows had no appreciable effect on the fluorine 

Offixtent of bones from calves produced by these cows. 
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FLUORINE CONTENT OF RIBS OP COWS FED VARIOUS LEVELS OP FLUORIl® 
AND ALUMINUM SULFATE^ 

Par cent ATerage 
Lot ppm F Al2(S0it)3 Animal ppm F ppm F Reduotion Per cent 

numbflor added ad^d nunber in ribs in riba (in ppan) reduction 

20A 0 0 

XOO 

XOX 
X02 

800 
600 
600 

667 

0 0 

20B 0 0.5 
X03 
XOU 
X05 

600 
700 
700 

667 

21A 

2XB 

20 

m 

0 

0,5 

X06 
X07 
X08 

X09 
XIO 

xxx 

2900 
1800 
2100 

1800 
1500 
2100 

2267 

X800 

h$1 20.6 

22k 

22B 

30 

30 

0 

0.5 

XX9 
XX3 
uu 

112 

X17 

3200 
3000 
3600 

2100 
2100 

3267 

2X00 

1167# 35.7 

23A Uo 0 

U8 
XX5 
X20 

3900 
3900 
U200 

Uooo 

I667<i» la.7 

23B liO 0.5 
X2X 

X25 
123 

2X00 
2U00 
2500 

2333 

2UA 

2UB 

so 

So 

0 

0.5 

12U 
122 
126 

127 
128 
129 

U^oo 
5200 
5300 

2U00 
3200 
3700 

U967 

3100 

X867» 37,6 

a From rib reaactions 

*P ̂  0.05 
**P < 0,01 
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TABLE X 

FLUOaiHE CONTEST OP CALF BONES PRODUCED BT COWS FED VARIOUS 
LEVELS OF FLUCmiNE AND ALUMINUM SULFATE 

19S1 19$2 

NuaAser Average Average Number Average 
Lot of pioi F in ppot F in of ppm F in 
sober analyoea oandlble oetacarpal analyses aetaoarpal 

2QA 1 1X0 120 1 13U 

20B 2 2US 205 3 9k 

2iA 2 230 2X0 1 167 

2XB 2 185 185 2 90 

22A X 250 220 2 xi(0 

22B 2 190 185 2 XX14 

23A 3 193 2X7 1 152 

23B 2 150 175 3 13U 

2i4A 2 x5o 185 0 • 

2UB 1 2X0 2U0 3 138 
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Teeth Examinatlona 

Many investigators report that teeth lesions due to abnoraally 

increased levels of fluorine nay be used as a partial index in deter 

mining the extent of damage by this element. 

Detailed teeth examinations were made monthly or bimonthly shioh 

included detailed descriptions and color i^otographs* Some form of 

classification was needed in order to con^re the teeth of animals on 

various levels of fluorine* A classification chart was devised by 

Hobbs et al. (1953)* a reproduction of which is presttited in Table XIX. 

Di order to present some data on the effect aluminuffl sulfate 

hydrate might have on reducing tooth lesions by increased levels of 

fluorine. Table XI is included to give a record of the current classi 

fication of the incisors of all cattle in this experimsnt* The markings 

are usually bilateral, but in oases ahere this is not true the ri^t 

tooth of the pair is given below the classification for the left 

tooth. 

Wear is also ascertained and recorded for the individual teeth. 

This recording is also done by dassification* Ihe method for recording 

wear is as followsi 

a - Ikieven 

A «• Normal for age and general conditions 

B - Slight 

C •> Medium 

D » Heavy 

E - E»:essive 
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A close stUidy of the classification of the incisors of aiiiioals 

in the alunlnum sxfLfate hydrate fed (B) groups shoes that this compound 

did decrease teeth lesionS. This is most noticeable when conparing lot 

23B to lot 23A. 

This experimfflit combined with other experiments shows that the 

teeth are one good criterionto use along with others in detezmdning the 

amount of fluorine being ingested at t^ tloe of developnent of a 

specific tooth* 

i^eep 

Feed Consuraptioa 

At the tine this was initiated animals were 

consuming approacLaately one and one-half pounds of hay and one-half 

pound of concentrate* During 19^2 the average daily feed oonsun9>tionf 

as Bhown in !^ible XII, increased from om md one-half pounds to 

approximately three pounds of hay* Since the lai^ were in the lots 

with the ewes, they consumed some of seas feed as the ewes in 

the respective lots* 

Dozing the first two years there was practically no difference 

in bay or ocmoentrate coasumptiai between any of the lots* In ISSZ, 

however, there was a reducticaz in the hay consumption in lot six* 

!Ihe average fluorine content of the hay fed these animals was 

9*9 ppm (range U to 38 ppn F) and the concentrate for the control group 

aweraged 17 ppn F (cmly three analyses with a range of 8 to 31 ppm F}* 
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«rerag« daily mlUigraas per kilogram of body weight of fluorine 

end aluminum sxilfate hydrate of these animals is shown in Table XX• 

The level of jEluoidne fed had no apparent effect upon feed con 

sumption. At the 50 ppm level (lots 1X1 and 17) the addition of 

0«2 per cent aluminum aulfate had no effect on feed oonsumpticm 

when compared to the rati(m void of this compound. Lot VX, 100 ppm 

fluorine and O.U per cent aluminum sulfate hydrate, conaiused leas 

feed than any of the other lots in 1952* (Griffith (1953) reported 

no significant differences in feed consumption of wether la^bs on a 

ration similar to lot 71 when compared to rations identical to 

lots X, XX and XXX of this experiment. 

Weight Gains 

The average dally gaiius of the sheep are reported in Table XXXX* 

Table XI shows the average initial weight and range by lots. All lots 

showed weight losses for the year of 19^* This might be partially 

attributed to the fact that the ewes were nursing lahbs and the lanhe 

were ocmipeting with the ewes for feed. 

The results of the weight gains of the ewes paralled the 

findings on the cattle. Griffith (1953) also substantiated this by 

reporting no material effect on weight gains with wether lanbs fed 

similar rations for a liiO-day period. 

Reproduction 

The ewee used in this experiment laabed in 1951 and 1952. 

Tte ewes were at the Middle Tennessee EiqwriaBnt Station at Columbia, 

Tffirmessee when the ewes laabed in 19^1. The landbing data available 



TABLE XIII 

la 

Aim® MILT GAINS CS' SHEEP FED VARIOUS LEVELS OF 
FLUORINE AND ALUMINUM SULFATE 

Lot 
Treataent 

Per ceni 
ppm F Al2(SO^)3 19$0 19^1 1952 1950-1952 

I 

II 

III 

IV 

V 

VI* 

0 

25 

50 

50 

100 

100 

0 

0 

0 

0 

0.2 

o.U 

.10 

.10 

.01 

.11 

•u 

.lit 

.ou 

.07 

.05 

.02 

.oU 

.00 

-.01 

-.06 

-•olt 

-.00 

—.06 

-.00 

.OU 

.oU 

.03 

•oU 

.03 

.OU 

^Otay ii anioals in tbis lot. 



U2 

for 1951 show only the birth weights of the laahs. There were no 

slgnifleant differexices between lots In the birth weights of the lawbe 

produced in both yean and no differences between lobs In averags 

dally gain In the 1952 lainbs. The level of fluorine apparently did 

not reduce the number of lambs bom since lot 7 had 92 per cent lanb 

crop and lot VI had 86 per cent lamb crop for the two years* The 

average of all lots for the two years was 68 per cent* 

The suBEMuy of the birth wei^ts for 1951 and 1952 and the 

average dally gains of these ladjs is shown in Table UV* 

Fluorine Contait of Bones 

Results of the average analyses of samples the aetacainpals, 

mandibles and ninth ribs of these ewae are shown in Table XV* The 

mstacarpal and mandible samplee were iMken In the same manner as for 

toe calves* The rib sample was obtained from the distal half of the 

right nlnto rib. Indivldiial analyses can be found in Table XXI* 

The addition of 0*2 per cent aluminum sulfate hydrate slgnifl-

oantly xwdueed the fluorine storage in the ribs of these sheep at the 

50 ppn fluorine level (lot III compared to lot IV). Significant 

reductions were also obtained wh«n 0*U per cent aluminum solfate hydrate 

was added to ths ration of ewes fed fluorine at the 100 ppm level 

(lot V ooiiq}ared to lot VI), The average fluorine content of the rib 

analysis of lot VI (100 ppa F ♦ o»U8 A3^(S0|^)^ added) was almost as low as toe 
average fluorine content of the rib analysis of lot III (50 ppa F added). 
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Fluorine storage In the aandlhleMi eae significantly recticed at 

the $0 ppra fluorine added level by the addition of 0.2 per cent 

aluMlnuw eulfate hydrate when oonpared to the ration that c<aatalned no 

aluadnum eulfate hydrate (lot III), It should also be noted that the 

addition of O.U per cent aluainua eulfate hydrate to a ration containing 

100 fluorine addtod (lot VI) produced a high percentage decrease in 

fluorine content of the aandiblse eh«i compared to a ration containing the 

sane amount of fluorine but no aluminam aulfate hydrate (lot V). 

Mo significant reductions in ths fluorine ocmtent of the meta» 

oarpal were observed. It should be noted^ however^ that tlm average 

analyses of the aetacarpals of lot VI (100 pp# P♦ o.li* 
addod) ie practically the same as that of lot ni($0 ppat P added). 

Vhese data would indicate that under the conditions of this 

experiment 0.2 per cent aluminum aulfate hydrate significantly reduced 
the fluorine storage in the right ninth rib and mandible of ewee receiving 
a ration with 50 ppm fluorine added over a three year period. Also, 
significant reductions in fluorine storage in the ri^t ninth rib were 
ebtained by the addition of 0.1* per cent eluminiui aulfate hydrate to a 
ration that had 100 pjm fluorine addod. High percentages of reduction 
ia auorine content were shown in the mandibles and metacarpals. 

The results of analyses of the right oBtaoarpals of the lambs 
produoedf^ the ewes in lots I thiou^ VI in 1952 are sheen in Table XVI. 
Since these lambs eere kept in the same lots as the ewes, they consumed some 
•f the feed. Thus the increases in ths amount of fluorine in the mU^ 
carpals of these lambs parallels the increases in the rate of fluorine 
added to ths rations of the various lota. 
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TABLE XVI 

FUJCmiNE CONTENT OF LAJffl METACARPAL BONES FROM ENES FED 
VARIOra lEVELS OF FLUORINE AND ALUMINUM SULFATE* 

1952 

Lot Lot Lot Lot Lot Lot 

I II III IV V VI 

213 236 5140 U80 980 9U5 

6^130 270 850 970715 

385 520 1020 1035 

305 

lUUo 

610 1050 

1050 

578 598 1065 1(«6Av.172 299 

^Analyses «r« in ppn F. 



CHAPTER 7 

SUMMART 

7119 poaalbl# ftllcnrlation effeets of altuolnum sulfato hydrat« 

wore studied over a thrs«-year porlod in tvanty-^ine cattle and thirty-foor 

sheep* In the cattle experintsnt 0*5 per cent alumlnuia sulfate l^drate 

eaa added to ratLms with 0, SOy 30, itO and 50 ppm fluorine added* This 

experionnt is still in progress* In the sheep experinsnt fluorine was 

added at the rate of 0, 2^, $0 and 100 ppn with 0*2 per cent aluminua 

sulfate hydrate being added to a ration with 50 ppm fluorine 

and 0»k per cent alujoinum sulfate t^^ate added to a ration containing 

100 ppm fluorine. 

These data show that under the conditicnis of these experiments 

there were no i^preciable differences in feed e<msumption or weight gains 

in ̂ e cattle and sheep that could be associated with the various treat 

ments* 

Apparent digestibility coefficients for the various nutrieats 

varied considerably* This made it difficult to associate any differ 

ences in apparent digestibility of crude protein, ether extract, 

nitro^-f^es extnrsct end crude fiber with the addition of fluorine or 

aluminum sulfate hydrate to the rations of cattle* ULneral balance 

studies indicated that generally, the addition of aluminum sulfate 

hydrate to rations to which fluorine was added decreased the amount of 



U8 

fluorine retained and also increased the percentage of fluorine 

excreted in the faces. As in Ihe case of the various nutrientsi 

there were no appreciable differences beteeen lots in retention of 

calcium, i^osphorus, or nitrogen* 

^niese data mould indicate that under the oonditicms of these ex* 

periments there mere no differences in the number bom, birth meights 

or average daily gains in the calves and lambs mhich could be attributed 

to different treatments of their dams* 

Ihe fluorine contmt of the calf bones did not seem to be associated 

mlth the different treatments of their dams. Since the laubs mere kept 

mith the emes they emsuaed some of the feed; therefore, the fluorine 

content of their mstacarpals increased relatively mith the amount of 

fluorine added to the different lots. 

The fluorine contoot of the ribs of the cattle mas significantly 

decreased by the addition of 0*5 per cwit aluminum sulfate hydrate at 

the 30, itO and 50 ppa fluorine added levels. The addition of 0.2 per 

cent aluBdnua sulfate hydrate to the ration of sheep on 50 ppm fluorine 

significantly reduced fluorine storage in the ribs and mandibles. 

WlMm O.U per cent aluminum sulfate was added to the ration of sheep 

receiving 100 pimb fluorine the fluorine content of the rib mas reduced 

significaatly. 
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A 

TABUE mil 

AVERAGE DAILT FI.UCRINE BALANCE OF INDIVIDUAL ANIMALS FED VARIOUS 
LPEIS OF FLUORINE AND ALUMINUM SULFATB 

mam 

Lot Animal Fluorins•Miligrams Par cent F 
nu]]d>er number Intake Unne FeoM Balance retains 

20A 100 59.6 17.8 20.0 21.8 36.6 
102 53.6 37.8 314.8 -19.0 

• 

20B 103 61.7 18.2 28.7 II4.8 2U.0 
lOU 50,8 Hi.l 25.5 11.2 22.0 

106 223.U 88.8 37.14 97.2 I43.5 
21A 107 221.2 82.9 72.0 66.3 29.8 

108 20U,0 66.2 55.5 82.3 140,3 

21B 109 232.9 50.2 m.5 71.2 30.6 
111 lilU.0 39.U 127.2 I47.U 22.1 

22A uh 301.6 198.ii 66,7 36,5 12.1 

117 326.U 37.1 1145.9 II43.I4 143.9 
22B 112 322.U 58.U 171.3 92.7 28.8 

U6 32ii.2 67.1 161.0 96.1 29.6 

120 itiii.ii 95.0 70.2 2149.2 60.1 
23A 118 U20.1 1U9.0 78.2 192.9 145.9 

115 ia2.5 82.9 66.0 263.6 63.9 

23B 123 25U.2 62.7 15U.0 37.5 1U.8 
121 386.1 75.9 200.7 109.5 28.U 

2UA 12U UU9.8 181^.6 101.5 163.7 36.I4 
122 U26.0 IU.8 II43.5 267.7 62,8 

129 506.9 67.U 218,7 220.8 I43.6 
2ttB 127 512.1 102,7 2I4I.O I68.lt 32.9 

120 50U.8 92.5 182.5 229.8 I45.5 

https://itiii.ii


5
5
 

lU
rr

lM
d 
Ma
ro
h 
1
2
,
 1
95
1t

1
X
1
 

C
o
n
f
i
d
r
n
t
i
a
l
•

A
n
i
m
l
 

Hu
sb

«n
dr

y^
V«

te
rt

n»
rj

r 
cw

ss
iF

ic
AT

io
if

 o
r 
r
m
 e
ff
ec
ts
 o
r 

la
KT
AR
sr
 f
lu

oe
iu

bs
 o
w 
fB

Ei
H 

ts
f 
C
k
w
z
 

Se
iM

OC
Hi

 t
op
ar
ta
sn
t 

th
ii
w«
it
gr
 o
f
 

g
r
e
a
t
e
r
 t
h
m
 

Oh
iA
lr
tn
oa
o 
or

 M
ot

tl
in

g 
(I

ne
lo

oa
ro

) 
Id
fp
op
la
oi
a 

R
o
l
a
t
i
'
v
o

G
l
a
M
i
f
i
-

s
o
z
t
t
i
l
 f
o
r
 

I
S
n
S
S
r
(^

Mt
lk

gr
 o
ir
la
rl
dj
i»
ui
«C
ro
n 

Ca
ri
oa
 a
nd
/ 

o
f
fo
e
t
a

e
a
U
o
t
t
 

a
g
o
 a
n
d
 o
o
n
d
l
t
i
o
M
i
 
F
o
e
o
l
 

o
r
 l
o
n
g
i
t
u
d
i
n
a
l

(S
mO

Uo
t 

Bo
ro

ol
ai

ii
 
aa

oo
oa

ia
* 

st
ai
ni
ng
 
o
r
 o
r
o
o
i
a
n
a
 

T
o
o
t
h
 g
r
o
a
t
o
r
 

d
a
a
a
l
-

f
i
o
a
t
i
o
n
 

M
l

o
n
 

e
a
c
h
 t
o
o
t
h
 

l
a
 

Do
po
nd
a 
o
n
 a
g
o
 a
n
d
 

i
n
d
i
v
i
d
u
a
l
 v
a
r
i
a
-

*1
M
a
r
 b
o
 v
w
r
r
 a
l
l
^
t
 

l
a
 

l
b
 

D
^
p
a
n
d
e
 o
n
 a
g
e
 a
n
d
 

S
l
i
g
h
t
 t
o 
ae
di
iM
 

M
n
y
 b
a
 

M
a
y
 b
e
 

i
n
d
i
v
i
d
u
a
l
 v
a
r
l
a
-

i
M
t
t
a
r
-
g
o
o
d
 

v
o
i
y
 

a
n
a
p
d
l
e
i
o
u
a
*
 

l
b
 

t
l
o
a
a
 

-
a
l
M
i
t
 

i
y
 d
ia
co
lo
ro
 

2
 

hs
po
nd
e 
m

m
g
§
 a
n
d
 

S
l
i
g
h
t
 t
o 
d
i
f
f
u
s
a
 

S
l
i
#
t
 

U
e
u
a
l
l
y
 v
e
r
y
 

Q
w
a
t
L
o
n
-

2
 

i
n
d
i
v
i
d
u
a
l
 v
a
r
i
a
-

Xa
ts

te
r-

go
od

 t
o
 f
a
i
r
 

t
o
 

e
u
S
r
c
o
*
 

a
b
l
e
 t
o
 

t
i
o
n
e
 

a
a
d
i
u
a
 

bM
Ev

y 
br
oe
n 

a
l
i
g
h
t
 

3
 

Ta
bl

e 
ma
of
tm
em
 r
m
y
 

S
l
i
g
h
t
 t
o
 h
a
a
v
y
 

S
U
g
h
t
 

Ih
ma

ll
y 

Ue
ii
al
l^
 

S
U
^
t
 

3
b
a
 g
o
o
d
 o
n
 e
a
t
t
l
a
 

X
M
i
t
«
r
»
g
o
o
d
 t
o
 f
a
i
r
 

t
o
 

sl
ig

ht
 t
o 

pa
ih
o^
Mi
e*

to
6

ye
ar
e 
of

 a
go

 
h
a
a
e
y
 

he
av

y 
on
lo
 

T
a
l
O
o
 

m
y
a
h
m
 t
o
r
n
 o
f
 t
h
i
 

S
U
g
h
t
 

m
y
 b
o
 

S
l
i
^
t
 t
o
 

Ml
ty

 b
o
 p
o
o
-

ff
cn
o 
S
l
i
g
h
t
 t
o
 

oh
fl

or
 n
o
g
d
l
g
l
t
^
e
 t
o
 

o
f
f
o
o
t
a
 

t
o
 

o
n
l
y
 

ox
oe

oo
iv

o 
oa
ri
ou
a 
or
 
g
T
i
o
 

L
M
t
o
r
l
o
o
o
 

h
o
a
v
y
 

p
a
r
t
i
a
l
l
y
 

br
ow

n 
an

d 
oa
ri
ou
a 

al
ig

ht
 

U
a
e
k
 o
t
a
i
n
 a
f
t
o
r
1
o
r
 

2
yo

ar
a 
i
n
 

"X
* 
w
b
m
 a
dd

ed
 t
o ̂

ao
si
lt
oa
ti
fm
 n
uh

be
r 
d
o
n
o
t
M
 a
n 
hb
no
na
al
it
y 
ot

iw
r 

th
na
a 
tn
na
ab
ta
 t
o 
fX
ao
rl
aa
 

Bo
ld
fa
ce
 t
en
ao
 I
nd
ic
at
e 
ay
np
tm
s 

ir
hi
ch
 o
ou

ld
 d
ef

in
it

el
y 
do

ta
na

in
o 
th

e 
ol

ae
ei

fi
ca

ti
oa

 o
f 
a
 t
oo
th
. 

Co
rr

oo
to

d 
an

d 
ae

oo
pt

ad
 S
ap

ft
aa

ha
r 

li
i«
 

19
53

 b
y 
Ho

bb
o,

 P
hi

ll
ip

a,
 a
ra
on
me
d^
 

M
o
o
r
M
n
,
 M
o
r
r
l
n
o
a
 a
n
d
 
G
r
i
f
f
i
t
h
 



 

5
6
 

T
A
B
1
£
 X
I
X
 

Re
vi

se
d 
Ma
rc
h 
12
,
19
5U
 

C
o
n
f
i
d
e
n
t
i
a
l
 •
» 
A
n
i
a
a
l
 

H
u
s
b
a
n
d
r
y
^
V
e
t
e
r
i
n
a
r
y
 

Sc
if

fl
ic

e 
De
pa
i'
tm
en
t

CL
AS

SI
FI

CA
TI

Ca
i 

Cff
l" 
IH
E 
EF
FE
CT
S 
OF
 D
IE
TA
HI
 F
LO

(®
IM

E 
ON
 T
EE
TH
 C

ffi
* C

AT
HJ
E 
(c
on
ti
nu
ed
) 

lA
il
ve
ra
lt
y 
o
f
 T
en

ne
ss

ee
 

R
e
l
a
t
i
v
e
 

e
f
f
e
c
t
s

W
e
a
r
 g
r
e
a
t
e
r
 t
h
a
n
 

C
h
a
l
k
y
 s
tz

ri
at

io
ns

-C
ro

ss
 

Ca
rl

es
 a
nd

/ 
g
r
e
a
t
e
r

C
l
a
s
s
i
f
i
-

n
o
r
m
a
l
 f
o
r
 

C
r
o
s
s
 

S
t
a
i
n
i
n
g
 
o
r
 e
r
o
s
i
o
n
s
 
E
n
a
m
e
l
 
T
o
o
t
h
 t
h
a
n
 n
o
r
-

C
L
a
s
s
i
-

o
r
 l
on

gi
tu

di
na

l 
Po

rc
el

ai
n 

Ex
ce
ss
iv
e

ca
ti

on
 

ag
e 
an
d 
co

nd
it

io
ns

 F
oe

al
 
ch
al
ky
 

a
a
l
 o
n
 

f
l
c
a
t
i
o
n
 

e
a
c
h
 t
o
o
t
h
 

li
iy

 b
e
 

S
l
i
g
h
t
 t
o
 
R
p
o
g
r
e
s
s
i
v
e
 
S
l
i
^
t
 
M
a
y
 

M
e
d
i
u
m
 

W
e
a
r
 v
a
r
i
a
b
l
e
 

U
s
y
 s
h
o
e
 s
om
e 
o
f
 t
he

 i
d»
0f
« 

p
a
r
t
i
a
l
l
y
 
e
x
c
e
s
s
i
v
e
 
^r

pe
 o
f
 

Jt
o 

b
e

S
l
i
^
t
 t
o
 m
e
d
i
u
m
 

e
f
f
e
c
t
s
 

b
r
o
w
n
 
a
n
d
 
e
r
o
s
i
o
n
s
 m
a
y
 m
e
d
i
u
m
 
s
u
s
p
i
 

b
l
a
c
k
 

b
e
 p
r
e
s
m
t
 

c
i
o
u
s
 

s
t
a
i
n
 

M
a
y
 b
e
 

S
l
i
^
t
 t
o
 
P
r
o
g
r
e
s
s
i
v
e
 
M
e
d
i
u
m
 
U
t
y
 b
e
 I
fe

di
um

 
5
b
 

^
 

W
e
a
r
 v
a
r
i
a
b
l
e
 

pa
rt

ia
ll

y 
e
x
c
e
s
s
i
v
e
 
t
y
p
e
 o
f
 

t
o
 

s
l
i
^
t
 

t
o

S
l
i
g
h
t
 t
o
 e
x
c
e
s
s
i
v
e
 

b
r
o
w
n
 
a
n
d
 
e
r
o
s
i
c
m
s
 m
a
y
 h
e
a
v
y
 

t
o
 

h
e
a
v
y
 

b
l
a
c
k
 

b
e
 p
r
e
s
e
n
t
 

m
e
d
i
u
m
 

s
t
a
i
n
 

M
a
y
 b
e
 

Sl
ig

ht
 t
o 

ft
ro

gr
es

si
ve

 
He

av
y 

Ma
y 
be

 H
ea
vy
 t
o 

5
c
 

5
c
 

M
e
d
i
u
m
 t
o
 e
xc

es
si

ve
 

w
e
a
r
 

p
a
r
t
i
a
l
l
y
 

ex
ce

ss
iv

e 
ty
pe
 o
f 

to
 

me
di

um
 
ex
ce
ss
-

br
ow

n 
an
d 

er
os

io
ns

 m
a
y
 w
cc

es
s-

t
o
 

iv
e 

b
l
a
c
k
 

b
e
 p
r
e
s
e
n
t
 

i
v
e
 

e
x
c
e
s
s
-

st
ai
n 

i^
o 

■X
" 

wh
en

 a
dd

ed
 t

o 
cl

as
si

fic
at

io
n 

nu
ab

er
 d

m
ot

es
 a

n 
ab

no
rm

al
ity

 o
lh

er
 t

ha
n 

th
os

e 
tre

ao
ea

bl
e 

to
 f

lu
or

ljM
. 

Bp
idf

nf
tff

 t
e

m
 in

di
ca

te
 s

ym
pt

m
s 

i^
e
h
 w

ou
ld 

de
fin

ite
ly

 d
et

er
m

ine
 t

he
 c

la
ss

ifi
ca

tio
n 

of
 a

 t
oo

th
. 

C
or

re
ct

ed
 m

d 
ac

ce
pt

ed
 S

ep
te

ab
er

 
lU

, 
19

53
 b

y 
Hb

bb
s,

 
P

hi
lU

ps
,

Q
re

en
wo

od
, 

M
oo

rm
an

, 
M

sr
rim

an
 

a
n

d
 
G

ri
ff

it
h

. 



-
-

T
A
B
I
£
 
X
Z
 

A
V
E
R
A
G
E
 D
A
I
L
T
 I
NC
ES
TI
CB
I 
C
F
 F
L
U
O
R
I
H
E
 A
N
D
 A
U
K
H
O
T
M
 S
U
U
F
A
T
E
 W
C
 S
H
E
E
P
 

X
9
^
 

19
51

 
19
52
 

19
50

 t
hr
ou
gh
 1
95

2 
M
g
.
 F
 

Mg
« 

Mg
. 
F
 

M
g
.
 

Mg
. 
F
 

Mg
» 

Mg
. 
F
 

Lo
t 

pe
r 
kg

. 
Al

aC
SO

.>
3 
pe
r 

pe
r 
kg

. 
A1

 (
SO
)

pe
p 

pe
r 
kg

. 
Al

2(
S0

i^
)3

 p
er
 
pe
r 
kg

. 
Al

2(
S0

j^
)3

 p
er

Mo
. 

bo
tf

y 
wt
.®
 
kg
. 
bd

c^
 w
t.

 
bo
dy
 w
t.

® 
kg
. 

bt
tc
^ 
wt

. 
bo
dy
 w
t.
® 

kg
. 
bo
dy
 w
t.

 
bo

d^
 w
t.

® 
kg
. 
to
dy
 w
t.

 

m
m
 

m
m
 

z
 

.
1
7
1
2
 

-
.
U
0
5
7
 

.
1
2
0
9
 

.
2
0
5
6
 

I
I
 

.
8
1
6
1
 

-
1
.
0
6
1
8
 

.
8
3
3
5
 

.
9
0
9
1

«
l
a
 

m
m

-

-
m

-
-

I
I
I
 

1
.
U
9
5
9
 

1
.
8
8
1
5
 

1
.
5
8
8
8
 

1
.
6
5
2
1
 

I
V
 

1
.
U
8
7
8
 

6
U
.
1
3
 

1
.
8
3
8
1
 

7
1
.
1
a
 

I.
I4
6I
I 

6
5
.
6
0
 

1
.
6
1
5
U
 

6
7
.
6
5
 

3
.
0
(
^
2
 

-
V
 

2
,
7
l
a
7
 

3
.
2
6
0
3
 

-
3
.
2
6
9
9
 

1
1
7
.
6
6
 

3
.
3
7
6
8
 

i
i
a
.
8
8
 

2
.
7
1
1
0
 

1
2
3
.
9
0
 

2
.
8
8
8
9
 

1
2
9
.
5
3

V
I
 

2
.
5
6
7
5
 

^B
as

ed
 c
m 

ai
so

ti
nt

 a
ck

ie
d 
an

d 
as
a^
un
t 
in

 h
ay

. 

V
A
 

Ji
fi
ii
aA
iM
i&
a 



58 

TABLE XXI 

FLUORINE CONTENT OF BCMES FROM SHEEP FED VARIOUS LEVEI5 
OF FLUORINE AND ALUMINUM SULFATE* 

Lot Lot Lot Lot Lot Lot 

I II III IV V vr 

Metacarpals 
660 2600 510S It200 5900 5200 

1100 3500 UOOO 3600 6200 3800 
1800 2700 U200 3600 5U00 3600 
U30 3100 3800 3200 12100 U900 
730 2500 5500 U900 5800 
850 2000 3600 U200 12100 

Av. 937 2733 U367 3950 9717 U375 

Mandibles 

1200 5itOO 8500 8300 12000 9500 
1600 6I4OO 8800 6500 12000 8200 
1300 5U00 9200 6800 11000 9500 
lUOO 5Uoo 8500 7500 17000 9900 

1300 1*900 9200 7600 12000 

1100 3900 8200 8700 8000 

Av.1317 5233 8733 7567 12000 9060 

Ribs 

900 6000 10700 6500 11700 12300 

1600 7100 10500 5900 U8OO 8200 

1700 5500 8600 7600 11200 9300 

eiooD 51*00 9800 6200 16600 9100 

1300 1*1*00 7800 121*00 
1000 1*000 

AV.2U67 51*00 91*80 6550 1271*0 931*0 

Statistical data shown in Table XV. 

^Tbis analysis double checked. 
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